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In cases where only minor changes are required, a change sheet may be
supphed.

If the Serial Number of vour instrument i1s lower than the one on this title
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CERTIFICATION

Helwett-Packard Company certifies thar this instrument wmet irs published
specifications at the time of shipment from the factory Hewlett-Packard
Company further certifies that its calibration measurements are traceable to the
United States Nationzal Bureaw of Standards, to the extent allowed by the
Bureau's calibration  facility, and to the calibration fucilities of other
International Standwds Organization members.

WARRANTY AND ASSISTANCE

This Hewlett-Packard product is warranted against defects in materials and
workmanship for a period of one year from the date of shipment, except that
in the case of certain components, if any, listed in Section I of this operating
manual, the warranty shall be for the specified period. Hewlett-Packard will, at
its option, repair or replace products which prove to be defective during the
warranty period provided they are returned to Hewlett-Packard, and provided
the proper preventive maintenance procedures as listed in this manual are
tollowed. Repairs necessitated by misuse of the product are not covered by this
warranty NO OTHER WARRANTIES ARE EXPRESSED OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.
HEWLETT-PACKARD IS NOT LIABLE FOR CONSEQUENTIAL DAMAGES.

If this product 1s sold as part of a Hewlett-Packard integrated instrument
system, the above warranty shall not be applicable, and this product shall be
covered only by the system warranty,

Service contracts or customer assistance agreements are available for

Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service
Otfice. Addresses are provided at the back of this manual.




Notice

Hewlett-Packard to Agilent Technologies Transition

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett-
Packard’'s former test and measurement, semiconductor products and chemical analysis
businesses are now part of Agilent Technologies. To reduce potential confusion, the only
change to product numbers and names has been in the company name prefix: where a
product name/number was HP XXXX the current name/number is now Agilent XXXX. For
example, model number HP8648 is now model number Agilent 8648.

Contacting Agilent Sales and Service Offices

The sales and service contact information in this manual may be out of date. The latest
service and contact information for your location can be found on the Web at:

http://wwmv agi | ent. cond fi nd/ assi st

If you do not have access to the Internet, contact your field engineer or the nearest sales
and service office listed below. In any correspondence or telephone conversation, refer to
your instrument by its model number and full serial number.

United States
(tel) 1 800 452 4844
(fax) 1 800 829 4433

Canada
(tel) +1 877 894 4414
(fax) +1 888 900 8921

Europe
(tel) (31 20) 547 2323
(fax) (31 20) 547 2390

Printed in USA  July 2004

Latin America
(tel) (305) 269 7500
(fax) (305) 269 7599

Japan
(tel) (81) 426 56 7832
(fax) (81) 426 56 7840

Australia
(tel) 1 800 629 485
(fax) (61 3) 9210 5947

New Zealand
(tel) 0 800 738 378
(fax) 64 4 495 8950

Asia Pacific
(tel) (852) 3197 7777
(fax) (852) 2506 9284

Agilent Technologies
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{z MANUAL CHANGES

MODEL 3465A

MULTIMETER

Manual Part No. 03465-90004

I New or Revized [tem

ERRATA

Page 1-1, Paragraph 1-16. Change item 5 to ''Model 11173A
Handle Kit (Rack)

Page 50, Table 5-1. Change value in required characteristics column
for resistor part no 0698-5049 (last resistor in the table) to 10 M,
1%

Page 5-9. Paragraph 5-36. Step 1. Within parenthesis in tormula for
(R107* + R108*), replace the number 0.9995 viith 0.9966.

Page 6-3, Table 6-3. Add diodes A1CR1 through AT1CR6 to the
parts list as follows v

ATCR1, CR2,1901-0040, 13, Diode-Switching, 28480, 1901-0040
A1CR3, CR4, 1901-0518, 4, Diode-Schottky, 28480, 1901-0518
A1CRS, CR6, 19010040, Diode-Switching, 28480, 1901-0040

4

Page 64, Table 6-3. Add designations A1L2, A1L3 and A1L4 to
the parts list. These components are the same as A1L1, part no.
9170-0894, Core-Shielding Bead.

Page 65, Table 6-3. Change part no. of the tine line assembly,
A1R75. to 1810-0253

Page 6-7, Table 6-3 Add designation A2L1, part no 9170-0894,
Core-Shielding Bead.

Page 6-8, Table 6-3. Add A10A6C3, part no. 0150-0093, C:fxd
01 uF, 100 V. Change part no. of Transformer, AT0A6T1 to
8100-3851. Under A10 Assembly Miscellaneous Parts, add ''Battery
Clamp’’ to description of part no. 1460-1426.

Page 6-10, Table 6-3, Mechanical Parts List. Change part no. of
MP8a (Rear Panel-Std or Option 001) to 5040-8026 Change part
no. ot MP18 (Switch Shield) to 03465-60604. This i1s now a
“SWITCH SHIELD ASSEMBLY"

Section VII, Schematic No. 1. Make the following change to the
OHMS AUTO ZERO OUTPUT SWITCHING:

Section VII, Schematics No 1,2, 3and 4 Make the following addi-
tions and changes to the A1 component locator. Add capacitor C48
hetween R107 and C42

—RIO8 — f

—RIO7— —C48 |

Add Jumper J between C16 and C25 and next to R144,
Change the location of R40 and Jumper H as follows

—R66 —
—CRIt —

oHMmS AJTo 2ERo 0 VTPUT

4 S6(3) 2

18 March 1976

Supplement A for 03465-90004

s

;




Page 2

MANUAL CHANGES Model 3465A

Py

Secuon Vi{, Schematic No. 2. Make the following changes to the Sectian VII, Schematic 4. Add shielding beuds, A1L2, A1L3 and :
input amphfier switching

A1L4 3 follows.

[ ANALOC TO DIGITAL CONVERTER SUF nom
b Alj Gieea eam ™t - ~ _?_
Lean
FRUM 33
207 BRARD L !
| Rovt owms (G, 3
AuTo 2ERD _
oUTIIT (Q2S) . .
'L II{
3
s6 (@ .
i o, Section Vi1, Backdating CHANGE 4 Add the following: "Sche-
2 Xy - matic No. 3, Replace the A2 CUTPOHET\I locator with the following:
. ie2 oV 2w ,————:\_\_
T R A
fnzo 24 -7y —R6— ):E_;':
zRHO —RB—L:E‘—RB_
. Sl
wEw [ a e i \
w (=
i S&E!NOTE o o L] c
| From s2(14)

Section VI, Schematic 3. Add shielding bead A2L1 1o the emitter
of A2Q22 on the Display Interface board

Section VI, Schematic 4 Replace the A10A6 component locator
and modify the A10A6 schemartic 10

1 Change connection of C2 to other side of Fuse F1.

2. Change pin numbers of transformer T1.

£
N 7

3 AddC3 (see following).

—RW¥— —RI3 —

l IAC LINE & NI~CAD POWER SUPFLY (STANDARD & OPT! ]
AIOAG O34e8E ne N D OPTION 001)

LOCATED ON REAR
PANEL ASSEMBLY:

IIESsseesdsessivsissssssssses

Y1
"
©

&

_% Fi
0624
Y

\

ng:ON‘ETDR PINS AS
SIDE OF AIDAG ASSEMBLY

A g 0
s2 - |
110 e—= 220 :
i
! [ ]
o BOARD :
PADS 2 i S
3:
) ' .
LE' ; & —R6— (Lly _ca
1 ! E o0 —R4‘g: (“D) =
i S S
A2
-hp- Part No. 03465-66502, Rev. B
—CR4~ -C3- R H .
| 7 i
€ ) —CR2—
r 1 T
- Bl CIRCUIT SIDE | Sl |
| I
T
B2 COMPONENT SIDE — Ri— — R4— 3 3_38) —o-
—CRI— — s .
Z
-0 O+ —Re-— .
1 34685-8-4316 \
' A10A6

| -hp- Part No. 03465-66506



Model 3465A

ERRATA

Page 3-1, Add tu Paragraph 3-10.

NOTE
I oy Baffcnn s and circuitiy the low butten 1oltuge
dected tion civcuit mav shup Jovey the jnstrument if
{0 the poseet switch s momentarily turned off then back

AT
2.t hive dine power cord 1s attuched to the instrument,
while [t fs aperating (n the batters mode.

70 restore vormal operation the instrument must be turmed
uff for g mfnimum of 10 seconds,

Page 5-9, Paragraph 5-36(i).
(0.9966 x CONST-1)

Change (09995 x CONST-1) to
Page 5-10, Paragraphs 5-39(¢) and 5-40({c) Change T 100 counts
to £ 10 counts.

Page 6-8, Table 6-3. Reference Designation A10A6Q3, -hp- Part
No 18530394, Description Change NPN to PNP.

ERRATA

Page 7-13/7-14, Figure 75, Assembly A20A7 Schematic. Add wire
connections trom pin 4 to 5, and from pin 8 to 9 of $1.

CHANGE NO. 1 applies to S/N 1521A01501 and greater.

Page 7-11/7-12, Figure 7-4, Control Logic Assembly, A1, Schematic.
Add capacitor C23, 100 pF from the junction of Y1, R52 and pin 9
of U7 to PC assembly ground.

Page 6-3. Add in sequence Ref. Desig., P/N, Qty and Desc.. A1C23
0150-0073, 1, Capacitor - FXD 100 pF 1000 V.

CHANGE NO. 2 applies to S/N 1546A01701 and greater.

Page 7-11/7-12. Figure 74, Control Logic Assembly, A1, Schematic.
Delete C11, jumper D and Note 3. Renumber Notes 4 and 5 to 3
and 4 respectively

Page 7-11. Figure 7-4, Display Interface, A2, Schematic Delete C2
Page 6-3. Delete A1C11 and all relevant nomenclature

Page 6-7. Delete A2C2 and all relevant nomenclature.

CHANGE NO. 3 applies to S/N 1546A02151 and greater.

Page 6-9 Delete Part No 0363-0108 and all relevant nomenclature
Add Part No. and Description 0380-0578, Standoff.

CHANGE NO. 4 applies to S/N 1546A04401 and greater.

Page 6-7. Delete A2Q12, A2R19, A2R20, A2R21 and all relevant
nomenclature.

Page 6-8. Delete ASCR1 and all relevant nomenclature.

Page 7-11/7-12, Figure 7-4. Delete R19, R20, R21 and Q12 of the
Display Interface, A2, Schematic and CR1 of the Display, A5,
Schematic.

CHANGE NO. 5 apphes to S/N 1546A01700 and greater.

Page 6-5 Change the Part Number and value of ATR103 from
0683-2445, 240 K to 0683-1245, 120 K.

Page 7-7/7-8, Figure 7-2. Change the value of R103 from 240 K to
120 K

MANUAL CHANGES

Page 3

CHANGE NO. 6 applies to S/N 1546A01701 and greater.

Page 6-3. Change the Part Number and value of A1C39 from
0160-2046. 2 pF + 5 pF to 0160-999P PAD VALUE Star the
Reference Designations A1€39 and A1C57

Page 7-7/7-8, Figure 7-2. Change the switch wiring by adding a
contact between R75 pin 10 and S12 as shown

TO
P/0 TO s9(1)
TO
R75, sioa 39,022
~TTA

I
| | 3

900K |
110

T 4

S9(4)
I15 13

CHANGE NO. 7 applies to all Serial Numbers.

Page 6-8. Change the quantity from 2 to 1 on Part Number
5000-5087

Change the quantity from 1 to 2 on Part Number 5000-5086.
CHANGE NO. 8 applies to Serial Number 1546A02151 and greater.

Page 6-3. Change the Part Number and value of C42 from
0121-0427, 170/780 pf to 0121-0426, 50/380 pf.

Page 6-6. Change the Part Number and value of R135 from
0683-4745 470K .05 to R135* - See padding Iist under A1 Assy
Misc. Parts.

R135* 0683-2445 Resistor 240K 5% .25W

FC TC = - 800/+ 900
0683-4745 Resistor 470K 5% .25W
FC TC = - 800/+ 900
CHANGE NO. 9 applies to Serial Number 1546A04201 and greater.
Page 6-3. Change the Part Number of C13, *55, *57 to 0140-0209.
Page 6-8. Change the Part Number of A10A6C3 to 0160-2055.

CHANGE NO. 10 applies to Serial Number 1546A02601 and
greater.

Page 6-6. Delete * on ATR133*.



Page 4 MANUAL CHANGES

Page 7-7/7-8, Figure 7-2. Make the following changes to the output
of the Impedance Converter

Page 7-9/7-10, Figure 7-3 Make the following changes to the Input
Amplifier.

QI6

A AYAY
R50
[K

T0
Q3

ERRATA:

Page 6-6. Change the Part Number of A1U8 to 1820-0944.

| Page 5-0, Table 5-1. Revise Resistor Section to read as follows:

1.08 £ 0.02% Gen, Rad. 1440-9601
100 +£0.01% Gen. Rad. 1440-9611
1k £ 001% Gen. Rad, 1440-9631
10 kL £ 0.01% Gen. Rad. 1440-9641
100 k&2 £+ 001%  Gen Rad 1440-9651
1MQ +001% Gen. Rad, 1440-9661

10MQ £ 01% -hp- 0698-8194
TEQ £ 1% -hp- 0727-0751
22 kit £ 1% -hp- 0757-1087
10 M2 £ 1% -hp- 0698-5049

i Page 5-2, Table 5-3. Change tolerance of the 1 £ value of R p from
01%to002%

§ Change the tolerance of the remaining values of R p from 0.1% to
i 001%

diPage 54, Table 5-6. Delete all mid-range (50 uA, 0.5 mA and
45 MA) tests.

Model 3465A
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HEWLETT hp; PACKARD

SALES & SERVICE OFFICES

UNITED STATES

ALABAMA

BZ90 Wl‘lllbhulq Dr SE
PO Box 4

Mumsvullt ]SBB1

Tel (205} 8H) 4591

TWs H10 726 2204 *
Medical Oaty

228 W Valiey Ave

Room 302

Birmingham 15209

Tet (305} 479 2081 2

ARIZONA

2136 E Magnoha 51
Phoerix B34

Tel (6021 244 1361

TWX 910931 1333

2424 Eas| Aragan Rd
Tucson 85706

Tel 16U2) HHO 466

ARKANSAS
Medical Service Only
Little Rock 72205
Tet 1501) 664 B773

CALIFORNIA
1430 Eas1 Otangethoipe Ave
Fullerton 47611
Tel (714 870 1000
T 910 503 1388
3979 Linkeishim Buuleuam
North Haliywood 41604
Tel (213) 877 1282
TW+ 410499 2470
6305 Anzona Place
Los Angeles 90045
Tel (11J1 /49 2511
TW‘ 910 17K 6147

Los Angeles
TEI (2131 776 7500
3003 Sroll Buulevard
Santa Cigra 95050
TE {408) 249 FOUU
Twx 910 ]]R 0518
Ridgec
Tel IJI -Mﬁ 6165
2220 Watl Ave
Sacramenie 95825
Tel {416) 487 1463
TWE 910 147 2097

9606 Ae1o Dive

PO Box 23311

San Diego 9711

Tel 1714) 279 3700
TWx 910 334 2000
Lalcydatore Only

801 Camornia 51

San Francisco 34108
Tel (415) 989 B470

COLOSADD

4600 South Ulsler Parkway
Englewood 80110

T&I 1303) 771 3455

TWX 910 935 0705

CONNECTICUT
12 Lunar Dive
New n (5475
Tel (200) 389 55|
Twx 710 465 3030
FLORIDA
PO Box 24210
IHDE W akiand Park Blud
Ft Lsuderdale 33307
Tet (309) 731 2020
TWx 510955 4099
Jacksonville
Medical Selvice only
Tel (304) 725 6331
PO Box 11918
6177 Lake Ellenoi D1
o 17809
Tel 1304) B59-2900
TWx 810 850 0113
21 Easl Wighl 51
Suie 1

Pensacola 12501
Tel (304) 434 108(

GEORGIA

F O Box 282)
450 Inlerslate North
Atlanta 10178

Tel 4041 434 3000
TWX BIU 766 4890

HAWAI

2875 S0 king Cheel
Honolulu 368 14
Tel (BDH) 955 4455

ILLINOIS

5500 Howard Sirest
Shkolae 60076

Tel {312) 677 0400
TWX 910 723 3613

St Joseph

Tel (217) 469 1133
INDIANA

7301 North Shadeland Ave
Indianapolis 467450

Tel 1317) 642 100D
TWxX 814 260 1768

10WA

1902 Broadway

lowa City 57040

Tel {119) 136 946h
Mighl {319} 138 QaR7

KANSAS
Derby
Tel {116} 267 365¢

LOUISIANA

P D Box B40

1239 Wiliams Bauievard
Kenner 70062

Tel (504} 721 6201
TWx B10 955 5524

KENTUCKY
MedicaliCalcolaion Only
BO03 Tioulwoed Court
Louisville 40291

Tel (502) 426 4341

MARYLAND
6707 Whileslone Road
Baltimore 21207
Tel (I01) 944 5400
TWX 710 862 9157
4 Chobse Chesry Rond
Rockville 20850
Tel (101) 948 6370
TWx 710 828 UBRS
710 HZB 0487
FO Bos (648
2 Chale Cherry Road
Rockuille D0HSN
Tel (W01} 948 6370
TWe 71D 878 9684

MASSACHUSETTS
2 Hanwcll Ave
Lexington 02173
Tel l 7) 86) 8960
TWH 710 126 6904

MICHIGAN

43835 Reseaich Dive
F:rmm‘?nn 48074
Tel (111) a7k G400
TWX 810 24 2900
MINNESOTA

2400 N Prigi Ave
Roseville 55113

Tel (612) 636 0700
TWX 910 563 177

MISSISSIPPL
Jackson

Medical Sennce anly
Tel (601) 982 9163
MISSOUR)

11131 Coloeada A

Tel (B16) 763 BOOD
TWx 910 771 2087
148 Weldon Palkway
Maryland Heighls 61043
Tel (314) 567 1454
Tws 910 764 0830

NEBRASKA
fdedical Unlx

1rany €im Syeel
Sune 4C

Ornaha 68144

Tel 1407) 333 6017

NEW JERSEY
W 120 Cenfury Rd
Paramus 0765
Tel (/D1) 265 5001
TW 710 990 4941

NEW MEXICO
FO Bus iIR1
Slation E

11300 Lomy: Blsd HE
Albuauerque 87173
Tel (505) 292 1350
TWe 3910 989 {184

156 Waf Drne

Las Cruces 83001
Tel (505) 526 7485
TWx 910 983 0450

NEW YORK

& Automaiion Line

Compuler Park

Alblnr 12205

Tel (5[8) 458 1550

TWe 710 431 #5270

LCalculators Only

1351 Avgnue gf the Amencar

Floor 12 Sude 3296

New York City 10020

Tel {212) 265 %75

New York City

Manhattan  Bign

Contact Paramu. NJ Office

Tel (3f11) 365 5000

Biooklvn  Queent Richmond

Coniacl Woodbury NY Ofiice

Tel (5161 921 0100

201 Suuth Avenue

Poughkeepsie 1 260!

Tel (314) 454 7300

Ty L10 248 0012

19 Saginaw Dt
Rochegter 14671

Tel (716) 473 9200

TWx 510 253 5941

5858 Easl Molliy Road

Syracuse 13011

Tel (115) 455 1486

TWY 710 541 (482

| Crussways Pah Wes|

Woodbury 11797

Tel 1516) 821 ninn

TWX 4910 221 2168

NORTH CAHOLINA
PO Bor S18E

1923 len Main Sl eel
High Point 27762

Tel 1919) B85 8101
TWHE 510 376 1416

OHIO

16500 Gprague Road
Cleveland 4410
Tel (216} 243 70
Nighi 743 7305
TWX B10 4239441

330 Progesys A
Davion 45449

Tel {413) 859 8202
Iwx 810 459 1925
1041 wingsmill Palkway
Columbus 43279

Tel (614) 436 1041

OKLAHOMA

P @ Box 12008
Okighoma City 711717
Tel (405 721 0200
TWx 910 830 6862

OREGOM

17890 SW Bounes Ferry Road
Tualatin 97062

Tel (503) 620 3350

TWX 910 467 8714

PENNSYLVANIA
(11 Zela Dive
Pittaburgh 5118
Tet (412) B2 0400
Mighl 7R3 bdip1
TWX 710 795 3124
1021 Blh Avenue
king of Prussia Indushial Park
king of Prusaia 13406
Tr*l PIE& 265 7000

660 2670
SOUTH CAROLINA
6341 0N Tienholm Anad
Columbs 3760
Tel (803) 782 £491

TENNESSEE
“Memphis

Medical Service anly
Tef (901 274 7470
Nashuille

Medical Service only
Tel (B15} 244 5448

TEXAS

P 0 Box 1270

201 E Arapano Rd

Richardson 73080
Tel (Z14) 211 6101
TWi Q10 867 4733

P O Box 7403

RI00 Wesipyk Diye
Suile 100

Houston 77127

Tet (713) 781 6000
TWX 910881 2645
205 Billy Milchell Road
San Antonio 78126
Tel (512) 434 8241
TWX 910 871 (170

7lBﬂ Snuth 1730 WEJI Slierl
Salt Lake City 84119
Tel (BO1) 487 D715

VIRGINIA

Medical Only

PO Box 12778

Mo ¢ Knger Ever Cenles
Suile 212

Nortotk 23502

Tel (804) 497 1026 7

P O Box 9854

2914 Hungry Sunnqr Road
Richmond 53204

Tel (H0d) 284 3439
TWx 710 956 0(57

WASHINGTON
Belleheld Othep PR
1203 1141h 5E
Bellevus 38004
Tel {206) 454 397 (
TWX 910 441 46

WEST VIRGINIA
MedicalzAnalyical Ooly
Charleston
Tel {104) 345 1640

WISCONSIN

4004 Wesl Lincoln Ave
West Allis 51227

Tel (4141 941 0550

FOR US AREAS NOT LISTED
Cunlacl the segional oifice

nediest you Allan Gewiga

Hnrth Holtywood Caliloinig
Horkelle (4 Choke Cherry R )
Matyland  Siokie Dlinois

Then tomplets addiecces

ale ikied dbove

Service Only

CANADA

ALBERTA

Hewiett Packad (Canada) Lid
11748 kingzway Ave
Edmonton T5G DX5

Tel {403) 452 3670

TWx 610 B11 2421

Hewlell Packaid (Canadaj Lid
BIS 42 Avenue S E Sule 102

Tel Mlgl w7 \67’

BRITISH COLUMBIA
Hewlett Packard (Canada) Lid
AT E Cordgua Sheer
Vancouver V6A JR2?

Tel (604) 254-0511

TWX 610 972 5059

MANITOBA

Hewiett Fathald (Canaday Lid
513 Cenlyry G

Si James A

Winn IH oL

Tel (2 Ig-l.lgﬂlﬁ 7581

TWx 610 671 3531

NOVA SCOTIA

Hewlett Packaid lCdnaﬂal Lid
800 Windmill Roa

Dartmouyth B1R “ !

Tel (902) 469 7820

ONTARIO

Hewlett Packaid (Canada) Lid
1785 Woodwaid O

Qttawg kDL OPY

Tel 16131 225-6510

TWx 610 567 8968

Hewlert Packaid (Cangda) Lid
BBTT Goieway Dive
Mississauga L4V 119

Tel {4161 678 3410

TW¥ 610 492 4246

QUEBEC

Hewlett Pamm (Canada) Lid
273 Hymus Blvd

Ponte Clawre H9R IGT7

Tel 15141 697 4717

TWx 610 422 2027

TLx 05 21521 HPCL

Hewlelt Parkatd (Candda) Lid
2376 Galvam Sheel
Sle-Foy GIN 4G4
Tel {41H) bBB 8710

FOR CANADIAN AREAS NOT LISTED
Conlac| Hewlell Parkaid (Canada)
Lid 10 Miasiaauga

CENTRAL AND SOUTH AMERICA

ARGENTINA

Hewlett Packaid Aigenling
GACel

Lavalle 1171 3 Piso

Buenos Aires
Tel 150436 ]5 06T 15 03414

Telez D13 100

Cable HEWPACK ARG

BOLIVIA

Glampbyt & Mark (Bohug) Lida
Ay Mariscal fania Cruz 1342
La Pax

Tel 40626 53163 50421
Telex 1560014

Cable BUKMAR

BRAZIL
Hewlelt Packaid Do Biasi
1EC L

2
Aua Fis Caneca 1142 Bela Visla

11307 Sao Paulo 5P

Tel 288 7111 287 81 20
76193

Telex 30915123

Cable HEWPACK 530 Faulo

Hewdett Packaid Do Braml

LEC Liga

Praca Dom Felciano 74 B

andat {5z 806 B)

9000-Porto Alegre-RS

T!I 25-84 70-DDD (0513)
Cahle HEWPACK Pértg Alegie

Hewieft Packacd Do Biaxl
1EC Lida

Rua Siquena Campos 53 4
andar Copacabana
2000-Ric de Janeiro-GA
Tel 257 B0 94 ODD (0Z1)
Teley 2100 79 HEWPACK
Cable HEWPACK

Rio de Janeiro

CHILE

Calcagms y Mefealle Ling
Calie Lira 81 Ocina 5
Caslla 2118

Santisgo
Tel 138611
Canle CALMET

COLOMBIA

Inshumentacidn

Hentik A Lanuebae; & Kier 5 A
5!

Carrera 7 No 48
Apartado Atten 6287
Bogota, | DE

Tel 45 7B OF 45 5446
Cable AARIS Rogafy
Telex 44400INSTCO

COSTA RICA
Cienfiica Cogtanicenge § A
Apailado 10159

an Jose
Tel 21 86-13
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San Juan 00906
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Cable SATROHICS San Juan
Tule: SATROM 3450 112

URUGUAY

Fanlo berando 5 A
Comenal ¢ Bnluaind
Avsnuld llahg 877

Cauilly e Cortep 370
Monlevideo

Tel 40 410D

Cable RANIUM Konievideo

VENEZUELA
Hewlr(l Pacaid de Vene utla
Ca

Aparlaos 50933
Edifiio Seqre
Tercria Trannyersa)
Los Ruices Horte

Teles 7| 146 HEWPACK
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Hewlett Packaid
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Tel 4151 493 1501

TWx 910 373 1260

Cabte HEWPACK Palo Ally
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AUSTRIA
Hewler Puosdig Gen mhH
Hundetia L2 3
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3170 Vienna

Te 920005 h o0 1q 0y
Cazit HEWPAR Vipang
IME D247 Npwdan o

BELGIUM
Hewleft Fachard Benpi
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Avprue de Cub bl 1

Tel 102 &7 2.7 40
Came PALOBEN Blusueiz
Telex 20 493 paighen by

DENMARK

Hewlclt Packaidt A 5
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Uk 160 Birkered
Tel (02) 61 66 40
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Telex 166 40 hpas
Hewlelt Packaid aiS
Navervey |

Dk 8500 Sil
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Teier 166 40 hp as
Catst HEWPACH A5
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rewten Packard Oy
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PO Box b
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Tet 6923051

Cane HtWPl[lUV Helsink
Tefes 12 1536

FRANCE

Hewlett Packaid fiance
Juarties de Couruboeul
Bosie Postale No 6

T 51401 O

T H 907?'*
Canke HEWPALK Girsay
Telex BOO4E

Hewlel! Packa.0 France
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Tel (78) 1381 15
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Hewlett hcum France
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Zone Abonautique
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Hewlell Packard Fiance

Agence Regonale

Celie Yauban

201 (ue Cotbert

Enliee

F 59000 Lie

Tel {20) 51 44 14

GERMAN FEDERAL REPUBLIC

Hewlett Parkaid GmbH
Vertebuzenliate Franidun
Bernersiiasse 17

Pasttach 560 146

D 6000 Frankturt 56

Tel (0611} 50 04 |

Cable HEWPACKSA Franktun
Teies 41 12 39 1y

Hewlett Packaid GmbH
Techmscnes Bueio Bupingen
Herienbe gersiig 3¢ 130

D 7na Bobnn?en Wurtlembeig

Tel 6704%) 66

Cabie HEPAR Boblingen
Telee DTJE5719 hbn

Hewlen Fakaia GmpH
Technicrhes Burin Du el dart
Vogelzangrr Weg 1

0 4000

Duneldor'
TH (D21 lg 61 80 31:5
Teler 8586 513 hpao o

Hewlef! Pachain Gmon
Techmiccher Huelu Hambuig
Wendzmha

l!! IUGD! H 3]

Cable HEWPA[RSA HamouIg
Telex 21 63 017 hphh d

Hewlell Packaid GmoH
ult Butm Hannoves
MHTEdaite Siasve 3
01000 N.nnour l\lnlnld
T 404 (1) 55 h

lelex g9z J‘SE

Hewlett Packain GmbH
Trenmisches Bussu Nutembeig
HFuMmeye Si 5

D 8500 Nurem

Tel (D911} 56 J0 s?ras

Teiex 0623 B60

Hewlett Packaid GmbH

e nAisches Buein Mumen
UnIEI fal

D 4012 Ottobrunn

Tel (DBE) RO1 106147
Trles 37 43 BS

fable  HEWPACKTA Muncnen
{West Berlin)

Hewlett Packaid CmbH
Tet himsehes Buero Beifin
ketth Slignee 2 4

0 w0T Bertin 10

TH 1020} 24 90 86

Teler 1619 05 hpbin o

GREECE
FUTlAT barayanne
18 Ermou Slieet
GR Athens 126
TH 3230 103 SateniSvc
3230 303 agm Gmen Proc
il RAKAR Alhens
Teler 2159 2 kY Q
Hewlett Packaig © A
Medilertanean & Middle East
Upetation;
34 koloroiiam Sireel
PLills kel3lla Gy
O Filts= Athens
Tel BO80J37 8nBO15g
BDBDWD H018RI

e 21 8588
Cifle HEWPREM‘A Athens
mmmlcal Only

CO C Fauamann wou & G

an 17

CR Athens 107

Te 521 915

Canle INTEKHIKA

Tees 215329 WNTE GR
Mrdial Gniy
Teumomed Hellas Lid
57 Skoula Sliee)

Culir ETALAR Awnen
Teter 21 4E91 ETAL GR

IRELAND
Rewlett Pachaid | 10
bing Sieel Lang
Winnesh - Waokingnum
0B Berksnire AL It 4R
L&l Walingham Ty 74
Teler 847178 BAY iy
valm Packard Lig

¢ iations
Jlammm New Road
L8 Alirincnam Ln»rnuz
Tel (06 1) 928 90
Telex £BH06E

ITALY
Hewletl Packaid aling S 5 &
\ha Amenqn Ve*pum 2
12012

Tel () D_‘_Jl 1|D hines}
Fable HEWPAENIT Mian
Telex 32041
Hewlett Pmam Halana 5 ¢ 4
Via Fietio Marancell 46
{dng Via Viseniin}
1 35100 Pagova
Tel B€ 48 BA
Tetex 12046 via Mian
Medical Onty
Hewlett Patkam Ilaluna Spa
V14 Medagle o Oro

0 (00 Pisa
Tei (050) 2 37 04
Telex 3204 i Milan
Hewleli Packard = p A
Vid G Aimelliny 10
100143 Rome-Fut
Tet (B} 591254475
Teles E1514
Cubie HEWPACEIT Rime
Hewlell Packaid Italang < 4
Wiz 5an Quinino 46
L0121 Tunin
Trl 53 82 64/54 B4 60
Teles 32046 wvia Milan
Medical: Calculaims anly
Hewlett Packard tahan, 5 pA
Via Punripe Micola 431 G:C
1 9512f Catania
T (i43) 370505

LUXEMBURG
Hewlett Pakaid Benedys
SA iy

Auenue de Col Vet |
(G10ent aagiaan)

B 1170 Brussels

Tel (02) 672 22 40
Cable PALDBEN Brugsel
Teler 17 444

NETHERLANDS

Hewled Parkarn Bensiur A v
Van Heu'en Coedhaligan 121
PO Bux bR

HL W Amstelveen

e @z 45 70

Canle PALOBEN Amisiedam
Telen 13 716 hepa ni

NORWAY

Hewl(ell Packard Maige A 5
Nesyeipn 11

Bon 149

N 344 Haslum

Tet h 18 60

Telex 1621 hpnas

POLAND
Anatytral Medical Ory
Hewlett Packarg
Warsaw Techmaal Ofhce
UL Spilaine 1

170 vearsaw
TEl "F-BBZII & 10
Telen 812443

PORTUGAL

Telecia Empiesa Tecncs de
Equipamenios Efectiea: 5 a1
Rua Runu?n d4 Fonseca 103
FO 51

P Lisbon |

Tel (19) 68 60 72
Cable TELECTRA Lisbon
Telex 12588

Mundiniet

(nleIcammo Mundial de Comgicrg

Sail Amuda Aniomo Augusto
de Agui 1

PO Box 2761

P Lisbon

Tel (19) 43 7t

Cable INT[HCAMBID uspon

SPAIN

Hewlen Fachaig Espanuia 5 A
Jeres Mo 1

E Madnd 16

Tel (1} 458 ZE Dﬂ (110 bnexy
Teien 23315

Hewlett P;:ham E ipanola 5 A
Mitanesano 21 23

E Barcelona l,

Tel (3) 203 E‘otl |5 hnee)
Telex 42603 h

Hewiett P;u:llalu E;pannu DA
Av Ramon y Cal |

Ediiro Seviia | pania &

£ Seville

Tel B4 44 54-58

Hewlel Packain E‘u.mjla A
Fdihon At 117 8
| Bioao
Tre 218306714, 06
Lairudals s Oidy
Hewlgf| Fuuum Lipanoia = a
Alidc Basen
{Edilion Loy

Valenca 10
Tel RD 47 00

SWEDEN
Hewleft Packad Sueiige 4B
Enluhﬂ'wagsn 11

5 Ihl n Brommn 20

Trt 108) 730 05 5y

Canls MFJ\JIJREMENT;
Stockhoim

Telen 10721

Hewlent Pauum Jv‘!‘”l]k AB

Hagukeisgatan 9

2431 4) oindal

TH (D11} 27 88 ULI\DI

Teles Via Bromma

SWITZERLAND
Hewlett Fa[u\d IrthwELi AC
Zumzl*na

CH 8357 Jmue:en Zunch
Tet (DI) 98

Cable HPAG EH

Telex 53933 hpag

Hewlell Packard \Suhimriz) 4G
9 rhemin Lius Fictel
CH 1214 Veine Genava
Tel (U27) 41 48 50
Catle HEWPACK G uEnr‘vd
Tetex 37 115 hpza

TURKEY

Telekom Engineei g Bureau
Saghk Sob Hn 15:(
Aydipdua Beyogiu

F O Hov 437 Beyngly

TR Istanbul

Tel 49 30 40

Cable TELEMATION I=(anbut

UNITED KINGDOM
Hewletl Packaid Lid
Hing Sheel Lane
Winneith Wokingham
GB Berhghue AL 11 24f
Tel Wolingham THATT4
Teler 847 178:44H179
Hewiett Pathaid Lid

The Giaflons
Jmicid Mew Riad
CB Allnncham Coesnue
Tei 10n1) 926 907
Telen 6&BOBE

Hewlell Pychard Lig
c0 Makin
Stulh Serace Wholesdle Cengre
AMDEI Wiy

Hule Swen Induzina Py
GB Halesowen W,
Tel Ruminyham 7Bl
Hewlef Farmwn L
4th Hop
weage Hnu‘&

99 Lendun Roag
GE Thornion Heath CRJ & |
Sutiey
Tel N1y B4 0164
Teies 4ab47y
HEwET Packard Lin
£0 Mikio
Suulh Senne Wholele Cral -
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Washinglun
GB New Town Counfy Ouihgy
el Washinglon 464001 Fay 5 48
Hewlel Paikaid Lig = TEGITIEL
addiens o VA T puipa.py
fnly
il vabuly Pavemen|
Longan ECZAIGK
Aegultied No 690597

USSR

Hrwlelt Fackaio USSR

0 CommerLeal Otk -
AMEILAN Embass (Bur M)
A 104} Vienna Auslin
Tel 221 797

Tele: TBIY hewpar Su

YUGOSLAVIA

IS D13N04E0 Hewlett Parkaig
i

Mikingicena 38-v(

L1500 Lyubljana

Tel 315879/

Teler 31283

SOCIALIST COUNTRIES

PLEASE CONTACT

Hewlett Packard &

T fuf du Boi du Lm

F O fHx 349

CH 1217 Mrpn 1 Geneva
JW’ILH'BHU

Tel (U2 4154 G0

Cable HEWP&LI‘ A Grneva

AFRICA, ASIA, AUSTRALIA

ANGOLA

Tetechia

Empiesa Tecmea de
Equipamentng

Electricns S AR L

R Barbosa Hmn;ue& 42 1°01

Caxa Postal b4l

Tet 155156

Cable TELECTRA Luanda

AUSTRALIA

Hewien Facxarn Ausitaila

Py Lid

1141 Josaph fires

Vidtana 3130
#3-6306

Cabie MEWPARD Metbauing
He-ien Packard Ausliala

Pry L
1 Bndqe Siresl

New South Weies 2073
Tel 4496566
Teles 21561
Cabie HEWPARD Sydney
Hewief! Packard Ausiratia
ud
97 Churcmn Rosa
7
South Ausirgha
Tel 44 8151
Lanie HEWPARD Adelaide
Hmm Pathaic Aushaha

oL
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e 8 HSﬁ
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Latie nEwEaRD

rewen Fackaid Ayt liaha
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rmmu]A [ oy
73

Hewieit Packain Ausiiang

B iy

=6 s

Vur‘uw Union 8,3, uq
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Spring KUV 1600 Duﬂ'ﬂ Hani
(LS MR D)

ees AA LYy
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uaoer Fersca | 1

PU B tkl

A Pan

Colomba *

e 2669

Came HOTRGING Colg ung

CVPﬂUS
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G.wuun & Renranulv: An
s

Cable KYPRONICY PAYDIHIS

HONG KONG
Sehmdi & Co (Hong kong) Lid
PO Box 297
Connalght Centie
Foo

14t

Connaughl Aoad Cential
Hong K

T i

Telex 74766SCHMCHX
Catite SCHMIDTEO nong »onG

INDIA
Hiue Siar Lig
kazligh Builifiiig s

Jamshedy Ta11 R
Bombay 400 020
Tel 29 50 21
Teies 3731

Cable BLUEFROST
Blue St Lid
Sanay

4142 Vil Savarkar Marg
Prabhadey
Bombay 400 025
Tel 4578 87
Telex 4033

Cable FROSTBLUE
Blue Star Lid

Band Box Houre
Prabhadew
Bombey 400 025

Cable BLUE"TM"I
Blue Siar Lig

14:40 Ciil Lines
Kln " zaa 001

ElDl! ELUE’TAH
Blu# Sla Lig
7 Hate Tuewt
P O Box 50R
Calcutta 700 001

5
Cable BLUEETAR
Biue Zlar Lid
Blue Sia Hou e
14 Aing Ruad
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w Deity ||u 024
] t|17
Telex ‘dh]
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Blu# Sldi Huyse
11 LA Mayoaim Rusa
Bangalore 4ty 175
Tet 54668
Telen 430
Caple BLULRTAR
Blue Siar Lin
Erakal MANmIEIN

Vo T6TB Mahalmia Gandhi An
Cochin 687 111k kpil

Buir Sian Lig
[Pyt

Sangn Dev Road
Secunderabnd 500 003
Tel 7381 77303
Eanll- BLUEFROST

He: 159

Blut Slar Lid

23 M Second Line Bra.h
Mndlla EUD anl

Tel 2

Teiex 79

Cabl BLUESTAR

Blur Shar Lid

Mathi i Man-jon.
2nd Moor Bislupul
Jamshedpur 431 001
Tel W04
Catl- BLUESTAR
Tefr 240

INDOUNE Sia

BERCA Induﬁeﬁi PT

P O Bnx 495

15l Iqur JU Cikeni Raya 61
Jakaria

Tel 3038 40369 49486
Tele: 2895 Jakaita

IRAN
Mull Cov p Imernanonar Lig
Avenue Soiaa 110

PO gox 1212

IR Teheran

Ter 1510 12 49

Cable MULTICORF Tensan
Teles 1891 mor in

ISRAEL

Eleilioncs & Engini
O of Motaraly =) I3F| Lid

17 Aminaday Slreel

TelAny

Tel dhado 40 unen)

Cable BASTEL Tel Auwy

Telen 11569

JAPAN

Yokugawa Hewlell Packaid Lid
Onady Builiing

1591 ‘luyﬂgrl

Shihuya ku Tokyo

Tel 1370 lﬂl 9“

Teter 717 2004

Cable \HF‘MAHkET Tde 23 7.

1 okuyawa Hewie Fackaia Lig

Bz fl Hnlagl Bidg

224 kb

|D£IHuI xnl

Osaky

Tel hitB) 21 lauy

Teled 1132 185 YHP OCAKA
0bngaws Hewletl Packaid Lid
Hakimn Building

No M kamisasdama (ho
HakaDura ku Nnyoya Cily
Tel iy 5718171

Yohogawd Hrwl»n Packard Lig
Tanigaws Buildy
R T_umyn o
luruqﬂwa by
Yokohama 17
Tel 045 392 :52
Teler 382 1204 YHP YOK
Yokogawa Hewlett Packaid Lid
Mllu Muzun Buaing

"1 Zan na ans
Mllo Jlo
Tel 0292 35 7470
Yuhogaws Hewleli Parkard Lid
Innue Building

45 3 mam €no | rhome
Anugl 4]
Tel D462 24 0452

KENYA

Technical En?mrenng CHYIZFS
PO Box

Nllwbn Kkenya

Tet 97728

Cable FROTON

KOREA

Amencan Tiaging Company
foiea

1 PO Bor 1103

Dae wung Bidg  8Ih Floo

107 Sejong Ro

Chonigiu ku Seo

Tel (4 iner) 7)) B‘? 'J 7

Cable ‘\MTR‘\(H Seoul

KUWAIT

Al khaldiya Trading &
Conifachng Co

Al Soo Slieel

Micnaan Bigg Mo 4

Kuwult

Tel 4284914

thll‘ VISCOUNT

LEBANON
Conlantm £ Marudis
Clemenceay Shieet 14
F O Bos 7210
AL Beiut
Tel IR A197H
Teles 20114 Len
Cable ELEETHUNUELERR Beiut

MALAYSIA

MELOMA Mau\,ru Lid

2 Lateng 13

Secion 13

PeLIng Juya Selango:
Cable MFTOMB kuia Lumpyt

MOZAMBIGUE

AN CGoncaing. L4

162 1 Apl 14 &n D Lur
Cana Pasial 107
Lourenco Marques

T 27081 2701d

Teler 6 207 1 Mvgun Mo
Cable NEGON

NEW ZEALAND

Hewlett Packard (N Z ) Lid
412 Cruickshank Shieet
RuDITIE Wetinglon §
Maliig Add:es.,

Hewlett Patka-ﬂ INT )L
PO Box 944

Courtney PlauE

Welli

Te B77 199

Teles NI 1898

Hewiett Packaio (v I ) Lig
Paluianga Pratessional Centor
267 Pakulanga Highway

Box 51082

Pakura

TA 569 651

Cahle HEWPACK Auckland
AnalytcaliMedical Oniy

Dertal & Medical Supply Co Lig
Scienlihe Drvision

79 Lanion Gore Road
Newimiai kel

P D Rox 1734
Auckland

Tel 75 789

Canie DENTAL Aucktang

NIGERIA

The Electionics
Insuumenianons Lig

N6B 770 Oy Rusd

Dluskun Houze

PMB 5402
ﬂan

Tel 61y

Canle TH[TE!L thadan

The Elechomes Insliumedls
hient Lid (TEIL)

161 Fluor [ncm House

PMB 5403

ibadan

Tel 23124

Cable THCTEIL hadan

PAKISTAN

Mushhn & Company Lig
Ousman Chambers,
#bdullah Hasan Ruan
naracn 1

Tel L1107 5129,7

Cuble COOPERATOR warach
Muzhho & Compan, Lid
18B Satelile Town
Rawalpind)

T 41974
Cable [EMIS Rawalpinit
PHILIPPINES

ClF homes nr
AN Hinni - Amalgamaieg
Develnpment Corp Bidg
Aydly Avenue Mikdl: Ris
C EF O Bux 1078
Makati Ry )
Tel Ah 18 87 87 76 7
Cable ELTMIX Minily

REUMON ISLANDS

B F‘ 9]& 97400 Saml Dens
5 Rue Jean Chalel

llE de la Revnion

Tel 211175

Cable ZOOM

SINGAPORE

Mechamcal & Combusliun
Engineering Company Pre
0

10:12 Jalan kilang
Red Hill Induzimai Esiue
)

Singzpore 1

Tel 647151 (7 ezt

Cable MECOMB Sigapure

Hewlent Patkal:l Singapene
(Pie ) L

Bix . mn rLULIH lalan
Bulil Meiah

Redhill Indurhml Exfale

Aleunma P D Bax 87

TH 140;
Telex HPTC AT 71486
Cable HEWPACE Tangapme

SOUTH AFRICA
Hewleft Packaid South Alniea
a

Pty )
Hewlett Packaid House
Dapnnr SUEEl Wendywood
Sandtans Tianzeaal MNUI
Tel BOZ WWO
Telex GA43 47A3UH
Cable HEWPACK
Hewlett Packaid South Alnca
\Fly ) Lia
Birerazlle House
Biee Sueel
Town
Tl:p.;ﬁgdl 43
Catie AEWFATr Cape Town
Telen ok CT
HEWIFR Packaid Soulfi Al g
(Ply i Lid
b i Ridge Ruad Guiban
P O Bin 37093
Overport Duioun JIRT
Tel RH €102
Teled & 7954

TAHIT

Metigriph

8F 1741

Papeele

Tﬁrp;\’]:‘ﬂ 29979
TAIWAN

Hewlen Packard Tawan
18 Chung Snuo wesi Aoan
Zec 1 Overgdl Insulsiee
Cuip Bidg 7Ih Mlogs
Taipei

Tet JM9IRD 1 2

Teles TPEI4 HEWFACR
Cable HEWPACK Taipe,

Hewlell Packard Tamwan

Pu Ac Lae San min Chy
K aohsiung
Tel 297319

THAILAND

UNIMEZA o Lig
{som Resedich Building

Banguk Sukumvil Ave

Bangrox

Tel 932747 930335

Cable UHIMESA Bangkul

VIETNAM

Pemin-ula Tumnu inr

PO Box

216 Hien Vuunq

Saigon

Tel 20 405 93398

Cable PEMTRA SAIGUH 242

ZAMBIA

RJ Tihury (2 amhu) Lid
P D Bo« £792

Lusaka

Zambiy Cential Aliya

TAl 71791
Cable ARJAYTEE Luzala

MEDITERRANEAN AND

MIDDLE EAST COUNTRIES

NOT SHOWN PLEASE CONTACT
Hewleli Pachaid & A

Metiienanean 4nd Mindle

tast Opah
S5 kohibun o Sier
Plania ety

GR kifiniia Athens

lelex 11 6488

Capir HFWPACRTA Alhen:

OTHER AREAS NOT LISTED CONTACT
Hewleli Packaid

Fepint Traue Company

130U Hilliewe A4

Falp &ln Californiy 933110

T (414 497 1501

IWS 81l 173 1567

Cable HEWwFACE Fain Ao

Teien 014 8300 034 R491
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SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. This section contains general information concerning
the -hp- Model 3465A Multimeter. Included is an instru-
ment description, specifications, information about instru-
ment and manual identification, option and accessory
information and safety considerations.

1-3. DESCRIPTION.

1-4. The -hp- Model 3465A Multimeter 1s a4-1/2 digit, five
function digital multimeter. The five functions are dc volts,
ac volts, dc current, ac current and ohms Measurements
can be made to four significant digits with a sample rate of
2-1/2 readings per second. Throughout this manual, the
3405A Multimeter will be referred to as Multimeter.

1-5. SPECIFICATIONS.

I-6. Instrument specifications are listed in Table 1-1 These
specifications are the performance standards or hmts
against which the instrument is tested. Any change in the
specifications due to manufacturing, design or traceability
to the U.S. National Bureau of Standards will be covered by
revised pages to this manual. Additional information
describing the operating characteristics are not specifica-
tions but are supplemental information for the user.

1-7. INSTRUMENT AND MANUAL IDENTIFICATION.

1-8. Hewlett-Packard uses a two-section serial number The
first section (prefix) identifies a series of instruments The
last section (suffix)identifies a particular instrument within
the series. If a letter is included with the senal number, 1t
identifies the country where the instrument was manufac-
tured. This manual is kept up—to—date with the instrument
at all times by revision. If the senal prefix of your
instrument differs from the one on the .le page of this
manual, refer to Section VIII for backuating information
that will adapt this manual to your instrument. All
correspondence with Hewlett-Packard should include the
complete serial number

1-9. OPTIONS.

1-10. Multimeter options are available to provide alternate
methods of powering the mstrument. The standard instru-
ment is powered by rechargeable NiCad batteries or can be
powered from an ac source of 86 to 127 V or 172 to 254V,
48 to 66 Hz.

1-11. Option 001.

1-12. Option 001 allows ac line operation only. Power is

derived from an ac source of 86 to 127V or 172 to 254V,
48 to 66 Hz. Two NiCad Battery Packs can be installed at
any time to allow portable operation of the Multimeter.

1-13. Option 002.

1-14 Option 002 1s powered by four “D" type dry cell
batteries (U2 in Europe). Alternate power can be derived
from most Hewlett-Packard hand-held calculator battery
chargers such as the Model 82002A Battery Charger/AC
Adapter through a special rear panel input connector.

1-15. ACCESSORIES.

1-16. The following accessories are available to extend the
usefullness of your Multimeter:

1 Model 11096A RF Probe 100 kHz to 500 MHz

(down 3 dB at 10 kHz and 700 MHz) for use on the
10 V and 100 V ranges in the DCV function only

tJ

. Model 11002A Test leads, dual banana to dual alliga-
tor.

3. Model 11003A test leads, dual banana to probe and
alligator.

4 Submodule front handle, -hp- Part' No 5061-2001
5. Handle Kit (Rack), -hp- Part No. 5001-0088,

6. Rack adapter kit (includes 1/2 module filler), -hp-
Part No. 5061-0054.

7. Nickel Cadmium Battery Pack (2 required) -hp- Part
No 00035-60024

8. Model 82002A Battery Charger/AC Adapter, alter-
nate power (battery elimination) for the Option 002
Multimeter.

9. 11129A Binding Post Kit.
1-17. SAFETY CONSIDERATIONS.

1-18. This operating and service manual contains cautions
and warnings alerting the user to hazardous operating and
mamtenance conditions This information 1s flagged by a
caution or warnming heading and/or the symbol . The

symbol appears on the front panel and 1s an
international symbol meaning *refer to the Operating and
Service Manual”. This symbol flags important operating
nstructions located in Section III. To ensure the safety of
the operating and maintenance personnel and retain the
operating condition of the instrument, these nstructions
must be adhered to.
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Table 1-1

Model 3465A

. Specifications.

DC VOLTMETER
Ranges: 10 mV, 100 mV, 1 V, 10 V, 100 V, 1000 V

Overrange: 100% on all ranges except 1000 V max. on the
1000 V range.

Accuracy: {90 days, +23 °Ccs SDC)

RANGE SPECIFICATION
+ (% Reading + % Range)
10mvV + {003 % +0.02%)
100 mV through 100 V +{0.02 9%+0.019%)
1000 V +(0.025% + 0.01%)

Temperature, Cosfficient {0°C to SOOC): +0003% of
Reading/ C

Effective Common-Mode Rejecuion {(with 1 k& imbalance in
either lead):

AC. > 120 dB at 50/60 Hz + 0.1%

AC Normal-Mode Rejection:
>60dBat50/60 Hz + 0.1%
Input Resistance:
10 mV through 1 V ranges. (80% R.H.} =>10'" g
10 V through 1000 V ranges: 10 MQ = 1%
AC VOLTMETER

Ranges: 100 mV, 1V, 10V, 100 V, 1000 V (500 V Max)

Overrange: 100% on all ranges to 10 kHz decreasing hinearly
to 0% at 20 kHz Maximum input voltage on the 1000 V
range is 500 V rms.

Accuracy: (90 days, + 23°C = SDC) + (% Reading + % Range)

1000 V
g (500 V rms)
> MAX +{056%
< +0 05%)
o 100Vt Za
o
P vt o
= + (0 15% + 0 05%) * 10155;',
o 1v+ +0. )
>
2 100 mV t t —7F
40 1K 2K 10K 20K
INPUT VOLTAGE FREQUENCY (Hz)
Temperature Coefficient (0°C to 50°C): * (0.005% of
Reading + 0.002% of Range)/°C
input impedance: 1 M * 1% shunted by < 100 pF
DC AMMETER

Ranges: 100 uA, 1 mA, 10 mA, 100 mA, 1000 mA

Overrange* 100% on all ranges

Accuracy: (90 days, + 23°C SDC)

RANGE SPECIFICATION
+ (% of Reading + % of Range)
100 pA, 1 mA + (0.07% +0.01%
10 mA + {0.11% + 0.01%!}
100 mA, 1000 mA + (0.6 % +0.01%)

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

RANGE SPECIFICATIOI\L!’
+ (% of Reading)/ C
100 A + 0.006%
1 mA, 10 mA + 0.004%
100 mA, 1000 mA + 001 %

AC AMMETER

Ranges: 100 uA. 1 mA, 10 mA, 100 mA, 1000 mA

Overrange. 100% on all ranges to 10 kHz decreasing hiniearly
to 0% at 20 kHz

Accuracy: (90 days, + 23°C s°c)

+ (% of Reading + % of Range)

1000 mA
w
g
2 10mal t(08%
E + 0.05%. + (0.65%
5 + 005'_?‘0)
x 10 mA s
i
3
+(04% y o | £108%

T T™ATso005% £1025%+005%) | 15 75%)

100 nA g 7/

40 1K 2K 10K 20K

INPUT CURRENT FREQUENCY (Hz)

Temperature Coefficient (0°C to 50°C): + 0.01% of Read-
ing/°C
OHMMETER

Ranges: 100 2,1 k¥, 10 k£, 100 k2, 1000 k2, 10 MQ

Overrange: 100% on all ranges

Accuracy:(90 days, + 23°C + 5°C)

RANGE SPECIFICATION
+ {% of Reading + % of Range)
100 @ + {0.02% + 0.02%)
1 k§2 through 1 MQ2 + (0.029% + 0.01%
10 M2 + (1% + 01%)

Temperature Coefficient {0°C 10 50°C)-

RANGE SPECIFICATION

+ (% of Reading}/ C

+ 00015%
+0.004 %

100 € through 1 MQ I
10 MS2
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Model 3465A

Table 1-2. General Information.

Section I

Maximum Input Voltages-

Between Input HIGH (V, Q) and COM:

FUNCTION MAX VOLTAGE
DC Volts 1000 V (dc + peak ac)
AC Volts 600 V dc: 500 V ac rms;
800 V peak ac
Ohms 350 Vv (dc + peak ac)
Between AMPS (A), HIGH (V, 22} and COM terminals and
ground:

+ 500 V (dc + peak ac)

ACA and DCA Voltage Burden {nominal at fuil-scale)
1000 m range. < 250 mV
All other ranges: < 125 mV

Reading Rate: 2.5 samples per second

Overload Indication: Displav Blanks except tor overrange "1
and decimal point (also polarity sign on DCV or DCA FUNC-
TIONS)

Ohms Terminal Characteristics*

Configuration: 2 wire
Open-circuit voltage: < 5 V max.

Overload protection. 350 V (dc + peak ac)

Nominal current through unknown resistance-

RANGE CURRENT
100 & 1 mA
1KQ 1 mA
10 K&z 10 A

100 KQ 10 pA

1000 K2 1 HA

10 M& 01uA

Power Requirements:

Standard ac source: 86 to 127 V:48 to 66 Hz
172 to 254 V, 48 t0 66 H=

batteries: 2 rechargeable NiCad battery packs

Option 001 acsource. 86 to 127 V, 48 to 66 Hz
172 to 254 V; 48 to 66 Hz
Option 002 batteries 4 "D type dry cells (U-2 ceils in

Europe)

battery elimination. Most Hewlett-Packard
hand-held calculator

chargers such as

the

Model 82002A Battery

Charger/AC Adapter

Environmental Considerations:
Operating temperature' 0°C to 55°C (32°F to 131°F)
Humidity range: 95% at 40°c
Storage temperature: - 40 C to + 75°C {- 40°F to 167

°F)

1-3/14
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Section II

SECTION 11
INSTALLATION

2-1. INTRODUCTION.

2-2. Thus section contains information and instructions for
the installation and shipping of the Multimeter. Included
are initial inspection procedures, power and grounding
requirements, environmental information and instructions
for repackaging for shipment.

2-3. INITIAL INSPECTION.

2-4. This instrument was carefully inspected both mechani-
cally and electrically before shipment. It should be free of
mars or scratches and in perfect electrical - arder upon
receipt To confirm this, the instrument should be inspec-
ted for physical damage in transit, and the electrical
performance should be tested using the performance tests
outlined mn Section V. If there is damage or deficiency, see
the warranty inside the front of this manual.

2-.5. POWER REQUIREMENTS.

2-6. The Standard and Option 002 Multimeters have an in-
ternal battery source, In addition, either Standard or Op-
tion 002 instruments can be operated from any ac source of
86V to 127 V or 172 V to 254 V at 48 Hz to b Hz The
Option 002 mstrument requires the use of a Hewlett-
Packard hand-held calculator Battery Charger/AC Adapter
Model 82002A for nstrument operation from the ac

source

Verify that the 110 V/220V Lme Voltage
Selection switch, Incated on the rear panel of
the Standard, Option 001 Multimeter or the
Model 820024 Battery Charger/AC Adapter, is
set to the ac source voltage to be used before
inserting the power cord and tuming the
instrument on.

2-7. GROUNDING REQUIREMENTS.

2.8. To protect operating personnel, the National Electrical
Manufacturers’ Association (NEMA) recommends that the
instrument panel and cabinet be grounded The Standard
and Option 001 Multimeters are equipped with a three-
conductor power cable which, when plugged into an
appropriate receptacle, grounds the instrument. The offset
pin on the power cable 1s the ground wire.

2.9 To preserve the protection feature when operating
from a two-contact outlet, use a three-prong to two-prong

adapter and connect the green pigtail on the adapter to
power line ground.

2-10. ENVIRONMENTAL REQUIREMENTS.

2-11. The Multimeter should not be operated where the
ambient temperature exceeds 0°C to 55°C (32°F to 131°F)
or stored where the ambient temperature exceeds - 40°C to
+ 759C (- 40°F to 167°F).

‘ WARNING |

To prevent potential electrical or fire hazard,
do nor expose equipment to rain OF MOISIUYE,

2-12. REPACKAGING FOR SHIPMENT.

2-13. The following paragraphs contain a general guide for
repackaging the instrument for shipment Refer to Para-
graph 2-14 if the oniginal container 1s to be used; 2-151f 1t
1s not. If you have any questions, contact your nearest -hp-
Sales and Service Office (see back of Manual for office loca-
tions)

NOTE

If the instrument is to be shipped to Hewlett-
Packard for sewvice or repair, attach a tag to
the instrument identifving the owner and indi-
cating the service or repair to be accomplished
Include the model number and full seral
aumber of the mstrument In any correspon-
dence, wdentifv the mstrument by model num-
ber and full serial number.

2-14. Place instrument in original container with appropri-
ate packing material and seal well with strong tape or metal
bands. If original container is not available, one can be
purchased from your nearest -hp- Sales and Service Office.

2-15. If original container is not to be used, proceed as
tollows:

a. Wrap instrument in heavy paper or plastic before
placing 1n an inner container.

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

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



Section M

2-16. POWER CORDS AND RECEPTACLES.

2-17. Figure 2-1 illustrates the standard power receptacle
(wall outlet) configurations that are used throughout the
Unuted States and in other countries. The -hp- part number
shown directly above each receptacle drawing is the part
number for a Standard or Option 001 Multimeter power
cord equipped with the appropriate mating plug for that
receptacle. If the appropnate power cord is not included
with the instrument, notify the nearest -hp- Sales and
Service Office and a replacement cord will be provided The
Multimeter power cord, power input rece ptacle and mating
connectors meet the safety standards set forth by the
International Electrotechnical Commission (IEC).

to
to

Model 3465A

8120—1351 8120-1169 8120— 1689
i B d 4o
1 - s
: . o ( i \ [‘W"f\\l S
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A — ' o
~ (( g,i'j ;J,\(I‘I/f R
e l_J—Q
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T,- ?\ ( "’3\
§ .[, . " “(u o
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STD B:419%
“UL LISTED FOR USE IN THE UNITED STATES OF AMERICA

Figure 2-1. Power Receptacles.
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Section 111

SECTION 1

OPERATING

3-1. INTRODUCTION.

3-2. This section contains instructions for using the Multi-
meter for making dc voltage, ac voltage, dc current, ac
current and ohms measurements. The section also contains
a description of the front and rear panel features.

| WARNING l

To prevent potential electrical or fire hazard,
do not expose the Multimeter oF its accessories
to rain or moisture.

3-3. Front and Rear Panel Features.

3-4 An illustration and description of the front and rear
panels is provided in Figure 3-1. All controls and connec-
tors are identified and briefly described. Some rear panel
features are available with certain options only and are
identified in the description.

3-5. Turn-op and Warm-up.

3-6. For specified measurement accuracy, allow the instru-
ment to warm-up for at least 10 minutes

Before operating from an ac source, venfy that
the I10/220V hine voltage selection switch,
located on the rear panel of the Standard and
Option 001 Multimeter or the Model 520024
Battery Charger/AC Adapter, is set to the ac
source voltage to be used.

3-7. Internal Battery Voltage Measurement and Recharg-
ing.
3-8. The Multimeter contains a feature allowing the user to
check battery strength to determine the need for battery re-
placement or recharging The procedure 1s to place the Mul-
timeter 1n the DCV function and depress the 10 megohms
range switch Batteries with full charge will produce a front
panel display of approximately .370. If the front panel dis-
play is .300 or less, replace Option 002 dry-cell batteres or
recharge the Standard Multimeter NiCad batteries. Recharg-
ing of the NiCad batteries is performed by operating the
Multimeter on an ac source (verify line voltage selection
switch 1s in correct position for source voltage used). Mea-

the ac source during the recharging period
NOTE

Afrer 14 hours, a completely discharged battery

INSTRUCTIONS

will be fully charged Shorter charge periods
will allow reduced battery operating nme.
There 1s no danger of overcharge. For conven-
ience, overnight charging is recommended.

3-9. Low Battery Voltage Detection.

3-10. The Standard and Option 002 Multimeters contain
an (nternal battery source (Standard contains rechargeable
NiCads, Option 002 contains “D” cell or *“U2" hatteries).
A battery source safety feature of the Multimeter is a low
battery voltage detection circuit which turns the instru-
ment off when battery voltage reaches a low level. This pro-
tects against cell reversal of the NiCad batteries 1f dunng
operation the display disappears or immediately after turn-
on the display appears and disappears after several seconds,
low battery voltage 1s indicated To venfy low battery volt-
age, the procedure described in the preceding paragraph can
be used or verify by placing the OFF/ON switch to OFF
and to ON again. The display will appear and again disap-
pear. Operation from an ac line source and recharging of
the NiCad batteries 1s required in a Standard instrument.
Replacement of “*D™ cell or “U2" batteries is required 1n an
Option 002 instrument.

3-11 Overload Indication.

3-12. The Multimeter is capable of displaying up to 100%
of range (19999) for all functions and ranges except the
1000 V range in ac or dc volts (see ac and dc voltage
measurement paragraphs). In an overload condition where
the input exceeds 19999, the last four digits blank and the
overrange “1" and decimal pomnt will be displayed The
polarity sign is also displayed in the dc volts and dc current
functions in the overload condition

3-13. AC VOLTAGE MEASUREMENTS.

A

Maximum mput voltage m the ACV FUNC-
TION 15 500 V nms. 800 V peak and 600 V dc.
Do not exceed these voltages or damage to the
mstrument will occur.

3-14. AC VOLTAGE Ranges.

3-15. The ACV FUNCTION has five ranges from 100 mV
to 1000 V. Each range (except the 1000 V range) has a
100 overrange capability up to 10 kHz decreasing linearly
to 0% at 20 kHz. Maximum input voltage on the 1000 V
range 1s indicated in the AC VOLTAGE MEASUREMENTS
caution in Paragraph 3-13

3-
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Model 3465A

MAX 1000V 300V

STANDARD AND OPTION OOl REAR PANEL

3465-B-47269

on==! [/'E]/ 0 D\‘] (

SERVICEABLE PARTS INSIDE.

WARNING : NO OPERATOR
REFER SERVICING TO

QUALIFIED PERS ONNEL
[I72-254 : as—nﬁl 48-66Hz
LY v OVA MAX

®

-

OPTION 002 REAR PANEL

34654-8-4317

WARNING | NO OPERATOR
& OPTIONAL (] SER VICEABLE PARTS INSIDE . —
® POWER REFER SERVICING TO @
Zer| aBY 3;0v0c Jov 3 QUALIFIED PERSONNEL .
@ \— = /@
_ A\
3465-B-4261

;

Figure 3-1. Front and Rear Panel Features.
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e A

Do not applv a voltage greater than * 500 V de or 500 V peak between
any terminal and chassis ground or damage to the instrument will
occur.

OFF/ON Switch. Pushbutton push on/push off switch_ COM input terminal This terminal 1s connected to circuit

ground for all measurements except ohms. In the ohms func-

® ©
©

FUNCTION Switch. Function markings are located above t1on, the COM terminal 15 disconnected from circuit around.
each pushbutton switch.
=V = DC Volts DCA/ACA High input terminal. 2 Amp fuse located behind
~V = AC Volts removable "A’' terminal cap.
A = DC Amps AC power input connector
~A = AC Amps
€ = Ohms Line voltage selection switch,

Display. Indicates the measured value and polarity of dc
volts or amps_

ZERO ADJ. Internal adjustment used to zero the display in
the DCV FUNCTION, 10 mV RANGE

RANGE Switch. Range markings are located above each
pushbutton switch Color bands identhfy the range switches
associated with each function switch.

Battery access door {Standard and Option 001).

Battery access door (Option 002 only},
DCV/ACV/OHMS High input terminal.

Calculator battery charger (Model 82002A) power input

JAN . Th :
Symbol. This symbol is an international symbol connector (Option 002 only).

meaning ‘‘refer to the Operating and Service Manual®’ Thus
symbol will appear in this section of the manual flagging
operating instruction information.

®@ © 06

Battery access door lock (Option 002 only).

CNCENCICNOICIONC)

‘ Figure 3-1. Front and Rear Panel Features {cont'd).
3-16. DC VOLTAGE MEASUREMENTS. current of 2 A or the amps fuse, located direct-
Iy behind the "4 terminal, will open. See the
& following paragraph for replacement instruc-
- tions.

1000 V dc and peak ac on the 1000 V' range or

damage to the instrument will occur. There is 3-22 The Multimeter 1s protected from the application of

no overrange capubility on the 1000 1 range. excessive current by a 2 A fuse located directly behind the

. front panel “A" terminal. If it is necessary to replace this

3-17. 10 mV Range Zero Adjust. fuse, use the side slots on the *A” terminal to rotate the

terminal. The terminal and fuse will protrude from the

front panel. Remove the terminal and fuse, replace fuse

with a 2 A rated fuse as listed in Table 6-3 Miscellaneous
Parts General, and designated F1

3-15. When using the Multimeter on the 10 mV range in
DC volts, short the input terminals and zero the Multimeter
display with the rear panel ZERO ADJ control (see Figure
3-1). The display should indicate 0.000 before proceeding
with measurements.

3-19. DC Voltage Ranges.

3-23. AC Current Ranges.

3-24. AC current measurements can be made over a fre-

3-20. DC Voltage measurements can be made from 10 mV quency of 40 Hz to 20 kHz. There are five current ranges
to 1000 V full-range. Each range has 100% overrange capa- from 100 pA to 1000 mA with 100 overrange up to
bility except the 1000 V range which has a maximum mput 10 kHz decreasing Linearly to 0% at 20 kHz (See current
of 1000 V dc and peak ac (see DC Voltage measurements measurements Caution in Paragraph 3-21 )

caution tn Paragraph 3-16).

3-25. DC Current Ranges.
3-21. CURRENT MEASUREMENTS.

3-26. DC Current measurements can be made on five cur-

(‘ & rent ranges from 100 pgA to 1000 mA. Each range has a

R 100% overrange capability (see current measurements
Do not exceed u maximum dc or ac rms input caution 1n Paragraph 3-21).
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3-27. OHMS MEASUREMENTS.

A

Do not apply voltage greater than £ 350 Vde +
Peak AC between the ohms and common input
terminals in the ohms function or damage ro
the instrument will occur.

3-28. Ohmmeter Ranges.
3-26. Resistance measurements can be made on six ranges
from 100 ohms to 10 megohms each with a 100% over-

range capability. Both input terminals (£2 and COM) are
fluating with respect to circuit ground.

3.4
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3-30. Ohmmeter Reference Current

3-31. The ohmmeter reference current through the un- ‘
known resistance for each range is shown in Table 3-1.

Table 3-1. Ohmmeter Current Through Unknown.

Range Current
Through Unknown

100 2 1mA
1KQ 1 mA

10 K 10 uA
100 KQ 10 uA
1000 K2 1 uwA
10 M2 Q.1 A

Maximum open-circuit voltage at the ohms input terminals

is less than 5 V.
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Section IV

SECTION IV
THEORY OF OPERATION

4-1. INTRODUCTION.

4-2. This section contains the theory of operation for the
Multimeter. The information is divided into two parts:

1. Simplified Theory

2. Detailed Theory
The simplified theory provides an overview of the operation
of each section in the Multimeter while the detailed theory
describes the circuit operation of each section.

4-3. Description.
4-4. The Multimeter is a five-function, 4-1/2 digit multi-

meter with 100% overrange capability on all ranges except
the 1000 V range. The five functions measured are dc volts,

ac volts, dc current, ac current and ohms The dual-slope
integration techmque 1s used for measurements. This
technique charges an integrator for a fixed length of time,
to a voltage proportional to the input signal, then dis-
charges the integrator at a fixed rate determined by a
known reference voltage. The measurement display is
determined by the discharge time of the integrator, which is
proportional to the input signal.

4-5. Figure 4-1, Basic Block Diagram and Measurement
Sequence, illustrates the major functional blocks of the
Multimeter The illustration of the measurement sequence
shows the integrator output for each interval of a measure-
ment cycle This diagram 1s to supplement the functional
block diagram for the simplified theory discussion.

OHMS REFERENCE

REFERENCE
SUPPLY

RUN-DOW
REFERENCE SELECT

A-TO-D LOGIC >

CONVERTER DISPLAY

AUTO-CZERO
CONTROL

ZERO
ADY
0C
SIGNAL _
INPUT =1 CONDITIONING INEWT
INPUT/ ZERO
ADJ CONTROL
> FULL- SCALE INPUT — 4
VAN
/
/
/
NOGRROT " FULL- SCALE INPUT ——/—— —n
/ 7 A
/ 7/

)’ AUTO—ZERO +7 RUN-UP ‘+— RUN-DOWN + OVERRANE ~+— OVERLOAD ‘U‘

MEASUREMENT SEQUENCE INTERVALS

3465-B-4166

NOTE
NEGATIVE INPUTS ILLUSTRATED;

FOR POSITIVE INPUTS THE
WAVEFORMS ARE INVERTED.

*. ZERO-DETECT

Figure 4-1. Basic Block Diagram and Measurement Sequence.
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4-6. SIMPLIFIED THEORY.

4-7. A simplified theory of operation of the Multimeter is
presented in the following paragraphs. The simplified
theory describes each section of the functional block
diagram, Figure 7-1 These sections are the signal condi-
tioning section, analog—to--digital section, logic section and
the display section. Also presented is a simplfied descrip-
tion of the power supply. Refer to Figure 7-1, Functional
Block Diagram, and Figure 4-1, Basic Block Diagram and
Measurement Sequence, for this discussion.

4-8. Signal Conditioning.

4-9. Signal conditioning consists of attenuating and/or
converting the input signal to a dc voltage within the
working limuts of the input amplifier. For fullscale inputs,
this voltage can vary from 10 mV dc to 1V dc depending
on the function and range.

4-10. The signal condinioning section consists of current
shunts, an input attenuator, ohms converter and an
ac—to—dc converter. The output from the signal condi-
tioning section is applied to the input amplifier during the
run—up interval of the measurement sequence. The Input
Amplifier Gain Table located on Figure 7-3 indicates the
full-scale input level applied to the input amplifier for each
function and range. This signal is the output of the signal
conditioning section.

4-11. Ohms Converter. The ohms converter is a high gain
integrating amplifier. A simplified diagram of the ohms
converter is presented in Figure 4-2. The blocks of the
ohms converter are the integrating amplifier, protection
diodes, over-voltage protection circuit and the overload
loop. An integrating amplifier 1s used because thus type of
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With the HI terminal clamped, protection against excessive
voltages applied to the ohms termunals is provided by an
over-voltage protection circuit located between the ohms
amplifier and the LOW terminal. For excessive voltages, this
circuit isolates the LOW terminal from the ohms amplifier.

4-12. Figure 4-2 shows two outputs of the ohms converter
being applied to the input amplifier. The ohms output is
the ohms converter measurement signal and the auto-zero
output 15 the ohms amplifier dc offset signal which is called
the auto-zero (AZ) signal This AZ signal is applied to the
iput amplifier during the auto-zero interval of the mea-
surement sequence and establishes the reference for the
analog—to—digital converter An AZ signal greater than
+ 1 mV causes the mstrument readings to be invahd. This
condition (AZ signal >*1mV) 1s present when the
unknown resistance, Ry, is removed and an open loop 1s
present on the ohms amplifier. To maintain the AZ signal at
<*ImV when an open loop is present, an overload
feedback circuit is used.

4-13. The ohms ocutput, (LO terminal of the ohms con-
verter) is applied to the input amplifier. This output is a d¢
voltage, the level of which is dependent on the ratio of the
unknown resistance, R, to the variable resistance, 10", and
the ohms reference supply The variable resistance, 10", is a
resistor string located 1n the precision resistor pack R7S.
The value of 10" 1s selected by the range switches shorting
those resistors 1n the string that are not required. The value
of 10" can range from 10 kS to 10 M. A discussion of the
precision resistor pack R75 can be found in the detailed
theory.

4-14. The formula for the ohms converter output voltage
isx

amphfier s less susceptible to oscillations. The protection Ohm R ‘

; s _ X . _
diodes clamp the HI termunal to a voltage of about + 1.2V Output ~ | T Reference Supply Voltage + Vo sser
in the positive direction or - .7 V in the negative direction. 10

COMg
AUTO-ZERO Y
Rx OUTPUT
c29 \/‘\
iy
2 " av Is T0
PROPORTIONAL INPUT
n TO Rx AMP
rlov ——n — ',\/
VOL TAGE OHMS
* PROTECTION ouTPUT  J
+IV FOR CIRCUIT
IOM RANGE
PROTECTION | | OVERLOAD _—
DIODES PROTECTION
47 3465-8-4167

Figure 4-2. Simplified Diagram, Ohms Converter.
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The reference supply is + 10V for all ranges except the
10 M range. For this range the reference supply is +1 V.
The full-scale output of the ohms converter is 1 V d¢. On
the 10 M range with a R, of 10 MQ (full-scale), an output
of 1V dc is needed. From the formula for the ohms
output, it can be seen that 10" would have to equal
100 MQ Since the range of 107 is 10 k2 to 10 M€, a 10"
of 10 MQ combined with a reference supply of 1V
provides the desired 1V dc full-scale ohms converter
output.

4-15. AC—-DC Converter. The ac—dc converter is an average
responding ac converter. It measures the average value of a
sine wave and multiplies this by a fixed scale factor to
convert it to an rms value. The output of the converter is a
dc voltage equal to the rms value of the sine wave.

4-16. Figure 4-3 is a block diagram of the ac —dc converter.
The blocks consist of an impedance converter, an ac
converter and a filter. The impedance converter has a high
input impedance to prevent loading of the input signal. It
also provides the gain necessary to drive the ac converter.
An impedance converter gain of unity, 9.964 or 10 is
selected by the function and range switching. The gain of
9.964 is used with the ACI function and the gan of 10 1s
used with the 100 mV, .1 mA, 100 and 10V, 10mA,
10 k£ ranges.

4-17. The ac converter amplifies the signal from the
impedance converter by the scale factor. This converts the
average value of the sine wave to the rms value Half-wave
rectification of the sine wave is also performed by the ac
converter. This rectified signal 1s filtered to prowide the
proportional dc output which is applied to the analog—to—
dagital converter.

4-18. Analog—to—Digital (A—D) Converter.

4-19. The A—D converter block is comprised of an input
amplifier, reference supply, integrator, slope amplifier,
comparator and auto-zero circuit. It makes an analog—to—
digital conversion using the dual-slope integrating tech-
nique. Four control state signals from the logic section (10,
1Z, 11 and I2) regulate the measurement sequence IO and
IZ regulate the input amphfier and auto-zero switching
respectively while 11 and I2 select the reference supply
required during the run-down interval.

Section IV

4-20. Input Amplifier. The first stage of the A-D con-
verter is the input amplifier. During the run-up interval of
the measurement sequence, control state signal 10 switches
the output of the signal conditioning bleck to the mnput
amplifier. The output of the signal conditiomng hlock 1s 2
dc voltage which varies between 10mV and 1V for
full-scale nputs, depending on the function and range
selected. The gain of the input amplifier is adjusted by the
function and range switching to provide an output of 1V
dc for any full-scale input signal. See Input Amplifier Gain
Table on Figure 7-3.

4-21. Reference Supply. The A—D converter uses a mono-
polar reference supply of +10V. A reference voltage 1s
applied to the integrator during the run-down interval to
discharge the integrating capacitor. Since the discharge rate
is constant, the time required for the integrator to reach a
zero reference is proportional to the input signal This time
period is the run-down interval and 15 processed to
determine the display. A positive and negative reference
voltage is required since the mnput signal can be either
polanty A detaled discussion of the operation of the
monopolar reference supplv can be found in the detailed
theory.

4-22. Integrator. The integrator output is a result of a
current summation at the integrator summing junction
(inverting input). A positive current summation (current
flowing into the integrator input) will cause the integrator
to ramp negative. A negative current summation (current
flowing out of the integrator input) will cause the integra-
tor to ramp posutive. The integrator sums currents from the
input amphfier. reference supply. -7V supply and the
auto-zero loop.

4-23. Slope Amplifier. Following the integrator is a X4000
amplifier. This amplifier 1s divided into two stages; the first
with a gain of 40 and the second with a gain of 100. The
slope amplifier amplifies the integrator output to provide a
more vertical crossing of this output with the reference
level. This prowvides greater accuracy of the voltage—to—
time conversion during the run-down interval.

4-24. Comparator. The comparator provides two logic
outputs: a high output of 0 V or a low output of - 7 V. The
comparator output is high when the integrator output 1s
greater than the reference level. The comparator is low
when the integrator output is less than the reference level.

IMPEDANCE
CONVERTER

AC X,
INPUT — 3 X 96264
SIGNAL or XI0

DC VOLTAGE TO
l——a= ANALOG-TO-

DIGITAL CONVERTER

FILTER

3465-B-4168

Figure 4-3. Block Diagram, AC—to—DC Converter.
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This logic level 1s sensed by the logic section to determine
polarity and zero-detect.

4-25. Auto-Zero Circuit. Duning the measurement se-
quence, the auto-zero loop 1s closed except for the run-up
and run-down intervals. This loop includes the slope
amplifier and the integrator but does not phystcally include
the input amplifier although the loop does compensate for
the input amplifier offset. When the auto-zero loop is
closed, the input of the input amplifier is grounded. If the
summation of currents at the integrator summing junction
is not zero, the integrator begins to ramp up for a negative
summation or ramp down for a positive summation. The
integrator output is applied through the X4000 slope
amphfier to the auto-zero capacitor, C4. The voltage on the
auto-zero capacitor causes a current to flow at the summing
junction that returns the summation to zero This auto-zero
configuranon compensates for the analog offset of the
input amplifier and integrator by providing a current at the
summing junction that cancels the currents resulting from
the offset.

4-26. Logic Section.

4-27. The Logic Section is comprised of combinational and
state logic. This section processes the comparator output to
determine the polarity of the input signal and to make a
voltage—to—time conversion of the input signal. Time
accumulated during the conversion is proportional to the
input signal and is stored The display is derived from this
accumulated time. A voltage—to—time conversion with the
accumulated time being stored occurs once each measure-
ment sequence.

4-28. Seven blocks make up the logic section. These blocks
are.
. Clock
- State Clock
Polanty and Zero Detect
. Data Transfer and Reset
. Control State Counter
. Control State Decode
. Data Accumulator
The HIGH and LOW logic levels used in the logic section
are 0V and -7V respectively The following discussion
describes the basic operation of the logic section.

NC R W opd =

4-29. Clock and State Clock. The uming of the logic
section is denved from the clock circuit. The clock operates
at 100 kHz and 1s crystal-controlled. A state clock, driven
by the clock output and the count extend line from the
data accumulator, drives the control state counter to
initiate each measurement interval.

4-30. Polarity and Zero Detect. The polanty and zero-
detect circuit monutors the comparator output The state of
this output at the begmnmng of the run-down interval
determunes the polanty of the input signal. Zero-detect 1s
determuned at the point the comparator output changes
states during the run-down, overrange or overflow intervals.

4-4
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If the integrator ramps positive (negative input signal)
during run-up, the comparator output goes HIGH and
returns to LOW at the zero-detect point. If the integrator
ramps negative (positive input signal) during run-up, the
comparator output goes low and returns to high at the
zero-detect point. These comparator output logic states are
stored in a D flip—flop. At the beginning of the run-down
nterval, thus state identifies the polanty of the input signal
The outputs of the D flip—flop provide the signals needed
to select the comrect polarity display and the correct
reference supply signal (I1, I12) during the run-down
interval. An EXCLUSIVE OR and latch processes the
comparator output to provide the zero-detect signal.

4-31. Data Transfer and Reser. The data transfer and reset
circuits provide logic signals to the data accumulator
required to load the storage latches and reset the decade
counters. A detailed description of the data accumulator is
provided in the detailed theory section. While the TXFR
input of the data accumulator is low, data in the decade

counters 15 transferred to the static storage latches. The

RESET input resets the decade counters to zero when low.
This must occur after the transfer to the storage latches has
taken place. To ensure that reset occurs after termination
of transfer, an RC delay circuit precedes the reset gates.

4-32. Control State Counter. The control state counter
provides the timing for the measurement sequence intervals.
The output from the counter establishes the timing of the
analog control signals (IZ, 10, 11 and I2) which are applied
to the A—D converter. The state clock and reset inputs to
the control state counter determine the outputs of the
counter.

4-33. Control State Decode. The control state decode
converts the polanty. zero-detect and control state counter
mputs to the correct analog control signals. These signals,
applied to the A—D converter, perform the measurement
sequence switching. This switching consists of the input
amplifier switch, the auto-zero switch and the reference
supply switches.

4-34. Data Accumulator. The data accumulator consists of
a counter, data latches, a multiplexer, digit select decoder
and output buffers. At the beginning of the Run-Down
interval of the measurement sequence, the data accumula-
tor begins to count clock pulses until zero-detect occurs
This count 1s proportional to the nput signal and 1s the
ume conversion used to generate the display. The digit
select decoder scans the display digits from the most
significant digit to the least significant digit while the
multiplexer provides the corresponding BCD outputs for
each digit. A detailed discussion of the data accumulator is
presented in the detailed theory.

4.35. Display.

4-36 The multimeter display contains four full digits with
an overrange 1", polanty sign and sample rate indicators.
All segments and indicators are light-emitting diodes. A
BCD-to—seven—segment decoder receives BCD informa-
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tion from the data accumulator and applies the seven-
segment code to the display drivers. The display drivers
apply the seven-segment code to all digits simultaneously.
Digit strobe lines activate the digit corresponding to the
seven-segment code at that pomnt in time Scanmng of the
digits is from the most significant to the least significant
digit. To complete the display. the proper decimal point is
enabled by range switching.

4-37. Power Supply.

4-38. Figure 4-} is a block diagram of the power supply.
The power supply develops four output voltages from a
single dc input voltage (+ VB). This dc input voltage is
applied to a dc—to—dc converter which develops output
voltages of +11V dc and -7V dc. A series regulated
+10V output is developed from the +11V converter
output This + 10 V is used as the reference voltage in the
A—D converter and to develop the reference current in the
ohms converter and as the reference voltage for the
converter regulator. The converter regulator controls the
converter and regulates the - 7 Vand + 11 V outputs of the
converter. The fourth voltage (- 12 V) is derived from the
-7 V converter output with a voltage doubler circuit driven
by the 100 kHz clock. A discussion of the operation and
regulation process of the dc -to-dc converter is presented
in the detailed theory

y
SERIES
VALTAGE OV
REGUL ATOR
de-to-de CONVERTER
Ve | ONVERTER REGULATOR
I -7V
{00KHz vootace |
CL0cK — ™  DOWBLER 2v
3365-8-aIT1

Figure 4-4. Block Diagram, Power Supply.

4-39. DETAILED THEORY.

440. This portion of the theory of operation provides a
detailed discussion of the circuits in the Multimeter. The
circujts described here are the ohms converter, ac—dc
converter, monopolar reference supply, data accumulator
of the logic section, display and the power supply A
discussion of the precision resistor pack (R75) 1s also
provided. The detailed discussion makes use of the schema-
tics in Section VII.

4-41. Precision Resistor Pack (R75).

442. The precision resistor pack, R75, is a laser trimmed
substrate providing high precision resistances. A diagram of
R75 is shown on Figure 7-2. The input attenuator, power
supply, ohms reference supply, A—D reference supply and
the input amplifier require highly accurate resistances to
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maintain the accuracy of the Multimeter. These resistances
are part of the resistor pack. The advantage to the resistor
pack 1s high precision resistors and good temperature
tracking. As resistance values of the resistor pack change
due to temperature changes, the ratio of the resistors
remains the same.

4-43. Ohms Converter,

4-44_ Refer to Figure 7-2 for this discussion Both ends of
the ohms converter are floating with respect to the
instrument ground. The unknown resistor. R, , becomes the
feedback loop of the ohms amplifier. The ratio of Ry to
10" determines the gain of the ohms amplifier, Q25 and
Ul5. 10" is a variable resistance between 10 k§2 and 10 MQ
selected by the range switching. The ohms converter input
is the reference voltage provided by the chms reference
supply. This reference voltage times the amplifier gain is the
ohms converter output supplied to the input amplifier
during the run-up interval. Full-scale ohms converter gain
and output values are provided in the ohms converter table
located on Figure 7-2.

4-45. The HI terminal of the ohms converter is connected
to the reference supply through 10" of the resistor pack
R75. The HI terminal is clamped by protection diodes
CR15 and CR2S to prevent the destruction of FET Q25
and R75 by the application of large voltages. These diodes
clamp the HI terminal to about + 1.2 V positive or - 0.7 V
negative.

4-46. With the HI terminal clamped, over-voltage protec-
tion must be provided to protect the chms amplifier from
excess voltage. The over-voltage protection circuit is located
between the ohms amphfier and the LO terminal and is
shown 1n Figure 4-5 Durning normal aperation <2 mA of
current flows through Q30, R94 and Q32 If a large voltage
is applied to the ohms terminals. the current through this
circuit will try to exceed 2 mA. This current will cause a
large enough voltage drop across R94 to turn on Q31. When
Q31 is on, it removes the base drive from Q30, which turns
off, disconnecting the LO terminal from the ohms con-
verter. Since Q30 is a high voltage transistor, large voltages
are not applied to the ohms converter.

+ v

FROM OHMS
AMPLIFIER

3465-8-4172

Figure 4-5. Over-Voltage Protection Circuit.
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447. In the event of open loop (R, =), the chms
amplifier output begins to drive negative. The input
(negative port), which is the auto-zero output, could exceed
* 1 mV under an open loop condition due to the lack of
negative feedback through an R, This auto-zero output
must be maintained at < = 1 mV for accurate operation of
the A-D converter. To satsfy this requirement, an over-
load protection circuit consisting of CR23, CR24 and R86
15 used. When the ohms amplifier output goes below
approximately + 1.5V, the zener diode (CR23) turns off.
The overload loop, CR24 and R86, is introduced by the
turn-on of CR24 when CR23 is off. This loop provides the
negative feedback required to maintain an auto-zero output
<z 1mV. When an R, is introduced, CR23 turns-on,
CR24 turns-off, and the overload loop is inoperative.

4-48. A maximum output by the ohms converter of <5V
1s guaranteed by a voltage divider composed of R93 and
RY95. Additional protection components of the ohms
converter are. A) CR29 which prevents Q32 junction
breakdown due to fast transients, B) CR28 whch blocks
negative transients that could come in via the LO terminal
and C) R91 and C27 which prevent high voltage and high
frequency transients.

4-49. Degradation of accuracy in the ohms function due to
changes 1n the ohms reference with respect to the A—D
reference 1s mimmuzed since both reference voltages are
derived from the same + 10V reference supply If the
reference supply voltage changes, both the ohms reference
and the A—D reference are affected alike and any change 1s
effectively cancelled.

4-50. AC—to—DC Converter.

4-51. The AC—to—-DC converter 1s an average responding
ac converter. It has a bandwidth of 40 Hz to 20 kHz. The
converter is composed of two stages (see Figure 7-2). The
first stage, UL9, is an impedance converter. The purpose of
this amplifier is to provide a high impedance to the input so
loading of the input signal does not occur. It also provides
hugh drive capability for the ac converter stage, Ul8 The
mput of the impedance converter 1s protected aganst large
voltage swings by diodes CR35 and CR37. Voltages
excess of +10V or - 7V peak ac will turn these diodes,
returning excess current to the power supply.

4-52. The impedance converter, Ul9, has a selection of
three gains; the 100 mV, .1 mA, 100 Q and 10V, 10mA,
10 k2 ranges select a gain of 10. The ACI function selects a
gain of 9.964, while the remainder of the ranges and
functions select a gain of unuty (see U19 Gain Table, Figure
7-2)

4-53 The second stage of the AC—to—DC converter 1s the
ac converter, Ul8 A basic diagram of this stage 1s shown in
Figure 4-6. The amplifier has three feedback loops These
loops are the ac negative feedback loop, the dc negative
feedback loop, and the positive feedback loop, The ac
negative feedback loop 1s divided into two branches, one
branch for the positive cycle and the second branch for the
negative cycle. Diodes CR33 and CR34 switch between the
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Figure 4-6. Basic Diagram, AC Converter Amplifier.

positive and negative half-cycles to introduce the correct
loop for 1ts respective half-cycle

4-54. Dunng switching of the diodes, little negative feed-
back is present. During the switching transition, the positive
feedback loop (€45, R120 and R123) boosts the amplifier
gain. This boost in gain speeds the switching transition of
the diodes which gives a good frequency response at low
signal levels. Once the switching transition has occurred,
negative feedback is again present. The negative feedback
overrides the effects of the positive feedback loop at all
times other than the diode switching transition period.

4-55. The output of the AC—to—DC converter is derived
from the positive half-cycle, negative feedback loop. The
positive half-cycle developed across the load resistor R118
is the half-wave rectified signal of the ac converter amplifier
output. This rectified signal 1s filtered to provide the dc
output that 15 applied to the input amplifier during the
run-up interval of the measurement sequence For full-scale
mputs, the AC—to—DC converter output 1s 0 8 V dc Thus
output 1s kept relauvely free of the dc offser present on the
negative port of Ul8 (pin 2) by the voltage divider R125
and R118. The portion of the offset appearing across the
load resistor R118 is attenuated by a factor of 23.

4.56. A—D Conversion Using a Monopolar Reference.

4-57. Before preceeding with this discussion, review the
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A-D converter description of the integrator, slope ampli-
fier and auto-zero circuit in the simplified theory. Figure
4-7, Functional Diagram, A—D Converter, illustrates these
circuits in relation to the monopolar reference supply, the
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input amplifier and the comparator. It also illustrates the
integrator output and the four control state signals, 1Z, 10,
Il and I2, with respect to the measurement sequence
intervals.
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Figure 4-7. Functional Diagram,

A—D Converter.
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4.58. The A—D converter of Figure 4-7 is shown in the
auto-zero mode. The input amplifier s grounded at the
input, control state switch I1 is closed, 12 is open and the
auto-zero loop is closed. Note that the auto-zero loop does
not include the input amplifier but is connected to the
Integrator summing junction (integrator inverting input).
Also connected to the summing junction are the input
amplifier output, two current paths from the monopolar
reference supply and the -7V supply through RS9 and
Ra3.

4-59. The auto-zero loop uses a current balancing tech-
mque at the integrator summung juncuon to establish the
reference. The basic principle is that the algebraic sum of
currents at the integrator summing junction must be equal
to zero. When the sum is zero, the output of the integrator
will not change. If the sum is not zero, the integrator will
ramp up for a negative current or ramp down for a positive
current because of the inverting input.

4-00 When the auto-zero loop is closed, the currents
summed at the integrator summung junction come from
four sources; 1} the output of the input amplifier with its
input grounded, 2) one current path of the monopolar
reference supply (switch I1 closed), 3) the - 7 V supply
through R43 and R59 and 4) the auto-zero loop. The input
amplifier output is the analog offset of this amplifier. The
current due to the - 7 V supply is roughly the negative of
the current from the monopolar reference supply. The
auto-zero loop then stores a voltage on the auto-zero
capacitor that produces a current through R28 and R42 of
the correct magnitude to force the summation of currents
at the integrator summing junction to zero. Forcing the
summation of currents to zero compensates for the analog
offset of the input amplifier and integrator

4-61. Duning the run-up interval, the auto-zero loop is
opened by control state switch IZ. The voltage stored on
the auto-zero capacitor is still applied to the integrator
summing junction and the summation of currents remains
zero. At the time the auto-zero loop is opened, the output
of the signal conditioning section is switched to the input
amplifter by control state signal 10. The output of the
mmput amplifier causes the algebraic summation of currents
at the integrator summng junction to deviate from zero
Thus causes the integrator to run-up

4-62. At the end of the run-up interval, the input amplifier
15 switched back to ground by control state signal 10, The
summation of currents at the integrator summing junction
15 again zero and if no other action were taken, the
integrator output would not change. The integrator output
is positive at the end of run-up for negative inputs and
negative for positive inputs. At the end of the run-up
interval, the polanty of the integrator output is determined
by the logic section. This also identifies the polarity of the
mput signal

4-03. At the beginmng of the run-down interval, the logic
section selects the appropriate reference to return the

4-8
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integrator output to zero. Run-down uses the summation of
currents principle at the summing juncuon of the integra-
tor. The two current paths (Il and I2) of the monopolar
reference supply provide the means of changing the
summation of the currents. The summation of currents at
the summing junction can be made negative by opening
switch Il and removing this current flow to the junction.
The summation can be made positive by closing switch 12
1n addition to 11, and providing twice the current from the
monopolar reference supply Opening switch I1 with 12
open, runs the integrator up which 1s required for positive
mputs (see Figure 4-7). Closing I1 and I2 runs the
integrator down which is required for negative inputs. The
time required for the integrator to reach zero-detect during
the run-down interval is proportional to the input voltage
which caused run-up and determines the display.

4-64. Data Accumulator.

4-65. Refer to Figure 4-8, Data Accumulator Diagram, for
this discussion. The data accumulator processes the logic
signals from the logic section and provides the BCD output
and the scan signals that determine the dsiplay. The data
accumulator consists of a counter, data latches, a multi-
plexer, digit select decoder and output buffers. At the
beginning of the measurement, the reset signal (RESET)
goes to a logic O to initialize the counter and digit select
decoder. At the beginning of the run-down interval of the
measurement sequence, the counter begins to accumulate a
count proportional to the run-down time.

4-66. The counter consists of four divide by 10 circuits.
The output of each circuit is a BCD number representing
one digit of the input signal. At the end of the run-down
interval, the transfer signal (TXFR) 1s set to a logic 0. This
stores the counter outputs in the data latches.

4-67 The scan signal will gate each BCD signal from the
latches, beginmung with the most sigmificant digit first,
through the multiplexer to the output. At the same time
that the scan gates the digits through the multiplexer, the
gating signal is output to the display as a digit activation
pulse.

4-68. The BCD output of the multiplexer is applied to the
display section (see Figure 7-4). The BCD is applied to quad
NAND gates in the display section where the BCD logic is
converted to BCD logic. The BCD is applied to the seven
segment decoder where it is transformed to a seven bit
binary number and applied to each numeral in the display.
As the digit activation pulse from the data accumulator
sequentially activates each numeral trom most significant to
least sigmficant, the seven bit binary data will be displayed.

4-69. Display.

4-70. Refer to Figure 74 for thus discussion. AThe display
segments are powered by a +3 V supply. This voltage is
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Figure 4-8. Data Accumulator.

derived from VB and the +11V output of the power for a high VB (new or recharged batteries).

supply. A series voltage regulator, Q21, Q22 and Q23
maintains the +3 V output constant. This provides con- 4-71. Twenty-five connections interface the display and
stant display intensity for changes in the magnitude of VB the main assembly. Table 4-1 indicates each terminal and
due to battery life and results in low power consumption the source of the signal from the mam assembly

Table 4-1. Display Interface Connections.

CONNECTION DESIGNATION SOURCE OF SIGNAL
R :
DIGIT STROBES. MSD, 2MSD, 3MSD, LSD DATA ACCUMULATOR
BCD: 1,2,4,8 (A1U11)
DECIMAL POINT: A,B,C,D RANGE SWITCHES
POLARITY ENABLE. PE FUNCTION SWITCHES
POLARITY. PL AlU4
SAMPLE RATE: SR
LOGIC

OVERRANGE: OR A1US
OVERLOAD: OL SECTION
TRANSFER: TR A1UG
+VB,+11V,GND, -7V, -7 VEand-12 V. POWER SUPPLY
PIN 25 NO CONNECTION

4.9
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TR
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LS Vo=——— VB
k)
R ton=TIME SWITCH S CLOSED
fott=TIME SWITCH S OPEN

3465--4175

Figure 4-9. Basic Diagram, DC—to—DC Converter.

4.72. Power Supply.

4-73 This paragraph s a description of a simple dc -to-dc
converter. Figure 4-9 15 a diagram of this converter. When
switch S is closed (t,,, ), battery voltage VB 1s applied to the
inductor L. Since the battery voltage is constant, the
inductor current increases linearly with time. The inductor
current establishes a magnetic field which stores energy
transferred from the battery. During typ, C supplies current
to the load, R|_. When switch S is opened (to¢f), the voltage
across the inductor inverts and forward biases diode CR.
For a constant V,, the inductor current decreases linearly
with time and transfers energy to the capacitor and load
resistor, C and R . The energy transferred from the battery
to the load is controlled by switch S. By controlling switch
S the output voltage can be made greater than, equal to or
less than the battery voltage VB and can be regulated for
changes 1n the battery voltage (VB) and in the load (R ).
For a steady state conditon, the duty-cycle of switch S 1s

time switch S closed.
period of one cycle.

ton _ Vol ton =

T |[Vo|+vB T

The duty-cycle depends only on the output voltage (V)
and the battery voltage (VB).

4-74. A simplified diagram of the dc-to-dc converter is
shown in Figure 4-10. Refer to this diagram and the
converter of Figure 7-5 for this discussion. A negative
output 1s derived from a portion of the energy stored in the
primary winding inductance or magnetizing inductance of
T1 while the switch, Q33 1s on. This output is obtained by
the same process described previously for the simple
switch-type dc—to—dc converter. A positive output 1s
developed by transformer-coupling a poruon of the energy
stored in the primary winding inductance through the
secondary winding of T1. This output is equal to the
turnsqatio times the voltage developed by the primary of
T1 across C34 when switch Q33 is off.

4.75. The following paragraphs describe the circuit opera-
tion of the dc—to—dc converter. When the battery voltage
VB is applied to the circuit, Q33 saturates. A constant
voltage is applied across the primary of T1. The collector
current deterruned by the constant battery voltage (VB)
and the primary winding inductance, increases linearly with
time until Q33 comes out of saturation (hpgl) As this
occurs, the collector of Q33 begins a negative transition.
This transition at pin 1 of transformer T1 causes pin 3 of
T1 to begin a positive transition. The positive transition is
applied to the base of Q33 by the feedback circuit R81 and
C25 and turns Q33 off. As Q33 turns off, the voltage across

CONVERTER
SWITCH

V(.,,f(“—:) (7)= +HIV

+

cz2a $

Ns =2I turns

Ry

Np=14 turns

cR3 |

l +C34 3SRL2

3465-B-4251

Figure 4-10. Simplified Diagram, DC—to—DC Converter.
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the primary and secondary windings of T1 inverts and
forward biases CR18 and CR32. The energy stored in the
primary winding inductance of TI is transferred to the
output capacitors, C24 and C34, and their loads.

4-76 The cycle ends as Q33 turns on. This results when
erther the voltage at the base of Q33 decreases to the point
that Q33 begins to turn on or the energy stored in
transformer T1 goes to zero. Both events cause the
collector of Q33 to begin a positive transition. Pin 3 of
transformer T1 begins a negative transition at the same time
and is applied to the base of Q33 through the feedback
circuit of R81 and C25. This action causes Q33 to saturate
and the cycle begins again.

4-77. Converter Regulation. Regulation of the de—to—dc
converter 1s accomplished by controlling the energy transfer
to the load. The energy transfer to the load is controlled by
the switch. Q33 and the current source I. The magnitude of
1 is determined by Q34, R98 and the voltage at the base of
Q34. The base of Q34 is driven by U17. The inverting input
of Ul7 is connected to ground through R116. A 10—to—7
voltage divider (R117 and R114) is connected to the
non-inverting input of Ul7. One end of the divider (R117)
senses the constant voltage of the + 10V series voltage
regulator. The other end of the divider (R114) senses the
-7V output of the dc—to—dc converter. A change in
voltage at the - 7 V output results in an error voltage at the
non-inverting input of U17 and 1s amplfied by U17 The
output voltage of Ul7 dnves the base of Q34 and
regulation of the - 7 V output is achieved. Since the + 11 V
output is the transformer turns-ratio times the - 7 V output,
this output 1s also regulated.

4-78. + 10 V Series Voltage Regulation.

4-79. The temperature compensated zener diode CR17 1s
the voltage reference from which the +10V reference 1s
derived The zener voltage 1s applied to the non-inverting
mput of Ule. A resistor divider in the precision resistor

Section IV

pack (R75) senses the voltage at the output. A portion of
the voltage is fed to the inverting input of Ulé6. Thus error
voltage is amplified by Ulé6 to drive Q26. The collector
current of Q26 then provides base drive for the series pass
transistor Q27 To ensure turn-on of the dc—to—dc
converter, the collector, as opposed to the enutter of the
series pass transistor Q27, 1s connected to the output. The
low collector—to—emutter saturation voltage aids in the
turn-on process of the converter. This ensures start-up for
battery voltages as low as 2 to 3 volts. One advantage to
this configuration is that the + 11 V supply can decrease to
within the collector—to—emitter saturation voltage of the
+ 10V regulated output and regulation 1s still maintained.

4-80. - 12 V Supply.

4-81 Refer to Figure 7-5 The - 12V output is developed
from the - 7V supply by use of a voltage doubler circuit
driven by the 100 kHz clock generated in the logic section.
Transistors Q21 and Q22 prevent loading of the clock.

4-82. Battery Low-Voltage Detection.

4-83. Refer to the power supply schematic, Figure 7-5. The
battery low-voltage detection circuit is comprised of a dif-
ferential amplifier, Q36 and Q37 The voltage at the base of
Q36 1s set at about + 2 & V by the voltage divider R139 and
R141 If the battery voltage (+VB) 1s greater than+ 2.9V,
Q36 conducts and Q37 1s off. When the battery voltage
drops below + 2,9 V. Q37 turns on providing base drive for
Q38. When Q38 15 on, the base of Q34 15 pulled to - 7V
and Q34 turns off. This actiun turns the ac-to-dc converter
of the power supply off removing all power supply outputs.
This removes the front panel display mdication. To remn-
state the display, the OFF/ON switch must be turned OFF
and agam ON The display indication will reappear while
capacitor C51 charges to + 29V When the voltage on €51
(which 1s the base voltage of Q36) exceeds the battery volt-
age (+ VB), the circuit deactivates the power supply as pre-
viously described and the display indication disappears
again.

411/412
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Table 5-1. Test Equipment Required.

INSTRUMENT TYPE

REQUIRED CHARACTERISTICS

RECOMMENDED MODEL

Digital vVolt/Ohmmeter

DC volts: 1 V, 10 V and 100 V range
Accuracy. + 0.04%

Input Resistance: 10 MQ

Ohms. 200 k82

Accuracy: + 0.07%

-hp- 3470 System;
-hp- 34702A Multimeter

Digital Voltmeter

DC Volts. 5 digit resolution to 1 4V on
100 mV dc range
Accuracy. * 0.007%

AC Volts- 1 V and 10 V range
Frequency . 40 Hz 10 20 kHz
Accuracy’ 0.25%

-hp- 34508

AC Calibrator/ High
Voltage Amphifier

Frequency: 20 Hz to 100 kHz
Output: 1 mv to 1000 v
Accuracy {mid band): + 0.1%

-hp- 745A/746A

DC Standard Qutput: 1 mV to 1000 V -hp- 7408
Accuracy: + 0.02%
Meter Calibrator Output- 1 A -hp- 69208

Accuracy. + 0.1%

Electronic Counter

Freqguency . 50 and 60 Hz
Accuracy + 001%

-hp- 5300A/5302A

Power Supply

Output: 20V, 1 A

-hp- 6294A

Resistor Decade Box

10 &, 100 &2, 1 ks2, 10 k&2, 100 kS
and 1 M steps
Accuracy: + 0.005%

General Radio
Mdl GR 1433-2

Capacitor 1uF £ 10% 0160-3407
Resistors 19 +01% 0811-0615
1082 +0.1% 0698-5452
1k&2 +0.1% 0698-3491
2k82+01% 0698-6612
10k2 £ 0.1% 06984157
20k82 £+ 01% 0698-6943
100 k2  0.1% 069841658
1M £0.1% 0698-6369
10ME £ 0.1% 0698-8194
3092 +1% 0757-0388
100892 + 1% 0698-7320
TkQ2 £1% 0727-0751
22k £ 1% 0757-1087
665 Kk +19% 06984503
TMQ £+ 1% 0698-5049

Muodel 3465A
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Section V

SECTION V
MAINTENANCE

51. INTRODUCTION.

5-2 Thus section of the manual contains Performance Tests
and Adjustment Procedures The Perfmimance Tests are
designed to venfy the critical specafications hsted in Table
1-1. A Performance Test Card 1s at the end of this section
for recording the results of the performance tests.

5-3. Test Equipment Required.
5-4. Equipment required for the performance tests and
adjustment procedures 15 listed in Table 5-1, Recommended
Test Equipment. Equipment that satisties the cnitical
specifications given in the table may be substituted for a
recommended model
NOTE
Throughout the Ferformance Tests and Adjust-
ment Frocedures, the -hp- Model 34634 is

referred to as Multimeter,

5-5. PERFORMANCE TESTS.
5-6. DC Voltmeter Accuracy Test.

5-7 A DC Standard 1s required for this test

a. Set the Multimeter function to DCV ( === V) and
range to 10 m. Short the V& and COM terminals together
and adjust the display for 0.000, using the ZERO ADJ on
the rear panel.

b. Disconnect the short and connect the DC Standard
between the V2 and COM terminals

¢. Check all the dc ranges hsted in Table 5-2 for the
tolerances indicated.

Do not apply more than 1000V, otherwise
damage to the instrunment may result.

Table 5-2. DC Voltmeter Accuracy Test.

DC Standard Muttimeter
DC Range Output Display Limits

10 my + 000100 V 998 — 1.002 mVv
+ 0.00500 V 4996 —5.004 mV
+ 001000 V 9995 — 10,005 mV
100 mV +0.01000 V 999 - 1001 mV
+ 0.05000 V 4998 — 5002 mV
+ 0.10000 V 99.97 — 100.03 mV
1 Vv +0.10000 V 0999 — 1001 V
+ 0 50000 Vv 4998 — 5002 V
+ 1.00000 V 9997 — 1.0003 V
10 Vv + 1.,00000 V 999 —1.001 V
+ 5.00000 V 4998 —5002 V
+ 10.0000 Vv 9997 — 10.003 V
100 Vv + 10,0000 V 299 — 1001 V
+ 50.0000 V 4998 — 5002 V
+ 100.000 V 9997 — 100.03V
1000 V + 100.000 Vv 998 — 1002 Vv
+ 500 000 V 4997 —-5003 Vv
+ 1000.00 V 999.6 — 10004 Vv

5-8. DC Ammeter Accuracy Test.

5-9. This test requires the use of a power supply, a DC
Differential Voltmeter and a precision resistor listed in
Table 5-3 (part numbers are given in Table 5-1) or a resistor
decade box.

a Connect the Multumeter and test equipment as shown
in Figure 5-1.

POWER SUFPLY DIGITAL MULTIMETER

DC
ho 62944 hp 3465A DIFFERENTIAL
| VOLTMETER @
T ——— i 0
o |3 e 7ase @D DD o 2
- - > - D@0 aa e S
8 O me D JU3090 1011314 [ L(_E?) (®)
Ra
A~
INPUT CGABLE
hp 1I054A
9 —
) @)
— 8 u’ﬂTj\ 3465-8-4065

Figure 5-1. DC Ammeter Accuracy Test.

N
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Table 5-3. DC Ammeter Accuracy Test.

Multimeter Current Differential Multimeter
Range Level Ra VM Reading Display Limits
100 A 10 A 100k + 01% 1.0000 V 998 —1002 uA
50 A 5.0000 V 49.95 — 65005 uA
100 pA 10,000 V 9992 — 100 08 uA
1 mA 1 mA 1k2 £01% 110000 V 0998 — 1002 mA
5 mA 50000 v 4995 — 5005 mA
1 mA 1.0000 V 9992 — 1.0008 mA
10 mA 1mA 1k £0.1% 1.0000 V 998 — 1.002 mA
5 mA 5.0000 V 4993 -5007 mA
10 mA 10000 V 9988 — 10.012 mA
100 mA 10 mA 10 & 01% -10000 V 993 —-1007 mA
50 mA 5000 V 49.69 —50.31 mA
100 mA 1.0000 V 99 39 — 100 61 mA
1000 mA 100 mA 12 01% 10000 V 993-1007 mA
500 mA 50000 V 4969 —503.1 mA
1000 mA 1.0000 V 993.9 — 1006.1 mA
b. Connect the 100 kilohm * 0.1% resistor in the Rp Table 5-4. Ohms Accuracy Test.
position as shown. Multimeter Resistive Decade Multimeter
; Range Setting Display Limits
c. Set the Multungter function to DCA( === A) and 100 © 0 o 908 — 1002 O
range to 100 pA. Adjust the power supply output for a 50 © 4997 — 5003
differential voltmeter reading of 1.000 V. The Multimeter 100 99.96 — 100.04
should indicate 99.98 to 100.02 uA.
1 k2 100 Q@ 0999 — 1001 kR
B - 500 & 4998 — 5002 kQ
d. Check all the Multimeter ranges, using the values of 1 L6 9997 — 1.0003 k&2
R, and differential voltmeter readings shown in Table 5-3.
The Mulumeter display should indicate within the limits 10 k&2 1 kit 999 —1.001 k&
provided. 5 k2 4998 — 5002 kO
10 k&2 9997 — 10.003 k&2
510. Ohms Accuracy Test. 100 kQ 10 kQ 999 — 1001 kQ
50 kQ 49 98 - 50.02 k&
5-11. A precision resistive decade box will be required for 100 k2 9997 —100 03 k&2
thlS tesg; It should be calibrated and have a known accuracy 1000 Q2 100 ¥ 999 —1001 kO
of .005%. 500 k& 4398 - 5002 kQ
1000 k&2 999.7 — 1000.3 kQ
a. Comnnect the equipment as shown in Figure S-2.
10M 1 M@ 998 —1.002 MQ
5 MQ 4994 — 5006 MO
DIGITAL MULTIMETER 10 M2 9989 — 10011 MS
hp 3465A = -
J I *RESISTANCE , ,
1 o SEEIADEM a. Set the Multimeter function to ACV (~V). Connect
X i i
d11000 1131001 | O LC v the AC Calibrator between the VQ terminal and COM

terminal. Be sure to connect the Calibrator sense leads.

* o,
A L 24es-gazee b. Check the voltage ranges listed in Table 5-5 at each
frequency listed. The Multimeter should indicate within the

limits provided

Figure 5-2. Ohms Accuracy Test.

b. Set the Multimeter function to OHMS (£) and check
all the ranges in Table 5-4 using the decade box to supply
the indicated resistances. The Multimeter display should
indicate within the limits provided.

5-14. AC Ammeter Accuracy Test.

5-15. An AC Calibrator, a 3450B Digital Voltmeter and
disciete resistors (Rp) indicated i Taple 5-6 are required
for this test

5-12. AC Voltage Accuracy Test.

a. Set the Multimeter function to ACA (~ A) and range

513  An AC Calibrator and High Voltage Amplifier will
be required for the following tests,

5-2

to 100 yA. Connect the equipment as shown in Figure 5-3
using a discrete resistor for Ra. (To select Ry note the



Model 34654

PERFORMANCE TESTS

AC CALIBRATOR

hp 745A
0 0 a]
@ &) @ @ DIGITAL MULTIMETER
O hp 34654
I
— ol
® J11Jas a1liady l
MY N
? 3465-B-4267
MULTI-FUNCTION METER
hp 34508 —
o o
& =0 [I7 @
Figure 5-3. AC Ammeter Accuracy Test 100 uA thru 10 mA Range.
Table 5-5. AC Voltage Accuracy Test.
Multimeter AC Standard Test Multimeter
Range Output Frequency Display Limits
100 mV 10 mV 40 Hz. 400 Hz. 10 kHz 993 -1007 mV
50 mv 40 Hz, 1 kHz, 10 kHz 4387 —50.13 mV
100 mv 40 Hz, 5 kHz, 10 kHz 99 80 — 100 20 mV
10 my 11 kHz, 15 kHz, 20 ¥ Hz 980 —-1020 mV
50 mV 11 kHz, 15 kHz, 20 kHz 49.60 — 5040 mV
100 mv 11 kHz, 15 kHz, 20 kHz 99.35 - 10065 mV
1V 100 mv 40 Hz, 400 Hz, 10 kHz 0993 - .1007 V
500 mv 40 Hz, 1 kHz, 10 kHz 4987 — 5013 Vv
1V 40 Hz, 5 kHz, 10 kHz 9980 —1.0020 V
100 mv 11 kHz, 15 kHz, 20 kHz .0980 — .1020 \
500 mV 11 kHz, 15 kHz, 20 kHz 4960 — 5040 V
1V 11 kHz, 15 kHz, 20 kHz 9960 — 10065 V
10 V 1 Vv 40 Hz, 400 Hz, 10 kHz 993 -1007 V
5 V 40 Hz, 1 kHz, 10 kHz 4987 -5.013 V
10 V 40 Hz, 5 kHz, 10 kHz 9980 -10020 V
1 Vv 11 kHz, 15 kHz, 20 kHz 980—-1020 V
5 V 11 kHz, 15 kHz, 20 kHz 4960 —5.040 V
0 Vv 11 kHz, 15 kHz, 20 kHz 9.935 - 10.065 V
100 V 10 Vv 40 Hz, 400 Hz, 10 kHz 993-1007 V
5 Vv 40 Hz, 1 kHz, 10 kHz 49 87 — 5013 \J
100 Vv 40 Hz, 5 kHz, 10 kHz 99.80 — 10020 V
0 Vv 11 kHz, 15 kHz, 20 kHz 9.80-1020 Vv
80 Vv 11 kHz, 15 kHz, 20 kHz 4960 -5040 V
100 v 11 kHz, 15 kHz, 20 kHz 99.35 - 100.65 V
1000 V 100 VvV 40 Hz, 400 Hz, 1 kHz 99.3-1007 V
500 Vv 40 Hz, 400 Hz, 1 kHz 4987 —-5013 V
100 vV 15 kHz, 2 kHz 99.0-1010 V
500 Vv 15 kHz, 2 kHz 4970-5030 V

Section V
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value of Ry as directed in Table 5-6 and install the part
number Indicated in Table 5-1 A resistor decade box WILL
NOT provide the accuracy requured of R because of the
mtroduction of wire-wound resistor inductance by the de-
cade hox).

b. Set the AC Calibrator frequency to the desired test
frequency indicated in Table 5-6.

¢. Adjust the AC Calibrator amplitude for a 3450B
Digital Voltmeter display as indicated in Table 5-6 for the
range and current level being tested.

d REMOVE the 3450B Digital Voltmeter from the test
setup.

e. Venfy the Multimeter Display Limits as indicated in
the last column of Table 5-6.

t. Reconnect the 3450B Digital Voltmeter as shown in
Figure 5-3.

g Repeat Steps b through f for each frequency of each
range and current level listed in Table 5-6 Change Rp as
indicated for each current level.

PERFORMANCE TESTS

Model J465A

h. To check the 100 mA and 1 A ranges, it is necessary
to use an ac current source capable of these current outputs
such as the 6920B Meter Calibrator Set the 6920B OUT-
PUT SWITCH to OFF and replace the AC Calibrator with
the 0920B.

. Set the 6920B FUNCTION switch to AC and RANGE
switch to 100 milliamperes. Adjust the digital potentio-
meter readout control to provide a 10 mA output.

. Set the OUTPUT SWITCH to ON HOLD. Verify Mul-
timeter Display Limits shown in Table 5-7.

k  Return the 6920B OUTPUT SWITCH to OFF before
changing ranges Adjust the 6920B for the 100 mA range
outputs histed in Table 5-7 and venfy the Multimeter Dis-
play Limits.

. Change Multimeter range to 1000 mA and verify Mul-
timeter Display Limit for the 100 mA input.

m  With the h920B OUTPUT switch at OFF, change the
6Y920B range to 1A Check the Multimeter Display Limits
for the 500 mA and 1000 mA wnputs indicated 1n Table 5-7

Table 5-6. AC Ammeter Accuracy Test, 100 A thru 10 mA Ranges.

Multimeter 34508 AC Ra Current Multimeter
Range Digital Voltmeter Calibrator Value Level Display Limits

Display Indication Frequency

100 uA 40 Hz and 400 Hz 100k2 + 1% 10 uA 991 -1009 uA

1 kHz, 5 ¥Hz, 10 kHz 992-10.08 uA

15 kHz and 20 kHz 979 —10.21 uA

40 Hz and 400 Hz WKLt 1% 50 uA 4975 — 5025 uA

199985 to 100015 1 kHz, 5 kHz, 10 kHz 4982 — 5018 uA

15 kHz and 20 kHz 4955 -5075 puA

40 Hz and 400 Hz 10KQL £ 1% 100 uA 99.55 — 10045 uA

1 kHz, 5 kHz, 10 kHz 99.70 — 100.30 A

15 kHz and 20 kHz 99.25 — 100.75 uA

1 mA 40 Hz and 400 Hz 100Kk2 £ 1% .1 mA 0991 — .1009 mA

1kHz 5kHz 10 kHz 0992 — 1008 mA

15 kHz and 20 kHz 0979 — .1021 mA

40 Hz and 400 Hz 0k2x 1% 5 mA 4975 — 5025 mA

9.9985 to 10.0015 1 kHz, 6 kHz, 10 kHz 4982 — 5018 mA

15 kHz and 20 kHz 4955 — 5045 mA

40 Hz and 400 Hz 10k £ 1% 1 mA 9955 — 1 0045 mA

1 kHz, 5 kHz, 10 kHz 9970 — 1.0030 mA

156 kHz and 20 kHz 9925 — 1.0075 mA

10 mA 40 Hz and 400 Hz 10k2 +0.1% 1 mA 991 — 1.009 mA

1 kHz, 5 kHz 10 kHz 992 —1.008 mA

15 kHz and 20 kHz 979 —1.021 mA

40 Hz and 400 Hz Zk&z+ 1% 5 mA 4975 —5.025 mA

9.9985 to 10.0015 1 kHz,5 kHz, 10 kHz 4982 —5018 mA

15 kHz and 20 kHz 4955 —5.045 mA

40 Hz and 400 Hz 1k + 1% 10 mA 9.955 — 10.045 mA

1 kHz, 5 kHz, 10 kHz 9.970 — 10.030 mA

15 kHz and 20 kHz 9925 —10.075 mA
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Table 5-7. AC Ammeter Accuracy Test,
100 mA and 1000 mA Ranges.

Multimeter | Qutput Meter Multimeter
Range Calibration Display Limits
100 mA 10 mA 9.87 —10.13 mA

50 mA 4955 —-5045 mA

100 mA 99.15 — 100.85 mA

1000 mA 100 mA 98.7 —101.3 mA
500 mA 4955 - 5045 mA

1000 mA 9915 — 1008.5 mA

5-16. AC Normal-Mode Rejection Test.

S-17. AC normal-mode rejection is the ratio of the peak
normal-mode voltage to the resultant error in reading.

- Peak ac supenmposed voltage
NMR(db) 20 IDgIO

Effect on reading (peak volts)

An AC Calhbrator, an Electromce Counter, a 1 uF capacitor
(-hp- Part No. 0160-3407) and a 22 k€ resistor (-hp- Part
No. 0757-1087) are requured for this test.

a. Connect the test equipment as shown in Figure 5-1.
Do not connect the Multimeter at this time.

b. Using the Electronic Counter as a monitor, adjust the
AC Caljbrator frequency to 60 Hz + 0.1%.

c. Set the Multimeter function to DCV( === V) and
range to 10 V. Short the Multimeter input and note the
indication.

d. Disconnect the short and connect the AC Cahibrator
to the Multimeter input. Adjust the Cahbrator output to
707 Vims (10 V peak).

e. The Multimeter indication should not vary more than
.007 V from the indication noted in Step C. This verifies a
normal-mode rejection of greater than 60 dB.

PERFORMANCE TESTS

Section V

f. Repeat Steps ¢, d and € for an AC Calibrator output
frequency of 50 Hz + 0 1% as monitored by the Electronic
Counter.

5-18. AC Effective Common-Mode Rejection Test.

5-19. An AC Calibrator, an Electronic Counter and a 1 k{2
* 1% resistor are required for this test.

a. Connect a 1kS resistor between the VQ and COM
termunals.

b. Set the Multimeter function to DCV ( === V) and
range to 1 V. Note the Multimeter indication.

¢. Comnect the AC Calibrator to the Multimeter as
shown in Figure 5-5.

d. Using the Electronic Counter as a monitor, set the
AC Calibrator frequency to 60 Hz £0.1% (50 Hz £ 0.1% if
operating Multimeter from a 50 Hz source).

e. Adjust the Calibrator output to 7.07V ms (10 V
peak).

not vary more than 00001 V from reading noted in Step b
venfving an ac common-mode rejection of greater than
120 dB.

5-20. DC Voltmeter Input Resistance Test.

5-21. A DC Standard and a 10 MQ) * 0.1% resistor (-hp-
Part No. 0698-8194) are required for this test.

a Connect the Multimeter, DC Standard and resistor as
shown in Figure 5-6

b. Set the Multimeter function to DCV ( === V) and
range to 10 V.

c. Connect a jumper across the 10 MQ resistor and
adjust the DC Standard to provide a Multimeter display of
+10.000.

d. Remove the jumper from the 10 MS2 resistor. The
Multimeter display should indicate 4.950 to 5.027 veri-
fying an input resistance of 10 MQ2 * 1% on the 10V
through 1000 V ranges.

AC CALIBRATOR
hp 745A

ELECTRONIC COUNTER
5300A

DIGITAL MULTIMETER
hp 3465A

—1 e

411055 111010 DI

3465-8-4.68

Figure 5-4. AC Normal-Mode Rejection Test
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AC CALIBRATOR
hp 745A
DIGITAL MULTIMETER
0 0 0 0 0 g 00 np 3465A
B @0 BB O ELECTRONIC COUNTER 1 o
e ' hp 53004 o "
@ (:)) 123438 2333311 (O 1%
o OO O3 °
®

®
]
[
| -

||}—-—-—<
Ja

3465-B-4269

Figure 5-5. AC Effective Commaon-Mode Rejection Test.

e. Change the DC Standard output to 0 V and change
the Multimeter range to 1 V.

f. Connect a jumper across the 10 MQ resistor and
adjust the DC Standard to provide a Multimeter display of
+1.0000.

g. Remove the jumper from the 10 MQ resistor. The
Multimeter display should indicate 9990 or greater veri-
fying an input resistance of > 10'° on the 10 mV through
1 V ranges.

5-22. AC Voltmeter Input iImpedance Test.

5-13. An AC Calibrator and a 1 M + 0.1% resistor (-hp-
Part No. 0698-6369) are reqired for this test.

a. Connect the AC Calibrator and a 1 M resistor as
shown in Figure 5-7. Connect a jumper across the resistor.

b Set the Multimeter function to ACV (~ V) and range
tolV.

c Set the AC Calibrator frequency to 40 Hz and adjust
the output amplitude for a Multimeter display of 1.0000.

d. Remove the jumper from the 1 MQ resistor. The
Multimeter display should indicate .4950 to .5027 verifying
an input impedance resistive component of 1 MQ + 1%,

e Maintain the AC Calibrator at 40 Hz and adjust the
output amplitude for a Multimeter display of 1.0000.

f. Change the AC Calibrator frequency to 3183 Hz. The
Multimeter display should indicate .7071 to 1.0000 verify-
ing ashunt capacitance less than 100 pF,

DC STANDARD
hp 7408

[ [—1°
@ s
523 EDA@ 0 3

)

DIGITAL MULTIMETER
hp 34654

) e

|
¢
I 0 O R O K R ) OI

- ‘_E—I IOM 0o %

VW~ "

1465-B-4271

Figure 5-6. DC Voltmeter Input Resistance Test.

AC CALIBRATOR

hp 745A
o 0 u] u) a u} g an
B 8 8 & &
Q) o o o 9
O e o O °

® @ODE
E_L
i

DIGITAL MULTIMETER
hp 3465A

[

443302 0530

1|

o@
— =
[

J455-B-417C

Figure 5-7. AC Voltmeter Input Impedance Test.
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Model 3465A Section V

ADJUSTMENT PROCEDURES
5-24 ADJUSTMENT PROCEDURES. after it has been determined from Performance Tests that
the Multimeter does not meet specifications. If any
adjustment 1 these procedures cannot be made. refer to
| WARNING I the troubleshooting procedures of Section VII. Location of

the Multimeter adjustments is shown in Figure 5-8.

Adjustment Procedures of Section V are in-
tended for qualified sevvice personnel only To NOTE
reduce the possibilitv of electrical shock, only

ualified personnel are to perform maintenance . )
quatjted p P After use of a soldenng iron, flux remover or

duties. . ;
Sreon on the Al Assembly, allow 10 to 15 min-
utes for the mstrument to thermally stabalize
5-25. The following procedures should be performed only. before an adjustment is performed.
INPUT AC CONVERTER
INPUT AMPLIFIER AMPLIFIER 1 k2 100 mV and 10 mV
BALANCE ADJ GAIN ADJ ADJ 10 M2 ADJ HIGH FREQ. ADJ

/
/

I sol Lial L1l i«
o ~ T ) (5]
2li ) i1 e i :
o
| DX L E
»COMP)
1] / |(
g
4 é%% uz §'
1
(g) ANALOG/DIGITAL U LI
20 “é I50LATION | o
J §§z JUMPER N e
o Ta T g
'-I) [N | g | ®
—cl0—— u7 él
TeF
—ci3—
(z2) &)
O LR
s e hdze
@ [RER AN
et p o s
B & 0 1@ 1
- o
w_ 83z 2 2 83z
»— l ] |
? "] — [ I | I '
7, — « 20 ol
. gs:,ol;ﬁ ES:
TTIotr mayy !
g |
| 1AL O
it by 85 Bal Bygl)
Bat | o FEL@EE | ] |8 ’JTﬁg@);s
v [E]
! ? @ wrri——ﬁ | II—‘HOO— -mo»--mozl ol @l |
oA | e
R |I£{,§x§'w\§gc‘5 ggl/llﬂll [y 1)
BEE Jlpes| 85/ VIT/ V& FES S Se0Ig0 Tone 29
/ i L T\*‘n’ Firetei @
/ 7/ \\ - _
HIGH FREQ POWER SUPPLY ACCONVERTER AC CONVERTER AC CONVERTER
ATTEN ADJ JUMPERS ¥10 GAIN ADJ OVERALL GAIN ADJ HIGH FREQ. ADJ Al

-hp- Part No. 03465-66501

Figure 5-8. Multimeter Adjustment Location.
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Section V

5-26. Power Supply Adjustment.

5-27. Power Supply + 10 V Reference Voltage Adjustment.
Coarse adjustment of the + 10 V reference voltage 1s made
by selecting the proper combination of pewer supply jump-
ers designated 1, 2, 4, 8 and 16 Coarse adjustment 1s neces-
sary whenever the + 10 V reference cannot be adjusted with
AIR89 {(+ 10 V ADIJ - fine adjustment) to obtain a display
of 1.0000 for a 1 V dc input. This can accur after replace-
ment of AICR17, A1IR75 o1 AlUl6 or because of the long-
term drift of the AICR17 zener voltage.

5-28. Power supply jumpers 1, 2, 4, 8 and 16 parallel
resistors in A1R75 which are used as a regulator feedback
network, Removing a jumper decreases the + 10 V refer-
ence voltage and results 1n an increase i the Multimeter
display for a given mnput Clockwise rotation of the + 10V
ADJ, A1R8Y (fine adjustment), also results 1n an increase in
the Multimeter display for a given input.

5-29 A DC Standard is required for this adjustment.

a. Set Multimeter function to DCV ( === V) and range
tolV.

b. Connect A1R7S pin 22 to ground.

c. Apply +1V dc from the DC Standard between the
VQ and COM terminals.

d. Note and record the Multimeter display.

e. Refer to Table 5-8, Power Supply Jumpers. Locate
the line waith LO and HI reading Limts that bound the
Multimeter display tecorded and note the yumper combina-
tion, (If reading is out of range of table, check A1CR17 for
695V 2025V, AIR7S and AlUlo).

f A *0” means to remove jumper; a means leave
jumper in place, Introduce the jumper combination noted
1n Step e.

1

g. Remove the connection from R75 pin 22 to ground.

h. Adjust AIR89 (+10V ADJ) for a Multimeter
display of + 1.0000 =* 2 counts.

NOTE

If a display of + 1.0000 cannot be attained with
AIRSY ufter installing the proper jumper com-
bination, a new jumper combination must be
selected If the + 1.0000 display is low, install
the jumper combination from the line in Table
5-8 precceding  the jumper combination
installed. If the + 1.0000 display is Jugh, install
the jumper combination from the line m Table
5-8  succeeding  the jumper combnation
wnstalled

3-8

ADJUSTMENT PROCEDURES

Table 5-8. Power Supply Jumpers.

READING POWER SUPPLY JUMPER

LO Hi 16 8 4 2 1
NOTE 1 8961 0 0 0 0 0
.8962 8984 0 0 0 0 1
.8985 9008 0 o] 0 1 0
.9009 9022 0 0 0 1 1
.9033 9057 0 0 1 0 0
.9058 9082 0 0 1 0 1
.9083 9108 0 o] 1 1 0
.9109 9134 0 0 1 1 1
9138 9161 0 1 0 0 0
.9162 9189 0 1 0 0 1
.9190 9217 0 1 0 1 0
.9218 9245 0 1 0 1 1
.9246 9274 0 1 1 0 0
.9275 9304 0 1 1 0 1
.9305 9335 0 1 1 1 0
.9336 9366 0 1 1 1 1
9367 .9387 1 0 0 0 0
.9398 9430 1 0 0 4] 1
9431 .9463 1 0 0 1 0
.9464 9497 1 0 0 1 1
.9498 9532 1 0 1 0 0
.95332 .9568 1 0 1 0 1
9569 .9604 1 0 1 1 0
.9605 9641 1 0 1 1 1
.9642 .9680 1 1 0 0 0
.9681 9719 1 1 0 0 1
9720 9759 1 1 0 1 0
9760 .9800 1 1 0 1 1
.9801 9843 1 1 1 0 0
.9844 9886 1 1 1 0 1
.9887 9930 1 1 1 1 0
9931 NOTE 2 1 1 1 1 1

0 = Remove Jumper
"1* = Leave Jumper In Place

NOTE 1. For Readings less than .8922, adjustment can-
not be made. Check A1CR17 zener voltage
for695V £+ 025V

NOTE 2  Adjustment cannot be made for readings

greaver than 1.0000. Check A1CR17 zener
voltage for 695V + 0.25 V.

5-30. Input Amplifier Adjustments.

5-31. Input Amplifier Gain Adjustment (R76). A DC
Standatd 1s required for thiz adjustment.

a. Set the Multimeter function to DCV( ===V) and
range to 10 m.

b. Connect a short across the input terminals (VQ and
COM) and adjust the Multimeter display for 0.000 with
R25 (rear panel ZERO ADJ)

¢ Remove the short from the mput termnals and apply
+ 10 mV to the input terminals from the DC Standard.

d. Adjust R7o (INPUT AMP GAIN ADI) for a Multi-
meter display of + 10.000 + 3 counts.

5-32 Input Amphifier Balance Adjustment (R50/R51 po-
tentiometer). The mnput amplifier balance adjustment must
be performed 1if A1Qlo, A1UL or AIR7S are replaced. A
Digital Voltmeter 1s required for this adjustment.

Model 3405A
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a. Set Multimneter function to DCV ( === V)and range
tol V.

b. Connect ground to the gate of AlQle at the
junction of A1C7.

c. Connect the Digital Voltmeter to DCTP.

d. Adjpust RS0/RS51 for a Dugital Voltmeter reading at
DCTP of less than 1 mV

5-33. Ohms Converter Adjustments (R58 and R69).

5-34. A Dugital Voltmeter, a 1 kQ * 1% resistor -hp- Part
No. 0727-0751 and a 10 M@ # 1% resistor, -hp- Part No.
0698-5049 are required for this adjustment.

a. Set Multimeter function to OHMS (£2) and range to
1K

b. Short the Multimeter input terminals { V&2 and COM).

¢. Connect Digital Voltmeter to junction of A1R78 and
A1Q25 gate.

d. Adjust A1R69 (10 MQ ADJ) for a Digital Voltmeter
reading of < 0.5 mV.

e. Remove the input short and the Digital Voltmeter.

f. Put a 1 kQ + 1% resistor across the input terminals
and adjust AIRS8 (1 kQ ADI) for Multimeter display of
1.0000 * 2 counts If R5R does not have enough range to
achieve this display, cut jumper B to introduce A1R57 and
readjust A1IR58 for the 1.0000 % 2 count display.

g. Change Multimeter range to 10 M.

h. Remove the 1 k2 resistor at the input terminals and
apply a 10 MQ * 1% resistor across the input terminals.
Adjust A1R69 for a display of 10.000 * 3 counts.

1 Remove the 10 MQ resistor at the input and change
range to 1 K.

j. Repeat Steps f, g, h and 1 (1 ki2 ADJ and 10 MQ
ADJ) until both adjustment specifications of Steps fandh
are met.

NOTE

If the Al Assembly switch shield (component
side) has been removed, the ac-to-dc converter
must be recalibrated by readjusting €45, C42
and C22 with the shield replaced

5-35. AC — DC Converter Adjustments.

5-36. AC Overall Gain Adjustment (R107*, R108* and
R128).

ADJUSTMENT PROCEDURES

Section V

NOTE

The selection of a new resistance value of
RI107* and R1058* should be performed ONLY
if the AC Converter amplifier, A1UIS, s
replaced. If A1UIS has not been replaced, the
AC Overall Gain Adjustment can be made by
performing Steps a, k, | and m which adjust
AIRI28 only

A dagital Voltmeter with 5 digit resolution, an Ohmmeter
and an AC Standard are required for thus adjustment.

a. Set Multimeter function ACV (~ V) and range to
1V.

b. Remove one end of A1R107 from the pc board and
connect A1U2 pin § to ground.

c. Apply a 1V, 200 Hz signal from the AC Standard at
the junction of A1R106 and AIR107*

d. Measure and record the dc voltage at DCTP.
Designate this reading V.

¢. Decrease the AC Standard output to 0.1 V, 200 Hz.

f. Measure and record the dc wvoltage at DCTP.

Designate this reading V.

g. Calculate the AC Converter constant (CONST):

V-V,

0.9

CONST =

h. Disconnect the AC Standard and disconnect one end
of R106 from the pc board. Measure and record the actual
resistance value of R106.

i. Calculate and record the R107*, RI108* resistance
total:

(R107# + R108*) = R106 (0.9995 x CONST -1)-500

3. Select a resistance combination for R107* and R108*
nearest the (R107* +R108%*) calculated value from the
R107*, R108*, R133* and R134* Padding List located in
the miscellaneous parts list of Section VI Install the
selected resistors.

k. Apply a 1V, 200 Hz signal from the AC Standard to
the Multimeter input terminals.

1 Adjust AIRI2R (AC GAIN ADIJ) for a Multimeter
display of 1.0000 * 12 counts

m. Remove the AC Standard.

5-37. AC—DC Converter X10 Gain Adjustment (R133 and
R134). An AC Standard is required for this adjustment,
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a. Set the Multimeter function to ACV (~ V) and range
to 100 m.

b. Apply a 100mV, 200 Hz signal from the AC
Standard to the Mulumeter input terminals (V2 and COM).

¢. Adjust the RI133/R134 potentiometer for a
Multimeter display of 100.00 % 12 counts.

5-38. AC Converter High Frequency Adjustment (C45).
An AC Standard is required for this adjustment.

a. Set Multimeter function to ACV (~ V) and range to
V.

b. Apply a 0.1V, 20 kHz signal with the AC Standard
to the input terminals.

c. Adjust A1C45 (CONVERTER HIGH FREQ ADIJ) for
a Multimeter display of .1000 * 100 counts.

d. Maintain the AC Standard for the following adjust-
ment

5-39. AC Converter 100 mV and 10 V High Frequency
Adjustment (C42). An AC Standard is required for this ad-
justment

5-10

ADJUSTMENT PROCEDURES
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a. Set Multimeter function to ACV (~ V) and range to
100 m.

b. Apply a 0.1V, 20 kHz signal with the AC Standard
to the input termunals,

c. Adust A1C42 (100 mV and 10 V HIGH FREQ ADJ)
for a Multimeter display of 100.00 + 100 counts.

d. Maintain the AC Standard for the following adjust-

ment.

5-40. High Frequency Attenuator Adjustment (C22}). An
AC Standard 1s required for this adjustment,

a. Set Multimeter function fo ACV (~ V) and range to
10V

b. Apply a 10 V, 20 kHz signal with the AC Standard to
the input terminals.

c. Adjust A1C22 (HIGH FREQ ATTEN ADJ) for a
Multimeter display of 10.000 + 100 counts.

d. Remove AC Standard from input terminals.




PERFORMANCE TEST CARD

Hewlett-Packard Model 3465A Tests PerformedBY —— _ ——— —
' Multimeter Date
Serial No.
PARAGRAPH TEST
NUMBER TEST TEST LIMIT RESULT
5-6 DC Voltmeter Accuracy
10 mV Range
1mvVv 998 — 1002 mV
5 mvV 4996 — 5004 mV
10 mV 9.995 — 10.005 mV

100 mV Range

10 mv 999 —10.01 mVv
50 my 4998 —50.02 mV
100 mV 99.97 — 100.03 mV
1V Range
01V 0999 — 1001 V
05V 4998 — 5002 V
10V 9997 —1.0003 V
10 V Range
1V 999 —1.001 V
5V 4998 -5002 V
. 10V 9997 —10.003 V
100 V Range
10V 999 —10.01 V
50 V 4998 ~50.02 V
100 V 9997 — 10003 V

1000 V Range

100 V 998 —1002 V
500 v 4997 — 5003 V
1000 V 999.6 — 10004 V
58 DC Ammeter Accuracy
100 uA Range
10 uA 998 — 1002 wuA
50 uA 4995 — 5005 wuA
100 pA 99 92 — 100.08 pA
1 mA Range
0.1 mA 0998 — 1002 pA
0.5 mA 4995 — 5005 pA
1.0 mA 9992 — 1.0008 pA
10 mA Range
1 mA 0.998 — 1002 mA
5 mA 4993 —5.007 mA

. 10 mA 9.988 —10.012 mA




PERFORMANCE TEST CARD (cont'd)

PARAGRAPH TEST
TE E M
NUMBER ST TESTLIMIT RESULT!
58 100 mA Range
{cont'd) 10 mA 0993 —1007 mA
50 mA 49.69 —-5031 mA
100 mA 99.39 —100.61 mA
1000 mA Range
100 mA 099.3 —100.7 mA
500 mA 4969 -503.1 mA
1000 mA 9939 - 1006.1 mA
5-10 Ohms Accuracy

100 € Range
109
50

100 2

1 k£ Range
0.1 k&2
0.5 k&2
1 k&

10 k& Range
12
5k

10 k2

100 k2 Range
10 k&2
50 k&2
100 k2

1000 k2 Range
100 k2
500 k2

1000 k&2

10 M& Range
1 MQ
5 M
10 M2

0998 -01002 &
4997 -50.03
9996 —-100.04 Q

]

|1

0999 — 1001 k@
4998 - 5002 kQ
9997 -1 0003 k2

999 -1.001 ko
4998 -5.002 LQ
9.997 -10.003 k&2

999 -1001 k&
4998 -5002 k&
9997 -10003 k&

999 -100.1 k&
499.8 -500.2 K&
999.7 - 1000.3 k&2

0998 - 1.002 MQ
4994 - 5006 MS
9989 - 10011 MQ

|




PERFORMANCE TEST CARD {(cont'd)

PARAGRAPH TEST
NUMBER TEST TEST LIMIT RESULT
5-12 AC Voltage Accuracy

100 mV Range
40 Hz to 10 kHz
10mvV
50 mV
100 mV

10 kHz — 20 kHz
10 mvV
50 mV
100 mV

1 V Range

ZQTZ—_I.OkHz
o1V
o5V
10V

10 kHz — 20 kHz
o1V
05V
10V

10 V Range
40 Hz — 10 kHz
1v
5V
1oV

10 kHz — 20 kHz
1V
5V
10V

100 V Range
40 Hz — 10 kHz
10v
50V
100V

10 kHz — 20 kHz
10V
50 v
100 v

1000 V Range
40 Hz — 1 kHz
100V
500 Vv

1kHz -2 kHz
100 v
500 v

993 — 1007 mv
4987 — 5013 mV
99.80 — 100.20 mV

980 —10.20 mV
4960 — 50.40 mV
99.35 — 100.65 mV

0993 — 1007
4987 — 5013 V
9980 — 10020 V

<

|

.0980 — 1020 V
4960 — .5040
9935 — 10065 V

<

993 —1.007 v
4987 —-5013
9980 —-10020 V

<

980 — 1020 V
4960 — 5040
9,935 — 10065 V

<

[Nl il

993 —1007 V
4987 —50.13
9980—-10020 V

<

980 — 1020 V
49.60 — 5040
99.35 - 10065 V

<

99.3 — 1007 V
4987 -5013 V

990 —-1010 V
497.0-5030 V

|l




PERFORMANCE TEST CARD {(cont'd)

PARAGRAPH TEST
NUMBER TEST TEST LIMIT RESULT
5-14 AC Ammeter Accuracy

100 uA Range

10 uA

40 Hz — 1 kHz

1 kHz — 10 kHz
10 kHz — 20 kHz
50 uA

40 Hz — 1 kHz

1 kHz — 10 kHz
10 kHz — 20 kHz

100 pA

40 Hz — 1 kHz

1 kHz — 10 kHz
10 kHz — 20 kHz

1 mA Range
0.1 mA
40 Hz — 1 kHz
1 kHz — 10 kHz
10 kHz — 20 kHz

05 mA

40 Hz — 1 kHz

1 kHz — 10 kHz
10 kHz — 20 kHz

10mA

40 Hz — 1 kHz
1kHz — 10 kHz
10 kHz — 20 kHz

10 mA Range
T mA
40 Hz — 1 kHz
1kHz —10kHz
10 kHz — 20 kHz

5 mA

40 Hz — 1 kHz

1 kHz — 10 kHz
10 kHz — 20 kHz

10 mA

40 Hz — 1 kHz

1 kHz —10 kHz
10 kHz — 20 kHz

100 mA Range
10 mA

991 — 1009 pA
9.92 — 1008 uA
9.79 - 1021 pA

49.75 — 50.26 uA
4982 — 5018 uA
4955 — 5045 uA

9955 — 100.45 uA
99.70 — 100 30 uA
99 26 — 100.75 pA

0991 — 1009 mA
0992 — 1008 mA
0979 — 1021 mA

4975 — 5025 mA
4982 — 5018 mA
4955 — 5045 mA

9955 — 1.0045 mA
9970 — 10030 mA
9925 — 10075 mA

991 — 1009 mA
992 — 1.008 mA
979 - 1.021 mA

4975 — 5025 mA
4982 — 5018 mA
4955 — 5045 mA

9 955 — 10045 mA
9970 — 10.030 mA
9.925 — 10,0756 mA

9.87 — 1013 mA




PERFORMANCE TEST CARD {cont'd)

PARAGRAPH TEST TEST LIMIT TEST
NUMBER 1M RESULT
5-14 50 mA 4955 — 5045 mA
{cont’d)
100 mA 99.15 — 100.85 mA
1000 mA Range
100 mA ag7 — 1013 mA
500 mA 4955 — 5045 mA
1000 mA 991 5 — 1008 5 mA
5-15 Normal Mode Rejection < .007 V {60 dB)
5-17 Common Mode Rejection < 00001 V (120dB)
5-20 DC Input Resistance

10 V — 1000 V Range
10 mV — 1 V Range

4950 — 5027 (10M)
> 9990 (10'° ohms)

Input Impedance
Resistive component

Shunt capacitance

4950 — 5027
7071 — 1.0000






