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WARRANTY

Notwithstanding any provision of any agreement the foliowing warranty is exclusive:

The JOHN FLUKE MFG. CO., INC., warrants each instrument it manufactures to be free from defects in material and
workmanship under normal use and service for the period of 1-year from date of purchase. This warranty extends only
to the original purchaser. This warranty shail not apply to fuses, disposable batteries (rechargeable type batteries are
warranted for 90-days), or any product or parts which have been subject to misuse, neglect, accident, or abnormal
conditions of operations. :

In the event of failure of a product covered by this warranty, John Fluke Mfg. Co., Inc., will repair and calibrate an
instrument returned to an authorized Service Facility within 1 year of the original purchase; provided the warrantor's
examination discloses to its satisfaction that the product was defective. The warrantor may, at its option, replace the
product in lieu of repair. With regard to any instrument returned within 1 year of the original purchase, said repairs or
replacement will be made without charge. If the failure has been caused by misuse, neglect, accident, or abnormai
conditions of operations, repairs will be billed at a nominal cost. in such case, an estimate wili be submitted before
work is started, if requested.

THE FOREGOING WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO ANY IMPLIED WARRANTY OF MERCHANTABILITY, FITNESS,
OR ADEQUACY FOR ANY PARTICULAR PURPOSE OR USE. JOHN FLUKE MFG. CO., INC., SHALL
NOT BE LIABLE FOR ANY SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER IN
CONTRACT, TORT, OR OTHERWISE.

It any failure occurs, the following steps should be taken:

1. Notify the JOHN FLUKE MFG. CO., INC., or nearest Service facility, giving full details of the difficulty, and
include the modei number, type number, and serial number. On receipt of this information, service data, or
shipping instructions will be forwarded to you.

2. On receipt of the shipping instructions, forward the instrument, transportation prepaid. Repairs will be
made at the Service Facility and the instrument returned, transportation prepaid.

SHIPPING TO MANUFACTURER FOR REPAIR OR ADJUSTMENT

All shipments of JOHN FLUKE MFG. CO., INC., instruments should be made via United Parcel Service or“BestWay"*
prepaid. The instrument should be shipped in the original packing carton; or if it is not available, use any suitable
container thatisrigid and of adequate size. If asubstitute containeris used, theinstrument should be wrapped in paper
and surrounded with at least four inches of excelsior or similar shock-absorbing material.

CLAIM FOR DAMAGE IN SHIPMENT TO ORIGINAL PURCHASER

The instrument should be thoroughly inspected immediately upon original delivery to purchaser. All material in the
container should be checked against the enclosed packing list. The manufacturer will not beresponsible for shortages
against the packing sheet uniess notified immediately. If the instrumentis damaged in any way, a ctaim shouid be filed
with the carrier immediately. (To obtain a quotation to repair shipment damage, contact the nearest Fluke Technical
Center.) Final claim and negotiations with the carrier must be completed by the customer.

The JOHN FLUKE MFG. CO.,INC, will be happy to answer all applications or use questions, which will enhance your
use of this instrument. Please address your requests or correspondence to: JOHN FLUKE MFG. CO., INC., P.0. BOX
C9080, EVERETT, WASHINGTON 98206, ATTN: Sales Dept. For European Customers: Fluke (Holland) B.v., P.O. Box
5053, 5004 EB, Tilburg, The Netherlands. :

*For European customers, Air Freight prepaid.

John Fluke Mfg. Co., Inc., P.O. Box C9090, Everett, Washington 98206

Rev. 6/81
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CHANGE/ERRATA INFORMATION

ISSUE NO: 11 8786

This change/errata contains information necessary to ensure the accuracy of
the following manual. Enter the corrections in the manual if either one of
the following conditions exist:

1. The revision letter stamped on the indicated PCB is equal to or
higher than that given with each change.

2. No revision letter is indicated at the beginning of the change/errata.

MANUAL

Title: 3330B

Print Date: January 1971
Rev.- Date: 2=4/75

C/E PAGE EFFECTIVITY

Page No. Print Date

1 9782
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3 9782
4 9/82
5 9782
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10 9/ 82
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127 9782
13 9782
14 10/ 83
15 10/ 83
16 10/ 83
17T 10/ 83
18 10/ 83
19 10/ 83
20 - 8786
21 8/ 86
22 8/ 86
23 8786
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CHANGE #1 - 10077, 10796

;o
.-m/‘/

On page 5-3: |
CHANGE: A3|Front Mother Board Assembly (3330-4006) 1286310}
TO: A3!Front Mother Board Assembly (3330-4008)]|448654|

- b

»

CHANGE: AB4AL4|Series Pass Driver Assembly (333A-4024)/275388!1
(See Figure 5-11)

TO: ALAL]Series Pass Driver Assembly (333A-43030) 144681311
(See Figure 5-11)

On page 5-5, change the stock numbers for A3 and AL4A4:

FROM: 286310, 275388
TO: 438654, 446813

On page 5-6, change the stock number on Figure 5-1 (sheet 2 of 2) A3:

FROM: 286310
TO: 4y 8654

On page 5-9:
CHANGE: DS1 thru DS10 |Lamp, incadescent, 28v]246686110{10

TO: CR21 thru CR30/LED Assy |429555}10{10

DELETE: XDS1 thru XDS10{LamphoLdeP}278986=10
Lens, decimal lamp, clear|271643}8
Lens, decimal lamp, red}282475!2

On page 5-10, change the reference designators:
FROM: DS1 through DS10

TO: CR21 through CR30

On page 5-13: :

ADD: R52, R53, R54{Res, comp, 1.5k +/-10%, 1w |109413}3
R55, R56 |Res, comp, 3.3k +/-10%, 1/2w]108373}2

On page 5-32:
CHANGE: R26 |Res, comp, 330Q +/-5%, 2w 121906311
TO: R26 |Res, comp, 2.2k +/-10%, 1w|{109843]1

On page 5-38:
Delete the entire listing for R3.
Delete R9 and R25 from the R8,R9,R25,R26 listing and change the TOT

QTY: FROM: 4 TO: 2.

On page 5-39, delete R3, R9 and R25 in the lower right quadrant of
Figure 5-14,

On page 8-6:
Change the reference designators DS1 through DS10 to CR21 through DR30
in the existing sequence., The cathode of the diode goes to the left in.

all ten cases,

Insert R52 (1.5k) between the cathode junction of CR21 through CR24 and
the =25V supply.

Insert R53 (1.5k) between the cathode junCtion of CR27 and CR28 and the

9/ 82 1
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-25V supply.
Insert R54 (1.5k) between the cathode of CR30 and the =25V supply.

Insert R55 (3.3k) between the cathode of CR26 and the tie-point to the
right of R3 and the emitter of Q3.

Insert R56 (3.3k) between the anode of CR25 and pin 36.

On page 8-13, Figure 8-11, change the value of R26:

FROM: 330
TO: 2.2k

On page 8-16, Figure 8-14:
DELETE: R3 (150Q)

R9 (120Q)

R25 (120Q)

CHANGE #2 - 10784

On page 5-3, reference designator A4A10, change the drawing number and
the stock number:

FROM: (3334-4029) 275420
TO: (3334-4009) 463398

On page 5-48, change the title of Figure 5-17:

FROM: Figure 5-17. LADDER DRIVER NO. 1 ASSEMBLY

TO: Figure 5-17. LADDER DRIVER NO. 1 AND 2 ASSEMBLY

On page 5-U49: :
Change the reference of Figure 5-18, to Figure 5-17.

Change the stock number for A4A11:
FROM: 275420
TO: 463398

Change the entire A4A11.parts list to match the A4A10Q parts list
located on page 5-47 with the following exception:

R6 iRes, var, cermet, 20Q +/-30%, 3/4w!186197]1

On page 5-51, change the title of Figure 5-18:
FROM: Figure 5-18. LADDER DRIVER NO. 2 AND 3 ASSEMBLY
TO: Figure 5-18. LADDER DRIVER NO, 3 ASSEMBLY

On page 8-20, Figure 8-18: )
Change the figure to match Figure 8-17 (page 8-19), then change R6 from
a 10 ohm fixed resistor to a 20 ohm variable resistor with the wiper

tied to the leftside.

ERRATA #1
Y

On page 1-2, under "COMPLIANCE VOLTAGE™"™:
CHANGE: (see voltage limit)
TO: (see voltage trip)
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On page 1-3, Table 1-1:
Under the CODING column for CURRENT LIMIT:
CHANGE: 1.0 TO: *

Under the CODING column for REMOTE TRIP LEVEL:
CHANGE: <1% TOo: ¢#

At the end of the table, place the following footnote:; * Not usable
ERRATA #2
On page 1-4, under RESPONSE TIME:
CHANGE: -300 milliseconds typical
TO: -300 milliseconds typical above 100 uA.
On page 1-5/1-6:

Under SHOCK and VIBRATION:
CHANGE: (MIL-T-21200)

TO: (MILfT-288OO class 5)

Under SIZE:

CHANGE: 7" high X 17" wide X18" deep .

TO: 7" (178 mm) high X 17" (432 mm) wide X 18" (458 mm) deep

Under WEIGHT:
CHANGE: 58 1bs

TO: 58 1lbs (26.3 kg)
On page 5-27, change the description and the stock number:
FROM: Tstr, silicon, NPN 177105

TO: tstr, selected 437723

On page 5-33, change the stock no. for C2:
FROM: 19046 8
TO: 194068

Add the following new listings to MANUFACTURERS CROSS REFERENCE LIST on
the pages indicated:

On page 5-67: 109413;00121;GB1521
109843;01121;GB2221

On page 5-69: 17027 4; 7T3445;ET 151X063401

On page 5-T3: 429555; 12040 ; NSL 5053/ NSC003

437723;89536; 437723
448613;89536; 448613
448654;89536; 448654
463398;89536; 463398

ERRATA #3)

On page 4-1, Table 4-1, under the RECOMMENDED EQUIPMENT column:

CHANGE: Tektronix Model 545B :
TO: Tektronix Model 545B with 1A1 or differential plug-in module

9/82 3
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On page 4-19, para, 4. ~75, delete the warning preceeding step e, and add
the following warning prior to step a:

WARNING

TO AVOID ELECTRICAL SHOCK USE A SCOPE
CAPABLE OF MAKING DIFFERENTIAL
MEASUREMENTS, I.E., MEASURING A FLOATING
INPUT SIGNAL. DO NOT GROUND ANY OF THE
MEASUREMENT POINTS SPECIFIED TO SCOPE
CHASSIS (VIA THE LOW INPUT LEADS).
INTERPRET SCOPE HIGH INPUT AS CHANNEL A,
AND SCOPE LOW INPUT AS CHANNEL B. IF A
1A1 PLUG-IN IS USED, SELECT THE "ADD"
MODE AND USE THE A/B INPUTS FOR HIGH/LOW
SIGNAL CONNECTIONS.

ERRATA #3
On page 4-11, para. 4-49, step d:
CHANGE: ATR1
TO: ATR2

On page 4-16, Table 4-16:
Change ATR1 located under PROCEDURE for STEP 4 to ATR2.

On pages 8-4, Figure 8-2 and 8-5, Figure 8-3:

CHANGE: R1
TO: R2 and indicate 5k
CHANGE #3

On page 5-4, change the stock number for the line cord:
FROM: 226 100

TO: 284174
: J
On page 5;7, change the description and stock number for J7: |
FROM: Connector, male, 3 contact 159012 j
TO: Connector, Line-power, 3-contact 284166
ERRATA #5

On page 3-15, Figure 3-8, and page 8-6, Figure 8-4, make the changes
Sshown in Figure 1.

ERRATA #6

On page 1-2, add (DC to 10 kHz) to both the RIPPLE AND NOISE spec's.

ERRATA #7

On page 4-2, para. 4-12:
CHANGE: F1, 1/8, Fast-Blo (115/230V ac)
TO: F1, 1/4, Fast-Blo (115/7230vV ac)




Figure 1.

On page 5-T:

CHANGE: F1|Fuse, fast acting, 1/8 amp, 250v]196790}1}]10
TO: F1|Fuse, fast acting, 1/4 amp, 250V]109314}1}10
On page 5-67:
ADD: 109314/ T1400/AGC1=4
ERRATA #8

On page 1-2, under GENERAL SPECIFICATIONS, add the following
information:

Protection Class ....ccceeeeeessae #1 (Relates solely to insulation or
grounding properties further defined
in IEC 348.) )

CHANGE #4 - 12822
Rev.- K, Final Assembly (3330B-5001)

On page 5-8:

CHANGE: C4,C5!Cap, cer, 0.01 uf, 500v]|105684}2
(mounted on J7)

TO: C4,C5|Cap, cer 0.005 uf, 25V rms}485839]|2
(mounted on J7)

On page 8-4, change the value of C4 and C5, mounted on JT:
FROM: 0.1
TO: 0.005

CHANGE #5 = 12938 .
Rev.- D, A4A1 +10 Volt Reference Supply Assy (333A-4005)

On page 5-3: '

CHANGE: A4A1[+10 Volt Reference Supply Assembly (333A-4005) 251926 |1
(See Figure 5-8)

TO: A4A1}+10 Volt Reference Supply Assembly (3330A-4013T){5770801}1
(See Figure 5-8)

On page 5-22:
Delete entire entries: C5, CR1, CR2, IC1, R5, R6, RT, RS, R9,R23,

9/82 5
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R16,R17,R18,

CHANGE:

TO:

ADD:

CHANGE:
TO:

CHANGE:
TO:

CHANGE:
TO:

ADD:

CHANGE:
TO:

CHANGE:
TO:

CHANGE:
TO:

CHANGE:
TO:

CHANGE:
TO:

CHANGE:
TO:

CHANGE:
‘TO:

ADD:

A4A1{+10 VOLT REFERENCE SUPPLY ASSEMBLY 251926 |REF
Figure 5-8

A4A1}+10 VOLT REFERENCE SUPPLY ASSEMBLY|{577080|REF-
Figure 5-8 .

Cl1iCap, mica, 100 pf +/=5%, 500v|148494] 1

C2iCap, elect, 400 uf +10/-50%, 25v|168153] 1
C2|Cap, TA, 10 uf +/-20%, 20v 133066211

C3|Cap, plste, 1 uf +/-10%, 250v}190330]}2
C3iCap, mylar, 1 uf +/-20%, 200v}|106450]1

C4|{Cap, plste, 0.047 uf +/-10%, 40v]|162008]1
C4iCap, film, 4 uf +/-20%, 50 dev 3402811

CR1,CR2|Diode, silicon, LO-CAP, LO-LEAK|348177]2
CR3 [Diode, zener, 5.6v 127723611
CRY [Diode, field effect . 133483911

Q1{Tstr, silicon, NPN|168708]1
Q1iTstr, silicon, NPNI203489}1

R1|Res, comp, 39k +/-5%, 1/2w]186049]1
R1|Res, comp 330 +/-5%, 1w 116339411

R3|Res, met film, 16.5k +/-1%, 1/2w! 162529 1
R3|Res, met film, 16.5k +/-1%, 1/8w!349159!1

R4|Res, met film, 2.32k +/=-1%, 1/2w}{262014} 1
R4|{Res, met film, 2.32k +/-1%, 1/8wl347062]1

R14]Res, met film, 1.15k +/-1%, 1/2w| 155010/} 1
R14|Res, met film, 886 +/-1%, 1/8w 124864111

R19,R20,R21|Res, var, ww, 10k +/-10%, 1-1/4w 11951643
R19,R20,R21|Res, var, cermet, 10k +/-20%, 1/2w!267880}3

IC2,R2,R11,R15|Reference Amplifier matched Set 224824} 1
U2,R2,R11,R15 |Reference Amplifier mathced Set{224824]1

U1]IC,LIN,OP AMP|284960] 1
SPACER, TRANSIPAD|152207]1

On page 5-23, Figure 5-8:
Replace Figure 5-8 with Figure 2.
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On page 8-10, Figure 8-8:
Replace Figure 8-8 with Figure 3,
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CHANGE #6 - 12941
Rev.-D, Switch Board Assembly (3330-4007)

On page 5-16:
ADD: Pushbutton, Red]268870}2
Pushbutton, Black|28888)2

On pages 5-16 and 5-17:
Change the STOCK NO.'s for S1 thru S5, S6 thru S10, and S11 thru S1
respectively:

" FROM: 257063 257071 257089
TO: 380980 380998 381004

CHANGE #7 - 13023
Rev.-B, Front Mother Assy (3330B-4088)

On page 5-11:
CHANGE: CR2 thru CR10,
CR13 thru CR2Y4 |Diode, silicon 150 ma}203323}21]2
TO: CR2 thru CR10,
CR13 thru CR24, CR32|Diode, silicon 150 ma}203323]22!5

On page 8-~6:
Change the schematic as shown in Figure 4.

CR32

QL4

Figure 4,

CHANGE #8 - 13558
~Rev.-A, Relay Assembly (3330B-4004)

On page 5-4:
. CHANGE: A6{Relay Board Assembly (3330B-4004)|286195]1
(See Figure 5-25)
TO: A6 {Relay Board Assembly (3330B-4004))576488]1
(See Figure 5-25)

On page 5-66:
Change the STOCK NO. for A6 on the parts list and Figure 5-25:

FROM: 286195
TO: 576488
9/82 9
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CHANGE #9 ~ 13625
Rev.-N, Rear Panel Final Assy (3330B-5001)

On page 5-7:

CHANGE: XF1,XF2|Fuseholder 116081462

TO: XF1,XF2|Fuseholder -body|375188|2
: ~-cap |4602381}2

CHANGE #10 - 13690
Rev.-F, Main Mother Board Assembly (3330-4001)

On page 5-21, change the STOCK NO. for K1 thru K5:
FROM: 281170
TO: 543827

CHANGE #11 - 14113
Rev.-C, Power Supply Assembly (333A-4003)

On pages 5-4 and 5-60, change the STOCK NO. for A5A1:
FROM: 251900
TO: 362327

On page 5-60: .
- ADD: E1,E2{Ferrite, choke core{219535]2

. On page 8-26, add E1 and E2 as shown in Figure 5.

Q2 . : - Q6

El E2

Figure 5.

CHANGE #12 - 14337
Rev.-G, Chopper Amplifier Assy (333A-400%)

On page 5-24:
Delete entire entries for CR2 thru CR5 and CRb, CRT.
ADD: CR2 thru CR9|Diode, SI, Hi-speed switching|203323!8

CHANGE: Q2|Tstr, FET, N-channel |166223]1
TO: Q2|Tstr, J-FET, P-channell271924]1

33308




CHANGE: QuiTstr, silicon, PNP 126103211
TO: Q4}IC,PNP, 8ilicon, small Signal288761]1

On page 5-26:
CHANGE: R30{Res, comp, 8.2k +/=5%, 1/4w!/160796!}1
TO: R30iRes, comp, 3.3k +/-5%, 1/4w{348813]1

CHANGE: R35|Res, met flm, 24.3k +/-1%, 1/2w|2174301] 1
TO: R35|Res, met flm, 12k +/-1%, 1/4w 13488471

On page 8-11, Figure 8-9, change the values of R30 and R35:
FROM: 8.2k and 24,3
TO: 3.3k and 12K

CHANGE #13 14460
Rev.-E, Preregulator Assembly (332B/AF-34082)

On pages 3-12 and 3-13, delete paragraphs 3-101 thru 3=-107 and replace
with the following:

3-101. Pre-Regulation Circuitry

3-102. OSCILLATOR. A unijunetion oscillator, consisting of Q9 and
associlated circuitry, is located on the A4AS5 Series Pass Element P/C
Assembly (333A-~1034). Applied to base two of Q9 is 6.8v clipped,
full-wave rectified, 60 Hz sine wave. The potential at the emitter of Qg
depends upon the charge of C4 and C5. The charge of C5 depends upon the
voltage across the main series pass element, Q8. At the trailing edge of
each pulse at the base two of Q9, the oscillator provides a Series of
Positive pulses until] the leading edge of the next +6.8 volt pulse
occurs. With an increased charge across C4 and C5, the initial output
Pulse of the oscillator will ocecur earlier 1in each half cycle., The
initial pulse from the oscillator during each half cycle will Switch the
Preregulator off to control the amount of line power Supplied to the
high voltage transformer. If the .series pass element voltage of Q8
increases, the Pre-regulator is switched off earlier in each half cycle,.
This in turn reduces the series Pass element voltage of Q8 to its
equilibrium value.

3-103. The +6.8 volt operating voltage for the oscillator circuit is
taken from the +150 volt Supply for the Sseries pass element. A portion

of the +150 volt Supply is applied to the voltage divider consisting of
R1 through R3. The divided-down voltage is regulated by zener diode CR6
to approximately +6.8 volts.

3-104. PRE-REGULATOR. The A5A2 Preregulator (332B/AF-1081) controls
the ac power Supplied to the instrument by Passing only enough power to |
the A446 H. V. Power Supply to meet the output load requirement. It |
consists of a +/-V supply, a relay power Supply, preregulator control
drivers, a preregulator bridge, and a current limiter,

3-105. +/=-V and +10V dec operating voltages are produced for the A5A2
Preregulator by the rectifier CR1 through CRY and associated components.
A 10V ac input is applied to CR1 through CRY4, The de output at the
Junction of CR2 and CRY 1is filtered by C3 to provide a -V operating
voltage. The dec voltage at the junction of CR3 and CR1 is heavily loaded
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by R1 to provide an unfiltered +V operating voltage. This voltage is
also isolated through CR5 and filtered by C4 to provide a +10V dec

operating voltage.

3-106. Operating voltage for relay K1, which supplies ac voltage to
the preregulator bridge, 1s produced by bridge rectifier CR6 through CR9
and K2. AC return for the bridge rectifier is provided through the
contacts of K2. This relay is energized only in the OPR mode by a
control voltage from the AJA4 Series Pass Driver. The A4AL4 Series Pass
Driver automatically removes the control voltage from K2 should a
VOLTAGE TRIP occur, thus removing ac power to the preregulator bridge
and establishing a STDBY condition.

3-107. The circuitry consisting of Q2 through A9 controls the
condition of the preregulator bridge attenuator, Q1. Input pulses from
the VCO in the A4A5 Series Pass are supplied to the base of Q7 via
terminal 14. The first pulse turns on Q7 and Q6, which through
regenerative action, saturate. This condition turns off Q5 and causes Qi
and Q8 to also turn off. Q9 is subsequently turned on by the =V
collector voltage of Q8 and provides a negative voltage at the base of
Q2. This condition turns off Q2 and also Q1, thus causing the
preregulator bridge of CR10 through CR13 and Q1 to provide maximum
attenuation to the ac voltage applied to the A4A6 H.V. Power Supply.
When the ac line passes through zero, the 0V, +V condition at the
emitter of Q6 causes it to turn off and also turns off Q7. This
condition reverses the previously described state of each transistor and
the preregulator bridge again passes the ac line voltage to the AJA6

H.V. Power Supply.

3-107a. AC line voltage applied to T2 and subsequently the AJA6 H.V.
Power Supply is controlled through ‘the preregulator bridge consisting of
CR10 through CR13 and Q1. The previously described circuitry of Q2
through A9 controls condition of Q1. Diodes CR10 through CR13 provide a
unidirectional current through Q1. Positive alternations are passed by
CR10 and CR13. CR12 and CR11 pass. negative alternations. Should Q1 be
cut off, C6 and RS provide a dynamic load for the bridge. Overload
current protection for Q1 is provided through divider R2, R8, and R9 and
Q3. Should the current through Q1 exceed 17 amperes, the voltage at the
base of Q3 turns it on and causes Q6 to saturate. This condition causes
Q1 to be cut off, thus limiting the current through the preregulator

bridge.

On page 5=1:
CHANGE: A5A2|Preregulator Assembly (332B/AF-4082) 22200011
TO: ASA2]Preregulator Assembly (332B/AF-4081T)}|610543]1

On page 5-58, change the STOCK NO. for A5A2:
FROM: 222000
TO: 610543

On pages 5-63 and 5=65:
Replace the entire A5A2 parts 1list for Table 1.




Table 1.

FLUKE | MFG
T DESCRIPTION STOCK | SPLY MFG PART NO. ;ﬂ 3;5
No. | cooe
A5 A2 PREREGULATOR PCB ASSEMBLY 610543 89536 610543 REF
FIGURE 5-24
[of ] CAP, CER, 0.05 UF +80/-10%, 500V 105676 56289 33C58B 4
Cc2 CAP, CER, 0.05 UF +80/-~10%, 500V 105676 56289 33CS58B REF
c3 CAP, ELECT, 330 UF, =-10/+50%, 16V 187765 73445 CU3TARE250 2
c4 CAP, ELECT, 330 UF, -10/+50%, 16V 187765 73445 CU3TARE250 REF
CcS CAP, PLSTC, 1 UF +/-20%, 200V 106450 72928 364 1
Ccé CAP, CER, 0.05 UF +80/-10%, 500V 105676 56289 33C58B REF
Cc7 CAP, MYLAR, 0.001 UF +/-10%, 200V 159582 56289 192P10292 1
c8 CAP, CER, 0.05 UF +80/-10%, 500V 105676 56289 33C58B REF
c10 CAP, PLSTC, 0.47 UF +/-10%, 250V 184366 T3445 C280AE/4TCK 1
CR1 DIODE, SILICON, 1 AMP, 100 PIV 116111 05277 1N4817 8 2
CR2 DIODE, SILICON, 1 AMP, 100 PIV 116111 05277 1N4817 REF
CR3 DIODE, SILICON, 1 AMP, 100 PIV 116111 05277 1N4817 REF
CRY DIODE, SILICON, 1 AMP, 100 PIV 116111 05277 1N4817 REF
CR5 DIODE, SILICON, 1 AMP, 100 PIV 116111 05277 1N4817 REF
CR6 DIODE, SILICON, 1 AMP, 600 PIV 112383 05277 1N3 822 4 1,‘”
CR7 DIODE, SILICON, 1 AMP, 600 PIV 112383 05277 1N4822 REF
CR8 DIODE, SILICON, 1 AMP, 600 PIV 112383 05277 1N482 REF
CR9 DIODE, SILICON, 1 AMP, 600 PIV 112383 05277 1N4822 REF
CR10 DIODE, SILICON, 3 AMP, 200PIV 187716 04713 MR1032B ) 1
CR11 DIODE, SILICON, 3 AMP, 200PIV 187716 04713 MR1032B REF
CR12 DIODE, SILICON, 3 AMP, 200PIV 187716 04713 MR1032B REF
CR13 . DIODE, SILICON, 3 AMP, 200PIV 187716 ONT13 MR1032B REF
CR14 DIODE, ZENER, 200V 187617 04713 1N3350RA 1 1
CR15 DIODE, SILICON, 1 AMP, 100 PIV 116111 05277 1N4817 REF
CR16 DIODE, SILICON, 1 AMP, 100 PIV 116111 05277 1N4817 REF
CR17 DIODE, SILICON, 1 AMP, 100 PIV . 116111 05277 1N4817 REF
K1 RELAY, ARMATURE, 115 VAC, DPDT 106864 16332 100-5ADPDT 1
K2 RELAY, REED, 500V 136630 12617 TYPE DRG-1 1
COIL, REED RELAY, 24V 186155 71707 SP-24-P 1
MP1 COMPONENT HOLDER 104794 98159 2829-115~3 1
Mp2 TRANSIPAD SPACER 152207 07047 10123-DAP 1
P1 CONNECTOR, MALE, 16 CONTACT 187724 91662 02-016-013-5-200 1
Q1 TSTR, SILICON, NPN 586552 03508 064Vss 1 1
QR TSTR, SILICON, PNP 261347 16758 TYPE DTS410 1 1
QA3 TSTR, SILICON, NPN 203489 07910 CDQ10656 3 1
Q4 TSTR, SILICON. PNP 159491 89536 4805-159491 PR
[0, TSTR, SILICON, NPN 203489 07910 CDQ10656 REF
Q6 TSTR, SILICON, PNP 159491 89536 4805-159491 REF
Q7 TSTR, SILICON, NPN 203489 07910 CDQ10656 REF
Q8 TSTR, SILICON, PNP 150491 89536 14805-159491 REF
Q9 ISTR, SILICON, PNP 159491 89536 4805-159491 REF
R1 RES, COMP, 68 +/-10%, 2W 110205 01121 HB6 801 1
R2 RES, WW, 0.192 +/-1%, 3W 238741 89536 2387TW!1 1
RY4 RES, WW, 2K +/-5%, 5W 113506 44655 1538 1
R5 RES, COMP, 22K +/-~5%, 1/2W 186064 01121 EB2235 1
R6 RES, WW 1 +/=10%, SW 112425 44655 1K48F 1
RES, COMP 220 +/-10%, 1/2W 108191 01121 EB2211 1
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Table 1. (continued)

FLUKE | MFg N

:E; DESCRIPTION S$TOCK | spLy MFG PART NO. T°$ REC! 0

NO. | CODE LB LI
R8 RES, COMP 430 +/-5%, 1/2W 109058 01121 EB4315 1
R9 RES, COMP 100 +/-10%, 1/2W 188508 01121 EB1015 1
R10 RES, COMP 2.2K +/-5%, 1/2W 108506 01121 EB2035 1
R11 RES, COMP 100 +/-5%, 1w 190652 01121 EB1015 1
R12 RES, COMP 1K +/-5%, 1/2W 108597 01121 EB1025 4
R13 RES, COMP 1K +/-5%, 1/2W 108597 01121 EB1025 REF
R14 RES, COMP 1K +/-5%, 1/ 2W 108597 01121 EB1025 REF
R15 RES, COMP 4.7K +/-5%, 1/2W 108886 01121 EB4725 1
R16 RES, COMP 3.3K +/-5%, 1/2W 165761 01121 EB3325 1
R17 RES, COMP 1K +/=5%, 1/2W 108597 01121 EB1025 REF
R18 RES, COMP 560 +/-5%, 1/2W ) 109124 01121 EB5615 1
R19 RES, COMP 68 +/-5%, 1/2W 178384 01121 EB6805 1
R20 RES, COMP 30 +/-5%, 1/2W 218792 01121 EB3005 1

On page 5-64,

On page 8-27/8-28,

ERRATA #9

Figure 5-21%,

Figure 8-25,

replace entire figure with Figure 6.

replace the entire figure for Figure 7.

On page 8-9, Figure 8-7, change polarity of CR38 to be in series with

CR39 rather than back to back.

ERRATA #10

On page 4-6,

CHANGE:

10/83

d.

para. U4-32,

Advance the Decade Dials to 10x.xx000.
setting is reached,

Advance the Decade Dials to 10X.XX.
should not illuminate.

When this new

the I LIMIT/V TRIP lamp should
illuminate and the OPR lamp should go out.

The I LIMIT/VTIRIP lamp
Verify that trip will occur 1if the

voltage trip vernier is adjusted less than approximately
1/4 inch from maximum setting.



Figure

15

10/83
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CHANGE #14 - 15173
Rev.-H, Chopper Amplifier, Assy (333A-4004)

On page 5-24:
CHANGE: Q1|Tstr, MOS FET, P-channel|{2260431}1
TO: Q1]Tstr, MOS FET, P-channel |3061421}1

CHANGE #15 - 16081
Rev.-F, Current Limiter Assembly (333A4-4032)

On page 5-3§:
CHANGE: Q2|Tstr, germanium, PNP|152868}1}1
TO: Q2|Tstr, silicon, PNP 4832221111

CHANGE #16 - 16475
Rev.-G, Main Motherboard Assembly (3330B-4001)

On page 5-=21:
CHANGE: R5|Res, comp, 333 +/-5%, 1w]16339411
TO: R5|{Res, comp, 1k +/-10%, 1w|1093711]1

On page 8-9, change the value of R5:
FROM: 330
I0: 1K

ERRATA #11

On page 4-20, para. 4-81:
CHANGE: step b to d

step ¢ to b

step d to ¢

Add the following to the new step c:
SIDBY/QPR OPR

Delete the last sentence in the new step d and add the following:

Use current limiting in the general purpose supply of

approximately 20 to 50 mA. After the 3330B is in OPERATE,
set the general purpose supply output for 5.5V de.

ERRATA #12

On page 5-4:
ADD: Guide, PCB card}241455|38

CHANGE #17 - 15821
Rev.-S, Final Assembly (3330B-5001)

On pages 5-19 and 5-50, change the STOCK NO for AlA12,

FROM: 275412
To: 612531

On pages 5-19 and 5-52, change the STOCK NO for AL4A13,
FROM: 252031
TO: 612549

10/83 17 Tt
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On pages 5-19 and 5-54, change the STOCK NO for A4UA1L4, A4A15 and A4A16,
FROM: 251892

TO: 612556
On pages 5-50, 5-52 and 5-514,
CHANGE: K1 thru K4|Reed relay, [26770814)2
[Coil, reed relay }186155] 411
T0: K1 thru K4|{Reed relay, encapsulated|603563|4]1
ERRATA #13

On page 4-1, para 4-2, replace the last sentence with:
Equipment having equivalent specifications may be used.

ERRATA #1}4
On page 4-4, para. 4-24, make the following changes.

Step d, replace the first sentence with:
"Connect a X1000, 10 kHz Bandwidth preamplifier to the OUTPUT

terminals,."

/  Step e:
CHANGE: 200 uv
TO: 200 mV
Step f:
CHANGE: 1.0 mv
TO: 1V

Replace step g with:
g, "Select the 100 mA range, and then connect the rms voltmeter

directly to the Model 3330B OUTPUT terminals. The rms voltmenter
indication should be less than 100 mV,

In Table 4-3, add an ®* to the S1 POSITION column heading, and add the
following note to the bottom of the table.

* Go to standby and reduce decade to 6 before opening switch then
return to OPERATE and increase decade back to 10.

On page 4-7, para 4-34, replace steps d, e and f with:

d. Advance the Decade Dials to 10X.XX. The I LIMIT/VTRIP lamp
Should not illuminate. Verify illumination at a current limit
control setting less than approximately 1/4 inch from max.

e, Set the Decade Dials to 03.00000. The I LIMIT/VTRIP lamp
should be off. '

f. Slide the current limit control towards the LO setting. The I
LIMIT/VTRIP lamp should illuminate at approximately 1/4 inch
or less from the minimum setting.

10/83 ) 18




ERRATA #15

On page 4-5, para. 4-26, step C, change to read:

c. Connect a power supply calibrator (Fluke model 71054 System as
plctured on page 2-4, Figure 2-4 of the 7100 manual) to the 3330B
output terminals.,

In Table 4-5A4, add a column labeled NULL DETECTOR INDICATION, and an
entry of 0 £ 30 uV for each step 1 thru 8.

In Table 4-5B,

for steps 1,

FROM: 1
Y
7
TO: 1
Y
7
ERRATA #16

On page 4-1,

4 and 7:

1k
100Q
10Q

10k

"1k

Table 4~
Under EQUIPMENT NOMENCLATURE,

100Q

1:

ADD: 10 KQ, 0.002W

Under RECOMMENDED EQUIPMENT,
ADD: 4o40-B

change the RSTD and the QUTPUT CURRENT (RSTD VDC) columns

+6 uv
+6 uv
+6 uv

O OO
e« o
[ POy

1 £60 uv
1 +£60 uy
1 £60 uy

in the STANDARD RESISTORS block, h

in the LEEDS & NORTHRUP STDS block,

On page 4-2, para, 4-14, add the following to the end of the paragraph.A

(Fluke part number 429555 for LEDS.)

On page 4-5,

CHANGE: 1K,

para. 4-27,
0.001W

T0: 10K, 0.002W

10/83

step ¢,

19
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ERRATA #17

On page 4-13:
Following paragraph 4-55, add,

NOTE

Prior to this test, verify that the meter is
resting at zero with the power off. If not,
adjust the mechanical zero adjustment on the
meter face for zero indication.

On step c,

CHANGE: eee +/=10vdec ...
TO: ... +/=20vde ...

On page 4-14, replace Table 4-10, with Table 2,

Table 2.

NOMINAL CURRENT LIMIT
CURRENT LIMIT TOL ERANCE

(MA)
{ 80.00000 80% (8) 80 +/-18 mA
40.00000 403 (4) 40 +/-10 mA
20.00000 20% (2) 20 +/ -6 mA
10.00000 108 (1) 10 +/-4 mA

Errata #18

On page 4-14, change paragraph 4-60 to read:
4.60. Manual Voltage Trip Alignment

Preceeding paragraph 4-61, add the following:
4.60a. Remote Voltage Trip Alignment

If the 3330B is to be operated remotely, perform the following voltage
trip-out adjustments:

a. Rotate A4A4R13, V TRIPOUT ADJ, fully counter-clockwise.

b. Set the Model 3330B controls as follows:

POWER OPR
MODE VA TS, 100
VAL TAGE TRIP 100
VAL TAGE TRIP LEVEL 110% (8+2+1)
CROWBAR OFF
POL ARITY POSITIVE
Decade Dials 10X.XX000
8/ 86 -20=~ )

ny

8
dn

R_L
AMA
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c. Slowly adjust AHAUR13 clockwise until:. the model 3330B trips to

the STDBY/RESET mode. The I LIMIT/V TRIP lamp should illuminate,
and the OPR lamp should go out.4

d. Program the conditions in Table 4-10A, observing that the I
LIMIT/V TRIP lamp illuminates within the specified tolerance.

Table 3-10A. Remote Voltage Trip Checks

NOMINAL V(L TAGE TOL ERANCE
VL TAGE TRIP (VA IS)
80.00000 80% (8) 80 +/-8V
40.00000 4oz (4) 40 +/ -4V
20.00000 203 (2) 20 +/ =4V
10.00000 108 (1) - 10 +/-2V

ERRATA #19

On page 8-10, Figure 8-8, make the following changes:

Change R20,
FROM: 1 kV RANGE
TO: 100V RANGE
Change R21,
FROM: 100V RANGE
TO: 1 kV RANGE

CHANGE #18 - 17513
Rev.-B, A4A3 Differential Amplifier PCB (3330B-4003)

On page 5-29, add:
R3T|RES, MF, 1/2W, 1%, 2.15K!144733}1

On page 8-12, Figure 8-10, add R37 as shown in Figure 8.

23V

-13v

OC INPUT
FROM
CHOPPER

Figure 8.

8786 ~21-

z & |

A
dn
RL

SIA



On page 8-26 Figure 8-24, add L1 and L2 as shown in Figure 10.

L2

Figure 10.
CHANGE #23 - 19534
Rev.-C, A4A10 Ladder Driver No.1 Assembly (3330B~4031)
On page 5-47, make the following change:

CHANGE: K1-KU|RELAY|27T186i4
TO: K1-KU4!RELAY!714097i4

CHANGE #24 - 19535
Rev.-B, A4A11 Ladder Driver No.2 Assembly (3330B-4009)

On page 5-49, make the following change:

CHANGE: K1-K4!RELAY|277186!4
TO: K1-KU4|{RELAY{T1409T {4

8/ 86 -23-
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CHANGE #19 - 17850
Rev.-D, A5A1 -25 & -5 Volt Power Supply Assembly (333B-4003)

On page 5-60, make the following changes:

DELETE: E1,E2|Ferrite, choke core}219535}2

ADD: C8iCAP, CER, .22 UF, 50V{190314}1
On page 8-26, Figure 8-24, delete E1 and E2 and add C8 as shown in
Figure 9.

% —L. ‘l‘\ COMMON
%4
Six $cuse CB
.zzI'N
Ix
]
o of |
' |
i
i
. T :
| |
¢ ¢ :.\'\ o) -2sv
Figure 9. B

CHANGE #20 - 12871,13558
On page 5-3, make the following change:

CHANGE: AY4{Main Mother Board Assembly (3330B-4001)}285460}1
TO: A4 {Main Mother Board Assembly (3330B-4010) 5280671

CHANGE #21 - 18652 _ A
Rev.-C, A3 Front Mother Board Assembly (3330B-4008)

On page 5-11, make the following change:

CHANGE: Q4 thru Q13,Q16,Q17,Q18|Tstr, silicon, PNP!266015}13}2
TO: Q4 thru Q13,Q16,Q17,Q18!Tstr, silicon, PHP!26661913!2

CHANGE #22 - 18923
Rev.-E, ASA1 -25 & -5 Volt Power Supply Assembly (3334-4003)

On page 5-60, add the following:

L1,L2|Ferrite tube!219535}2

8786 -22- R
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Seéection 1

Introduction & Specifications

1-1. INTRODUCTION

12 The Model 3330B Programmable Constant Current-
Constant Voltage Calibrator is a dc calibration instrument
which produces output currents from 0 to 111.11110 milli-
amperes and output voltages from 0 to 1111.1110 volts dc.
Output current selection is provided in three ranges and is
accurate to within 0.006% of the selected range. Output
voltage selection is also available in three ranges with
accuracies as stated in paragraph 1-6. Over current and
voltage protection features are also provided, thus prevent-
ing harm from occuring to devices being tested with this
instrument.

1-3. Front panel indicators provide visual indication of
the output current or voltage and the operating modes of
the instrument. In-line decade dials and -a panel meter
indicate the magnitude of the selected output. Indicator
lamps provide visual indication of the various operating
modes.

14. Systems capability is enhanced by remote control
of most operating features. Remote operation is possible
through the rear panel Remote connector using either
contact closures or DTL/TTL logic. Programming coding
requirements are binary 8-4-2-1.

1-5. The instrument is completely solid-state in design,
and module plug-in construction is used for ease in main-
tenance. The instrument is designed for bench-top use or
installation in a 19-inch electronic equipment rack. The
chassis is also drilled to accept rack mounting slides.

1-6.

1-7.

SPECIFICATIONS

Constant Voltage Mode

ANALOG OUTPUTS

10V Range -0 to 11.111110 volts dc (1 uv steps)
100V Range - 0to 111.11110 volts dc (10 uv steps)
1000V Range - Oto 1111.1110 volts dc (100 uv steps)

ACCURACY OF OUTPUT:
(% of Programmed Level)

10V range - +0.003% or +£30 uv
100V range - +0.003% or £300 uv
1000V range - £0.003% or £3 mv

NOTE: Aboveaccuraciesapply for 90 days at standard
reference conditions of 23°C £1°C (nominal calibra-
tion temperature, constant line voltage, up to 70%
relative humidity, and constant external load.) With
uninterrupted operation for more than one hour at
loads greater than 25 mA, the specified accuracy is
+0.005% over an operating temperature range of
239C £5°C.

OUTPUT CURRENT:

10V and 100V Ranges - 0 to 100 milliamperes at
any programmed level.

1000V Range - 0 to 50 milliamperes at any pro-
grammed level.

TEMPERATURE COEFFICIENT OF OUTPUT:

Less than 4 ppm of programmed level or 0.4 ppm
of range/°C.
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STABILITY OF OUTPUT:

10V Range - 5 ppm of output or 10 uv/day
15 ppm of output or 30 uv/month

100V Range - 5 ppm of output or 100 uv/day
15 ppm of output or 300 uv/month

1000V Range - 5 ppm of output or 1 mv/day
15 ppm of output or 3 mv/month
NOTE

Stabilities apply at standard conditions described
under accuracy of output.

RIPPLE AND NOISE:
UP TO 50 MA UP TO 100MA
LOAD LOAD
10V Range 60 uv rms 100 uv rms
100V Range 70 uv 100 uv
1000V Range 100 uv Not applicable
LINE/LOAD REGULATION:

5 ppm of programmed level or 2 ppm of range for
combined 10% line voltage and fullload changes.

Constant Current Mode

ANALOG OUTPUTS:
1 MA Range -0 to 1.1111110 ma (0.1 na steps)
10 MARange - 0 to 11.111110 ma (1 na steps)
100MA Range -0 to 111.11110 ma (10 na steps)

ACCURACY OF OUTPUT:

+0.006% of programmed level, or £0.0006% of
current range.

NOTE
Accuracy applies for 90 days at standard

reference conditions described under constant
voltage mode.

‘EMPERATURE COEFFICIENT OF OUTPUT:

Less than 6 ppm of programmed level or .4 ppm of
range/°C.

1-9.

STABILITY OF OUTPUT:
10 ppm of programmed level or 1 ppm of range/
day.
30 ppm of programmed level or 6 ppm of range/
month. .

NOTE

Stabilities apply at standard conditions de-
scribed under constant voltage mode.

COMPLIANCE VOLTAGE:
1 ma and 10 ma Ranges - up to 1000V
100 ma Range - up to 500V
(See voltage limit)

RIPPLE AND NOISE:

For negative ground or floating operation.

MA RANGE RIPPLE
1 MA 20 na
10MA 100 na
100 MA 1ua
LOAD REGULATION:

1MA Range - 2 ppm of range per 100V compliance
10MA Range - 5 ppm of range

100MA Range - 5 ppm of range

General Specifications

CURRENT LIMIT (voltage or current operation):

Remote mode - Programmable in 12 steps from 1.0 .

to 110 ma. (see input/output table)
Local mode - Continuously adjustable from 1 ma to
110 ma.

NOTE

Limit indication by contact closure (see input/
output table), and front panel lamp.

VOLTAGE TRIP (voltage or current operation):

Remote mode - Programmable in 10% steps from
10% to 110% of trip range (see input/output table)
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Local mode - Can be calibrated to be continuously
adjustable from 10% to 110% of range (see Voltage
Trip-calibration procedure).

NOTE

In the constant current mode, the actual
absolute trip voltage is decreased by the

following:

Output Current

x Output Current Range
NOTE

Volts

Output goes to zero and unit returns to standby

if trip point is exceeded Limit indication by

contact closure (see Table 1-1)and front panel

ISOLATION:

Programming lines are
Output is isolated and guarded from chassis. Po-
tential between programming lines and either
side of output should not exceed 1150V.

METER:

33308

isolated from output.

For local operation, switch selectabel to indicate
0 to 1100 VDC or 0 to 110 ma.

PROGRAMMING INPUTS/OUTPUTS:
All inputs/outputs through a 50 pin rear panel

connector.

Mating connector furnished with in-

strument. See Table 1-1 for line functions.
OUTPUT CONNECTIONS:
Separate output and sense terminals provided for

lamp. four-terminal connection to the load. All front
Table 1-1. PROGRAMMING INPUTS AND OQUTPUTS
INPUTS LINES CODING INPUTS LINES CODING
Logic 0" = +4.5 to 40 = 0100
+20V or open circuit 50 = 0101
o 60 = 0110
Logic ‘1 .=0_to +0.5V 70 = 0111
or closed circuit 80 = 1000
90 = 1001
OPERATE OPERATE = “1" 116 = 1011
VOLTAGE TRIP:
MODE 1 VOLTAGE = 0"
CURRENT = “'1” VOLTAGE TRIP 2
RANGE CODE
RANGE 2 CODE 10V TRIP RANGE 00
100V TRIP RANGE 01 (Code 11" Not
10V or 1 MA “ltl)O" (((j:)ode “11" not Allowed)
aliowe 1000V PR E 10
100V or 10 MA 01" TRIP RANG
1000V or 100MA “10” REMOTE TRIP 4 CODING
LEVEL (10% to
OUTPUT LEVEL 28 DECADE CODING 110% of selected RANGE % 8421
(7 Decades) DIGIT 8421 range) <1% = 0000
0 = 0000 10% = 0001
1 = 0001 20% = 0010
2 = 0010 30% = 0011
3 = 0011 40% = 0100
4 = 0100 50% = 0101
5 = 0101 60% = 0110
6 = 0110 70% = 0111
7 = 0111 80% = 1000
8 = 1000 90% = 1001
9 = 1001 100% = 1010
10 = 1010 110% = 1011
POLARITY 1 + = "o
VOLTAGE TRIP/ (=) = 1=
CURRENT LIMIT:
LOCAL/REMOTE 1 LOCAL = “0" CROWBAR 1 OFF = "0"
REMOTE = "1 ON = "™
CURRENT LIMIT: OPERATE FLAG 1 CONTACTS CLOSED
REMOTE LIMIT OUTPUT IN OPERATE MODE
LEVEL 4 CODING CURRENT LIMIT 1 CONTACTS OPEN
MA 8421 FLAG OUTPUT IN NORMAL OPERA-
TION
1.0 = 0000
10 = 0001 VOLTAGE TRIP FLAG 1 CONTACTS OPEN IN
20 = 0010 NORMAL OPERA-
30 = 00M TION

Rev. 4/75
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panel output, guard, and chassis connections are
duplicated on the rear panel. 5
OPERATION: 8
g 4
Local via front panel controls or remote via pro- g
gram input; selectable at front panel. 2 ‘\‘XS" )
w 3 &
RESPONSE TIME: z & ’
?.
o @
1, 10, 100 ma Ranges - 300 milliseconds typical - z 5 q_oc’
dependent on load resistance. E ¢ @ a ’
10V Range - 60 milliseconds. g ‘
100V Range - 300 milliseconds ° 1
1000V Range - 3 seconds. 2 d 1
NOTE |
200 400 600 800 1000
When on the 1000V range, maximum repetition VOLTAGE INCREMENT
rate of a sequentially programmed instruction
should not exceed the time intervals contained Figure 1-1. ALLOWABLE PROGRAMMING INTERVALS,
in Figure 1-1. 1000V RANGE AND CURRENT MODE

FRONT

CHASSIS SLIDE

0.237
2 !

Figure 1-2. MODEL 3330B OUTLINE DRAWING




TEMPERATURE:

OPERATING - 0° to +50°C
NON-OPERATING - ~40°C to +65°C

RELATIVE HUMIDITY:
0to 70%

SHOCK:

15 g. 11 millisecond half-sine wave (MIL-T-21200)
VIBRATION

10 Hz to 55 Hz, 3g maximum (MIL-T-21200)
ALTITUDE:

OPERATING - 0 to 10,000 ft.
NON-OPERATING - 0 to 50,000 feet

11/72
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INPUT POWER:

115/230 VAC +10%, 48 to 62 Hz single phase at
approximately 130 VA fully loaded.

SIZE:
7" high x 177 wide x 18” deep'.
WEIGHT:
58 pounds
MOUNTING:

Bench: Self-supported or included custom-
designed feet.

Rack: Accepts optional brackets MEE-7003 for
19” rack mounting and optional 18~
chassis slides MEE-8078 (24" slides also
available).

1-5/1-6







 static awareness @

: A Message From . :
John Fluke Mfg. Co., Inc. ,

Some semiconductors and custom IC's can be
\I/ damaged by electrostatic discharge during

handling. This notice expiains how you can
Qo minimize the chances of destroying such devices

of | |I[) /\

Knowing that there is a problem.

Learning the guidelines for handling them.
Using the procedures, and packaging and
bench techniques that are recommended.

wp =g

The Static Sensitive (S.S.) devices are identified in the Fluke technical manual parts list with the symbol

The following practices should be followed to minimize damage to S.S. devices.

3. DISCHARGE PERSONAL STATIC BEFORE
HANDLING DEVICES. USE A HIGH RESIS-
1. MINIMIZE HANDLING TANCE GROUNDING WRIST STRAP.

¢

\_

2. KEEP PARTS IN ORIGINAL CONTAINERS
UNTIL READY FOR USE. 4. HANDLE S.S. DEVICES BY THE BODY

Page 1 of 2
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5. USE STATIC SHIELDING CONTAINERS FOR
HANDLING AND TRANSPORT

6. DO NOT SLIDE S.S. DEVICES OVER
ANY SURFACE

7. AVOID PLASTIC, VINYL AND STYROFOAM®
IN WORK AREA

PORTIONS REPRINTED
WITH PERMISSION FROM TEKTRONIX, INC.
AND GENERAL DYNAMICS, POMONA DiV.

® Dow Chemical

Page 2 of 2

8. WHEN REMOVING PLUG-IN ASSEMBLIES,
HANDLE ONLY BY NON-CONDUCTIVE
EDGES AND NEVER TOUCH OPEN EDGE
CONNECTOR EXCEPT AT STATIC-FREE
WORK STATION. PLACING SHORTING
STRIPS ON EDGE CONNECTOR HELPS TO
PROTECT INSTALLED SS DEVICES.

9. HANDLE S.S. DEVICES ONLY AT A
STATIC-FREE WORK STATION

10. ONLY ANTI-STATIC TYPE SOLDER-
SUCKERS SHOULD BE USED.

11. ONLY GROUNDED TIP SOLDERING
IRONS SHOULD BE USED.

A complete line of static shielding bags and acces-
sories is available from Fluke Parts Department,
Telephone 800-526-4731 or write to:

JOHN FLUKE MFG. CO.,, INC.
PARTS DEPT. M/S 86

9028 EVERGREEN WAY
EVERETT, WA 98204

J0089D-07U8604/SE EN  Litho in US.A.
Rev. 1 MAR 86
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Section 2

Operating Instructions

2-1. INTRODUCTION

2-2. This section of the manual contains information
essential to the correct operation and performance of the
Model 3330B. 1t is recommended that the contents of
this section be thoroughly read and understood before
attempting to operate the instrument. Should any diffi-
culties be encountered during the operation of your in-
strument, please feel free to contact the nearest John
Fluke Sales Representative or the John Fluke Mfg. Co.,
Inc., Box 43210, Mountlake Terrace, WA 98043. A com-
plete list of Sales Representatives is located in Section 7
of this manual.

2-3. Claim For Damage In Shipment

2-4. The Instrument should be thoroughly inspected
immediately upon receipt. All material in the container
should be checked against the enclosed packing list. The
manufacturer will not be responsible for shortages against
the packing sheet unless notified immediately. If the
instrument fails to operate properly, or is damaged in any
way, a claim should be filed with the carrier. A full
report of the damage should be obtained by the claim
agent, and this report should be forwarded to the John
Fluke representative. Upon receipt of this report you
will be advised of the disposition of the equipment for
repair or replacement. Include the model number, type
number, and serial number when referring to this instru-
ment for any reason.

2-5.  Shipping Instructions

2-6. All John Fluke Mfg. Co., Inc. instruments should
be shipped prepaid in the original packing carton. Upon
request, a new carton can be obtained from the John Fluke
Mfg. Co.,Please include the instrument model number when-

requesting a new container.
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2-7.  RACK MOUNTING PROCEDURES

2-8. Accessory kits are available to provide for instal-
lation of the instrument in rack or sliding mounts.

2-9. To install the rack mounting ears (MEE-7003),
perform the following steps in conjunction with Figure 2-1.

a, Remove the four molded feet and the bail from
the bottom cover.

b. Remove the nameplate decals from the corner
castings.

c. Remove the screws from the corner castings that
match the hole pattern in the rack mounting
ears.

d. Attach the rack mounting ears with pan head
SCrews.

S S
N
\
\ﬁ/
/i

[/
\

o
o

L~

Figure 2-1. INSTALLATION OF RACK MOUNTING EARS
21
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2-10.

Perform the following steps to install the slide

mounts (MEE-8078). Refer to Figure 2-2.

a.

2-11.

2-12.

Remove the plastic trim strips (A) from the
side of the instrument by sliding it towards
the rear.

Attach the chassis section (B) of the slide and
spacer strip (C) to the instrument using the
center low mounting holes.

Install cabinet section (E) and center section
(D) of slide into rack. The extension angle
bracket is provided.

Extend center section (D) of slide towards you
until it locks in the extended position.

Depress the spring lock on chassis section (B)
and insert the instrument between the extended
slide sections.

INPUT POWER
The Model 3330B can be operated from either a

115 or 230 volt ac input. To convert from 115 to 230 VAC
or vice versa, perform the following steps:

Ensure that the line cord is disconnected from
line power and then remove the top and bottom
dust covers.

Remove the jumpers between terminals 1 and 2,
3 and 4, or 2 and 3 of the input power trans-
former located on the bottom of the instrument.
A decal located on the top of the transformer
indicates location of the terminals. Refer to the
illustrated parts list for location of the input
power transformer.

Make the following connections between the ap-
propriate terminals of the power transformer:

115 VOLTS AC 230 VOLTS AC

Terminals 1 and 2 Terminals 2 and 3

Terminals 3 and 4

Replace the dust covers and install the following
rated fuse in the rear panel fuseholder, F2:

115 VOLTS AC 230 VOLTS AC

3A, SLO-BLO 1.5A, SLO-BLO

Figure 2-2. INSTALLATION OF SLIDE MOUNT
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Rotary dials used to select the desired output :Selects the 1.0 milliampere or 10 voit output range.
current or voltage from the instrument 10/100

When depressed, seiects the current or
voltage mode of operation. s ok R
VOLTAGE TRIP

Selects the 0 to 11 output
. 5 e voltage trip range.
METER READING : Setects the 0 to 110 output

CURRENT or VOLTAGE i : : ’ ¢ voitage trip range.
Selects the 0 to 1100 output

When depressed, the front panel meter .
indicates th tout t it voitage trip range.
indicates the output current or voltage
. oute 9 ; : Stide switch used to select
of the instrument. ; 1% to 110% of the voitage
: trip range.

Indicates either the selected output E ! Indicate current or voitage mode, current

current or voitage present at the OUTPUT timit/voltage trip, operate mode, remote
mode, and output voltage levei.

terminais.
%

5 CROWBAR
OFF — ON

JBSRORE CRIAYS 7

BT 1YY 2559k .

NS i When activated, places a

Iy oms s 1 5.1 ohm load across the
] OUTPUT terminais to

allow setting of the cur-

: ON — OFF YN : : v rent limit, or limits the
When. depressed, 7 r . : compliance voltage
energizes the e i : '_ ) ; . ) 4 when changing loads on
instrur:!ent ‘ . . : : - the current mode.

s R 28 St
GUARD Terminsl
When depressed, ac power is - Provides a means of eliminating circulating ground
applied to the Auxiliary circuits : | currents through the ioad when properly connected.

! oniy, thus preventing any SENSE Terminal

output from the instrument.
- y Allows the regulating circuitry within the instrument

to be connected directly to the OUTPUT terminals
or the load.
OUTPUT Terminals
When depressed, the seiected output / . Provides connection of the instrument output to the . ;

current or voitage is availabie at the : load.
OUTPUT connectors.

REMOTE
Transfers operating control functions

ito the rear panel Remote connector.

3 OUTPUT terminals.

e

CURRENT LIMIT
Slide switch used to select the 1.0 to 110 Protects the programming circuitry from overloads.
miiliampere output current limit point. - F2
‘ Protects the ac input circuitry from overioads.

REMOTE CONNECTOR

Provides connection to remote programming equipment. Programming
i commands applied to this connector are in effect when the front panei
'; REMOTE switch is depressed.

Figure 2-3. LOCATION OF CONTROLS, TERMINALS, AND INDICATORS
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.13. OPERATING FEATURES

-14. Location and function of all controls, terminals,
adicators, fuses, and connectors are contained in Figure
=3.

2-15. PRELIMINARY PROCEDURES

2-16. The following paragraphs describe preliminary
equipment connections, control settings, and safety pre-
cautions which should be taken before attempting to
operate the Model 3330B.

2-17. AC Line Connection

a. Connect the Model 3330B line cord to a 115 volt
ac (230 volts ac, if so wired), 48 to 62 Hz, single
phase three-wire outlet.

WARNING

Ensure that the round pin on the three-prong
line cord plug is connected to a high quality
earth ground.

b. Depress the ON-OFF and STDBY RESET switches.
2-18. Sense Terminal Connections

2.19.  Whenever a load is connected to the Model 3330B
there may be an appreciable voltage drop between the in-
strument and the load due to the resistance of the connect-
ing cable leads. The nomograph illustrated in Figure 2-4
can be used to determine the approximate voltage drop
within the connecting cable. If the voltage drop is exces-
sive for the particular application, the instrument can be
connected for remote sensing using the procedure described
in paragraph 2-21.

NOTE

On. all voltage ranges, the remote sense leads
operate at a current level which varies from
0 to 1 mA in proportion to the output voltage.
Voltage drops in the sense leads are additive
and appear at the output as a voltage increase.

NOTE!

The maximum allowable differential between
an QUTPUT terminal and its respective SENSE
terminal is <0.5 V dc.

2:20. NOMOGRAPH USE. Lay a straight edge between
the point representing the output current on scale 1 and the
gauge of the connecting cable on scale 2. The voltage devel-
oped across connecting cable, in millivolts per foot, is then

24

read on scale 3. Calculate the total voltage drop by multi-
plying the total connecting cable length in feet by the scale
3 value. (A 5 foot cable will have a total connection length
of 10 feet).

2:21. REMOTE SENSING TERMINAL CONNECTIONS.

a. Depress the STDBY RESET switch.

b. Remove the shorting links between the SENSE and
OUTPUT terminals.

c. Connect the + and — SENSE terminals to the re-
spective positive and negative sides of the load.
Use a twisted pair of insulated wires between the
SENSE terminals and the load.

CAUTION

Ensure that the SENSE terminals are connected
in proper polarity to the load or a loss in regu-
lation or even damage to the Model 3330B may
occur.IF THIS REMOTE SENSING FEATURE
IS NOT USED, THE SENSE TERMINALS
MUST BE CONNECTED TO THE OUTPUT
TERMINALS WITH THE SHORTING LINKS.

1 2 3
OPERATING AMERICAN {R DROP IN
CURRENT WIRE GAUGE NO. CONDUCTOR
MILLIAMPERES | MV/FOOT
. .
i ] 0.01 ~—
' 1
: . I
i ; < 0.015
h . B3
1 1 3
' | 0.02F
100.0 2
80.0 3‘;2 o
. — —_—
0.0 0.03
50.0 T8 T
40.0 10 °'°4'j'
30.0 “+12 -+ 0.05
414 0.06+
20.0 de -+ 0.07
15,0 0.08—
—+18 —+ 0.09
41 0.1 4
1:.3 6.0 20
: 7.0 T r
6.0 eoa F o5
5.0 I
4.0 T 0.2 -
3.0 T
—-30
2.0 - 0.3
1.5 0.4 =+
“+
1.0 0.5
: 0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.15
0.1

Figure 2-4. NOMOGRAPH OF VOLTAGE DROP
ACROSS LOAD WIRES
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2-22. Guarded Measurements

2-23.  INTRODUCTION. When using the Model 3330B
significant errors may arise out of undesired conversion of
common mode signals to normal mode. This instrument
has a guard shield that functions to minimize common
mode-to-normal mode conversion. The following para-
graphs describe errors that may arise out of common
mode problems and provide a means to reduce them.

2-24.  COMMON MODE REJECTION RATIO (CMRR)
In non-guarded applications, a path for undesired common
mode signals is created by the stray capacitance C (Figure
2-5) representing the circuitry-to-case capacitance in the
instrument. This capacitance enables frequency dependent
currents to appear in the connecting leads between the in-
strument and load, and in the instrument circuitry itself.

2-25.  The guard shield provides a means of making the
circuitry-to-case capacitance very small, thereby reducing
common mode currents. This is done by placing a shield,
or guard, between the circuitry and case. Addition of
the guard results essentially in two things; it provides
a separate path for common mode signals, and it effec-
tively prevents the introduction of common mode errors
in the circuitry itself. Where common mode signals
previously had a path through Cy into the circuitry and
connecting leads and through Rg, insertion of the guard
now provides a separate path through C3 and into the guard
lead. In addition, the circuitry-to-case capacitance is
significantly reduced, and the CMRR of the instrument
is greatly enhanced.

2-26.  SUGGESTIONS FOR USING THE GUARD. Under
most applications it is satisfactory to strap the front panel
GUARD to the ground terminal of the load. In applications
where common mode signals are of no concern, the GUARD
may be connected to the == (ground) terminal.

2-27. Voltage Trip Settings

2-28.  The VOLTAGE TRIP switch and VERNIER con-
trols provide protection for extemal equipment by limiting
the maximum allowable output voltage to the external load.
The range of voltage limiting is selected with the VOLTAGE
TRIP switches. Refinement of the value of the voltage to be
limited is accomplished with the VERNIER control.

a. Without any load connected to the OUTPUT ter-
minals, depress the STDBY/RESET switch and
set the front-panel controls to the following
positions:

Rev. 4/75
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33308 CASE LOAD
C{RCUITRY
Vo Siuntent et )
1| ——o—L— .
d e L
NOT X N/ \ L
GUARDED - e TR
= Ry
= rh
3330B CASE ° LOAD
CIRCUITRY —_———
A e 7%
l—{l[! Y a—
DY i
/
= \ /-———4w~— — —\-ot—o L
GUARDED ==c, Rs
%
GUARD __ GUARD
=C3
= Ecm 177
Cq Stray capacitance, circuitry-to-case
Cy Stray capacitance, circuitry-10-guard
C3 Stray capacitance, guard-to-case
Ry Shield resistance
Ecm Common mode potential

Figure 2-56. GUARDED L.OAD CONNECTIONS
MODE Desired voltage range

VOLTAGE TRIP To the lowest voltage range that
overlaps the desired trip voltage.
VERNIER HI
CURRENT LIMIT  As desired
METER VOLTAGE
Decade Dials Desired trip voltage
b. Depress the OPR switch.
c. Slowly slide the VERNIER control to the left untit

the 1 LIMIT/V TRIP indicator illuminates and the
OPR lamp extinguishes. The voltage trip is now set
to the value indicated on the Decade Dials, and the
Instrument is tripped to the STDBY mode.

d. To reset the instrument, set the Decade Dials to a
valueless than the trip voltage, depress the STDBY/
RESET switch, and then depress the OPR switch.

2-29. Current Limit Settings

2-30.  The CURRENT LIMIT control provides a means of
limiting the amount of output current applied to the load.
Iflimiting within the output current range of the instrument
is not desirable, set the CURRENT LIMIT control to HI.

Should some degree of current limiting be desirable, pro-’

ceed as follows:

a. Depress the STDBY RESET switch, and set the
front panel controls to the following positions:

MODE Desired current (MA) range

VOLTAGE TRIP  Asdesired. However, must be >10V
for full scale output current. To set
a precise level, use the voltage trip
setting procedure, given eralier, and
set the Decade Dials to:

2-5
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Output Current
Output Current Range

+ desired voltage trip
level

For example, at full scale current
output, a precise 5V trip level Is
established by setting the Decade

Dials to 15.
RRENT LIMIT LO
TER CURRENT
ade Dials As required

2.

Depress the CROWBAR ON and OPR switches.

Slide the CURRENT LIMIT control to the right
until the desired maximum output current is
indicated on the front panel meter.

Depress the STDBY RESET switch and then de-
press the CROWBAR OFF switch. Current limit-
ing is now set to the desired value for any output
setting of the instrument.

FRONT PANEL OPERATING PRO-
CEDURES.

The Model 3330B can be operated as a voltage

surrent source by performing the following steps:

Depress the ON-OFF and STDBY RESET switches.
Allow the instrument circuitry to stabilize for at
least 10 minutes if it has not been previously ener-
gized.

Connect the SENSE terminals to the QUTPUT ter-
minals using the shorting links provided with the
instrument.

Set the Current Limit and Voltage Trip to the
desired values using the procedures described in
paragraphs 2-27 and 2-29.

Depress the STDBY/RESET switch and select the
desired current or voltage range with the MODE
switches.

Set the Decade Dials to the desired output current
or voltage value.

Connect the load to the OUTPUT terminals. If
remote sensing is desired, connect the SENSE ter-
minals to the load using the procedures described

in paragraph 2-21. GUARD terminal connections
are described in paragraph 2-22.

WARNING

The Model 3330B has a compliance voltage
capability of 1100 volts dc. Always connect
the load with the instrument in STDBY/RESET. *

g. Depress the OPR switch to energize the load. The
output current or voltage can be monitored at
any time on the front panel meter by depressing
the appropriate METER READING switch.

2-33. REMOTE OPERATION

2-34. Remote programming of the Model 3330B is
possible through the rear panel Remote connector using
either DTL/TTL logic and 8-4-2-1 coding or contact clo-
sures. A mating connector for the remote connector is
furnished with the instrument to provide the necessary
circuit interface. Table 2-1 contains a list of the Remote
connector terminals and their functions. Coding informa-
tion is located in Section 1, Table 1-1.

Table 2-1. REMOTE CONNECTOR TERMINALS AND
FUNCTIONS (Sheet 1 of 2)

TERMINAL FUNCTION
1 1 - Highest Order Decade
2 2 — Highest Order Decade
3 4 — Highest Order Decade
4 8 — Highest Order Decade
5 1 — Second Order Decade
6 2 — Second Order Decade
7 4 — Second Order Decade
8 8 — Second Order Decade
9 1 — Third Order Decade
10 2 — Third Order Decade
11 4 — Third Order Decade
12 8 — Third Order Decade
13 1 — Fourth Order Decade
14 2 — Fourth Order Decade
15 4 — Fourth Order Decade
16 8 — Fourth Order Decade
17 1 — Fifth Order Decade
18 2 — Fifth Order Decade
19 4 — Fifth Order Decade
20 ) 8 — Fifth Order Decade
21 1 — Sixth Order Decade
22 2 — Sixth Order Decade
23 4 — Sixth Order Decade
24 8 — Sixth Order Decade
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Table 2-1. REMOTE CONNECTOR TERMINALS AND
FUNCTIONS {Sheet 2 of 2)
TERMINAL FUNCTION
25 1 — Seventh Order Decade
26 2 — Seventh Order Decade
27 4 — Seventh Order Decade
28 8 — Seventh Order Decade
29 Logic “0"" — 10V/1 MA Range
Logic ““1"" — 100V/10 MA Range
30 Logic "0 - Voltage Mode
Logic “1'" — Current Mode
31 Logic 0" — 10V/1 MA or
100V/10 MA Range
Logic 1" — 1000V/100MA Range
32
33 Logic "'0"" — Standby Mode
Logic “*1"" — Operate Mode
34 Logic ““0"" - Crowbar Mode Off
Logic 1" — Crowbar Mode On
35 Logic ‘0" — Positive Polarity Output
Logic 1" — Negative Polarity Output
36 Program Common
37 ‘Operate’Flag
38 Logic "'0’* — Front Panel Voltage
Trip and Current Limiter
Control
Logic 1" — Remote Voltage Trip
and Current Limiter
Control
39 1 — 10% Voitage Trip Vernier
40 2 — 20% Voltage Trip Vernier
41 4 — 40% Voltage Trip Vernier
42 8 — 80% Voitage Trip Vernier
43 8 - 80% — Current Limit Vernier
44 4 — 40% — Current Limit Vernier
45 2 — 20% — Current Limit Vernier
46 1 — 10% — Current Limit Vernier
47 1 KV Voltage Trip Range
48 100V Voltage Trip Range
49 Current Limit Flag
50 Voltage Trip Flag
2-35.  Activation of the remote control feature is accom-

plished by first energizing the instrument while in STDBY
RESET or by selecting STDBY RESET, and then selecting
the REMOTE mode of operation. Control is then trans-
ferred to the rear Panel Remote connector where either
transistor logic level programming or contact closures can

11/72

33308

be used to control the operating modes of the instrument.
Logic “1” is 0 to 0.5 volts dc or a short circuit, and
Logic 0™ is +4.5 to 20 volts dc or an open circuit. Short
circuit current to programming common is less than 4.0
milliamperes. Open circuit voltage is 4 to 6 volts dc.

2-36.  Excessive output level changes will result in
triggering of the Voltage Trip circuitry, especially on the
1000 volt range. In this event the 3330B must be manually
reset using the STDBY RESET Switch. Safe programming
rates are listed below. Figure 1-1 located in Section 1 shows
recommended 1000V range programming rates below
1000 volts.

1 programming change
every 5 seconds for
1000 volt change.

a. 1000 volt range

1 programming change
every 5 seconds for a
1000V change.

All current ranges:

2-37. Accuracy of the Model 3330B output is also
affected by the magnitude of the programming changes.
Figure 2-6 shows typical output accuracies in relation to
1/10th to full-scale voltage changes.

2-38. PROGRAMMING NOTES

2-39. Introduction

2-40.  Successful programming of the 3330B calibrator
requires knowledge of the timing involved and an awareness
of control line definitions. The following paragraphs con-
tain notes which will be of value in programming, plus
timing information for proper instrument control.

2-41. Decade Dials

2-42. Programming of each Decade Dial is accompliéhed
using 8-4-2-1 coding. The maximum digit that can be pro-
grammed on each decade is 10, using a “1010” code. Maxi-
mum remote controled output is 111.11110 milliamperes
and 1111.1110 volts dc.

2-43. Polarity

2-44. A Logic “1” applied to the proper programming
terminal will reverse the output polarity at both the front
and rear terminals of the instrument.

2-45. Voltage/Current Limit Vernier

2-46.
is accomplished using 8-4-2-1 coding.

Programming of the Voltage or Current Vernier
The minimum

2-7
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TO ELECTRICALLY ADD A DECADE BIT TO THE
CIRCUITRY AFTER THE PARTICULAR BIT HAS BEEN
ACTIVATED BY AN EXTERNAL CONTROL VOLTAGE.

DECADE A - 15 MS
DECADEB & C - 10MS
DECADE D-G - 2 MS

DECADE DROP-OUT TIME: THE PERIOD REQUIRED
TO ELECTRICALLY DROP A PARTICULAR DECADE
BIT FROM THE CIRCUITRY AFTER REMOVING ITS
EXTERNAL CONTROL VOLTAGE.

DECADE A - 12 MS
DECADE B & C - 3 MS
DECADE D--G - 3 MS

33308
DECADE A
g CONTROL
VOLTAGE
g s

! 35 |
——Q———| | DECADE

DECADE P -IN TIME: THE PERI REQUIRED ! jty !

ULL T oD _’? t1 -— __v! 2 "‘__ i BIT

PULL-IN TIME (tq) = 15 ms TYPICALLY
DROP-QUT TIME (t5) = 12 ms TYPICALLY

DECADES B & C
g
] [ conTROL
B — f 4 VOLTAGE
i
: DECADE

t4 ! to
g = Bt BIT

PULL-IN TIME (t4} = 10 ms TYPICALLY
DROP-QUT TIME (t5) = 3 ms TYPICALLY

DECADESD,E,F, &G

"0"——[ CONTROL
pr ‘¢ VOLTAGE
i _qe
| had }
__l' i
[, t
_,111{‘_ _Hltzr_ DEB?::DE

PULL-IN TIME (t) = 2 ms TYPICALLY
DROP-OUT TIME (t3) =3 ms TYPICALLY

VOLTAGE MODE:

10V RANGE - 60 MS
100V RANGE - 300 Ms
1000V RANGE - 3SEC.

SETTLING TIME: THE TOTAL TIME REQUIRED FOR THE INSTRUMENT TO SETTLE TO ITS RATED ACCURACY
WITHIN A PARTICULAR RANGE AND MODE OF OPERATION.

CURRENT MODE:
1 MA RANGE - 300 MsS
10 MA RANGE - 300 Ms
100 MA RANGE - 300 Ms

RANGE CHANGE TIME: THE PERIOD OF TIME BE-
TWEEN APPLICATION OF AN EXTERNAL RANGE CON-
TROL VOLTAGE ANDWHEN THE PARTICULAR RANGE
IS ADDED ELECTRICALLY TO THE CIRCUIT (10ms).

RANGE
CONTROL
VOLTAGE

ugre _]
e e

t
{ i
|

| RANGE
ity e —»lt)le—  RESPONSE

PULL-IN TIME (tq) = 15 ms TYPICALLY
DROP-OUT TIME (t;) =5 ms TYPICALLY

Figure 2-7. TIMING INFORMATION {Sheet 1 of 3)
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POLARITY AND MODE CHANGE TIME:
THE PERIOD OF TIME BETWEEN APPLI-

pyer

qe | CURRENT/- |

MODE/POLARITY

l CONTROL VOLTAGE

CATION OF AN EXTERNAL CONTROL

¢
r
iy !
3 ¥

VOLTAGE AND WHEN THE OUTPUT |
RELAY CONTACTS REMOVE THESHORT VOLTAGE/+| CURTENT/- 1————;2/‘:/556[5
ACROSS THE OUTPUT TERMINALS. (See cLosep | oo M } Lo
Crowbar Time} {130 ms). | | R%T_F/;%T
i
| ! - | | |
| | Ly l
——ityf— | I = ta po— | |
fp—to—] I e—t5—s I
i‘ t3 N| if g »|

PULL-IN TIME (tg) = 45 ms TYPICALLY
PULL-IN TIME {t3) =100 ms TYPICALLY
PULL-IN TIME (tg) = 80 ms TYPICALLY
DROP-OUT TIME {t;) = 10 ms TYPICALLY
DROP-OUT TIME (tg) = 10 ms TYPICALLY
DROP-OUT TIME {tg} = 50 ms TYPICALLY

CROWBAR TIME: THE PERIOD BETWEEN APPLICA-
TION OF AN EXTERNAL CONTROL VOLTAGE AND
WHEN THE CROWBAR RESISTOR APPEARS ELECTRIC-
ALLY ACROSS THE QUTPUT TERMINALS {15 ms).

g CROWBAR
oy l . ] CONTROL
| J ] VOLTAGE

]
5;?%'____]ON - [ crowsar
# ‘ RESISTOR

' i |
et — —t
D 12
PULL-IN TIME ({r) = 15 ms TYPICALLY

DROP-QUT TIME (tp) = 5 ms TYPICALLY

CURRENT LIMIT AND VOLTAGE TRIP FLAG TIME:
THE PERIOD BETWEEN THE OVER-CURRENT OR OVER-
VOLTAGE CONDITION AND A CONTACT CLOSURE
TO LOGIC COMMON AT THE PROGRAMMING CON-
NECTOR. (2 ms).

"o
e I ‘s I CURRENT LIMIT/

[ ! VOLTAGE TRIP SIGNAL

oren)  Jcrosen | ]
} e T
— oy e —+

PULL-IN TIME (tq) = 2 ms TYPICALLY
DROP-QUT TIME (tp) = 1 ms TYPICALLY

CONTACT
CLOSURE

OPERATE FLAG TIME: THE PERIOD OF TIME BE-
TWEEN DEPRESSION OF THE OPERATE SWITCH AND
A CONTACT CLOSURE TO COMMON AT THE PRO-
GRAMMING CONNECTOR. (15 ms).

ng

g _‘l ] OPERATE
| . SIGNAL
ey
OPEN , CLOSED ! CONTACT CLOSURE

—> 12 - TO LOGIC COMMON

1

'F'—t-|—-b

PULL-IN TIME (tq) = 15 ms MAXIMUM
DROP-QUT TIME {t3) = 5 ms TYPICALLY

RESET TIME: THE PERIOD OF TiME THE “OPERATE"”
LINE MUST BE HELD AT LOGIC "“O” IN ORDER TO
ELECTRICALLY RESET THE INSTRUMENT. (10 ms).
(Refer to “NOTE" of paragraph 2-54).

e OPERATE
.fm__f__—____—L________ LINE :
! 1 i

: |
1

MINIMUM RESET TIME (tq) = 10 ms TYPICALLY

Figure 2-7.
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TIMING INFORMATION (Sheet 2 of 3)
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OPERATE TIME: THE PERIOD BETWEEN APPLICATION
OF AN EXTERNAL CONTROL VOLTAGE AND WHEN
THE PROGRAMMED OQOUTPUT IS WITHIN SPECIFICA-
TIONS. (1 Sec to 3.5 sec. depending on Range).

g
oy

| y ! CONTROL
VOLTAGE
10V RANGE | INSTR.
| I'—‘ii'——‘—_ IN
; | . 100V RANGE \OPERATE
1 i M
'“'_r_ﬁ_—{—l__wow RANGE
> 1 !

t2 ! !
pECha N !

t

10V RANGE, 10V OUT (19} = 1 sec. TYPICALLY

100V RANGE, 100V OUT ({tg) = 3 sec. TYPICALLY
1000V RANGE, 1000V QUT (t3) = 3.5 sec. TYPICALLY
ALL RANGES, OUTPUT DE-ENERGIZED ({tg) = 10 ms.

CURRENT LIMIT/VOLTAGE TRIP LEVEL TIME: THE
PERIOD BETWEEN APPLICATION OF AN EXTERNAL
CONTROL VOLTAGE AND WHEN THAT PARTICULAR
LEVEL IS ADDED ELECTRICALLY TO THE CIRCUIT.
(2 ms).

VOLTAGE TRIP RANGE TIME: THE PERIOD BETWEEN
APPLICATION OF AN EXTERNAL CONTROL VOLTAGE
AND WHEN THE PARTICULAR VOLTAGE TRIP RANGE
IS ADDED ELECTRICALLY TO THE CIRCUIT. {2 ms).

g

0" l—_ CONTROL
4 § ‘ VOLTAGE
| < =
{
—f—l, 1 !— LEVEL
g RS I —» 1%  RESPONSE
PULL-IN TIME (tq) =2 ms TYPICALLY
DROP-OUT TIME (t) = 1 ms TYPICALLY
] CONTROL
“r | 1 VOLTAGE
1 4§ -
__:__, ! 1: TR!P RANGE
— e —>l 2, RESPONSE

PULL-IN TIME (t1) =2 ms TYPICALLY
DROP-QUT TIME (tg) =1 ms TYPICALLY

Figure 2-7.

vernier voltage or current limit value that can be pro-
grammed is 10% of the selected range using a “0001”
code. Maximum vernier limit value is 110% of the se-
lected range using a ”1011” code.

2-47. Voltage Trip Range

2-48.  Programming of the Voltage Trip Range may be
accomplished by applying Logic “1” to the proper pro-
gramming terminals. The Voltage Trip is normally in the
10V range with program lines at Logic “0”. Whenever the
Voltage Trip Feature is triggered, the instrument is auto-
matically tripped to the STDBY/RESET mode. Logic
“0” must then be applied to terminal 33, followed by
Logic *1” to return the instrument to OPERATE. Refer
to paragraph 2-54 for resetting information.
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2-49. Flag Indicator Outputs

2-50.  Isolated flag indicator outputs are available at the
Remote connector to provide an indication of the Operate/
Voltage Trip, or Current Limit modes of operation. Ter-
minal 50 is the Voltage Trip Flag, terminal 49 is the
Current Limit Flag, and terminal 37 is the Operate Flag.
If a polarity or mode change is programmed, a standby
state will be indicated for approximately 100 milliseconds.
Each flag is a contact closure to terminal 36, Program
Common,

2-51. Timing Information

2-52.  Figure 2-7 contains timing definitions and wave-
forms which will be of assistance in programming the Model

2-11
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agre '
nyn I Stand by

| Operate

|

Open
| L P Closed
| | Operate Flag
L 1
! Open
j P 1 Qutput

: | | Closed Relay
| | | " 'y .
K + ] T LR
: f | : Inst.
I ! | Within
10 : : | |I Spec.
i I ! ! !
I I | | t
tq t2 t3 14 15

t1 = 0ms Operate Line in Logic 0"

t = 10ms Operate Line in Logic 1"

ig = 265 ms Operate Flag present

g = 40ms QOutput Reiay energized.

tg = 1 sec Inst. in Spec.
Figure 2-8. TYPICAL RESET ON 10V RANGE

3330B. Pay particular attention also to the special operat-
ing considerations outlined in paragraph 2-53.

2-53. Special Operating Conditions

RESETTING. The operate line must be held in a

“l”

2-54.
Logic “0” state for a minimum of 10 ms before Logic
may be applied. Actual resetting is accomplished as soon
as the operate line is returned to Logic “0”. When a Logic
“1” is applied, the output becomes energized.

NOTE

Resetting is not possible for a period of five
seconds if the instrument is in a voltage trip
condition due to excessive application of the
automatic crowbar. Refer to paragraphs 3-70
and 3-74.

2-55. CURRENT MODE. When switching from low
to high compliance voltages, programming speeds must be
slower. This applies when using compliance voltages in
excess of 200 volts; programming rates should not exceed
the times shown in Figure 1-1, Section I.

2-56. VOLTAGEMODE. Range or programming changes
within the 1 kv range must be made at rates within the times
shown in Figure 1-1; this applies when output voltages are
greater than 200 volts.

2-12

2.57. CURRENT LIMIT/VOLTAGE TRIP FLAGS. The
current and voltage flags will not be enabled and conse-
quently cannot be present at the programming connector
until approximately 40 ms after the instrument is in the
operate mode. Also, there will be an absence of both flags
for approximately 100 ms during either a mode or polarity
change, due to the instrument being placed in standby dur-
ing this time. ’

2.58. OPERATE FLAG. A contact closure to program
common will be present approximately 15 ms after the
instrument is commanded to the operate mode. The output
relay does not energize for another 15 ms; see Figure 2-8.
During a polarity or mode change, the output relay will
open for 100 ms and then close.

2-59. VOLTAGE TRIP RANGE. When programming
the Output Voltage and Voltage Trip range from some
high level to a low level, it must be remembered that the
Voltage Trip Range time is much less than the Output
Voltage settling time. If both are programmed down
simultaneously, the instrument will trip into the Voltage
Trip mode. Allow sufficient time after programming the
output from a high level to a low level before program-
ming the Voltage Trip Range from a high level to a low
level. In a worst-case application, with the instrument
operating on the 1000 volt range, if all the decades are

1000V Range
Removed,

O ryy
B 10V Range Called.
g
——
-4 §
100V Range & 100V
Trip Range Called.
£
LR S

100V Range in.

>
-

1kV Trip Range
Removed.

-~
-

100V Trip Range in.

‘L_zoOms —
le——- 20T ms —
I

Ih_202ms —
le—210ms — 0

s e

1 KV to 100V TRIP TIMING
11/72

Figure 2-9.




programmed to zero, allow 3 seconds before programming
the Voltage Trip Range to a lower range.

2-60. To program the Voltage Trip Range from the
1000V range to the 100V range, first down-range the
instruments’ output to the 10V range. Then, 200 ms
after the instrument has been down-ranged, program the
100V range and the 100V Voltage Trip Range simul-

taneously. Refer to Figure 2-9.
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2-61. Operating Examples

2-62.  The use of an output crowbar when using the
current mode is normal procedure, since the crowbar is
used when changing loads in the current mode. As pointed
out in Figure 2-7, 15 ms is required before the crowbar
actuates. Therefore, 15 ms of time is required before re-
moving or changing loads. If this procedure is not fol-
lowed, the instrument will slew up to the voltage trip point.

2-13/2-14
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Section 3

Theory of Operation

3-1.  INTRODUCTION

3-2. This section of the manual contains the theory
of operation for the Model 3330B. The information is
arranged under headings of “ASSEMBLY NUMBERING
SYSTEM, FUNDAMENTAL CIRCUIT DESCRIPTION,
GENERAL CIRCUIT ANALYSIS, and CIRCUIT DESCRIP-
TIONS”. An equivalent circuit of the instrument is
illustrated in Figure 3-2. A system block diagram and

schematic diagrams are located in Section 8 of the manual.

3-3. ASSEMBLY NUMBERING SYSTEM.
3-4. General

3-5. The following assembly numbering system has
been employed in the Model 3330B to identify specific
assemblies and their electrical components.

3-6. Assembly Reference Designations.

3-7. The Model 3330B is divided into major parent
assemblies designated the letter number Al through A7.
These assemblies and their respective titles are:

Al Front Panel

A2 Rear Panel

A3 Front Mother Board
Ad Main Mother Board
AS Rear Mother Board
A6 Relay Board

A7 Inner Chassis

3-8. Assemblies contained within major assemblies are
also identified by a letter number designation. Forexample,

4/75

the Chopper Amplifier located on the A4 Main Mother
Board has been assigned the letter number A2. Complete
identification of this assembly is A4A2.

3-9. Components located on each assembly are designa-
ted the appropriate letter number Q1, Cl, R1, etc. For
example, the MOS FET transistor on the Chopper Ampli-
fier is designated the letter number Q1. Complete identi-
fication of a component is then possible by preceding its
reference designation by the assembly designation. In the
preceding example, Q1 is completely identified by the
designation A4A2Ql. -

3-10. Assembly Identifiers

3-11. During the manufacturing processes, assembly
identifiers have been assigned to the completed printed
circuit boards. A printed circuit board may be identified
by a 3000 series number that is silk-screened on the land
pattern side of the assembly, or by a six-digit FLUKE part
number located on the component side.

3-12. Schematic Diagram ldentifiers

3-13.  Figure 3-1 contains a chart which lists all of the
diagrams associated with this instrument. These diagrams
are located at the rear of the manual.

3-14.  FUNDAMENTAL CIRCUIT DESCRIP-

TION.

3-15.  The circuitry of the Model 3330B consists basic-
ally of a high-gain operational amplifier such as the one
shown in Figure 3-2. A precision reference voltage fur-

31
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I WIRING DIAGRAM I—— SYSTEM BLOCK DIA.
A3 FRONT A4 MAIN A5 REAR AB A7
MOTHER BOARD MOTHER BOARD MOTHER BOARD RELAY BCARD INNER CHASSIS
A3A1 DECADE A4A1 +10 VOLT A5A1 —25 & -5
SWITCH REFERENCE VOLT PWR. SUP.
L1 A3A2sWITCH |} A4A2 CHOPPER A5A2
BOARD AMPLIFIER PREREGULATOR
L A3A3 1V L1 A4A3DIF.
LIMIT VERNIER AMPLIFIER
A4A4 SERIES
PASS DRIVER
| 1 A4A5SERIES SCHEMATIC
PASS ASSEMBLY FIGURE NO.
A3 8-4
| | AsaBHIGH AT 8.5
VOLT. PWR. SUP.
A3A2 8-6
A3A3 8-4
L] A4A7 CURRENT A4 8.7
LIMITER
A4A1 8-8
e A4A2 8-9
A4A8 + -
] voLT PwR. sup. A4A3 8-10
Ad4A4 8-11
A4AS 8-12
|_1 A4A9RELAY AGAG 8.13
DRIVER
A4A7 8-14
A4A10 LADDER A4AS 815
DRIVER NO. 1 A4A9 8:16
A4A10 8-17
A4A11 8-18
. 1 A4Aa11 LADDER
DRIVER NO.2 AdA12 8-19
A4A13 8-20
A4A12 LADDER Adal14 8-21
™ DRIVER NO.3 A4A15 8-21
A4A16 8-21
A4A13 LADDER Ad4A17 8-22
DRIVER NO. 4 AS 8-23
A5A1 8-24
AdA 14 LADDER ABA?2 8-25
~] DRIVERNO.S AB 8-5
A7 8-3
i § A4A15 LADDER WIRING 8.2
DRIVER NO. 6 DIAGRAM
8LOCK
|_] A4A16 LADDER DIAGRAM 8-1

DRIVER NO. 7

A4A17 RANGE
SHUNT NETWORK

Figure 3-1. MODEL 3330B DIAGRAMS
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Figure 3-2. BASIC INSTRUMENT CIRCUITRY
(DRAWN WITHOUT THE PREREGULATION LOQP)

nished by the reference supply and ladder network pro-
vides a current through the range resistor equal to the
dialed output. . The voltage developed across the range
resistor furnishes a signal to the control amplifier that
determines the rate of conduction of the series pass
element. The conduction level of the series pass element
then establishes the appropriate output voltage or current.

3-16. Two major loops actually form the instrument
circuitry. One loop consists of an ac pre-regulator and the
other is the main dc regulator. Each of these loops is de-
scribed separately in the following paragraphs.

3-17. Voltage Mode

3.18. PRE-REGULATOR. This loop consists of the
Pre-regulator and the Voltage Controlled Oscillator (VCO)
shown in Figure 3-3. The VCO samples the voltage present
across the series pass element and supplies pulsed timing
information related to the load power requirement. These
pulses are synchronized to the start of the line frequency
cycle and are applied to the pre-regulator. The pre-regu-
lator then. initiates line current flow to the high voltage
supply in only the amount necessary to meet the actual
load requirement, thereby improving the efficiency of the
instrument.

3.19. MAIN REGULATOR LOOP. The main regulator
loop consists of a Reference Supply and Ladder Network,
a Control Amplifier, the Series Pass Element, and a High
Voltage Power Supply. The configuration is shown in

Figure 3-3 and is redrawn in bridge form for explanation
in the same illustration.

320. The reference supply/ladder network and
RSOURCE form one side of the bridge, while the series
pass element/high voltage supply and RRANGE form the
other side. What the operator is doing when he dials an
output voltage is to vary the Ladder Network” which effec-
tively produces a variable EREFERENCE. The current
from EREFERENCE is determined by the Ladder and the
effective voltage of EREp. This current passes through
RRANGE developing a voltage across it which is equal to
the dialed output voltage. When the voltage across
RSOURCE equals EREF, and the voltage across ERANGE
equals EQUT, a state of balance exists across the bridge,
and there is zero potential across the inputs to the amplifier.
When a new output voltage is dialed into the instrument, a
state of imbalance will momentarily exist because EouTr
will no longer be equal to the voltage across RRANGE.
If, for example, the instrument is operating at 100 volts
and is subsequently dialed to 500 volts, a positive error
voltage will appear at the summing junction and at the
input to the amplifier. This amplified positive error vol-
tage (the control amplifier is non-inverting) is applied to
the series pass element causing it to conduct harder and
resulting in a lower voltage drop across it. Through the
action of the series pass and the pre-regulator (mentioned
later), the output voltage will rise until it equals the vol-
tage across RRANGE, or until the bridge is again balanced.

The gain of the control amplifier is very high and provides

the bulk of the regulation.

3.21. At the same time the control amplifier is causing
the series pass element to increase in conduction, or, in
other words, producing a lower voltage drop across the
series pass, the VCO is sampling ESERIES PASS and
affecting the rest of the pre-regulator loop to increase the
output of the high voltage supply.

3-22. Current Mode

3.23. PRE-REGULATOR LOOP. Operation of the pre-
regulator loop is essentially the same in current mode as it
is in voltage mode. The voltage across the series pass ele-
ment is sampled by the VCO which causes the pre-regulator
to supply power to the high voltage supply in the amount
necessary to meet load requirements. A simplified block
diagram of this mode is shown in Figure 34.

3.24. MAIN REGULATOR LOOP. The main regulator
loop, like the pre-regulator loop, operates essentially the
same in the current mode as in the voltage mode. The only
difference is that the loop acts to maintain a constant vol-
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Figure 3-3. VOLTAGE MODE (SIMPLIFIED)

;e across the current shunt resistor (a precision resistor
twork) to ensure that a constant current is available at
: output terminals. The action of the series pass element
1 control amplifier maintains the output current at
atever level is specified by the conditions of RRANGE

1 the reference supply/ladder network.

3-25. GENERAL CIRCUIT ANALYSIS

3-26.  This description relates primarily to the system
block diagram found at the rear of the manual, Figure 8-1,
and discusses the interaction of the major circuits. Some of
the circuits mentioned are not represented on the block dia-
gram, but are included to maintain continuity in the dis-
cussion. ’

3-27.  The basic reference voltage for the instrument is
the 10 volt reference supply. The supply employs a
selected reference amplifier to ensure that the output
reference voltage is highly stable with respect to time and
temperature. The reference supply output is applied to the
input of a seven deck resistive ladder network. This ladder
is controlled by the seven front panel decade switches in the
local mode, and by a 28 line 8-4-2-1 binary coded decimal
(BCD) input in the REMOTE mode. The resulting voltage
at the summing junction is applied to the input of the
control amplifier, which consists of the chopper amplifier
and differential amplifier. The function of the control
amplifier is to control conduction of the series pass so
that the resulting voltage at the summing junction ap-
proaches zero. The chopper amplifies all frequencies from
dc to approximately 30 Hz; the differential amplifier is
used principally for frequencies from 30 Hz to approxi-
mately 200 kHz and has a dc path for signals coming from
the chopper.

3-28.  The current limiter, together with the control
amplifier and series pass, forms a servo loop which limits
instrument output current at a present value. The current

AC INPUT
| an—

PREREG.

[

i
HIGH
—VOLTAGE

SERIES PASS

’-) -ouT
g) ~SENSE

B

vCo

SUMMING
¢ JUNCTION
T
REF

SUP;LY RANGE

LADDER RESISTOR
7

O +SENSE

@) +ouT

CURRENT SHUNT

Figure 3-4. CONSTANT CURRENT MODE (SIMPLIFIED)
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limiter continuously monitors output current and com-
pares it to the setting of the CURRENT LIMIT control.
When the voltage across the current sensing resistor exceeds
the reference voltage set by the CURRENT LIMIT control,
the limiter is activated. A portion of the current flowing
from the reference supply into the summing junction is
then bypassed, and the output current is limited or
clamped to the preset value.

3-29.  The series pass driver performs two functions:
It amplifies control signals sufficiently to drive the series
pass, and it disables the output in the event of an over-
voltage or catastrophic over-current condition. When the
voltage across the current sensing resistor exceeds a pre-
determined value, the trip circuitry acts to de-energize
relays ASA2K1 and AS5A2K2 which removes ac power
from the high voltage transformer primary. The voltage
trip circuit is activated whenever the output voltage ex-
ceeds the selected trip voltage set by the VOLTAGE
TRIP VERNIER. Again A5SA2K1 and ASA2K2 are
de-energized and the instrument is tripped to standby. The
instrument is reset by first pressing the STDBY/RESET
switch to de-energize A4K5 and then the OPR switch.

3-30.  The series pass regulates instrument output current
in response to control signals from the series pass driver.
The series pass is actually eight transistors connected in
series, an arrangement which provides the regulated high
voltage capability. The series pass assembly also contains
a voltage controlled oscillator (VCO) which provides a
pulsed timing signal to the pre-regulator. The pre-regulator
increases the efficiency of the instrument by regulating
the input to the high voltage power supply. It utilizes
voltage level information from the VCO to provide full-
wave phase control of the input line voltage of the high
voltage transformer. Thus, the power supplied by the high
voltage transformer is controlled to provide only that
amount necessary for load requirements.

3-31.  The high voltage power supply is connected as
a full-wave bridge rectifier, obtaining its input from the
pre-regulator and supplying dc voltages to the series pass
regulators. Contained on the high voltage assembly is a
rate limiter for the automatic crowbar which prevents
excessive crowbar activation, thereby providing protection
for the series pass transistors. See paragraphs 3-67, 3-70
and 3-74.

3-32.  The function of the automatic crowbar circuitry
is to quickly discharge the high voltage filter capacitors
when down-ranging the instrument. This circuit also provides
protection for the instrument during abnormal load con-
ditions, such as short-circuited output. A second crowbar
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circuit, which is manually operated, is connected across
the output terminals. It is used to limit compliance volt-
age while changing loads.

3-33.  Operating voltages for the instrument are provided
by the low voltage power supplies. The +25 volt and —15
volt supplies provide operating voltages for the +10 volt
reference, chopper amplifier, and differential amplifier.
A separate —25 volt dc¢ supply furnishes operating voltages

- for all decade control relays. Operating voltages for the

series pass driver are provided by a 35 volt supply located
on the current limiter assembly. A —5 volt supply provides
the program supply voltage.

3-34.  The 50 program input/output (1/0) lines provide
remote control of all front panel control functions and
remote indication of instrument power condition and vol-
tage trip/current limit operation. Mode, standby/operate,
polarity, manual crowbar, and voltage/current range input
lines terminate in a relay driver, which supplies the driving
current for the selected relay. Output voltage level is con-
trolled by a 28-line 8-4-2-1 BCD input. The front panel
controls are connected in parallel with the program 1/0
lines, and the same circuits are activated in either remote
or local operation. The selection of remote or local opera-
tion is made only at the front panel. When the OPR switch
is pressed, front panel controls are enabled; when the
REMOTE switch is pressed, instrument control is switched
to the programmed input at J8.

3-35.  Mode input commands are applied through the
relay driver to relays A4K3 and A4K6. These relays
change the instrument circuitry to provide either voltage
or constant current operation. Together with the range
relays A4K1 and A4K2, they select the appropriate vol-
tage range resistor, current shunt, and chopper amplifier
zero adjust control.

3-36.  The standby/operate input is applied through the
relay driver to relay A4KS. This relay controls the opera-
tion of relay ASA2K2, which in turn, controls relay
A5A2K1. When operated, ASA2K1 connects main power
to the pre-regulator. The remote polarity input is applied
through the relay driver to relay A4K4. Upon command.
A4K4 reverses the output voltage polarity at the front and
rear terminals. The manual crowbar input operates relay
A6K2. When activated, this relay shorts the output ter-
minals through a 5 ohm resistor.

3.37. The 28-line output level input is applied to the
seven-deck resistive ladder network and a set of relay
switches, which are used to connect the reference voltage
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to the proper terminal of the network as a function of each
digital input bit.

3-38.  The S-line current limit input consists of a 4-bit
BCD input which is applied to the remote current limit
circuit, and a single local/remote line which is applied
through a relay driver to A3Kl and A3K6. Upon re-
mote command, A3K1 closes and selects the current limit
ladder.  The circuit then performs the current limit
adjustment in accordance with the BCD input. The
voltage limit circuitry is arranged in the same way. The
local/remote input operates relay A3K6 which selects the
remote voltage limit ladder.  Again, the BCD input
controls the decoder which accomplishes the adjustment
function.

3-39. CIRCUIT DESCRIPTIONS

340. The following paragraphs describe in detail the
operation of each circuit. The information is grouped
according to individual assemblies found in the Model
3330B. To find the description of a particular circuit,
first determine the name of the assembly that the circuit
is located on and proceed from there. For example,
the VCO circuit is located on the Series Pass assembly
A4AS.
3-41. Main Mother Board (A4)

3-42.  Functioning as the parent assembly for assemblies
A4Al through A4A17, the Main Mother Board inter-
connects all the assemblies found on it and distributes
signal paths to appropriate sections of the instrument.
Individual circuit descriptions for A4Al through A4A17
are provided in the following paragraphs.

3-43. Components mounted on the A4 board consist
primarily of diodes and relays. Diodes CR1 through CR28
are associated with the ladder assemblies. Relays K3 and
K6 form part of the mode selection circuitry. K2 is
znergized when the instrument is in the 1000 volt range.
K1 is energized in the 100 volt range and de-energized in
the 10 volt range. Relay K5 is the Standby/Operate relay,
and K4 is the Polarity relay.

3-44. +10 Volt Reference Supply (A4A1)

3-45. The +10 Volt Reference Supply produces an
:xtremely stable reference voltage upon which the instru-
nent’s stability is based. Range zero adjustments and a
:esistor for the current mode are also located in this assem-
oly.
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3-46. 10 VOLT REFERENCE SUPPLY. This is a vol-
tage regulated power supply consisting of a stable reference
amplifier, a differential comparator amplifier, and a series
regulator. Reference amplifier IC2 contains a matched
zener reference and amplifier elements to produce an

extremely stable voltage with respect to time and termpera-

ture. Voltage variations at the regulator sense line {terminal
14) are developed across the voltage divider R10 through
RI13 and R2 and are applied to the other input of IC2.
Any difference between the sense terminal voltage and
the reference voltage is amplified by IC2 and ICI and used
to control the conduction of the series regulator Q1 and
Q2, which establishes a +10 volt dc reference voltage at
terminal 15. Variable resistor R10 provides adjustment of
the regulated output voltage.

3-47.  RANGE ZERO AND CURRENT SHUNT. The
voltage divider of R16 through R21 allow zero adjustments
in the voltage mode of operation. Resistor R22 is used in
the current mode of operation.

3-48. Chopper Ampilifier (A4A2)

3-49.  The Chopper Amplifier compares low frequency
and dc control signals from the Ladder summing junction
to the +SENSE terminal voltage and amplifies any differ-
ence. The Chopper Amplifier circuitry consists of an input
filter, a MOSFET chopper, an operational amplifier, a syn-
chronous demodulator, an output filter, and a multivibra-
tor.

3-50. Low frequency and dc control signals at terminal
6 are passed through the input filter C2, R1, and C3 to
reject frequencies above 30 Hz. The MOSFET chopper
Q1 modulates ‘the signal appearing at the junction of its
drain and R2. C4 couples the resultant to the gate of
JFET Q2. The output signal at the drain of Q2 is then
amplified by the operational amplifier 1C1, which has a
gain of approximately 420. The paraphase amplifier Q3
amplifies the output of IC1 and provides two equal ampli-
tude, but 180° out-of-phase signals. The collector signal
of Q3 is coupled by C16 to the shunt demodulator Q4.
The resulting demodulated signal appearing at the junction
of C17 and R24 is filtered by R24, R26 and C18, leaving
only the amplified dc and low frequency signals. The
emitter signal of Q3 is applied through C14, R21, C15,
R25, R23, and C22 to Cl18, where it is used to cancel
any chopper ripple at 215 Hz.

3-51.  The 215 Hz multivibrator is formed by Q6, Q7
and associated timing networks, in addition to a driver
Q5. Variable resistor R43 adjusts the level of the signal
applied to the driver Q5, and subsequently the output




signal applied to the gate of Q1. The collector signal of
Q5 is applied to the drain of QI to compensate for
spikes coupled between the gate and drain. Variable
resistor R34 provides adjustment of the compensation
signal. An output signal at the collector of Q7 is applied
to the base of Q4, which synchronously demodulates
the Chopper Amplifier output.

3-562. Differential Amplifier (A4A3)

3-33.  The Differential Amplifier provides a control signal
to the Series Pass Driver. Part of the current limit circuitry
is also located in this assembly. The differential amplifier
consists of Q2 through Q11, and the current limit circuitry
consists of Q1, Q12, CR10 through CR12, and R7 through
R10. A restraining circuit of Q13, and Q14, and associated
circuitry, prevents the chopper Amplifier from saturating
in the standby mode.

3-54. DIFFERENTIAL AMPLIFIER. Input control
signals from the A4A10 through A4A16 Ladder summing
junction are applied to terminal 5 for amplification by the
differential amplifier of Q2 through Q10. High frequency
input signals are coupled through C1 to one input of the
differential amplifier. Low frequency and dc control
signals are applied through R21 to terminal 6, where they
are amplified by the A4A2 Chopper Amplifier. Over-
voltage protection for the differential amplifier and Chop-
per Amplifier inputs is provided by CR2 through CR9
and associated components. The amplified control signals
from the Chopper Amplifier are applied to terminal 3 as
the other input of the differential amplifier. The resulting
output at the collector of Q9 is applied to the emitter
follower Q11, which provides a low impedance drive signal
required by the A4A4 Series Pass Driver at terminal 1.
Transistor Q8 is a current source for one stage of the
amplifier and provides common mode rejection at the
input to the amplifier.

3-55. CURRENT LIMIT CIRCUITRY. The current limit
circuitry consisting of Q1, Q12, CR10 through CR12, and
R7 through R10 provide a means of bypassing Ladder cur-
rent during a current limit condition. Transistor QI
receives base and emitter operating voltages from the A4A7
Current Limiter and is normally cut-off. However, if the
output current of the instrument exceeds a preset value
established by the CURRENT LIMIT control, QI is driven
into conduction by a corresponding drop in emitter vol-
tage and turns on transistor diode Q12. Conduction of
these transistors shunts the Ladder current through the
range resistor R9, thus limiting the control signal applied
to the A4A4 Series Pass Driver and the output current of
the instrument.
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3-56.  RESTRAINING CIRCUIT. The circuitry of Q13
and QI4 ensures that the Differential Amplifier is pro-
vided with a dynamic load during a standby condition to
keep the output of the amplifier relatively constant. This
also maintains fast response during turn-on and range
changes. The emitter voltage of Q14 is derived from the
emitter of QI1, while the base voltage of Q14 is derived
from the voltage divider of R33 and R34. The collector
of Q14, whose conduction depends primarily on its emit-
ter voltage, supplies base drive to Q13. The output of
Q13 drives diode-connected Q12, controlling the current
appearing in the summing junction. In this manner, the
loop is completed and the output of the Differential
amplifier will remain nearly constant, thus preventing
the Chopper from going into saturation.

3-57. Series Pass Driver (A4A4)

3-58.  The Series Pass Driver applies amplified control
signals to the A4AS Series Pass assembly. Additional
circuits found on the assembly are the overcurrent/voltage
trip circuit and the front panel meter multiplier resistors.
A three-stage amplifier composed of Q5 through Q7 forms
the series pass driver. The overcurrent/voltage trip circuitry
consists of Q1 through Q4 and Q8. The meter multipliers
are R1 through R6.

3-59.  SERIES PASS DRIVER. The series pass driver of

Q5 through Q7 amplifies the input regulation control signak.

at terminal 1 sufficiently to drive the A4AS5 series-pass
transistor Q8. The common-base configuration of Q7
provides isolation of the input circuitry and the required
voltage gain of the control signal. The common-collector
stages of Q5 and Q6 provide sufficient current gain of the
drive signal applied out terminal 4.

3-60. OVERCURRENT/VOLTAGE TRIP. The over-
current/voltage trip circuitry, through relay ASA2K2, re-
moves ac power from the high voltage transformer when-
ever a catastrophic overcurrent or voltage trip occurs.
Transistor Q3 is a current source for the solenoids of this
relay and produces a —30 volt dc operating voltage at
terminal 10. Transistors QI and Q2 activate the voltage
trip feature. Transistors Q4 and Q2 activate the over-
current trip feature. Resistors R22 and R29 are the
sensing resistor for the overcurrent trip feature. Transistor
Q8 is the driver amplifier for the OPR indicator lamp.

3-61.  The voltage trip feature is activated when the
output of the instrument exceeds the level established
by the VOLTAGE TRIP controls, or when triggered by
the rate limiter. (Paragraph 3-74). Transistor Q1 receives
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base voltage from the wiper of the VOLTAGE TRIP
RNIER control or Ladder. When the base voltage,
ich is proportional to the output voltage of the instru-
nt, exceeds the established level at the base of Ql,

transistor conducts and biases Q2 into saturation.
» conduction of Q2 clamps the voltage at terminal
to nearly zero volts and de-energizes the associated
ays. This action trips the instrument to the STANDBY
,de. Transistor Q8 is also turned off by a corresponding
.rease in negative base voltage, and the OPR lamp is
tinguished.  The instrument is returned to the OPR
yde by first selecting the STDBY/RESET mode, which
s off Q2 by applying a circuit common to terminal
through the contacts of A4KS, and then selecting the

>R mode.

52 The overcurrent trip feature is a protective circuit
at functions in the event of a current limit malfunction.
hen the current through the sensing resistors of R22
.d R29 exceeds 200 milliamperes, Q4 conducts and biases
7 into saturation, which activates the trip circuit discussed

the preceding paragraph.

63. METER MULTIPLIERS. Resistors R1 through
6 provide a current through the front panel meter that is
roportional to either the output voltage or current of the
istrument.  When the METER READING VOLTAGE
witch is pressed, R3 through R6 and A4R1 through R3
re connected to the meter and produce a reading propor-
ional to the output voltage of the instrument. Variable
esistor RS allows calibration of the voltage reading.
Vhen the METER READING CURRENT switch is pressed,
3] and R2 are connected to the meter and produce 2
eading proportional to the output current of the instru-
nent. Variable resistor R2 allows calibration of the current.

-eading.
3-64. Series Pass (A4AD5)

3.65. The Series Pass contains the series-pass transistors
used to control the output current Or voltage from the
instrument. Additional circuitry consists of the pre-regu-
lator VCO used to control the amount of voltage across
the series pass transistors, and an automatic “crowbar”
driver used to limit the maximum voltage across the
series-pass elements. A +150 volt power supply is also in-
cluded to provide operating voltages for the series-pass
and VCO circuitry. The +150 volt power supply consists
of the bridge rectifier CR1 through CR4, and the series
pass elements are QI through Q8. The VCO consists of
the relaxation oscillator Q9 and the associated timing
networks. Transistor Q10 is the automatic “crowbar”

driver.
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3.66. +150 VOLT POWER SUPPLY. AC voltage at
terminals 8 and 9 is rectified by diodes CR1 through CR4
to produce an unfiltered positive voltage. This voltage is
isolated by CRS and filtered by C2 to provide a +150
volt dc operating voltage for the series pass transistors.
The voltage divider of Rl through R3 and zener diode CR6
produces a clipped full-wave rectified six volt synchron-
izing signal for the VCO, Q9.

3-67. SERIESPASS TRANSISTORS AND AUTOMATIC
CROWBAR. The series-pass transistor of Q1 through Q7
are normally saturated, and transistor Q8 is absorbing the
total voltage required to establish the output of the instru-
ment. However, when the output level or {ioad is changed
and the voltage across Q8 exceeds 150 volts, Q1 through Q7
absorb the additional voltage. The pre-regulator circuitry
then reduces the output of the high voltage supply and the
voltage across the series pass transistors. As soon as the
voltage drop across Q8 decreases below 150 volts, Q1
through Q7 again saturate, and Q8 absorbs the total regu-
lation voltage. Load or output changes that increase the

_ voltage across the series pass transistors to above 225 volts

result in the conduction of the “crowbar” driver, Q10.
Conduction of Q10 energizes relay K1 in the A4A6 High
Voltage assembly, which places a load across the high vol-
tage rectifier. This action limits the voltage across the
series pass transistors and provides a quick discharge
path for the high voltage filter capacitors.

3.68. PREREGULATOR VCO. Unijunction transistor
Q9 and associated timing elements comprise a voltage-
controlled oscillator which furnishes a turn-off pulse to
the pre-regulator. A clipped, six volt pulse, synchronous
with the 60 Hz line, is applied to base 2 of Q9 (see
Figure 3-5). The potential at-the emitter of Q9 depends
upon the charge on capacitors C4 and C5. The charge on
C5 depends upon the voltage across the series pass control
transistor Q8. When the charge on C4 and CS equals a
critical level, determined by the bias on Q9, Q9 will
conduct, delivering a pulse of current through transformer
Tl to the pre-regulator. The oscillator will be enabled

only during interval t} and the point at which oscilla-

tion will occur is determined by the charge on CS. If
the Charge across C5 increases, the initial output pulse
of the oscillator will occur earlier in each half cycle.
During each half cycle, the initial pulse from the oscilla-
tor will switch the pre-regulator off to control the amount
of line power supplied to the high voltage transformer.
Thus, if the voltage across Q8 increases. the pre-regulator
is switched off earlier in each half cycle. This. in turn.
reduces the voltage across Q8 to the proper working value.
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Frequency = 120 Hz

Figure 3-5. VCO OPERATING VOLTAGE

3-69. High Voltage Power Supply (A4A6)

3-70.  The High Voltage Power Supply produces the
required voltage necessary to obtain the pre-selected out-
put. Additional circuitry consisting of a sink supply and
a portion of the automatic “crowbar” circuitry is also
included and allows rapid downranging of the instrument.
The automatic “crowbar” circuit also prevents damaging
of the series pass elements if the output terminals are
shorted or an overload occurs. The high voltage power
supply consists of the bridge rectifier CR1 through CR4.
The sink supply is composed of the voltage doubler CRS
through CR8, and the automatic “crowbar” circuit con-
sists of K1 and R7 with the rate limiter of QI thru Q4
acting to limit the number of times the crowbar may be
activated at a given time.

3-71. HIGH VOLTAGE POWER SUPPLY. AC input
voltage from the pre-regulator at terminals 15 and 16 is
rectified by CRI through CR4 to provide high level opera-
ting voltage for the instrument. Resistors A4R6 through
A4R8 and capacitors A4C5 through C7 filter the resulting
output appearing on terminal 5.

3-72.  SINK SUPPLY. AC input voltage at terminals 1
and 2 is rectified and filtered by CRS through CRS, CI,
C2, R4, and R5. The resulting —700 volts output at
terminal 12 is applied to the A4AS5 Series Pass assembly
and ensures a minimum current through the series-pass
element when the instrument is downranged.

3-73. AUTOMATIC CROWBAR. Relay K1 and the
resistor R7 are part of the automatic “crowbar” circuit
used to provide a quick discharge path of the filter capa-
citors contained within the instrument. When an over-
voltage condition across the series pass elements is detected,
A4A5Ql10 will conduct and energize K1. The contacts
of K1 place R7 in parallel with the high voltage power
supply which provides a discharge path for the filter
capacitors.
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3-74.  RATE LIMITER. The rate limiter, in conjunction
with the automatic crowbar, protects the series pass tran-
sistors. If the automatic crowbar activates more often than
the times given in Figure 1-1 of Section I, the rate limiter
relay K2 will supply —35 v to the voltage trip circuitry,
placing the instrument in the voltage trip mode. QI thru Q4,
CR12 thru CR19, R3, R9 thru R14, C4 thru C6, and K2
comprise the rate limiter circuitry. When the crowbar acti-
vates due to excessive voltage across the series pass, a voltage
develops across R3 charging C5 directly and charging C4
through R9. If there is excessive crowbar action, C4 will
charge sufficiently to turn on Q1 and Q2, energizing K2.
If the crowbar rate is not excessive, the charge on C4 will
not become great enough to turn on Q1 and Q2. Mean-
while, as a result of the crowbar action, C5 becomes
charged; when the charge is high enough, Q4 conducts,
turning off Q3. Some time later, it will discharge, turning
off Q4 and allowing Q3 to conduct. When Q3 turns on,
it discharges C4, and the rate limiter is reset. However,
the 3330B must be manually reset.

375. Current Limiter (A4A7)

3-76.  The Current Limiter contains two separate plus
and minus 35 volt dc power supplies and part of the current
limit circuitry. The 135 volt power supply is a bridge
supply with rectifiers CR1 through CR4 and the regulators
Q1 and Q2. The current limit circuitry consists of a
three-stage amplifier, Q3 through Q5, and the I LIMIT/
V TRIP drivers Q6 and Q7.

3-77.  £35 VOLT DC POWER SUPPLIES. The ac input
voltage applied to terminals 7 and 9 is rectified and filtered
by CRI through CR4, R1, Cl, R4, and C4. Positive un-
regulated voltage is applied to Q1, and negative Linregulated
voltage is applied to Q2. Zener diodes CRS5 and CR7
establish a reference voltage at the base of QI and Q2.
The conduction of Q1 and Q2 produces £35 volt dc out-
put voltages available at terminals 1 and 3. A -3.9 volt
dc output at terminal 15 is developed by CR6 and R6 for
use as a bias voltage in the A4A3 Differential Amplifier.
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lhe unregulated negative output is also applied through
8 and R26 to terminal 6 for use in the A3 assembly indi-
:ator lamps.

178, CURRENT LIMIT CIRCUITRY. The current limit
ircuitry receives a dc control voltage at terminal 10 which
s proportional to the output current of the instrument.
diode CR12 applies this signal to the base of Q5. The
.mitter of Q5 is connected through R21 to terminal 11,
vhich receives a control voltage from the wiper of the
“URRENT LIMIT VERNIER control or Ladder. Variable
esistors R23 and R24 are also part of this circuit and
dlow calibration of the CURRENT LIMIT LO and HI
settings. When the output current of the instrument
ittempts to exceed the value preset with the CURRENT
LIMIT control, QS is driven into conduction by the in-
-rease in voltage at terminal 10, which drives Q4 and Q3
into conduction. This action bypasses a portion of the
Ladder current through the A4A3 Differential Amplifier
range resistor connected to terminal 16, and thereby
limits the output current of the instrument. The regenera-
tive pair of Q6 and Q7 are also driven into conduction
at this time and supply a drive current to the A3 1 Limit/V
Trip lamp which is also illuminated on the STDBY/RESET
or VOLTAGE TRIP mode by a zero volt control signal

at terminal 5. This input also brings Q3, Q4, Q6 and Q7 -

into conduction.

3:79. +25 and —15 Volt Power Supply (A4A8)

3-80. The +25 and —15 Volt Power Supply consists of
two separate low-ripple power supplies used to produce
operating voltages for the instrument. The +25 volt power
supply is composed of a bridge rectifier CR1 through CR4
and the regulator Q2 through Q6. The —15 volt power
supply consists of a bridge rectifier CR7 through CR10
and the regulator Q7 through Q9. Transistor QI and
associated components are not used in this instrument.

3-8]1. +25 VOLT POWER SUPPLY. AC voltage at
terminals 13 and 14 is rectified and filtered by CRI
through CR4, C2, R4, and C3. Transistor Q2 is a constant
current source for the regulator consisting of Q3 through
Q6. The differential comparator amplifier of Q5 and Q6
* - a reference voltage at the base of Q6 derived from
iode CR6. Variations at the +25 volt output

il 10) are developed across the voltage divider
through R10 and are applied to the base of Q5.
fference between the base voltages of QS and Q6

iified and used to control the conduction of the

ass driver Q3. Conduction of Q3 controls the

stion of the series-pass regulator transistor Q4, which

shes a low-ripple +25 volt dc output at terminal
ariable resistor R9 allows adjustment of the regulator

3.82. —15 VOLT POWER SUPPLY. AC voltage at
terminals 1 and 6 is rectified and filtered by CR7 through
CR10, R14, and C8 to produce a negative operating vol-
tage for the regulator of Q7 through Q9. A voltage divider
comprised of R18 and R19 references the base of Q9 to a
potential dependent on the +25 and —15 volt output.
Variations in the output are amplified by Q9 and used to
control the conduction of Q8. The conduction of Q8 con-
trols the series-pass regulator Q7, which establishes a low-
ripple —15 volt dc output at terminals 3 and 9.

3-83. Relay Driver (A4AS)

3.84. The Relay Driver activates the various relays
within the instrument on commands from the A3 assembly.
The relay drivers Q1, Q3, Q5, and Q7 are identical PNP
switches used to activate relays. Transistors Q4,Q10,Q11
and Q12 are used to invoke the STDBY/RESET mode
whenever a mode or polarity change occurs. A Logic “17
(0 to +0.5 volts) will turn the relay drivers on, and a Logic
“0” (+4.5 to +20 volts) will turn them off.

3-84. RELAY DRIVERS. Relay drivers Q1, Q3, Q5,
and Q7 are identical PNP switches. Each transistor re-
ceives —25 volts at its collector derived from the asso-
ciated relay. Base voltage is dependent on the input
logic signal from the A3 assembly. Zener diodes located
in the collector circuit protect the transistors from the
induced voltages developed by the relay solenoids. The
drivers consisting of Q2, Q8 and Q6, Q9 provide current
for relay operation. Circuitry for these drivers is essen-
tially the same as the other drivers, with the exception
of the additional base circuitry used to invoke the STDBY/
RESET mode.

3-86. STDBY/RESET MODE. When changing a pro-
gram between the voltage or current mode, it is necessary
to temporarily place the instrument in standby to prevent
uncontrolled voltages from appearing on the output ter-
minals. This is accomplished by circuitry located on the
relay driver assembly. When the negative or low input
is applied to the base of Q9 (current mode command),
it is also applied to a differentiator consisting of C6 and
R30. The negative differentiator output is coupled through
diode CR12 to the base of Q11, turning it on. Q12 turns
on at the time that Q11 does, and stays on until C7 dis-
charges through R26 to a value below 0.6 volts, a period
of approximately 100 milliseconds. In the interval that
Q12 is on, the base of Q3 is effectively connected to
ground, which de-energizes relay A4KS and places the
instrument in standby. When the positive or high input
is applied to the base of Q9 (voltage mode command), it
is also applied to the base of Q4. The signal is inverted in
Q4, differentiated by C5 and R28, and applied to Ql1.




Again, Q11 and Q12 together with Q3 act to place the
instrument in standby for 100 milliseconds. The momen-
tary standby function is also invoked by application of a
polarity change command. A separate inverter QIO
together with associated differentiator circuits provide
the negative trigger to QIll.

3-87. Ladders {A4A10 through A4A16)

3-88.  There are seven Ladders contained in the instru-
ment. FEach Ladder consists essentially of the same cir-
cuitry with the only difference being the tolerance of the
divider components. The Ladder circuitry consists of
relay driver/decoders and a ladder network. '

3-89. RELAY DRIVER/DECODERS. Relay Drivers
Q1 through Q4 are PNP switches. A Logic “1” (0 to
+0.5 volts) will turn the drivers on, and Logic “0”
(+4.5 to 20 volts) will turn them off. Each transistor re-
ceives a —25 volt dc collector voltage through the associa-
ted relay of K1 through K4. Base bias voltage is dependent
upon the input logic signal from the A3 assembly. Diodes
CRS and CR6 convert the 84-2-1 coded inputs to a 4-4-2-1
code. This conversion is necessary to limit the maximum
digital command to a four digital word of eleven which
corresponds to the maximum decade range.

390. LADDER. Each deck of the seven ladder decks
performs an identical function. The relative position of
the decks, with respect to the summing junction, deter-
mines the significance of that deck’s contribution to the
ladder output. For example, Ladder no. 1, which is
nearest the junction, determines the most significant
portion of the output, and Ladder no. 7, which is farthest
from the junction, determines the least significant portion.
Although the circuit arrangement of each ladder is the
same, the individual assemblies are not interchangeable,
because component tolerance are different.

3-91. Ladder network RI1 through R10, reed relay
switches K1 through K4, and switch drivers Q1 through
Q4 comprise a four-bit, weighted-resistor, digital-to-analog
decoder. The analog output of the decoder is weighted
in terms of elevenths of the reference voltage (+10 volts)
so that it can be programmed by input digital words 1
through 11. The ladder network functions as a voltage
divider, where resistors R3 through RI1O are, in various
combinations, connected in series with R1 and R2, which
are the output resistors. Assume, for example, the four-
bit digital word 0101, representing 5, is present at the
decoder input. The first and third bits, present at pins
16 and 14 respectively, turn on drivers Q2 and Q4 and,
through them, relays K2 and K4, while the second and
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fourth bits, present at pins 15 and 13, bias drivers Q3
and Ql off. With K2 and K4 energized, +10 volts is
applied to RS and R9. The parallel combination of RS,
R6 and R9, R10 in series with R1, R2 provide an output
that is five-elevenths of the available decoder output.
This decoder deck together with the other decoder decks
produces a combined output which corresponds to the
28-word BCD input. An important characteristic of the
ladder is that its output impedance is constant regardless
of the reed switch positions, thereby presenting a constant
load to the reference supply.

392,  Referring to the simplified diagram of Figure 3-6,
the operation of the Ladders can be more easily seen. The
numerals “4”, “4”, “2” and “1” refer to the BCD com-
mands, and the 1R, 2R, etc., refer to the relative weights
of the associated Ladder segments. The value of 1R is
25K, so that 2R is 50K, etc. Selecting various combina-
tions of “R” in each Ladder varies the current supplied
to the Range resistors; this current is available in incre-
ments of 1/11 from each Ladder.

3-93. Range/Shunt Networks (A4A17)

3-94.  The Range/Shunt Networks allow calibration of
the various voltage/current ranges of the instrument. Vari-
able resistors R21, R18, and R15 are used to calibrate the
full-scale output on the corresponding 10, 100, and 1000
volt ranges. Variable resistors R1, RS, and R9 are used to

calibrate the full-scale output on the corresponding 1, 10,

and 100 milliampere ranges.

3-95. Rear Mother Board {Ab).

396. The Rear Mother Board contains the ASAl
power supply assembly and the ASA2 Pre-regulator Assem-
bly. Also located on the board are K1, the CURRENT
LIMIT/VOLTAGE TRIP FLAG delay; K2, used in current
limit and voltage trip conditions; and K3, the CURRENT
LIMIT/VOLTAGE TRIP FLAG. AST! on this assembly
couples the VCO pulses from the A4AS5 Series Pass Assem-
bly to the ASA2 Pre-regulator assembly.

3-97. —-25 and —5 Volt Power Supply {A5A1)

3-98. The —25 and -5 Volt Power Supply consists of
two separate low-ripple power supplies that produce the
logic power and relay operating voltages for the instrument.
The —25 volt power supply consists of a bridge rectifier
CR1 through CR4, positive rectifier CRS and CR6, the
regulator Q1 through Q3, and the turn-on delay circuit
Q4. The —5 volt power supply consists of a bridge recti-
fier CR7 through CR10 and the regulator Q5 through Q8.

3-1
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99. 25 VOLT POWER SUPPLY. AC voltage at
srminals 1 and 2 is rectified and filtered by CR1 through O e
R4 and Cl to provide a negative operating voltage for

1e regulator Q1 through Q3. Diodes CRS and CR6 pro-
uce a positive operating voltage for the regulator. The ,__%—-“'—\/VV‘——‘ JUNCTION I\\\

omparator amplifier Q1 receives a reference voltage at _ v R | onrgor >
s emitter derived from zener diode CR12. Variations - " o f e
L7

v
t the —25 volt output (terminal 6) are developed across —a7 VVV [
1e voltage divider of R4 through R6 and applied to the

ase of Q1. Any difference between the base and emitter | s

RANGE
(MA ONLY} RESISTOR

g 1R SUMMING

+i|ik—

oltage of QI is amplified and used to control the con- v e "
uction of the series pass regulator Q2. Conductions of — .‘,. n [
12 controls the conduction of the series-pass transistor ,__7\;’—02—'_‘/\/\"“—‘ PN
)3, which .establishes a low-ripple —25 volts dc output. M__ AdaTs
‘ariable resistor R5 allows adjustment of the regulator 1 %
utput. The turn-on delay circuit consisting of C4, R7, v e n
R13, Q4 and K1 prevents the —25 volt output from —= N ] i
ppearing at terminal 6 for approximately three seconds ,___;-—“"_‘/\l/‘/‘—'—‘ q
fter initial turn-on. v R |

1 (LADDER 3)
.100. —5 VOLT POWER SUPPLY. AC voltage at ’_;——o——wv——‘
srminals 14 and 15 is rectified and filtered by CR7 through %
'R10 and C5 to produce a negative operating voltage for VY AN .
1e regulator configuration of QS5 through Q8. Additional ) - .
egative operating voltage is obtained from the —25 volt YW
ower supply through R8 and R10. The comparator ampli- M
er Q7 receives a reference voltage at its emitter derived v o n _Mﬂiﬁ? !
-om zener diode CR11. Variations at the —5 volt output )
terminal 16) are developed across the voltage divider of - - %
‘11 and R12 and applied through R14 to the base of Q7. y—r"’———w—[
.y difference between the base and emitter reference ._:Z"‘”L_‘/“/RV‘—"‘

oltage of Q7 is amplified and used to control the conduc- v 2
4 .(LADDER 5}

ion of the series-pass regulator Q6. Transistor Q8 func- " \00ER
oy

ions as a current limiter to prevent the output current ’_{——0—-—\/\/\/“———‘

-om exceeding 300 ma. The conduction of Q6 controls

1e conduction of the series-pass transistor Q5, which v ‘
stablishes a low-ripple —5 volt dc output at terminal ' v e "
6. Variable resistor R11 allows adjustment of the —= o '
g 2R
sgulator output. | M1 e
v wy 4R AdALS
}101. Pre-regulator (A5A2) ' g W7

-102. The Pre-regulator controls the ac power dissipated v e R °

n the instrument by passing only enough power to the .- .
ligh voltage circuitry to meet the output load requirement. ,___%"‘"—‘/V\’__‘
he Pre-regulator consists of the +V power supply CR1 LA |
hrough CR4, a relay power supply CR6 through CR9, r— - . " Maate
re-regulator drivers Q2 and Q4 through Q7, a pre-regulator W
ridge CR10 through CR13 and Q1, and current limiter Q3. %
v ¢ = +SENSE

-103. +V POWER SUPPLY. AC voltage at terminals 11
nd 12 is rectified by CRI through CR4 to provide un-
iltered +V operating voltages. Diode CR5 provides iso-
ttion of a +10 volt filtered output.

Figure 3-6. LADDER NETWORK —
SIMPLIFIED VERSION

=12




3-104. RELAY OPERATION. Operating voltage for
relay K1, which applies ac voltage to the pre-regulator
bridge, is produced by the bridge rectifier CR6 through
CR9. Relay K2 is energized when the instrument is in
operate. During an overcurrent or voltage trip condition,
both relays de-energize and remove the ac input to the
pre-regulator.

3-105. PRE-REGULATOR DRIVERS. The series of VCO
pulses are coupled across ASTI from the series pass assem-
bly to the input of the preregulator. At the beginning of
each 60 Hz half cycle, QS is turned on by the positive
going +V voltage through R17 and L2. Conduction of Q5
saturates Q4, Q2, and Ql. Conduction of QI allows cur-
rent to flow in the primary of the high voltage transformer.
Sometime during each half cycle, the initial pulse from the
VCO will trigger the regenerative pair (Q6 and Q7) into
saturation. With Q6 and Q7 conducting, transistors QS,
Q4, and QI turn off and remain off as long as Q6 and Q7
are conducting. Transistors Q6 and Q7 remain conducting
until the end of each half cycle. At this time, the current
through them automatically drops below the regenerative
value, due to the zero-crossing of the full-wave rectified 60
Hz sine wave voltage (V) at the emitter of Q7. Therefore,
transistor Q1 is held off for the remainder of the half cycle,
which corresponds to the period that the VCO is generating
pulses. This limits the amount of power to the high voltage
transformer and reduces the power dissipation require-
ments for the series pass transistors.

3-106. PRE-REGULATOR BRIDGE. The pre-regulator
bridge of CR10 through CR13 and QI passes or attenuates
the ac voltage applied to the high voltage transformer T1 in
amounts determined by the Pre-regulator drivers. The
bridge connected diodes of CR10 through CR13 provide
an unidirectional current flow through the control element
Q1. Positive alternations are passed by CR10 and CR13.
Negative alternations are passed by CR11 and CR12. When-
ever Q1 is turned-off, RS and C6 provide a dynamic load
for the bridge. Over-voltage protection for Q1 is provided
by zener diode CR14. Overcurrent protection for QI is
provided by R2 and the current limiter Q3. Essentially
the bridge functions as a switch in the ac line. Refer to
the simplified diagram and the stylized waveforms of
Figure 3-7. The portion of the ac line waveform that
passes to the High Voltage transformer is represented by
the shaded portion of waveform i. Waveform 2 represents
the base drive to the bridge transistor. The pulses of
waveform 3 are from the VCO. Note that the initial
pulse turns off the base drive to the bridge transistor, and
that the next zero crossing of the line waveform turns the
base drive back on, resulting in current flow through the
bridge. Only the first VCO pulse is used for turn-off.
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3-107. CURRENT LIMITER. Maximum current through
Q! is limited to 17 amperes by the current limiter Q3.
Normally, Q3 is cut-off; however, if the current through
R2 in the pre-regulator bridge exceeds 17 amperes, Q3
conducts and turns on the regenerative pair of Q6 and
Q7. Conduction of these transistors turns off Q2 and QI,
thus limiting the current through the pre-regulator bridge

3-108. Protection Circuitry

3-109. Instrument protection is afforded by several cir-
cuits; the over-voltage/over-current trip circuit, discussed
with the series pass driver assembly in paragraph 3-60,
the automatic and manual crowbar circuits, and the rate
limiter (paragraph 3-74).

3-110. CROWBAR CIRCUITS. The automatic crowbar
circuit consists of transistor Q10 in the series pass assembly,
relay K1 on the high voltage assembly, and associated
circuitry. When the voltage across the series pass element
reaches approximately 225 volts, transistor Q10 conducts.
Since relay K1 is in the collector circuit of Q10, the relay
is energized, closing the contacts. With the K1 contacts
closed, a discharge path is provided for the filter capacitors.
The manual crowbar circuit consists of relay driver Q1 on

vCo Prereg. Drive,
(from Series Pass Assy. Sync., & 1 Lim,
A4AS) Ckts. Q2-Q7

ABT1

High
Voltage

- Xtmr.

AC
INPUT

AIT2

{Prereg. bridge output)

e}

(Base drive to
bridge transistor.}

@[c]

{VCO puises)

L

Figure 3-7. PREREGULATOR SIMPLIFIED DIAGRAM
AND STYLIZED WAVEFORMS
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he Relay Driver Assembly A4A9 and relay A6K2. The
nstrument output is connected to the normally open
ontacts of AGK2. When the front panel CROWBAR-OFF
witch is depressed, the relay is de-energized and, conse-
wently, has no effect. When the CROWBAR-ON switch is
ressed, A6K2 is energized, through the relay driver, and
esistor A6R! is placed across the output terminals to
uickly discharge the output capacitors.

3-111. Control Circuitry and Front Mother Board

i-112.  The Control Circuitry for the instrument consists
f four assemblies. The parent assembly is the (A3) Front
dother Board, which interconnects the (A3A1l) Decade
witch assembly, the (A3A2) Switch Board, and the
A3A3) I Limit/V Trip assembly, and distributes the result-
ag control signals to the appropriate sections of the instru-
tent. Programming inputs from the rear panel Remote
onnector, except for the operate, voltage trip range and
ernier and current limit are parallel connected with the
mit circuitry in the instrument. The Voltage Trip range
i determined by the relay switching circuitry. The operate
ne is routed through the Front Mother Board in order
or both local and remote modes of operation to be con-
-olled by the inhibit circuitry which prevents the instru-
tent from being turned on before being placed in standby.

-113.  FRONT MOTHER BOARD (A3). The Front
.other Board contains the ladder networks for the remote
irrent limit and voltage trip vernier control features, a
eater than 100 volt output detector, the status indicator

mps, and an inhibit circuit. The current limit ladder con-
sts of Q5 through Q8, K2 through K5, and the remote se-
ction circuit Q4 and K1. The voltage trip ladder consists
"Q10 through Q13, K7 through K10, and the remote se-
ction circuit Q9 and K6. Transistors Q1 through Q3 form
e greater than 100 volt output detector, and the status
dicator lamps consist of DS! through DS10. The cir-
itry of K11 thru K13, Q17, and Q18 form the Voltage
ip range. Elements of the inhibit circuitry are IC1, Q15,
d Q16.

114. The remote current limit ladder consists of relay
ivers Q5 through Q8 and relays K2 through K5, a resis-
re ladder network of R17, R19, R21, and R23, and the
mote selection circuit of Q4 and K1. The relay drivers are
antical PNP switches which are turned on by a Logic “1”
to 0.5 volts) and turned off by a Logic “0” (+3.8 to 20
Its). Each transistor receives a —25 volt dc collector
Itage through the associated relay which is connected
terminal 22. Base voltages are dependent on the input
iic signals from the Remote connector. Diodes CR7

4

and CR& convert the 8-4-2-1 coded input to 4-4-2-1 code,
which limits the maximum digital command to a four
digit word of eleven or 110 milliamperes. The resistive
ladder network is selected in various combinations by
relays K2 through K5 and divides the I limit resistance
at terminal 19 into weighted terms of elevenths. The
remote selection circuit of Q1 and K1 is activated upon
the presence of a Logic “1” remote current limit com-
mand at terminal 21 and applies the ladder output to
terminal 19. The current limit circuitry in the instrument
receives this ladder output and limits the maximum output
current to the level established by the coded inputs at
terminals 43 through 46 of the Remote connector.

3-115. The remote voltage limit ladder employs relay
drivers Q10 through Q13, relays K7 through K10, and
the resistive ladder network of R26, R28, R30, and R3?2.
The remote selection circuit for this network is Q9 and
Ké. Operation of the voltage limit ladder is essentially
the same as that of the current limit ladder. Collector
voltage for the relay drivers is obtained from the —25
volt source in the same manner described for the current
limit ladder. CR9 and CRI10 perform the 8-4-2-1 to
4-4-2-1 decoding. The ladder output appears at the remote
contact of K6 and is coupled through R40 to the base
of emitter follower Ql4. The output is developed across
R41 and appears on terminal 92.

3-116. The Voltage Trip Range circuitry is composed
of K11 thru K13 and associated elements. Relay K13
is a “Local-Remote” relay for this circuit and is energized
by Q9. With pins 3 and 4 held at Logic “0”, the 10 volt
trip range is activated. When a Logic “1” is applied to
Q17, the 100 volt trip range is called; with the base of
Q17 held at a Logic “0” and a Logic “1” applied to Q18,
the 1000 volt trip range is in effect. Both relay drivers
are PNP switches that are identical to the current limit
and voltage trip switches.

3-117. The greater than 100 volt output detector of
QI, Q2 and Q3 samples the output and illuminates DS6
when the output voltage exceeds 100 volts. This provides
a visual indication that the instrument has output voltages
present that require caution in their application.

3-118. The configuration of QI5, Q16, and quad NOR -

gate IC1 forms an inhibit circuit which prevents the instru-
ment from going into operate before passing through stand-
by. Refer to Figure 3-8 for a simplified diagram of this cir-
cuit. The flip-flop is set initially to the proper state by the
Logic “1” coming from S2 on the Switch Board (A3A2),
when the standby position is selected. Should the instru-
ment be in the operate mode when the power is turned on,




the flip-flop will be in the wrong state due to the Logic
“0” from A3A2S2. A Logic “0” must be present at the
output of the flip-flop (pin ICl 14) when the operate-
mode is selected; otherwise it is impossible to energize
the instrument output’s. If a Logic “1” (zero volts) is
present at pin 14 when the operate mode is selected,
Q15 and Q16 will turn on, holding the operate line down
to nearly zero volts. The instrument must then be placed
in the standby mode to set the flip-flop before the operate
mode can be selected.

3-119. The indicator lamps provide visual indications
of the instruments status while in local mode. The lamps
and their function are:
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3-120. DECADE SWITCH ASSEMBLY (A3At). This
assembly contains the seven decade switches used to select
the desired output current or voltage while in local mode.
Each switch is an eleven position switch; the highest order,
S1, has positions ranging from O to 10, while the remaining
switches 82 through S7 have a range of 0 to X. The “X”
indicates a “carry one” function, so that’an output voltage
of, for example, 1100,0000 volts would be dialed as
10X0.0000.

3-121. On the schematic diagram the switches are shown
for representation as 5 position switches, the positions
being 8, 4, 2, 1, and 0 with numbers in parenthesis by the
positions.  The 8-4-2-1 corresponds to the BCD coding
applied to the ladders. On S2 position 1, for example,
the numbers 1, 3, 5, 7, 9, in parenthesis indicate that

DS1 . i . :
DS2 Provide decimal point indication in associa- ij 153 (f]onnected to the wiper arm in the decade settings
DS3 tion with the front panel Decade Dials. »3,3,7,and 9.
Ds4 3-122. The wiper arm of each switch is connected to
DS5 I LIMIT/V TRIP indicates limit or trip mode —5 volts. The four outputs of each switch are connected
DS6 OUTPUT > 100v to the appropriate relay driver in the ladder drive assembly.
DS7 CONSTANT CURRENT
DS8 CONSTANT VOLTAGE 3-123. SWITCH BOARD (A3A2) This assembly con-
DS9S OPR operate mode tains the front panel push button switches used to activate
DS10 REM remote mode the various conditions in the instrument. The groups of
TO OPERATE
A3A252 LINE
(17 (o)
\ /b'j NOR FUNCTION
DEFINED
Zsv Q16
{OPR} INPUTS ouT
(STDBY)
1 1 0
1 0 0
0 1 0
0 0 1
Where:
1 = Zero Voits
—5V INPUT 0=3.610
(CR12) —20 Volts
{CR11) {In this application).
~25V INPUT GATE OUTPUTS
CONDITION ry 5 cTo
initially —25V not vet on 0 0 1 0
in =25V _now on ! 0 ! 0
Standby Switched to OPR ! 0 ! 0
_ PROGRAMMING Initially in —25V not yet on Q 1 0 1
— SUPPLY COMMON Operate —25V now on 9 0 0 1

INHIBIT CIRCUIT TRUTH TABLE

Figure 3-8.

INHIBIT CIRCUIT
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switches are mechanically linked so that if one switch in
the group is depressed, the remaining non-appropriate
switches are pushed into the non-depressed positions.

3-124. 1 LIMIT/V TRIP VERNIER (A3A3). Two vari-
able resistors (R1 and R2) form this assémbly. Both are
front panel adjustments; R1 is the voltage limit trip, and
R2 is the current limit vernier. Mechanically, the wiper
arms form a sliding arrangement to allow selection of set-
tings from LO to HI on the front panel.

3-125. Relay Board (A6)

3-126. Two relays are found on this assembly. KI,
the operate relay, and K2, the Manual Crowbar relay.

3-127. Inner Chassis (A7)

3-128. Contained within the Inner Chassis assembly are
three transformers arranged in a bracket. Tl is the
primary power distribution transformer. T2 supplies ac
power to the High Voltage Supply (A4A6) and obtains its
input from the Pre-regulator (A5A2). T3 supplies power
to the —25 and —5 volt Power Supply (ASAl).

3-129. Relay Summary

3-130. Figure 3-9 is provided to summarize the relays
found in the 3330B. The decade ladder relays, current
limit and voltage trip range ladder relays, and the time
delay relay ASA1K1 are not included in the illustration.

> > =g p-d > > >» > > - > > > > > > > > > > > > >
<D =) o wn w0 (%)) W & - £ - & £ £ - » & 3 & w W w W
21212 2|2|3|a15|28|213(3|a3|8(3|5|3 2213|2132
5§ Z 31812132 wpN = RELAY NAME
i i CONDITION OR
FUNCTION
LOCAL
REMOTE } LIM. LADDER -
LOCAL
REMOTE V.TRIP LADDER
NOT CALLED 1 KV VOLTAGE
CALLED TRIP RANGE
NOT CALLED 100 V VOLTAGE
CALLED TRIP RANGE
LOCAL LOCAL
REMOTE REMQTE
1 MA/10V
10 MA/100V RANGE
100 MA/100QY.
VOLTAGE MODE
CURRENT
NORMAL {+) OUTPUT
REVERSED(—}| POLARITY
STO8Y STANDBY
OPR OPERATE
VOLTAGE
CUARENT MCDE
OFF AUTOMATIC
ON CROWBAR
NORMAL CROWBAR
EXCESSIVE RATE LIMITER
1 MA/10V
10 MA/100V RANGE
100MA/ 1000V
VOLTAGE MODE
CURRENT
1 MA/10V
10 MA/100V RANGE
100 MA/1000V
STANDBY OPERATE
OPERATE FLAG
NON-LIMIT CURRENT
LIMIT LIMIT
| LM 1 LMV
VIRIP TRIP ELAG
NORMAL OVERVOLTAGE/
TRIP OVERCURRENT TRIF] -
OPR OPERATE
STOBY ’
QFF MANUAL
ON CROWBAR
@ Energized
O De-energized Not inciuded: Ladder Relays and ~25V Time Delay Relay (ABA1K1)

Figure 3-9.
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Section 4

Maintenance

4-1.

4-2.

INTRODUCTION

This section of the manual contains servicing
and maintenance information for the Model 3330B. The
information is arranged under headings of “SERVICE

INFORMATION, GENERAL MAINTENANCE, PERFOR-
MANCE CHECKS, CALIBRATION, and TROUBLESHOOT-

ING”.

Table 4-1 lists the recommended test equipment.
If the recommended items are not available, substitute
equipment having equivalent specifications can be used.

Table 4-1. REQUIRED TEST EQUIPMENT
EQUIPMENT RECOMMENDED TEST
NOMENCLATURE EQUIPMENT FUNCTION
Autotransformer Variac Performance Checks

Calibration
Troubleshooting

DC Voltmeter

Fluke Model 895A

Performance Checks
Calibration
Troubleshooting

DC Voltage/Ratio
Calibration System

Fluke Model 7105A
Differential Volitmeter
Power Supply Calibration
Stability Measurement

Performance Checks
Calibration

Oscilloscope

Tektronix Model 5458

Calibration
Troubleshooting

Preamplifier

Gain X1000

Performance Checks

RMS Voltmeter

Fluke Model 931B

Performance Checks
Calibration

STANDARD RESISTORS:

1082, 0.2wW
10082, 0.02W
1K, 0.002W

LEEDS & NORTHRUP STDS.

4025-8B
4030-B
4035-B

Performance Checks

Calibration

RESISTIVE LOADS

100, £5%, 2W
1K, +5%, 20W
2K, £5%, 5W
5K, +10%, 50W

10K £10%, %W
20K +5%, 50W
100K +£10%, 20W
1M +10%, 2W

Performance Checks
Calibration
Troubleshooting

4/75
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4-3. SERVICE INFORMATION

4-4. All products manufactured by the John Fluke
Mfg. Co., Inc. are warranted for a period of one year. Com-
plete warranty information is located in the WARRANTY
at the front of the manual.

4-5. Factory authorized calibration and service for
all Fluke products is available at various world-wide lo-
cations. A complete list of Factory Authorized Service
Centers is located at the rear of the manual. If requested,
an estimate will be provided before repair work is done
on an instrument that is beyond the warranty period.

46. GENERAL MAINTENANCE

4.7. Cleaning

4-8. The Model 3330B should be cleaned periodically
to remove dust, grease, or other contaminates. Care has
been taken in design to prevent leakage through the use
of high quality insulation materials on all switches. Special
attention has also been given to component locations. All
circuit boards, with the exception of the A4A6 H. V. Power
Supply, have been coated with a moisture sealant to inhibit

fungus growth.

4.9, EXTERIOR CLEANING. To clean the exterior,
use a cloth moistened with anhydrous ethyl alcohol or
Freon T.F. Degreaser (MS180 Miller Stephensen Chemical
Co., Inc.). If either of these cleaning agents are not
readily available, soap and water applied sparingly toa
cloth can be used.

4-10. INTERIOR CLEANING. Use clean, dry air at
low pressure to remove loose contamination from the
interior sections of the Model 3330B.

4-11. Fuse Replacement

4-12. Two fuses are located on the rear panel. Fuse
F1 protects the programming circuitry, and F2 protects
the input power circuitry. If replacement is necessary, use
the following types of fuses:

Fi 1/8 FAST-BLO (115/230 vac)

F2 3A SLO-BLO (115 vac)
1.5A SLO-BLO (230 vac)

4-13. Lamp Repiacement

4-14.  Status indicator lamps are located on the front
panel. These lamps are accessible from the top of the in-
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strument after removal of the top dust cover and front
trim strip. The lamps are easily removed and replaced
with no special tools. If replacement is necessary, use
GE 7387 lamps (or equivalent), FLUKE PART NO.
246686.

4.15. PERFORMANCE CHECKS
4-16. Introduction

4-17. The following checks can be used to verify the
electrical characteristics of the Model 3330B.  These
checks can also be used for receiving inspection, periodic
inspection, and precalibration checks.

4-18.  When performing these checks, it is not necessary
to remove the covers from the instrument. All test equip-
ment is connected to the OUTPUT terminals. Table 4-1
lists the required test equipment for these checks.

NOTE!

If a malfunction is discovered during the per-
formance checks, complete as many tests as
possible and record the abnormal indications.
This information can then be used to more
efficiently troubleshoot the instrument.

4-19. Line/Load Regulations Checks

420. VOLTAGE MODE. This check will determine if
the output voltage remains constant for a combined £10%
line voltage and full-load change.

a. Connect the Model 3330B power cord to an auto-
transformer set for an output of 113 vac.

b. Set the Model 3330B controls as follows:
POWER PUSH ON, STDBY/RESET
METER READING VOLTAGE
MODE VOLTS, 10
VOLTAGE TRIP 1000, VERNIER HI
CURRENT LIMIT HI
CROWBAR OFF
Decade Dials 1.000000
c. Connect a dc voltmeter to the OUTPUT terminals,

observing proper polarity.

d. Select the OPR mode and perform the checks
given in Table 4-2. The output voltage must be
within the specified limits. Output loads are
listed in Table 4-1. _

11/72

—— s s s DME Ba0N R NN A

#




3330B

Table 4-2. VOLTAGE MODE REGULATION CHECKS

MODEL 33308
STEP CONTROL SETTINGS OQUTPUT LOAD INPUT POWER OQUTPUT VOLTAGE
RANGE DECADE DIALS (VAC)
1 10 1.000000 NONE 115 RECORD
2 10 1.000000 NONE 103 thru 127 +20 uv of step 1
3 10 1.000000 1082, 0.2W 115 +20 uv of step 1
4 10 1.000000 1082, 0.2W 103 thru 127 £20 uv of step 1
5 1000 1000.0000 NONE 115 RECORD
6 1000 1000.0000 NONE 103 thru 127 15 mv of step 5
7 1000 1000.0000 20K, 50w ' 115 +5 mv of step 5
8 1000 1000.0000 20K, 50w 103 thru 127 +5 my of step 5

NOTE!

If desired, each range can be checked at 1/10
and full-scale outputs using the procedure given
in Table 4-2. Loads are listed in Table 4-1.

e. Select the STDBY/RESET mode.
4-21. MA MODE. This check will determine if the
output current remains constant for a combined +10%

line voltage and full load change.

a. Connect the Model 3330B power cord to an
autotransformer set for an output of 115 vac.

b. Set the Model 3330B controls as follows:
POWER PUSH ON, STBY/RESET
METER READING CURRENT
MODE MA, 1

VOLTAGE TRIP 1000, VERNIER HI
CURRENT LIMIT HI

CROWBAR OFF
Decade Dials .10000000
c. Make the equipment connections shown in Figure

4-1. Rp is IM, 2W and Rg is a 1K, 0.002W

Standard. All connecting leads must be pure
copper with spade lugs.

d. Select the OPR mode and perform the checks
given in Table 4-3. The output current (Rs
voltage) should be within the specified limits.

e. Select the STDBY/RESET mode.

4-22. Ripple Checks

4-23.  VOLTAGE MODE. This check provides a means
of verifying that ac components superimposed on the con-

stant voltage output are within the specified limits.

a. Connect the Model 3330B power cord to 115 vac.

b. Set the Model 3330B controls as follows:
POWER PUSH ON, STBY/RESET
METER READING VOLTAGE
MODE VOLTS, 10

VOLTAGE TRIP 1000, VERNIER HI
CURRENT LIMIT HI

CROWBAR OFF

Decade Dials 10.000000

S1

MODEL 33308

O—

I,‘\ ,’\"Ic i

NOTE: Leakage resistance is critical.

Figure 4-1. MA MODE REGULATION CHECK-EQUIPMENT CONNECTIONS
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Connect a x1000 Preamplifier to the Model 3330B
OUTPUT terminals. Also connect an rms voit-
meter to the Preamplifier output.

Connect a 10K £10%, | watt load to the OUTPUT
terminals. Also connect the GUARD terminal to
the common side of the load.

d. Select the OPR mode and perform the checks d. Connect a X1000 Preamplifier to the OUTPUT ter-
given in Table 4-4. Specified ripple indications minals. Connect an rms voltmeter to the Pre-
in Table 4-4 include the gain of the Preamplifier. amplifier output. ’

e. Select the STDBY/RESET mode. e. Select the OPR mode, observing that the rms

voltmeter indication is less than 200 uv.

4-24. MA MODE. This check provides a means of :

verifying that ac components on the constant current out- f. Select the 10MA range, observing that the rms

put are within specified limits. voltmeter indication is less than 1.0 mv.

a4 Connect the Model 3330B power cord to 115 vac. g. Disconnect the Preampliﬁér, and then connect

the rms voltmeter directly to the Model 3330B

b. Set the Model 3330B controls as follows: OUTPUT terminals. The rms voltmeter indication

should be less than 10 mv.
POWER PUSH ON, STBY/RESET
METER READING  CURRENT h. Select the STDBY/RESET mode.
MODE MA, 1
VOLTAGE TRIP 1000, VERNIER HI 4-25. Accuracy Checks
CURRENT LIMIT HI
CROWBAR OFF 4-26. VOLTAGE MODE. The accuracy of the output
Decade Dials .0000000 voltage can be verified in the following manner:
Tabie 43. MA MODE REGULATION CHECKS
MODEL 3330B
STEP CONTROL SETTINGS QUTPUT LOAD | INPUT POWER $1 OUTPUT CURRENT
RANGE | DECADE DIALS RL Rs{Std) (VAC) POSITION (Rs VOLTAGE)
1 1 .10000000 ™, 2W 1K 115 .Closed RECORD
2 1 .10000000 1™, 2W 1K 103 thru 127 Open +20 uv of step 1
3 10 10.000000 100K, 20W{ 10002 115 Closed RECORD
4 10 10.000000 100K, 20W| 10082 103 thru 127 Open +5uv of step 3
5 100 100.00000 5K, 50W 1002 115 Closed RECORD
6 100 100.00000 5K, 50W 1082 103 thru 127 Open +5uv of step b
Table 4-4. VOLTAGE MODE RIPPLE CHECKS
MODEL 3330B
STEP CONTROL SETTINGS OQUTPUT LOAD MAXIMUM RIPPLE
RANGE DECADE D!ALS RMS (X1000)
1 10 10.000000 NONE 60 mv
2 10 10.000000 100%2, 2w 0.1v
3 100 100.00000 NONE 70 mv
4 100 100.00000 1K, 20w 0.1v
5 1000 1000.0000 NONE 0.tv
6 1000 1000.0000 20K, 5QW 0.1v
4.4 4/75
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4-27.

Connect the Model 3330B power cord to 115 vac.

Set the Model 3330B controls as follows:

POWER PUSH ON, STBY/RESET
METER READING  VOLTAGE

MODE VOLTS, 10

VOLTAGE TRIP 1000, VERNIER HI
CURRENT LIMIT HI

CROWBAR OFF

Decade Dials 5.000000

Connect a power supply calibrator (Fluke Model
7105A System) to the Model 3330B OUTPUT
terminals.

Select the OPR mode and perform the checks
given in Table 4-5A. The output voltage should be
within the specified limits.

Select the STDBY/RESET mode.

MA MODE. The accuracy of the output current

can be verified in the following manner:

a.

Connect the Model 3330B power cord to 115 vac.

€.

4-28.

4-29.

33308

Set the Model 3330B controls as follows:

POWER PUSH ON, STBY/RESET
METER READING CURRENT

MODE MA,1

VOLTAGE TRIP 1000, VERNIER HI
CURRENT LIMIT HI

CROWBAR OFF

Decade Dials .1000000 °

Make the equipment connections shown in Figure
4-2. The Rgyp resistor is a 1K, 0.001W.

Select the OPR mode and perform the checks
given in Table 45B. The output current (Rgid
voltage) should be within specified limits.

Select the STDBY/RESET mode.

Stability Checks

VOLTAGE MODE. This check will determine if

the output voltage remains constant over a given period
of time.

a.

Connect the Model 3330B power cord to 115 vac.

Modet 33308

Model 895A

\/' ﬁ

’.\ ‘I'

RsTD

L

Figure 4-2. MA MODE ACCURACY CHECK — EQUIPMENT CONNECTIONS

Table 45A. VOLTAGE MODE ACCURACY CHECKS Table 4-5B. MA MODE ACCURACY CHECKS
MODEL 3330B OUTPUT MODEL 3330B OUTPUT
STEP |__CONTROL SETTINGS VOLTAGE STEP | CONTROL SETTINGS |Roqy| CURRENT
RANGE | DECADE DIALS vbc) RANGE | DECADE DIALS {RsTpDVDC)
1 | 10 5.000000 5+ 0.15 mv 1] 1 .1000000 1K | 0.1£6uv
2 10 10.000000 10+ 03 mv 2 1 .6000000 1K | 0.5+£30uv
3 | 100 10.00000 10+ 0.3 my 3 11 -10000000 1K | 1.0£60uv
4 | 100 50.00000 50 £1.5 mv ‘5‘ :g ;-888888 :ggg g-; i goul'w
2 ) )
: 183 :—gg'ggggo :ggi ; m 6 | 10 10.000000 |1009| 1.0 60 uv
1000 . mv 7 100 10.00000 100 | 0.1£6uv
7 | 1000 | 500.0000 500+ 15 mv g8 | 100 50.00000 10Q| 05£30uw
8 1000 1000.0000 1000 £ 30 mv 9 100 100.00000 10Q] 1.0+ 60uv
45
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b. Set the Model 3330B controls as follows:
POWER PUSH ON, STBY/RESET
METER READING  VOLTAGE
MODE VOLTS, 1000
VOLTAGE TRIP 1000, VERNIER HI
CURRENT LIMIT HI
CROWBAR OFF
Decade Dials 1000.0000
c. Select the OPR mode and allow the Model 3330B

to operate for at least one hour. The ambient
room temperature must be 23°C, £1°C.

d. Select the STDBY/RESET mode and connect a DC
Voltage Stability Measurement System (FLUKE
Model 7105A) to the OUTPUT terminals.

e. Select the OPR mode. After 24 hours the output
voltage should not change more than +5 mv.

f. Select the STDBY/RESET mode.

430. MA MODE. This check will determine if the out-
put current remains constant over a given period of time.

a. Connect the Model 3330B power cord to 115 vac.
b. Set the Model 3330B controls as follows:
POWER PUSH ON, STBY/RESET
METER READING CURRENT
MODE MA, 10
VOLTAGE TRIP 1000, VERNIER HI
CURRENT LIMIT HI
CROWBAR OFF
Decade Dials 10.000000
c. Make the equipment connections shown in Figure
4-1. Rp is 100K, 20W, and Rg is a 100€2
Standard
NOTE!

S1 must be open

d. Select the OPR mode and allow the Model 3330B
to operate for at least one hour. The ambient
room temperature must be 23°C, +1°C.

e. Connect a chart recorder to the dc voltmeter
RECORDER OUTPUT terminals and establish
a reference which is the voltage across Rg.

f. Operate the equipment for 24 hours. The output
current should not change more than +0.1 ua dur-

ing. this period. This is equal to a voltage change
of less than £10 uv across Rs.

4-31. Voltage Trip Checks

4-32. This check provides a means of verifying that
the VOLTAGE TRIP is functioning properly.

a. Connect the Model 3330B power cord to 115 vac.
b. Set the Model 3330B controls as follows:
POWER PUSH ON, STBY/RESET
METER READING  VOLTAGE
MODE VOLTS, 100
VOLTAGE TRIP 100, VERNIER HI
CURRENT LIMIT HI
CROWBAR OFF
Decade Dials 100.00000
c. Select the OPR mode. The OPR lamp should be
flluminated.
d. Advance the Decade Dials to 10X.XX000. When

this new setting is reached, the I LIMIT/V TRIP
lamp should illuminate and the OPR lamp should
go out.

e. Select the STDBY/RESET mode and set the De-
cade Dials to 10X.00000.

f. Select the OPR mode. The OPR lamp should be
lluminated.
g. Select the STDBY/RESET mode.

4-33. Current Limit Checks

434, This check provides a means of verifying that the
CURRENT LIMIT is functioning properly.

a. Connect the Model 3330B power cord to 115 vac.
b. Set the Model 3330B controls as follows:
POWER PUSH ON, STBY/RESET
METER READING =~ CURRENT
MODE MA, 100
VOLTAGE TRIP 100, VERNIER HI
CURRENT LIMIT HI
CROWBAR ON
Decade Dials 100.00000




c. Select the OPR mode.

d. Advance the Decade Dials to 10X.X0000. When
this new setting is reached, the I LIMIT/V TRIP
lamp should just illuminate.

e. Set the Decade Dials to 01 .00000. The I LIMIT/V
TRIP lamp should be off.
f. Slide the CURRENT LIMIT control towards the

LO setting. The I LIMIT/V TRIP lamp should
just illuminate when the LO position is reached.

g. Select the STDBY/RESET and CROWBAR OFF
modes.

435. Rate Limiter Checks

4-36.  This check provides a means of verifying that the
programming rate limiter is functioning properly.

a Connect the Model 3330B power cord to 115 vac.
b. Set the Model 3330B controls as follows:
POWER PUSH ON, STBY/RESET
METER READING  VOLTAGE
MODE VOLTS, 1000
VOLTAGE TRIP 1000, VERNIER HI
CURRENT LIMIT HI
CROWBAR OFF
Decade Dials 1000.0000
c. Select the OPR mode.
d. Alternately select the 10 and 1000 volt ranges at

a rate greater than once every 5 seconds. The I
LIMIT/V TRIP lamp should illuminate, and the
OPR lamp should go out.

e. Select the STDBY/RESET mode and then the OPR
mode. The OPR lamp should be illuminated.

f. Select the STDBY/RESET mode.

4-37. Remote Programming Checks

4-38. Complete verification of all remote programming
functions should be done before the Model 3330B is con-
sidered fully operational. Information located in the Section

II, Operating Instructions, can be used to check these
functions.

33308

439. CALIBRATION
4-40. Introduction

4-41. The Model 3330B should be calibrated every 90
days or whenever repairs have been made. Calibration
should be done at an ambient room temperature of 23°C,
£1°C. Table 4-1 lists the required test equipment.

4-42. Maintenance Access

4-43. To gain access to the calibration adjustments,
proceed as follows:

a. Turn off the Model 3330B.

b. Remove the top dust cover and inner cover. Ac-
cess is now provided to the calibration adjust-
ments and test points shown in Figure 4-3.

NOTE!

The interlock switch shown in Figure 4-3 must
be closed before the instrument can be energized
with the covers removed.

4-.44. Servicing Tools

4-45. Special tools are provided for servicing of the
plug-in assemblies. These tools consist of a card puller
ring and an extender card. The card puller ring is located
in a container shipped with the instrument. The extender
card is mounted in a plastic holder on the rear panel. To
service a plug-in assembly, proceed as follows:

a. Perform the Maintenance Access procedures in
paragraph 4-42.

b. Locate the assembly to be removed and insert the
card puller ring in the hole at the top of the board.
Refer to Figure 4-3 for assembly locations.

c. Insert your index finger in the card puller ring
and remove the plug-in assembly using a gentle
rocking and even pulling force.

d. Install the extender card in the assembly position.
Ensure that the mating connectors are correctly
aligned.

e. Install the plug-in assembly on the extender card.

The mating connectors must be correctly aligned
with the same configuration as that in the instru-
ment.

4.7
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-5V ADJ

-25V ADJ

INTERLOCK
SWITCH
1 MA CAL
HI CURRENT LIMIT 10 MA CAL
100 MA CAL
10V CAL
100V CAL
LO CURRENT LIMIT
1000V CAL

CHOPPER DRIVE ADJ

CHOPPER COMP ADJ. LADDER ADJ X10

A4A2Q3 LADDER ADJ 8

LADDER ADJ 4
+25V ADJ
LADDER ADJ 2

LADDER ADJ 1
1000V ZERO ADJ

100V ZERO ADJ

10V ZERO AD{

TEST+ REF METER METER
ADJ ADJ ADJ V

VOLTAGE
TRIP ADJ

Figure 4-3. ADJUSTMENT, TEST POINT AND ASSEMBLY LOCATIONS (Sheet 1 of 2)
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A5
REAR MOTHER BOARD

A6
RELAY BOARD

A2
REAR PANEL —™» A5A1-25& -5 VOLT

POWER SUPPLY

A7T1 A7T2 HV TRANS—
INPUT POWER FORMER
TRANSFORMER
ABA2
PREREGULATOR
A4 MAIN

MOTHER BOARD
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A4A17 RANGE SHUNT
A4A9 RELAY DRIVER

A4A7
CURRENT LIMITER

A4A3 SR T
DIFFERENTIAL \ L A4A16 LADDER
AMPLIFIER ! : 19 v . i DRIVER'NO. 7
‘ N Y ATTe e P A4A15 LADDER
A4A2 _ . , S DRIVER'NO. 6
CHOPPER AMPLIFIER . 2. o - A4A14 LADDER
AGAS v‘ : : Vs 7 DRIVERNO.5
+25 & —15 VOLT o g e A4A13 LADDER

DRIVER NO. 4
A4A12 LADDER
DRIVER NO. 3
A4A11 LADDER
DRIVER NO. 2
A4A10 LADDER
DRIVER NO. 1
A3 FRONTMOTHER
BOARD

A3A2 SWITCH BOARD
ASSEMBLY
A3A1DECADE
SWITCH ASSEMBLY

POWER SUPPLY

Ad4A1
+10 VOLT REFER-
ENCE SUPPLY

A1l
FRONT PANEL

A4AB A4AS
HVPS SERIES PASS

A4A4
SERIES PASS DRIVER

Figure 4-3. ADJUSTMENT, TEST POINT AND ASSEMBLY LOCATIONS {Sheet 2 of 2)
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4-46.

447.

4-10

Preliminary Calibration Procedures

Perform the Maintenance Access procedures given
in paragraph 4-42.

Connect the Model 3330B power cord to 115 vac.

Set the Model 3330B controls as follows:

POWER PUSH ON, STBY/RESET
METER READING  VOLTAGE

MODE VOLTS, 10

VOLTAGE TRIP 1000, VERNIER HI
CURRENT LIMIT HI

CROWBAR OFF

Decade Dials 0.000000

Select the OPR mode and allow the Model 333OB
to operate for at least one hour.

+25 and -5 VDC Alignment
Install the A4A8 assembly on the extender card.

Connect the input of a dc voltmeter to A4AS8
terminal 10 and its common to the +SENSE
terminal.

Turn on the Model 3330B and select the STDBY/
RESET mode.

Adjust A4A8RY, +25V ADIJ, for a 25 £0.01 vdc
indication ont he voltmeter.

Turn off the Model 3330B and install the A4AS8
assembly.

Install the ASA1 assembly on the extender card.

Connect the input of a dc voltmeter to ASAl
terminal 6 and its common to terminal 5.

Turn on the Model 3330B and select the STDBY/
RESET mode.

Adjust ASAIRS, -25V ADIJ, for a —25 +£0.025
vdc indication on the voltmeter.

Connect the dc voltmeter input to ASA1 terminal
16.

Adjust ASAIRII1, —5V ADJ, for —5 +0.01 vdc
indication on the voltmeter.

Turn off the Model 3330B and install the ASAl
assembly.

4-48.

Chopper Amplifier Alignment

Remove the A4A2 Chopper Amplifier PCB Assem-
bly from its slot and install a jumper wire between
pins 6 and 12 on the pcb.

Install the extender pcb in the Chopper Amplifier
slot, and install the Chopper Amplifier PCB on the
extender.

On the front panel of the 3330B connect the pos-
itive output terminal (red) to the chassis ground
terminal.

Refer to Figure 44 and connect a X1 scope probe
to the negative side of C13 on the Chopper Amp-
lifier PCB. Connect the probe’s ground lead to the
main chassis (not the guard chassis).

Connect the 3330B to line power and sequentiall;/

depress the ON-OFF and STDBY RESET switches.

R33

Figure 4-4. CHOPPER AMPLIFIER ADJUSTMENTS

AND TEST POINTS

Set the scopes vertical sensitivity to 1V per division
and its horizontal time base to SO0 us per division.
Use dc coupling and adjust the trace so that zero
volts is at the center of the display.

Refer to Figure 44 and adjust R43 (chopper drive)
to its maximum CW position.

On the scope, observe a low level signal which is
interrupted approximately every 2 ms by a spike.

4/75

= BN O =




500| us

-
<

444
LA

fdl ey
LR LA

ekl L
™ L o a2 Tt

L dom e [
LS 00 B 000 0 2 B 2 2 B e 2 S e R B B

AN E RS NN RN
unnuxvuxn%HHQ

Figure 4-5, CHOPPER WAVEFORM — INITIAL

ADJUSTMENT

1V 50 jus

s
LR B L

+
3
4

I AT
T T TE T

WS W I N W

T IRRERRERERE BRI

| T O e |

a4/15

Figure 4-6. CHOPPER WAVEFORM — FINAL

ADJUSTMENT

Adjust R43in a CCW direction until the noise on
the alternate 2 ms segments appears to be equal.
From this point, adjust R43 one-quarter of a tum
in the CW direction. One segment should appear
noisy and the other quiet.

Adjust R34 so that the noisy segment is preceded
by a positive-going spike similar to that shown in
Figure 4-5. If the adjustment cannot be made,
either install or remove the jumper across R33
(See Figure 4-4) and readjust R34 to obtain the
specified display.

4-49,

4-50.

33308

Decrease the scopes time base to 50 us per division,
and fine tune R34 so that the area under the spike
preceding the noisy region is equal to the area
under the negative overshoot as shown in Figure
46.

Remove the jumper wire from pins 6 and 12.

Set the front panel dials to 0.00000 and select the
10V range. )

Depress the OPR (operate) switch.

Set the scope’s time base to 1 sec per division.
There should be no evidence of low frequency
oscillations (1 to 5 Hz) on the display. If oscilla-
tions do occur, turn R43 CW until the oscillations
have stopped. Then continue to advance R43 for
another one-quarter of a turn in the CW direction.
Readjust R34 in accordance with steps j and k of
this procedure.

Turn the 3330B off, remove the probe and re-
install the Chopper Amplifier PCB in its slot.

Current Ripple Compensation
Connect the input of an rms voltmeter to the

—QOUTPUT terminal and its common to the
+QUTPUT terminal.

Connect a 10K +10%, 1/4W resistor between the
+OUTPUT terminals. ,

Set the Model 3330B controls as follows:

POWER PUSH ON, STBY/RESET
METER READING CURRENT

MODE MA, 1

VOLTAGE TRIP 1000, VERNIER HI
CURRENT LIMIT HI

CROWBAR OFF

Decade Dials .0000000

Select the OPR mode and adjust A7R1 for
minimum rms voltage at the OUTPUT terminals.

Select the STDBY/RESET mode and disconnect
the test equipment.

Range Zero Alignment.

Connect the input of a dc voltmeter to the
OUTPUT terminals, observing proper polarity.

Set the Model 3330B controls as follows:
411
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4-51.

452,

POWER

METER READING
MODE VOLTS, 10
VOLTAGE TRIP 1000, VERNIER HI
CURRENT LIMIT HI

CROWBAR OFF

Decade Dials 0.000000

PUSH ON, OPR
VOLTAGE

Adjust A4A1R19, 10V ZERO ADJ, for a0+2 uv
indication on the voltmeter.

Select the 100 volt range and adjust A4A1R21,
100V ZERO ADJ, for a 0 £20 uv indication on
the voltmeter.

Select the 1000 volt range and adjust A4A1R20,

1000V ZERO ADJ, for a 0+0.2 mv indication on
the voltmeter.

10 Volt Reference Alignment
Select the 10 volt range.

Connect the input of a dc voltmeter to the TEST
+ points on the A4A1 assembly.

Adjust A4A1R10, REF ADIJ, for a 10V £10 uv
indication on the voltmeter.

Disconnect the voltmeter.
Ladder Alignment
Select the 100 volt range.

Connect the input of a dc voltmeter to the OUT-
PUT terminals, observing proper polarity.

Perform the adjustments in Table 4-6.

Table 46. LADDER ADJUSTMENT (D

DECADE
DIALS

VOLTMETER
INDICATION
{vbDC)

ADJUSTMENT
{A4A10)

40.00000
80.00000
20.00000
10.00000
0X.00000

40V + 40 uv
80V £ 80 uv
20V £ 20uv
10V £ 10uv
10V+ 10uv

A4A17R18 100V CAL
R4 LADDER ADJ 8
R8 LADDER ADJ 2
R10 LADDER ADJ 1
R2 LADDER ADJ X10

4-12

d. Select the STDBY/RESET mode and then exchange
the positions of Ladder Driver No. 1 and No. 2
(A4A10 and A4A11).
e. Select the OPR mode and perform the adjustments
in Table 4-7.
f. Select the STDBY/RESET mode.
g. Install Ladder Driver No. 2 in its correct A4A11
position. ’
h. Exchange the positions of Ladder Driver No. 1 and
No.3 (A4A10 and A4A12).
i Select the OPR mode and perform the adjustments
in Table 4-7.
Table 47. LADDER ADJUSTMENT (@)
VOLTMETER
DECADE ADJUSTMENT . INDICATION
DIALS (A4A10) {vDC)
40.00000 R6 LADDER ADJ 4 40V £ 40 uv
80.00000 R4 LADDER ADJ 8 80V + 8Quv
20.00000 R8 LADDER ADJ 2 20V £ 20 uv
10.00000 R10 LADDER ADJ 1 10V £ 10uv
0X.00000 R2 LADDER ADJ X10| 10V+10uv
j- Select the STDBY/RESET mode and install the
Ladder Driver No. 1 and No. 3 in their correct
A4A10 and A4A12 positions.
k. Select the OPR mode.
L. Set the Decade Dials to 10.00000 and record the
output voltage to within £2 uv.
m. Set the Decade Dials to 0X.00000 and adjust
A4A10R2, LADDER ADJ, X10, for the same
voltage recorded in step 1.
4-53. Voltage Range Alignment
a. Set the Decade Dials to -10.00000.
b. Perform the adjustments in Table 4-8.

Select the STDBY/RESET mode and disconnect
the voltmeter.




Table 4-8. VOLTAGE RANGE ADJUSTMENTS
VOLTMETER

MODE ADJUSTMENT INDICATION
(Range) (A4A17) (VDC)

1ov R15, 10V CAL 10V £ 10uv
100V R18,100V CAL 100V £ 0.1 mv
1000V R21, 1000V CAL 1000V £ 1 mv

4-54. MA Range Alignment

Set the Model 3330B controls as follows:

POWER PUSH ON, STBY/RESET
METER READING CURRENT
MODE MA, 1

VOLTAGE TRIP 1000, VERNIER HI
CURRENT LIMIT HI
CROWBAR OFF

Decade Dials .10000000

b. With the instrument in the OPR mode perform
the adjustments in Table 4-9. Loads and volt-
meter connections are made at the OUTPUT
terminals using a four terminal shunt circuit
connection.

c. Select the STDBY/RESET mode and disconnect
the load and voltmeter.

4-55. Meter Alignment

Set the Model 3330B controls as follows:

4-56.

4-57.

33308

Adjust A4A4R5, METER ADJ. V, for a meter
reading of 1000 +10 vdc.

Check the meter reading at Decade Dial settings
of 600.0000 and 200.0000. The meter reading
should be within £10 vdc of the selected output.
If necessary, adjust A4A4R5, METER ADJ. V,
for the best possible meter reading linearity.

Set the Model 3330B controls as follows:

POWER PUSH ON, OPR
METER READING CURRENT

MODE MA, 100
VOLTAGE TRIP 1000, VERNIER HI
CURRENT LIMIT HI

CROWBAR ON

Decade Dials 100.00000

Adjust A4A4R2, METER ADIJ. I, for a meter
reading of 100 1 ma.

Select the STDBY/RESET and CROWBAR OFF
modes.

Current Limit Alignment

Two methods can be used to align the CURRENT

LIMIT feature; one is for manual front panel operation, and
the other is for remote operation. Choice of either method
depends on the particular instrument applications.

4-58.

MANUAL CURRENT LIMIT ADJUSTMENTS. If

the Model 33308 is to be operated manually, perform the
following CURRENT LIMIT adjustments:

Set the Model 3330B controls as follows:

POWER PUSH ON, OPR POWER PUSH ON, OPR
METER READING  VOLTAGE METER READING CURRENT
MODE VOLTS, 1000 MODE MA, 100
VOLTAGE TRIP 1000, VERNIER HI VOLTAGE TRIP 1000, VERNIER HI
CURRENT LIMIT HI CURRENT LIMIT HI
CROWBAR OFF CROWBAR ON
Decade Dials 1000.0000 Decade Dials 10X.X0000
Table 4-9. MA RANGE ADJUSTMENTS
VOLTMETER
MODEL 3330B CONTROLS OUTPUT INDICATION ADJUSTMENT

MA RANGE DECADE DIALS LOAD (vDC) (A4A17)

1 .10000000 1K, Std. 1V +2uv Rl1, IMA CAL

10 10.000000 10042, Std. 1V+2uv R5, 10 MA CAL

100 100.00000 1082, Std. 1V+2uv R9, 100MA CAL
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4-59.

Adjust A4A7R23, HI CURRENT LIMIT ADI,

until the I LIMIT/V TRIP lamp just illuminates.

Set the Decade Dials to 01.00000.

Slide the CURRENT LIMIT vernier to LO and
adjust A4A7R24, LO CURRENT LIMIT ADIJ.,
until the I LIMIT/V TRIP lamp just illuminates.

Repeat steps a through d until the specified
results are obtained.

Select the STDBY/RESET and CROWBAR OFF
modes.

REMOTE CURRENT LIMIT ADJUSTMENT. If

the Model 3330B is to be operated remotely, perform
the following CURRENT LIMIT adjustments:

4-60.

414

Program the following operating conditions:

POWER OPR

MODE MA, 100

V TRIP/I LIMIT REMOTE

V TRIP/ RANGE 100V

V TRIP VERNIER 110% (8 +2+ 1)
CURRENT LIMIT 110% (8 +2+1)
CROWBAR ON

POLARITY POSITIVE
Decades 10X.XX000

Adjust A4A7R23, HIGH CURRENT LIMIT ADI.,
until the I LIMIT/V TRIP lamp just illuminates.

Program the Decades to 01.00000 and the CUR-
RENT LIMIT to LO (0-0-0-0).

Adjust A4A7R24, LO CURRENT LIMIT ADI,
until the I LIMIT/V TRIP lamp just illuminates.

Repeat steps a through d until the specified
results are obtained.

Program the conditions in Table 4-10, observing
that the I LIMIT/V TRIP lamp illuminates within
the specified limit tolerance.

Program the: STDBY/RESET and CROWBAR OFF
conditions.

Voltage Trip Alignment

Rotate A4A4R13, V TRIPOUT ADI, fully coun-
ter-clockwise.

Table 4-10. REMOTE CURRENT LIMIT CHECKS

CURRENT LIMIT
DECADES LIMIT TOLERANCE
(MA)
80.00000 80% (8) 80+ 10%
40.00000 40% (4) 40 £ 10%
20.00000 20% (2) 20t 20%
10.00000 10% (1) 10 £ 20%

b. Set the Model 3330B controls as follows:
POWER PUSH ON, STBY/RESET
METER READING VOLTAGE
MODE VOLTS, 100
VOLTAGE TRIP 100, VERNIER HI
CURRENT LIMIT HI
CROWBAR OFF
Decade Dials 10X.XX000

C. Select the OPR mode and adjust A4A4R13 clock-

wise until the Model 3330B trips to the STDBY/
reset mode. The I LIMIT/V TRIP lamp should
illuminate, and the OPR lamp should go out.

d. Select the STDBY/RESET mode.
4-61. Final Calibration

4-62. The following calibration procedures should be
done only after the Model 3330B has been operated for
at least 24 hours at an ambient room temperature of
23°C +1°C, with the output set to 100 volts on the
100 volt range. The inner cover must be installed and the
top dust cover set in place during the operating period.
All output measurements are done using a FLUKE model
7105A System or equivalent.

4-63. FINAL RANGE ZERO

a.  Set the Model 3330B controls as follows:
POWER PUSH ON, STBY/RESET
METER READING VOLTAGE
MODE VOLTS, 10

VOLTAGE TRIP 1000, VERNIER HI
CURRENT LIMIT HI

CROWBAR OFF
Decade Dials 0.000000
b. " Connect a null detector (FLUKE 7105A System)

to the OUTPUT terminals.
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c. Select the OPR mode and perform the adjustments f. Perform the checks in Table 4-14.
. ble 4-
in Table 4-11 g Select the STDBY/RESET mode and disconnect
the test equipment.
Table 4-11. FINAL RANGE ZERO ADJUSTMENTS
4-65. FINAL MA RANGE
NULL
VOLTAGE ADJUSTMENT DETECTOR -
RANGE (A4A1) INDICATION a. Set the Model 3330B controls as follows:
10 10V ZERO ADJ 0+2uv POWER PUSH ON, STBY/RESET
100 100V ZERO ADJ 0+ 20 uv METER READING  CURRENT
1000 1 KV ZERO ADJ 0 £ 200 uv MODE MA, 1
VOLTAGE TRIP 1000, VERNIER HI
CURRENT LIMIT HI
d. Select the STDBY/RESET mode and disconnect CROWBAR OFF
the null detector. Decade Dials .10000000
4-64. FINAL LADDER AND VOLTAGE RANGE. b. Connect a dc differential voltmeter (FLUKE
7105A System) to the OUTPUT terminals.
a. Connect a dc differential voltmeter (FLUKE
7105A System) to the OUTPUT terminals, ob- Table 4-14. FINAL VOLTAGE RANGE CHECKS
serving proper polarity.
MODEL 33308 POWER SUPPLY
b. Select t t de. CALIB.
elect the 100 volt range and OPR mode CONTROL SETTINGS INDICATION
c. Perform the adjustments' in Table 4-12. RANGE DECADE DIALS (VDC)
Table 4-12. FINAL LADDER ADJUSTMENTS 10 6.000000 5V £ 15uv
100 50.00000 50V + 15 uv
DVM 1000 500.0000 500V + 15 uv~
DECADE ADJUSTMENT INDICATION
DIALS (A4A10) (vDC)
40.00000 100V CAL (A4A17) 40V £ 40 uv
80.00000 LADDER ADJ8 80V £ 80 uv : .
20.00000 LADDER ADJ 2 20V £ 20 uv c. With t'he Model _.3330B in the OPR modej perform
10.00000 LADDER ADJ 1 10V + 10 uv the adjustments in Table 4-15. The specified load
0X.00000 LADDER ADJ X10 | 10V £ 10uv must be connected between the QUTPUT terminals
and voltmeter using a four terminal shunt connec-
tion.
d. Select the STDBY/RESET mode and then connect
a power supply calibrator (FLUKE 7105A System)
to the OUTPUT terminals. : d. Select the STDBY/RESET mode and disconnect
the test equipment. Calibration of the Model
e. Select the OPR mode and then perform the ad- 3330B is completed. Table 4-16 contains a
justments in Table 4-13. summary of all calibration steps.
Table 4-13. FINAL VOLTAGE RANGE ADJUSTMENTS
MODEL 33308 CONTROL SETTINGS ADJUSTMENT PWR. SUPPLY CALIB.
RANGE DECADE DIALS (A4A17) INDICATION (VDC)
10 10.000000 10V CAL 10V £ 4 uv
100 100.00000 100V CAL 100V £ 4 uv
1000 1000.0000 1000V CAL 1000V + 4 uv
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Table 4-15. FINAL MA RANGE ADJUSTMENTS

MODEL 33308 CONTROL SETTINGS LOAD ADJUSTMENT DVM INDICATION
MA RANGE DECADE DIALS (Rstd) (A4A17) (vDC)
1 .10000000 1K 1 MA CAL 1V £ 1uv
10 10.000000 1002 10 MA CAL Wtlu -
100 100.00000 109 100 MA CAL 1V £ 1Tuy

Table 4-16. CALIBRATION PROCEDURE SUMMARY (Sheet 1 of 2)

STEP PARA PROCEDURE RESULT
1 4-46 Preliminary Calibration (1 hr. warm-up, 10V Range-
- 0.000000 OUTPUT)
2 4-47 +25 and —5 VDC Alignment
+25V ADJ +25 +£0.01 vdc (A4AB-10, + SENSE)
—25V ADJ —25 +£0.025 vdc (ABA1-6, 5)
— 5V ADJ — 50.01 vdc (ABA1 - 16, 5)
3 4.48 Chopper Alignment {Scope to A4A2Q3 base, + SENSE)
CHOPPER DRIVE ADJ Fully cw g
CHOPPER COMP ADJ Minimum puise amplitude
CHOPPER DRIVE ADJ ccw for noise. cw for clean signal
+1/8 turn cw.
CHOPPER COMP ADJ Equal pulse amplitude
4 4-49 Current Ripple Compensation {RMS Voltmeter at OUTPUT with
10K load)
A7R1 ~ Minimum rms voltage at OUTPUT
5 4-50 Range Zero Alignment {DVM at QUTPUT)
10V ZERO ADJ 0+ 2uv
100V ZERO ADJ 0+ 20uv
1000V ZERO ADJ 0+ 0.2mv i
6 4-51 10 Voit Reference Alignment {DVM at TEST )
REF ADJ 10V 10 uv
7 4-52 Ladder Alignment (Decade Dials) {DVM at OUTPUT) !
(1) Ladder 1 :
100V CAL (40.00000) 40v £ 40 uv
LADDER ADJ 8 (80.00000) 80v £ 80 uv H
LADDER ADJ 2 {20.00000) 20v £ 20 pv
LADDER ADJ 1 {10.00000) 10v+ 10 uv
LADDER ADJ X10 (0X.00000) 10v+ 10 uv I
{2) Swap Ladder 1 & 2
(3) Ladder 2
LADDER ADJ 4 {40.00000) 40v + 40 uv I
LADDER ADJ 8 (80.00000) 80v + 80 uv
LADDER ADJ 2 {20.00000) 20v £ 20 uv
LADDER ADJ 1 {20.00000) 20v+ 10 uv I
LADDER ADJ X10  (0X.00000) 10v+ 10 uv
4-16 |
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Table 4-16. CALIBRATION PROCEDURE SUMMARY (Sheet 2 of 2)

STEP PARA PROCEDURE RESULT
7 4-52 (4) Return Ladder 2
Cont. (5) Swap Ladder 1 & 3
(6) Repeat step (3}
(7) Return Ladder 1 & 3
{8) Decade Dials to 10.00000 Record Output (£ 2 uv)
(9) Decade Dials to 0X.00000
(10) LADDER ADJ X10 Step (8) Voitage Levei
8 4-53 Voltage Range Alignment (DVM at QUTPUT)
10V CAL (10.000000}) 10V £10 uv (10V Range)
100V CAL (100.00000) 100V £ 0.1 mv (100V Range)
1000V CAL (1000.0000) 1000V £ 1 mv (1000V Range)
9 4-54 MA Range Alignment (DVM and Load at OUTPUT)
1 MA CAL (1.000000) v+ 2uv, 1k Std. (1 MA Range)
10 MA CAL (10.00000) v+ 2 v, 10082 Std. (10 MA Range)
100 MA CAL (100.0000) v £ 2 uv, 1022 Std. (100 MA Range)
10 4-55 Meter Alignment (Panel Meter Reading)
METER ADJ V 1000 £10 vdc (1000v Range)
METER ADJ | (100.0000} 100 £1 ma (100 MA Range)
11 4-56 Current Limit Alignment (100 MA Range, CROWBAR ON}
4-58 MANUAL CURRENT LIMIT '
HI CURRENT LIMIT (10X.X0000) I LIMIT/V TRIP Indication (CURRENT LIMIT Hi)
LO CURRENT LIMIT (01.00000) I LIMIT/V TRIP Indication (CURRENT LIMIT LO)
4-59 REMOTE CURRENT LIMIT
Hi CURRENT LIMIT (10X.X0000) I LIMIT/V TRIP Indication (CURRENT LIMIT 110%)
LO CURRENT LIMIT (01.00000} | LIMIT/V TRIP Indication (CURRENT LIMIT <1%) ™
12 4-60 Volitage Trip Alignment (100V Range)
VOLTAGE TRIP ADJ (10X.XX000) I LIMIT/V TRIP Indiction (VOLTAGE TRIP -
100, VERNIER HI)
13 4-61 Final Calibration (24 hour Operation at 100V OUTPUT)
14 4-63 FINAL RANGE ZERO (Null Detector at OUTPUT)
10V ZERO ADJ (0.000000}) 0+ 2uv (10V Range)
100V ZERO ADJ (00.00000) 0+ 20 uv (100V Range)
1kV ZERO ADJ (000.0000) 0+ 200 uv (1000V Range)
15 4-64 FINAL LADDER AND VOLTAGE (DVM at OUTPUT — FLUKE 7105A)
RANGE
100V CAL (40.00000) 40v + 40 puv
LADDER ADJ 8 (80.00000) 80v + 80 uv
LADDER ADJ 2 (20.00000) 20v £ 20 uv
‘LADDER ADJ 1 (10.00000) 10v £ 10 uv
LADDER ADJ X10 (0X.00000) 10v+ 10 uv
10V CAL (10.000000) 10v + 4 uv
100V CAL (100.00000) 100v £ 4 uv
1000V CAL (1000.0000} 1000V = 4 uv
16 4-65 Final MA Range (DVM & LOAD at OUTPUT - FLUKE 7105A)
1 MA CAL (.10 000000) 1v £ 1puv, 1k Std. 1 MA Range ‘
10 MA CAL (10.000000) 1V £ 1 uv, 1002 Std. 10 MA Range
100 MA CAL (100.00009) 1V £ 1puv, 102 Std, 100 MA Range
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4-66. TROUBLESHOOTING the information in paragraph 4-72. Control circuitry
problems can be isolated using the information in para-

4-67. Introduction graph 4-73.

4-68.  The following paragraphs present a general method WARNING!

of locating the cause of a malfunction. However, before Avoid contact with the inner chassis and

any of these procedures are undertaken, it should be deter- exposed parts. This circuitry is at the same

mined that the following conditions do exist: potential as the +OUTPUT terminal. Also

avoid contact with the Pre-regulator circuitry

a. The instrument is being operated properly. as it is at line power above ground. Always
b. It does not require calibration. turn off the Model 3330B and wait a few

‘ seconds before removing any plug-in assemblies.
c. The plug-in circuit boards are properly seated.

4.72. REGULATOR LOOP ISOLATION. The basic
d. An inspection has been made for loose wires, circuitry of the Model 3330B consists of two interacting

physically damaged components, ot other obvious loops: The Pre-regulator and the Main Regulator. Conse-
quently, problems in one loop can affect the operation of

problems.
the other. Isolation of a trouble to the appropriate loop
4-69. Major Circuit Isolation can be done in the following manner:
. Turn off the Model 3330B
470.  The circuitry in the Model 3330B is composed of 2 um °
four major sections: b. Remove the A5A2 Pre-regulator.
a. Auxiliary dc supplies.
c. Connect the output of a general purpose power
b. Pre-regulator. supply to the Model 3330B circuitry (tlead to
the collector of Q1 in the A4A5 Series Pass and
c. Main regulator. the —lead to the —OUTPUT terminal).
d. Control circuitry d. Set the power supply output to 70 volts above the .
selected output voltage of the Model 3330B. For -
471. Isolation of a trouble in the dc supplies can be example, if the output of the Model 3330B is set
done using the information in Table 4-17. Problems in to 20.00000, the power supply output should be
the preregulator or main regulator can be located using 90 vdc.
Table 417. AUXILIARY DC SUPPLY CHECKS
MEASUREMENT POINTS B
TITLE DESIGNATION ) (+) (—) VOLTAGE
Sink Supply HVPS (A4A6) Pin 11 + SENSE +700 £30 vdc
+35V CURRENT LIMITER Pin 1 + SENSE —36 £3 vde
(A4A7) Pin 3 + SENSE +36 £3 vdc
+25 —15V +25 —15V PWR. Pin 9 + SENSE —15 £1 vdc
SUPPLY (A4A8) Pin 10 + SENSE +25 +2 vde
—25 -5V ~25 -5V PWR Pin 6 Pin 5 —25 13 vdc
SUPPLY (ABA1) Pin 16 Pin 5 —5 11 vdc
iV PREREGULATOR Pin 15 Pin 13 —14V peak
(A5A2) R17 Pin 13 + 14V peak
Ca (+) Pin 13 +13 £1 vdc
+130 SERIES PASS Q8 (c) + SENSE +130 +£10 vde
6.8V (A4A5) CR6 + SENSE (STDBY/RESET)
+6.8 +£0.7 vdc

418




e. Turn on the Model 3330B and select the OPR
mode.

FAULT ANALYSIS

If the selected output of the Model 3330B is
present, the problem is in the Pre-regulator loop.
Should an incorrect output be observed, the problem
is in the Main Regulator loop.

4-73.  CONTROL CIRCUITRY. Correct operation of the
control circuitry can be verified by checking for proper re-
sponse of all front panel controls. Remote programming
can be checked in essentially the same manner using the
information in Section II. Problems in relay drivers will
nomally appear in both local or remote operation. In-
correct relay operation can cause problems in other sections
of the instrument. This presents added troubleshooting
dimensions that should be taken into consideration.
474, Preregulator Troubleshooting

4-75.  Once a problem has been isolated to the Pre-regu-
lator circuitry, the source of trouble can be located using
the following procedure:

a. Turn off the Model 3330B.

b. Remove the ASA2 Pre-regulator.

c. Install the A4AS Series Pass in the extender card.

d. Set the Model 3330B controls as follows:
POWER PUSH ON, STBY/RESET
METER READING VOLTAGE
MODE VOLTS 100

VOLTAGE TRIP 1000, VERNIER HI
CURRENT LIMIT HI

CROWBAR OFF
Decade Dials 50.00000
WARNING!

In performing step e use an ungrounded oscillo-

scope. This assures that the scope chassis and

thus the LOW input is not connected to the
* high potential side of the power line.

e. Connect the high input of an ungrounded oscillo-
scope to A4AS terminal 15 and the low input to
terminal 14.
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FAULT ANALYSIS

There should be positive pulses having an amplitude
of 1 to 2 volts peak-to-peak present on the oscillo-
scope display (sweep speed set to 1 msec/cm). If
the pulses are not observed, the problem is in the
VCO circuitry in the A4AS Series Pass.

f. Turn off the Model 3330B and install the A4AS
Series Pass.

g Install the AS5A2 Pre-regulator on the extender
card.

h. Connect the input of the oscilloscope to the base

of A5SA2Q1 and its common to the emitter.

i. Turn on the Model 3330B and select the STDBY/
RESET mode.

FAULT ANALYSIS

Positive going pulse trains having an amplitude of
1 to 2 volts peak-to-peak should be observed on the
oscilloscope display. Intervals between pulse trains
should be approximately 8 msec. If the pulse trains
are not observed, the problem is in the ASA2 Pre- N

regulator.

4-76. Main Regulator Troubleshooting

4-77.  Once a problem is isolated to the Main Regulator
it must be then further isolated to one of four sections
which comprise this loop. These sections are as follows:

a. High Voltage

b. EREF and Ladcier
c. Series Pass

d. Amplifier

4-78. HIGH VOLTAGE. The High Voltage can be

checked by the substitution method given in paragraph 4-72
and the Preregulator checks given in 4-74. If these circuits
are functioning normally, the problem is in the A4A6
H.VP.S.
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Table 418. SERIES PASS VOLTAGE CHECKS

DECADE OUTPUT LINE CHECK CHECK
MODE DIALS LOAD VOLTAGE POINT POINT
(MA) {VAC) {A4AS) VOLTAGE
VOLTS, 10 10.000000 110 100 Q1 thru Q7 Less than 4 vdg
(Emitter to
Collector)
VOLTS, 10 0.000000 0 130 Q8 (Emitter 60 to 80 vdc
to Collector)
VOLTS, 1000 1000.0000 100 100 Q8 (Emitter 15 to 25 vdc
to Collector)

1-79. EREF AND LADDER. EREF can be checked d. Set the Model 3330B controls as follows:
vith a dc voltmeter at the + TEST points on the A4Al POWER PUSH ON STBY/RESET
r10V Reference Supply. The voltage at this point should METER READING VOLTAGE
se 10V +£10uv. The Ladders (A4A10 through A4Al6) MODE VOLTS, 10
:an be checked by connecting the dc voltmeter to the VOLTAGE TRIP 1000, VERNIER HI
JUTPUT terminals and rotating the Decade Dials through CURRENT LIMIT HI
sach setting, observing for proper output stepping. CROWBAR OFF

Decade Dials 5.000000

-80.  SERIES PASS. The A4AS5 Series Pass regulation
-apability can be checked by measuring the voltage across
he series pass transistors. However, this must be done
inder certain conditions given in Table 4-18.

e. Positive VCO pulses having an amplitude of 1 to 2
volts peak-to-peak should be present on the oscillo-
scope display (sweep speed set to 1 msec/cm).

f. Set the Decade Dials to 6.000000. The VCO pulse
1-81.  AMPLIFIER. The action of the Amplifier, which should disappear.
s a combined function of the A4A3 Differential Amplifier, FAULT ANALYSIS
A4A2 Chopper Amplifier, and A4A4 Series Pass Driver,
:an be checked by monitoring the VCO pulses in the A4AS If the VCO pulses are present with the Decade Dials
Series Pass. To perform this check, proceed as follows: set to 6.000000, the problem is in the Amplifier

section. General troubleshooting of the associated
circuitry should then reveal the source of trouble.

Turn off the Model 3330B and remove the A5A2 Additional checks are given in Table 4-19.
Pre-regulator.

Tabie 4-19. RANGE CIRCUITRY CHECKS

). Connect a general purpose power supply to the DECADE
OUTPUT terminals, observing proper polarity. MODE DIALS VCO PULSES
Set the power supply output to 5.5 vdc. VOLTS, 100 05.00000 Present
VOLTS, 100 06.00000 Not Present E
) . VOLTS, 1000 005.0000 Present -
Connect the input of an ungrounded oscilloscope VOLTS, 1000 006.0000 Not Present
to A4AS5 terminal 15 and its common to 14.
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Section 5

Lists of Replaceable Parts

5-1.  INTRODUCTION

5-2. This section of the manual is a complete illustrated
parts list breakdown itemizing all assemblies and their com-
ponents for this instrument. [lustrations with each listing
aid in locating the assemblies and components. A Cross
Reference List of Fluke stock numbers to original manu-
facturers’ part numbers is included at the rear of this
section.

5-3. Assemblies and subassemblies are identified by a
reference designation beginning with the letter A, followed
by a number (e.g., Al etc.). Electrical components appear-
ing on the schematic diagram are identified by their refer-
ence designation. Components not appearing on the
schematic diagram are identified by Fluke stock numbers
on the illustrations. Flagnotes are sometimes used and
refer to special ordering explanations.

5-4. PARTS LIST COLUMN DESCRIPTIONS

a. The REF DESIG column indexes the item descrip-
tion to the associated illustration. In general, the
reference designations are listed under each assem-
bly in alpha-numeric order. Subassemblies of

minor proportions are sometimes listed with the

assembly of which they are a part. In this case,
the reference designations for the components of

the subassembly may appear out of order.

b. The DESCRIPTION column describes the salient
characteristics of the component. Idention of
the description indicates the relationship to other
assemblies, components, etc. In many cases it is

4/75

necessary to abbreviate in this column. For abbre-
viations and symbols used, refer to Appendix B
located at the rear of the manual.

The six-digit part number, by which the item is
identified at the John Fluke Mfg. Co., is listed in
the STOCK NO. column. Use this number when
ordering parts from the factory or authorized rep-
resentatives.

The TOT QTY column lists the total quantity of
the items used and reflects the latest Use Code.
Second and subsequent listings of the same items
are referenced to the first listing with the abbrevia-
tion REF. The TOT QTY column lists the total
quantity of the item in that particular assembly.

Entries in the REC QTY column indicate the
recommended number of spare parts necessary to
support one to five instruments for a period of
two years. This list presumes an availability of
common electronic parts at the maintenance site.
For maintenance for one year or more at an isola-
ted site, it is recommended that at least one of
every part in the instrument be stocked. In the
case of optional subassemblies, plug-ins, etc. that
are not always part of the instrument, or are devia-
tions from the basic instrument model, the REC
QTY column lists the recommended quantity of
the item in that particular assembly.

The USE CODE column identifies certain parts
which have been added, deleted or modified
during the production of the instrument. Each
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part for which a Use Code has been assigned may
be identified with a particular instrument serial
number by consulting the Serial Number Effec-
tivity List, paragraph 5-9. Sometimes when a
part is changed, the new part can and should be
used as a replacement for the original part. In
this event a parenthetical note is added in the
DESCRIPTION column. '

5-5. MANUFACTURERS' CROSS REFER-
ENCE LIST COLUMN DESCRIPTIONS

a. The six-digit part number, by which the item is
identified at the John Fluke Mfg. Co., Inc. is
listed in the FLUKE STOCK NO. column. Use
this number when ordering parts from the factory
or authorized representatives.

b. The Federal Supply Code for the item manufac-
turer is listed in the MFG column. An abbreviated
list of Federal Supply Codes is included in
Section 7.

c. The part number which uniquely identifies the
item to the original manufacturer is listed in the
MFG. PART NO. column. If a component must
be ordered by description, the type number is
listed.

56. HOW TO OBTAIN PARTS

5-7. Standard components have been used wherever
possible.  These components may be ordered directly
from the manufacturer by using the manufacturer’s part
number, or parts may be ordered from the John Fluke
Mfg. Co., Inc. factory or authorized representative by
using the Fluke part number. In the event the part you
order from Fluke has been replaced by a new or im-
proved part, the replacement will be accompanied by an
explanatory note and installation instructions, if necessary.

5-8. You can insure prompt and efficient handling of
your order to the John Fluke Mfg. Co., Inc. if you include
the following information:

a. Quantity.

b. FLUKE Stock Number.

c. Description.

d. Reference Designation.

e. Instrument model and serial number.

Example: 2 each 266015, Transistor, 2N5138,
A3Q4 & Q5 for 3330B S/N 193.

If you must order structural parts not listed in the parts
list, describe the part as completely as possible. A sketch
of the part, showing its location to other parts of the
instrument, is usually most helpful.

59. SERIAL NUMBER EFFECTIVITY

5-10. A Use Code column is provided to identify certain
parts that have been added, deleted, or modified during
production of the Model 3330B. Each part for which a
use code has been assigned may be identified with a par-
ticular instrument serial number by consulting the Use Code
Effectivity List below. All parts with no code are used in
all instruments with serial numbers above 193.

USE
CODE EFFECTIVITY
NONE Model 3330B serial number 193 and on.
A SN 193 thru 202
B SN 203 and on
C SN 193 thru 252
D SN 253 and on
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TOT|REC| USE
DESCRIPTION STOCK NO
REF DESIG QTYQTY|CODE
PROGRAMMABLE VOLTAGE/CURRENT CALIBRATOR| 3330B
Figure 5-1
Al Front Panel Assembly 1-
(See Figure 5-2)
A2 Rear Panel Assembly 1
(See Figure 5-1)
A3 Front Mother Board Assembly (3330B<4006) 286310 1
(See Figure 5-3)
A3Al Decade Switch Assembly (333A-4019) 262790 1
(See Figure 54)
A3A2 Switch Board Assembly (3330B4007) 288068 1
(See Figure 5-5)
A3A3 I/V Limit Vernier Assembly (333A4012) 251991 1
(See Figure 5-6)
A4 Main Mother Board Assembly (3330B4001) 285460 1
(See Figure 5-7)
A4Al +10 Volt Reference Supply Assembly (333A4005) 251926 1
(See Figure 5-8)
A4A2 Chopper Amplifier Assembly (333A-1004) 251918 1
(See Figure 5-9) _
A4A3 Differential Amplifier Assembly (3330B4003) 285569 1
(See Figure 5-10)
A4A4 Series Pass Driver Assembly (333A4024) 275388 1
(See Figure 5-11)
A4AS5 Series Pass Element Assembly (333A4034) 283465 1
(See Figure 5-12)
A4A6 High Voltage Power Supply Assembly (3330B4002) 285478 1
(See Figure 5-13)
A4A7 Current Limiter Assembly (333A4032) 282848 1
(See Figure 5-14)
A4A8 +25 & —15 Volt Power Supply Assembly (335A4059) 219188 1
(See Figure 5-15)
A4A9 Relay Driver Assembly (333A-4009) 251967 1
(See Figure 5-16)
A4A10 Ladder Driver No. 1 Assembly (3330B4031) 405476 1
(See Figure 5-17)
Ad4A1l Ladder Driver No. 2 Assembly (333A4029) 275420 1
(See Figure 5-18)
A4A12 Ladder Driver No. 3 Assembly (333A4028) 275412 1
(See Figure 5-18)
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TOTIREC] USE
REF DESIG DESCRIPTION STOCK NO
QTYQTY{CODE
A4A13 Ladder Driver No. 4 Assembly (333A4016) 252031 1
(See Figure 5-19)
Ad4A14 Ladder Driver No. 5 Assembly (333A4002) 251892 37
(See Figure 5-20) -
A4AlS Ladder Driver No. 6 Assembly (333A-4002) 251892 REF]
(See Figure 5-20)
A4A16 Ladder Driver No. 7 Assembly (333A4002) 251892 REF
(See Figure 5-20)
A4A17 Range Shunt Network Assembly (333A4008) 251959 1
(See Figure 5-21) '
AS Rear Mother Board Assembly (3330B4005) 286013 1
(See Figure 5-22)
ASAl —25 & —5 Volt Power Supply Assembly (333A-4003) 251900 1
(See Figure 5-23)
ASA2 Preregulator Assembly (335A4082) 222000 1
(See Figure 5-24)
A6 Relay Board Assembly (3330B4004) 286195 1
(See Figure 5-25)
A7 Inner Chassis Assembly 1
(See Figure 5-1)
Extender Card PCB 187344 1
Card puller ring 170951 1
Connector, male, 50 contact (mates with J8) 266056 1
Cover, bottom 287177 1
Cover, top 287169 1
Foot 230037 4
Line cord 226100 1
Rack mounting kit 243279 1
Tilt stand 231407 1
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Figure 5-1. 33308 PROGRAMMABLE VOLTAGE/CURRENT CALIBRATOR (Sheet 1 of 2)
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Figure 5-1. 33308 PROGRAMMABLE VOLTAGE/CURRENT CALIBRATOR (Sheet 2 of 2)
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33308
TOT|REC| USE

REF DESIG DESCRIPTION STOCK NO aTYlaTvlcone

A2 REAR PANEL ASSEMBLY REF

See Figure 5-1

F1 Fuse, fast acting, 1/8 amp, 250v 196790 1 10

F2 Fuse, slo blow, 3 amp 250v (for 115v operation) 109280 1 10

F2 Fuse, slo blow, 1% amp, 250v (for 230v operation) 109231 1 10

J7 Connector, male, 3 contact 159012 1

TB1 Barrier strip 160879 1

XF1,XF2 Fuse holder 160846 2
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TOT|REC| USE
REF DESIG DESCRIPTION STOCK NO atvlaTylcooe
A7 INNER CHASSIS ASSEMBLY REF
See Figure 5-1
Cl1 Cap, oil, 4 uf +10%, 1200v 183541 1
C2,C3 Cap, cer, 0.02 uf +20%, 1 kv 217810 2
C4,C5 Cap, cer, 0.01 uf, 500v 105684 2
(mounted on J7)
18 Connector, female, 50 contact 267252 1
M1 Meter, 0-100 pa 248021 1
R1 Res, ww, 250Q £3%, 50 w 283804 1
R2 Res, var, ww, 5k £5%, 1w 149260 1
S1, S2 Switch, interlock 187708 2
T1 Transformer, primary power 269860 1
T2 Transformer, high voltage 222307 1
T3 Transformer, —25 & —5 vps 224790 1
AC Cable 287656 1
5-8
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TOT|REC] USE
REF DESIG DESCRIPTION STOCK NO aTylaTY|cope

Al FRONT PANEL ASSEMBLY REF

Figure 5-2
DS1 thru Lamp, incandescent, 28v 246686 10 | 10
DS10
J1,J2 Binding post, red 275552 2
13,14 Binding post, black 275560 2
J5 Binding post, blue 275578 1
J6 Binding post, white 275586 1
XDS1 thru Lampholder 278986 10
XDS10

Dial, 0- X 232645 6

Dial, 0- 10 232207 1

Handle 246298 2

Lens, decimal lamp, clear 271643 8

Lens, decimal lamp, red 282475 2

Link, shorting, copper 190728 2

Knob 158949 7

Pushbutton, green 268862 1

59
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Figure 5-2. FRONT PANEL ASSEMBLY
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TOT]REC] USE
REF DESIG DESCRIPTION STOCK NO oTYlaTYicoDE
A3 FRONT MOTHER BOARD ASSEMBLY 286310 REF
Figure 5-3

A3Al Decade Switch Assembly 262790 REF
(See Figure 5-4)

A3A2 Switch Board Assembly 288063 REF
(See Figure 5-5)

A3A3 I/V Limit Vernier Assembly 251991 REF
(See Figure 5-6)

Cl Cap, elect, 50 uf +50/—10%, 25v 168823 1

C2 Cap, cer, 0.05 uf £20%, 100v 149161 1

CR1 Diode, silicon, 150 ma 113308 1

CR2 thru Diode, silicon, 150 ma 203323 2112

CR10, CR13

thru CR24

CR11 Diode, zener, 20v 180463 1

CR12 Diode, zener, 3.9v 113316 1

IC1 IC, RTL, Quad 2-Input Gate 223214 1

K1 thru K10 Reed relay switch 267708 10} 5

KilthruKi13 Reed relay switch 268060 3 1

Kl thruK13 Coil, reed relay, 24v 272708 13 ]2

Ql Tstr, silicon, PNP 225599 1

Q2 Tstr, silicon, PNP 159491 1

Q3 Tstr, silicon, NPN 203489 1

Q4 thru Q13 Tstr, silicon, PNP 266015 1312

Q16,Q17,

Q18

Ql4 Tstr, silicon, NPN 168716 1

Qls Tstr, silicon, NPN 218396 1

R1 Res, met flm, 150k £1%, %w 247213 1

R2 Res, car flm, M +£0.5%, lw 107557 1

R3,RS Res, comp, 4.7k £5%, 4w 108886 2

R4 Res, comp, 15k £10%, %w 108530 1

R6,R7 Res, car flm, SM+1%, 1w 107458 2

R8 Res, met flm, IM 1%, 4w 161075 1

4/75
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Figure 5-3. FRONT MOTHER BOARD ASSEMBLY
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TOT|REC] USE
REF DESIG DESCRIPTION STOCK NO
IQTYQTY|CODE
R9 Res, met flm, 100k +1%, %w 151316 1
R10 thru Res, comp, 2.2k £5%, Yaw 148049 12
R13, R33 i
thru R36,
R38, R39,
R46, R47
R14,R16 Res, comp, 2k +5%, Yuw 202879 13
R18, R20,
R22,R24,
R25,R27,
R29, R31,
R48 thru
R50
R15 Res, comp, 91082 +5%, %w 170704 1
R17 Res, comp, 10k £5%, Yaw 148106 1
R19 Res, comp, 5.1k £5%, Yaw 193342 1
R21,R23 Res, comp, 2.4k +5%, 4w 193433 2
R26 Res, comp, 100k +5%, Yw 148189 1
R28 Res, comp, 51k £5%, Y%w 193334 1
R30, R32 Res, comp, 24k +5%, Yaw 193425 2
R40 Res, comp, 220k +5%, Yw 160937 1
R41 Res, comp, 1.6M +5%, Yw 218008 1
R42 Res, comp, 5182 £5%, 4w 221879 1
R43 Res, comp, 33092 £5%, Yaw 147967 1
R44 Res, comp, 4302 +£5%, Yaw 203869 1
R45 Res, comp, 1k +5%, 4w 148023 1
R51 Res, comp, 20k £5%, Yaw 221614 1
Connector, 22 contact v 233742 1
Connector, 18 contact 235010 1
5-13
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TOT|REC]| USE
REF DESIG DESC STOCK NO
RIPTION KNOl rvlaTy|cooe
A3A1 DECADE SWITCH ASSEMBLY (333A-4019) 262790 |REF
Figure 5-4 .

CR1 thru Diode, silicon, 150 ma 203323 2813

CR28

S1 thru §7 Switch, rotary, 0-10 decade 257048 715

5-14 4/75%




Figure 5-4. DECADE SWITCH ASSEMBLY
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TOT|REC] USE
REF DESIG DESCRIPTION STOCK NO aTvlaTylcooe
A3A2 SWITCH BOARD ASSEMBLY 288068 REF
Figure 5-5
S1 thru S5 Switch Assembly, POWER/METER switches 257063 1
S6 thru S10 Switch Assembly, MODE switches 257071 1
S11 thru Switch Assembly, VOLTAGE 257089 1
S14 LIMIT/CROWBAR switches
Connector, 18 contact 234906 1
234914 '1

Connector, 22 contact

5-16
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Figure 5-5. SWITCH BOARD ASSEMBLY
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TOT|REC| USE
DESCRIP STOCK N

REF DESIG RIPTION (0] aTylaTylcope

A3A3 I/V LIMIT VERNIER ASSEMBLY 251991 REF

Figure 5-6 »
RI Res, var, ww, 5k +30%, 1w 266049 1|
R2 Res, var, ww, 270 +30%, 1'a W 268201 1
Figure 5-6. I/V LIMIT VERNIER ASSEMBLY
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TOTIREC] USE
REF DESIG DESCRIPTION STOCK NO
QTYQTY|CODE
A4 MAIN MOTHER BOARD ASSEMBLY 285460 REF
Figure 5-7

AdAl +10 Volt Reference Supply Assembly 251926 REF
(See Figure 5-8)

A4A2 Chopper Amplifier Assembly 251918 REF
(See Figure 5-9)

A4A3 Differential Amplifier Assembly 285569 REF
(See Figure 5-10)

Ad4A4 Series Pass Driver Assembly 275388 REF
(See Figure 5-11)

A4AS Series Pass Element Assembly 283469 REF
(See Figure 5-12)

A4A6 High Voltage Power Supply Assembly 285478 REF
(See Figure 5-13)

A4A7 Current Limiter Assembly 282848 REF
(See Figure 5-14)

A4A8 +25 & —15 Volt Power Supply Assembly 219188 REF
(See Figure 5-15)

A4A9 Relay Driver Assembly 251967 REF
(See Figure 5-16) s

A4A10 Ladder Driver No. 1 Assembly 279810 REF
(See Figure 5-17)

A4A11 Ladder Driver No. 2 Assembly 275420 REF
(See Figure 5-18)

A4A12 Ladder Driver No. 3 Assembly 275412 REF
(See Figure 5-18)

A4A13 Ladder Driver No. 4 Assembly 252031 REF
(See Figure 5-19)

Ad4A14 Ladder Driver No. 5 Assembly 251892 REF
(See Figure 5-20)

A4A1S Ladder Driver No. 6 Assembly 251892 REF
(See Figure 5-20)

A4Al6 Ladder Driver No. 7 Assembly 251892 REF
(See Figure 5-20)

A4A17 Range Shunt Network Assembly 251959 REF
(See Figure 5-21)

Cl Cap, plstc, 0.047 uf £20%, 1200v 190561 1

C2 Cap, plstc, 1 uf £20%, 200v 106450 1

C3,C4 Cap, Ta, 10 uf £10%, 20v 160259 1

5-19
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Figure 5-7. MAIN MOTHER BOARD ASSEMBLY
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TOT|REC] USE
REF DESIG DESCRIPTION STOCK NO
QTYQTY|CODE

C5,C6, Cap, elect, 125 uf +50/—10%, 450v 106336 3
Cc7
CR1 thru Diode, silicon, 150 ma 203323 33’
CRS8, CR13/ .
thru CR35
CR27, Diode, silicon, 1 amp, 600 piv 112383 4
CR29,
CR30,
CR36
CR38, Diode, zener, 75v 168096 2
CR39
K1 thru Relay, 24 VDC, DPDT 281170 5
K5 ,
K6 Relay, 24 VDC, DPDT 284745 1 A
K6 Relay, 24 VDC, DPDT 271429 1 B
R1,R2, Res, car flm, 1.82M +1%, Yaw 219089 3
R3 .
R4 Res, comp, 5.1Q2 £5%, 1w 219071 1
RS Res, comp, 33082 £5%, 1w 163394 1
R6,R7, Res, comp, 150k £5%, 2w 110112 3
R8

Connector, 16 contact, female 187732 17

Socket, relay 281253 S

Socket, relay 284752 1 A
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TOT|REC] USE
REF DESIG DESCRIPTION STOCK NO aTvlaTylcopE
A4A1 +10 VOLT REFERENCE SUPPLY ASSEMBLY 251926 REF
Figure 5-8
C3 Cap, plstc, 1 uf £10%, 250v 190330 2
C2 Cap, elect, 400 uf +10/-50%, 25v 168153 1
c4 Cap, plstc, 0.047 uf £10%, 40v ‘ 162008 1
C5 Cap, elect, 4uF 340281 1
CR1 Diode, silicon, 150 ma 203323 1
CR2 ’ Diode, zener, 5.2v 233627 1
IC1 IC, 5 transistor array 248906 1
Q1 Tstr, silicon, NPN 168708 1 1
Q2 Tstr, silicon, PNP 195974 1 1
R1 Res, comp, 39k +5%, }aw 186049 1
R3 Res, met flm, 16.5k +1%, %2w 162529 1
R4 Res, met fim, 232k + 1%, %W 262014 1
RS Res, met flm, 10k +1%, %aw 151274 1
R6 Res, met fim, 1k +1%, %w 151324 1
R7 Res, comp, 9.1k +5%, 2w 160028 1
R8 Res, comp, 11k 5%, %w 108613 1
R9,R23 Res, comp, 10k +5%, Yaw 109165 2
R10 Res, var, cermet, 50Q £20%, %w 267815 1
R14 Res, met flm, 1.15k +1%, %w 155010 1
R16,R17, Res, met fim, 6.04k +1%, %W 162586 3
R18
R19,R20, Res, var, ww, 10k +10%, 1%w 195164 3
R21
R22 Res, ww, 73.586k +0.01%, 1w 260109 1
IC2, R2, Reference Amplifier matched Set 224824 1
R11,R15 (must be replaced as entire set)
R12,R13 Matched Resistor Set 252023 1
(must be replaced as entire set)
Connector, male, 16 contact 187724 1
5-22 4/75




e S o o ST T T e

33308

Figure 5-8. +10 VOLT REFERENCE SUPPLY ASSEMBLY
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TOT]|REC] USE
REF DESIG DESCRIPTION STOCK NO aTvlaTylcone
A4A2 CHOPPER AMPLIFIER ASSEMBLY 251918 REF
Figure 5-9
Cl1 Cap, plstc, 0.1 uf £10%, 250v 161992 1
C2,C3 Cap, pistc, 0.0068 uf £20%, 200v 106070 2
C4 Cap pistc, 0.047 uf £10%, 250v 162008 1
C5 Cap, mica, 4pf +5%, 500v 190397 1
C6 Cap, mica, 640 pf +5%, 500v 215251 11
€7,C13 | Cap, elect, 5 uf + 75/—10%, 25v 152009 2
C8,C21 ' Cap, elect, 50 uf +50/—10%, 25v 168823 2
C9,C23 Cap, elect, 100 uf +75/-10%, 3v 106534 2
C10 Cap, mica, 220 pf +5%, 500v 170423 1
Cl1 Cap, cer, 100 pf £10%, 1 kv 105593 1
C12 Cap, mica, 5pf£10%, 500 v 148577 1
C14,C16 Cap, Ta, 33 uf £10%, 10v : 182832 2
C15,C17 Cap, elect, 15 uf +75/—10%, 6v 105700 2
C18 Cap, Ta, 100 uf £10%, 10v : 170456 1
C19,C20 Cap, plstc, 0.015 uf +2%, 100v . 182154 2
C22 Cap, Ta, 0.47 uf £20%, 35v 161349. 1
CR1 Diode, zener, silicon 150334 1
Rz thr Diode, silicon, 1 amp, 100 piv 116111 4
CR6, Diode, silicon, 150 ma 203323 2
CR7 ]
IC1 IC, operational amplifier 246603 1
Q- Tstr, MOS FET, P-channel 226043 1
Q2 Tstr, FET, N-channel 166223 1
Q3 Tstr, silicon, PNP 195974 1
Q4 Tstr, silicon, PNP 261032 1
QS thru Tstr, silicon, NPN 218396 3
Q7
R1 Res, comp, 51k +5%, Yw 193334 1
R2,R21, Res, comp, 100k £5%, ¥aw 148189 3
R22
5-24
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Figure 5-9. CHOPPER AMPLIFIER ASSEMBLY
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33308
TOT|REC} USE
REF DESIG DESCRIPTION STOCK NO
[QTYQTY|CODE
R3 Res, met fim, 604k +1%, Y%aw 182493 1
R4 Res, comp, 102 £5%, Yaw 147868 1
R5 Res, met flm, 750k £1%, Y%w 155192 1
R6 Res, comp, 3.3M £5%, %w 208389 1
R7 Res, comp, 13k +5%, Y%w 221598 1
R8, R41, Res, comp, 20082 +5%, Yw 193482 3
R42
R9, R32, Res, comp, 22k +5%, Y%w 148130 5
R37, R39,
R40
R10, R12 Res, met flm, 34k £1%, V2w 151241 2
R11 Res, comp, 10M 5%, Yaw 194944 1
R13 Res, comp, 1.5k 5%, %aw 148031 1
R14 Res, met flm, 301 +1%, Y%w 167494 1
R15 Res, met flm, 8.06k +1%, %aw 159467 1
R16 Res, met flm, 68.1k +1%, %aw 161083 1
R17 Res, comp, 68k +5%, Yaw 148171 1
R18 Res, comp, 24k +£5%, Y%w %ﬁ;% 193425 1
RI19, Res, met flm, 10k £1%, %w ? 151274 2
R20 ’
R23 Res, comp, 33k £5%, Yaw 148155 1
R24 Res, comp, 10k +5%, %w 148106 1
R25 Res, comp, 36k +5%, Yaw 221929 1
R26 Res, comp, 18k +5%, Yaw 148122 1
R27 Res, comp, 5602 5%, Yaw 147991 1
R28 Res, comp, 47k 5%, ¥aw 148163 1
R29 Res, comp, 180k +5%, Y%w 193441 1
R30 Res, comp, 8.2k +5%, Y%w 160796 1
R31 Res, comp, 15k +5%, Y%w 148114 1
R33 Res, met flm, 4.22k £1%, Y%w 223396 1
R34 Res, var, cermet, Sk £20%, %w 159905 1
R3S Res, met fim, 24.3k +1%, %Aw 217430 1
R36, R38 Res, met fim, 237k +£1%, 1/8w 288373 2 C
R36, R38" Res, met flm, 187k + 1%, 1/8w 289462 2 D
R43 Res, var, comp, 10k £30%, Y%w 223131 1
Connector, male, 16 contact 187724 1
5-26 4175
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TOT|REC| USE
REF DESIG DESCRIPTION STOCK NO oTvlaTYlcoDE
A4A3 DIFFERENTIAL AMPLIFIER ASSEMBLY 285569 REF
Figure 5-10
Cl Cap, plstc, 0.1 uf £10%, 50 v 150318 I
C2 Cap, cer, 510 pf £5%, 500 v 148411 1.
C3 Cap, Ta, 15 uf £10%, 20v 153056 1
C4 Cap, elect, 250 uf +50/—10%, 40v 178616 1
Cs Cap, cer, 0.05 uf +80/—20, 25v 148924 1
CR1 thru Diode, silicon, 1 amp, 100 piv 116111 14 | 2
CR13,
CR15
CR14 Diode, zener, 10v 113324 1
Q1,Q12 Tstr, silicon, NPN 177105 2
Q2 Tstr, FET, N-Channel 166223 1
Q3,Q5, Tstr, silicon, PNP 190389 3
Q7
Q4, Q6 Tstr, tested, silicon, NPN 198812 2
Q8 Tstr, silicon, NPN 203489 1
Q9,Q10 Tstr, silicon, PNP 183558 3
Q11
Q13 Tstr, silicon, PNP 195974 1
Q14 Tstr, silicon, NPN 218396 1
R1 Res, comp, 22k +5%, %w 186064 1
R2,R3 Res, comp, 1002 +5%, hw 188508 4
R5,R6
R4 Res, ww, 10k +0.02%, Yaw 112177 1
R7 Res, comp, 1k +5%, %w 108597 1
R8, R9,
R10 Res, comp, 51082 5%, %w 108951 3
R11 Res, comp, 22M 110%, %w 108233 1
R12 Res, comp, 6.2k 5%, hw 108621 1
R13 Res, comp, 2.2k 5%, %w 108506 1
4/75 5.27
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TOT|REC] USE
REF DESIG DESCRIPTION STOCK NO atylaTylcooe

R14 Res, comp, 1.2k +10%, %Bw 108803 1
R15 Res, met flm, 100k +1%, %w 151316 1
R16, Res, met fim, 221k +1%, %w 182527 2
R20
R17,R21 Res, met flm, 40.2k +1%, 2w 161059 2
R18,R19 Res, met flm, 750 +1%, ¥w 150870 2
R22 Res, met flm, 6.04k +1%, %w 162586 1
R23 Res, met flm, 42.2k +1%, %w 182501 1
R24, Res, met flm, 9.09k +1%, %w 151258 2
R34
R25 Res, met flm, 15k +1%, %w 151498 1
R26, Res, met flm, 1.58k +1%, %w 182543 2
R27
R28 Res, met flm, 9.76k 1%, %w 182485 1
}Fgg, Res, comp, 5.1k +5%, %w 109108 2
R31,R32 Res, comp, 2k +5%, %w 169854 2
R33 Res, met flm, 5.9k +1%, %w 247833 1
R35 Res, comp, 20k 5%, hw 109041 1
R36 Res, comp, 1.3k +5%, %w 109157 1

187724 1

Connector, male, 16 contact
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TOT|REC) USE
REF DESIG DESCRIPTION STOCK NO
IQTYQTY|CODE
Ad4ASL SERIES PASS DRIVER ASSEMBLY 275388 REF
Figure 5-11
Cl Cap, plstc, 0.47 uf £10%, 250v 184366 1
C2 Cap, pistc, 0.22 uf £10%, 250v 194803 1
C3 Cap, plstc, 0.1 uf +20%, 200v 106435 1
Ca Cap, plstc, 0.22 uf £10%, 80v 159392 1
C5 Cap, elect 5 uf +75/-10%, 25v 152009 1
CR1, CR2, Diode, silicon, 1 amp, 100 piv 116111 13
CR4, CR6,
thru CR9,
CR13,
CR15,
thru CR19
CR3, CR5 Diode, zener, 10v 113324 2
CR 10,
CR11, Diode, silicon, 150 ma, 6 piv 113308 3
CR12
CR14 Diode, zener, 4.3v 180455 1
Ql1, Q4, Tstr, silicon, PNP 159491 4 1
Q6,Q8
Q2,Qs5, Tstr, silicon, NPN 203489 3 1
Q7
Q3 Tstr, silicon, NPN 183004 1
R1,R4 Res, met flm, 4.02k +1%, %w 167478 2
R2 Res, var, ww, 2k +10%, 1%w 198416 1
R3 Res, comp, 2.7k +10%, 1w 109496 1
R5,R13 Res, var, ww, 3k 120%, 14w 149781 2
R6 Res, met flm, 5.62 k £1%, %w 219014 1
R7 Res, comp, 100K £10%, %w 108126 1
R9 Res, comp, 2.4k +5%, 4w 108902 1
R10,R11 Res, comp, 27Q2 £10%, 1w 109868 2
R12 Res, comp, 36k +5%, %Aw 185991 1
R14 Res, met flm, 1k £1%, %w 151324 1
R15 Res, met flm, 221k £1%, hw 182527 1
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Figure 5-11. SERIES PASS DRIVER ASSEMBLY
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TOTIREC]| USE
REF DESIG DESCRIPTION STOCK NO atyloTylcope
R16 Res, comp, 3.9k +10%, %w 161406 1 E
R17 Res, comp, 20k +5%, %w 109041 1
R18 Res, comp, 16k +5%, %w 159632 1
R19 Res, comp, 10k £10%, %w 108118 1
R20 Res, comp, 27k +5%, ¥aw 186023 1
R21 Res, comp, 3082 £5%, %w 218792 | 1
R22, Res, met flm, 10Q +1%, %w 151043 2
R29
R23,R25 Res, comp, 47k +5%, Y%w 108738 2 ﬂ
R24 Res, comp, 6200 +5%, %w 108704 1 |
R26 Res, comp, 33082 £5%, 2w 219063 1
R27 Res, comp, 2k +5%, ¥iw 169854 1
R28 Res, comp, 8.2k +5%, ¥%w 147777 1
R30 Res, comp, 12092 5%, Y%w 170712 1
R31 Res, comp, 10Q £5%, Yaw 147868 1
Connector, male, 16 contact 187724 1
Heat sink, Q3 186759 1
B
B
g
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TOT|REC| USE
REF DESIG DESCRIPTION STOCK NO
QTYXQTY|CODE
A4A5 SERIES PASS ELEMENT ASSEMBLY 783465 REF

Figure 5-12 .
C1,C3 Cap, cer, 0.05 uf +80/—10%, 500v 194068 2
C2 Cap, elect, 8 uf +50/—-10%, 450v 190468 1
c4 Cap, plstc, 0.068 uf +10%, 100v 182170 1
6} Cap, plstc, 0.047 uf £10%, 80v 195099 1

CRI1 thru Diode, silicon, 1 amp, 600 piv 112383 17 | 4
CRS5, CR7
thruCR17,
CR31
CR6 Diode, zener, 6.8v 187195 1
CR18 Diode, zener, 20 v 113340 1
CR19 Diode, zener, 12v 203547 1
CR20, Qiode, silicon, 1 amp, 100 piv 116111 3
CR21,
CR32
CR22 Diode, zener, 6.2v 180497 1
CR23 Diode, zener, 200v 217422 8 16
thru
CR30
Ql thru Tstr, silicon, NPN > 8 |16
Q8
Q9 Tstr, silicon, unijunction 117176 1
Q10 Tstr, silicon, NPN 203489 1
R1,R2, Res, comp, 1.8k +10%, 2w 185983 3
R3
R4, R8 Res, comp, 62k +5%, %kw 108522 2
RS Res, comp, 100k +10%, 2w 158659 1
R6 Res, comp, 56k +5%, w 219048 1
R7,R9, Res, comp, 1k £5%, 4w 108597 7
R11,R13,
R15,R17,
R19
5-33
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Figure 5-12. SERIES PASS ELEMENT ASSEMBLY
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TOT|REC] USE
REF DESIG DESCRIPTION STOCK NO aTvlaTylcone

R10 Res, comp, 68k 5%, 4w 159624 1
ER{‘%: Res, comp, 75k +5%, hw 108928 3
R36
R14 Res, comp, 82k +5%, hw 195966 1
R16 . Res,comp,91k +5%, hw 219030 1
R18, Res, comp, 100k +5%, %w 168054 9
R21 thru
R27,
R40
R20 Res, comp, 1.1Q £5%, ¥w 163717 1
R28 thru Res, comp, 22k +10%, 2w 109975 7
R34
R37 Res, comp, 36k +5%, hw 185991 1
R38 Res, comp, 18082 +5%, %w 108944 1
R39 Res, comp, 10082 £5%, ¥w 188508 1
R41,R42 Res, met flm, 4.75k +1%, %w 192500 2

Heat sink 192245 1

Connector, male, 16 contact 187724 1

D Q1 thru Q8 may be Fluke Part No. 190710, Mfr. 04713, Mfr. Part No. 2N3739;
or Fluke Part No. 225573, Mfr. 95303, Mfr. Part No. 2N4299. It is necessary,
however, that all eight must be the same type. Example; if all eight are 2N4299,
a replacement of one or more should be a 2N4299.
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TOT|REC| USE
REF DESIG DESCRIPTION STOCK NO aTYlaTylcone
A4A6 HIGH VOLTAGE POWER SUPPLY ASSEMBLY 285478 REH
Figure 5-13
C1,C2 Cap, elect, 8 uf +50/-10%, 450v 194068 2 - ‘
C3 Cap, cer, 0.01 uf, gmv, 1.6 kv 106930 1 )
Ca Cap, Ta, 330 uF +10%, 6V 193011 1
Cs Cap,Ta,220uf £10%, 10v 182840 1
C6 Cap, elect, 250 uf +50/ —10%, 40v 178616 1
CR1 thru Diode, silicon, 250 ma 268342 4 2
CR4
CRS thru | Diode, silicon, 1 amp, 600 piv 112383 6 | 2
CR10 .
CRII thru Diode, silicon, 150 ma 203323 5 E
CR1S
CR16 thru Diode, silicon, 1 amp, 100 piv 116111 4 2
CR19 E
Kl Reed relay switch 184440 1 1
Colil, reed relay 272708 1
K2 Reed relay switch 219097 1 E
Coil, reed relay 281857 1
Q1 Tstr, silicon, PNP | 195974 1 !
Q2,Q3, Tstr, silicon, NPN 218396 3
Q4 | | |
RIl,R2 Res, ww, 200k +5%, 10w 246850 2 l
R3 Res, met flm, 22.12 +1%, %w 151472 1
R4, RS Res, comp, 470k £5%, 2w 147710 2 '
R6 i Res, comp, 10022 +10%, 2w 109934 1 1 T
R7 Res, ww, 2k £10%, 10w 155416 1 |
R9 Res, met flm, 6.04k +£1%, ¥aw 162586 1
R10 Res, met flm, 17.4k +£1%, YAw 247270 1
R11 Res, comp, 5.1k +5%, Y%Aw 109108 1
RI2 Res, comp,10k +5%, %w ’ 109165 1
R13, Res, met flm, 10k +1%, hw 151274 2
R4 Connector, male, 16 contact 187724 1
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Figure 5-13. HIGH VOLTAGE POWER SUPPLY ASSEMBLY
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33308
TOT|REC] USE
REF DESIG DESCRIPTION STOCK NO aTylaTylcone
A4A7 CURRENT LIMITER ASSEMBLY 282848 REF
Figure 5-14
(Cfé, C4, Cap, elect 350 uF +75/-10%, 75V 292862 3
gg, C3, Cap, elect, 20 uf +75/—~10%, 50v 106229 3
c? Cap, plstc, 0.047 uf £20%, 100v 106096 1
C9 Cap, elect, 2 uf +75/—10%, 50v 105197 11
Cl10 Cap, pistc, 0.1 uf £20%, 120v 167460 1
CR1 thru Diode, silicon, 1 amp, 600 piv 112383 6 2
CR4,CRS,
CR12
CRS Diode, zener, 36v 186163 1 1
CR6 Diode, zener, 3.9v 113316 ]
CR7 Diode, zener, 36v 237354 1 1
CR9 Diode, zener, 12v 159780 1
CR10, Diode, silicon, 1 amp, 100 piv 116111 2
CR11
Ql Tstr, silicon, NPN 183004 1 1
Q2 Tstr, germanium, PNP 152868 1 1
Q3,05 Tstr,silicon, PN 159491 3
Q6
Q4,Q7 Tstr, silicon, NPN 203489 2
R1,R4 Res, comp, 102 +10%, 2w 110163 2
R2,RS Res, comp, 3.3k +5%, 4w 165761 3
R19
R3 Res, comp, 1502 +5%, 2w 235192 1
R6 Res, comp, 7.5k +5%, hw 108910 1
R7,R16 Res, comp, 100k +10%, %w 108126 2
R8, R9 Res, comp, 12022 +10%, 2w 155531 4
R25,R26
R10 Res, comp, 4.7k +10%, %bw 108381 1
R11l, Res, comp, 10k +10%, %w 108118 2
R12 :
4/75
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Figure 5-14. CURRENT LIMITER ASSEMBLY
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33308
TOT|REC| USE
REF DESIG DESCRIPTION STOCK NO laTvlaTY|cope
R13 Res, comp, 16k +5%, %aw 159632 1
R14,
R21 Res, comp, 1k £10%, %w 108563 2
R15 Res, comp, 2.2k +10%, 4w 108605 1
R17 Res, comp, 36k +5%, %iw 185991 1
R18 Res, comp, 330k +5%, Aw 150201 1
R20 Res, comp, 3k +5%, %w 109090 1
R22 Res, met flm, 12.1k +1%, %w | 182535 1
R23 Res, var, ww, 10k £10%, 1%w 162115 1
R24 Res, var, ww, 1502 £10%, 1%w 113092 1
Heat sink, Q1 186759 1
Heat sink, Q2 186742 1
Connector, male, 16 contact 187724 1 )
5-40
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TOT]REC| USE
REF DESIG DESCRIPTION STOCK NO
)QTYQTY|CODE
A4A8 +25 & —15 VOLT POWER SUPPLY ASSEMBLY 219188 REF
Figure 5-15
Cl Cap, Ta, 68 uf £10%, 15v 182824 1-
C2 Cap, elect, 250 uf +50/—10%, 64v 185850 1
C3,C8 Cap, elect, 50 uf +75/—10%, 50v 105122 2
Cs5,Cl10 Cap, plstc, 2 uf £20%, 100v 106963 2
ce, v
C12 Cap, plstc, 0.1 uf £20%, 200v 106435 1
Cc7,Cl11 Cap, elect, 20 uf +75/-10%, 50v 106229 2
C9 Cap, elect, 0.0012 uf £10%, 200v 106088 1
CR1 thru Diode, silicon, 1 amp, 100 piv 116111 8 4
CR4,
CR7 thru
CR10
CRS Diode, zener, 3.9v 113316 1
CR6 Diode, zener, 6.3v 172148 1
Q1 Silicon controlled rectifier, 1.6 amp, S0v 192567 1
Q2 Tstr, silicon, PNP 159491 1
Q3,Q5 Tstr, silicon, NPN 203489 5
Q6,Q8,
Q9
Q4,Q7 Tstr, silicon, NPN 183004 2 2
R1 Res, comp, 10k +£5%, Y%w 109165 1
R2 Res, comp, 39082 £5%, %w 109182 1
R3 Res, comp. 5.6k +5%, Y%w 187880 1
R4 Res, comp, 158 £10%, 2w 155549 1
R5 Res, comp, 15k +£10%, %w 108530 1
R6 Res, comp 3k, £5%; ¥%w 109090 1
R7 Res, comp, 33k £10%, ¥%w 178541 1
RS Res, met flm, 7.15k £1%, %w 186072 1
R9 Res, var, ww, 1k £20%, 1%4w 113266 1
R10 Res, met flm, 2.55k 1%, Yaw 176362 1
R11 Res, comp, 6.2k £5%, Y%w 108621 1
R12 Res, met flm, 2.37 k £1%, %w 182519 1
R13 Res, comp, 12k +10%, %w 108977 1
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Figure 5-15. +25 AND —15 VOLT POWER SUPPLY ASSEMBLY
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TOT{REC] USE
REF DESIG DESCRIPTIQN STOCK NO aTylaTylcope

R14 Res, comp, 822 £10%, 2w , 110239 1
R15 Res, comp, 8.2k £5%, %aw 147777 1
R16 Res, comp, 3.3k +£10%, 4w 108373 1-
R17 Res, comp, 4.7k +10%, 4w 108381 1
R18 Res, met flm, 8.45 k +1%, %w . 159475 1
R19 Res, met flm, 4.99k £1%, J%w 148890 1
R20 Res, comp, 2k +5%, ¥%w 169854 1

Connector, male, 16 Contact 187724 1.
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TOT|REC| USE
REF DESIG DESCRIPTION STOCK NO
QTYQTY|CODE
A4A9 DRIVER RELAY ASSEMBLY 251967 REF
Figure 5-16
C1,C2 Cap, elect, 20 uf +50/—10%, 16v 241356 2
C3 thru Cap, Ta, 10 uf +20%, 15v 193623 4
C6
C7 Cap, Ta, 5.6 uf +£10%, 6v 198259 1
CR1, Diode, zener, 30v 272633 3
CR2
CR6
CR3,CRS Diode, zener, 56v 187757 3
CR7
CR4, CR9 Diode, silicon, 150 ma 203323 9 3
thru CR16
CRS8 Diode, zener, 5.2v 233627 1
Reed relay switch 219097 3 2

K1,K2,K3 Colil, reed relay 281857 3 1
Q1,Q2 Tstr, silicon, PNP 195974 9 3
Q6,Q8
thru Q13
Q3,05, Tstr, silicon, PNP 159491 3 1
Q7
R1,RS5, Res, comp, 2.2k +5%, Y%w 148049 3
R7
R2,R3, Res, comp, 1k +5%, %w 148023 11
R8,R10,
R12,R14,
R18,R20,
R22 R29,
R31
R4,R11 Res, comp, 36082 +5%, Yiw 192559 2
R6,R15 Res, comp, 2.7k +5%, %w 170720 2
R9,R13 Res, comp, 5.6k +5%, Y%w 148080 2
R16,R17 Res, comp, 5.1k +5%, Yaw 193342 2
R19 Res, comp, 2k +5%, %aw 202879 1
R21,R32 Res comp, 3.3k +5%, Yaw 148056 2
R23,R24 Res, comp, 6.8k +5%, %w 148098 5
R25,R28,
R30
R26 Res, comp, 24k +5%, Yaw 193425 1
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Figure 5-16. DRIVER RELAY ASSEMBLY
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TOT]REC| USE
DE DESCRIP STOCK N
REF SIG E TION TOC 0 atylarylcooe
R27 Res, comp, 10k 5%, Yaw 148106 1
R33 Res, comp, 1802 +5%, Yw 190611 1
Connector, male, 16 contact 187724 1
5-46
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‘ TOT|REC]| USE
EF DESIG DESCRIPTION STOCK NO
R aTYlQTY|CODE

A4A10 LADDER DRIVER NO, 1 ASSEMBLY 405746 REF

Figure 5-17
C1 thru Cap, Ta, 10 uf £20%, 1Sv 193623 4
C4
CR1 thru Diode, silicon, 150 ma 203323 6
CR6
K1 thru Relay, dpdt, 24 vdc coil 277186 4
K4
Q1 thru Tstr, silicon, PNP 218388 4 2
Q4
R1 Res, ww, 73.586k +0.01%, 1w 260109 1
R2,R10 Res, var, cermet, 10092 +20%, %w 159889 2
R3,R5 Res, ww, 24990k +0.01%, 1w 260125 2
R4 Res, var, cermet, 20Q +30%, %w 1186197 1
R6 Res, met flm, 102 £1%, Y%w 151043 1
R7 Res, ww,49.975k £0.01%, 1w 260133 1
R8 Res, var, cermet, 50Q £20%, %w 186189 1
R9 Res, ww,99.95k +0.01%, 1w 277756 1
R11 thru Res, comp, 1k £5%, Y4w 148023 4
R14
R15 thru Res, comp, 1.5k £5%, Yaw 148031 4
R18
R19 thru Res, comp, 2.4k 15%, Yaw 193433 4
R22

Connector, male, 16 contact 187724 1
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Figure 5-17. LADDER DRIVER NO. 1 ASSEMBLY
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' TOT{REC| USE
REF DESIG DESCRIPTION STOCK NO
QTYQTY|CODE
A4A11 LADDER DRIVER NO. 2 ASSEMBLY 275420 . REF
Figure 5-18
Cl thru Cap, Ta, 10 uf £20%, 15v 193623 4.
C4
CR1 thru Diode, silicon, 1 amp, 100 piv , 116111 4’
CR4 )
CRS, Diode, silicon, 150 ma : 203323 2
CR6
K1 thru Reed relay, 267708 4 2
K4 Coil, reed relay 272708 4 1 i
QI thru Tstr, silicon, PNP . 266015 4 2
Q4 : |
RI Res, ww, 73.586k +0.01%, 1w 277749 1 f
R2,R10 Res, var, cermet, 1002 +20%, %w . 159889 2
R3,RS5 Res, ww, 24.990k 10.01%, 1w 277723 2.
R4,R6 Res, var, cermet, 20 +30%, %w ’ 186197 2
R7 ' Res, ww, 49.975k +0.01%, 1w 277731 1
RS Res, var, cermet, S0 £20%, %w - 186189 1
R9 Res, ww, 99.95k +0.01%, 1w : ' 260117 1
R11 thru Res, comp, 1k +5%, %w o 148023 4
R14 . _
R15 thru Res, comp, 2.2k +5%, Y%w 108506 4
R18 _ . :
Connector, male, 16 contact 187724 1
4/75 ' S . 5-49




13308
TOT|REC] USE
REF DESIG DESCRIPTION STOCK NO TylaTY|copE

A4A12 LADDER DRIVER NO. 3 ASSEMBLY 275412 REF

Figure 5-18
((;14 thru Cap, Ta, 10 uf £20%, 15v 193623 4
CR1 thru Diode, silicon, 1 amp, 100 piv 116111 4
CR4
CR5,CR6 Diode, silicon, 150 ma 203323 2
K1 thru Reed relay, 267708 4 2
K4 Coil, reed relay 186155 4 1
Ql thru Tstr, silicon, PNP 266015 4 2
Q4
R1 Res, ww, 73.586k £0.02%, 1w 277707 1
R2,R10 Res, var, cermet, 10082 £20%, %w 159889 2
R3,R5 Res, ww, 24.990k +0.02%, 1w 277681 2
R4,R6 Res, var, cermet, 202 £30%, %w 186197 2
R7 Res, ww,49.975k +£0.02%, 1w 277699 1
R8 Res, var, cermet, 500 +£20%, %w 186189 1
R9 Res, ww, 99.95k +0.02%, 1w 277715 1
l%lli thru Res, comp, 1k 5%, Yaw 148023 4
R15 thru Res, comp, 2.2k +5%, %w 108506 4
R18

Connector, male, 16 contact 187724 1




33308

Figure 5-18. LADDER DRIVER NO.2 AND NO.3 ASSEMBLY
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REF DESIG DESCRIPTION sTock No|TOT[REC| USE
QTYQTY|CODE

A4A13 LADDER DRIVER NO. 4 ASSEMBLY 252031 REF
Figure 5-19 )

CR1 thru Diode, silicon, 1 amp, 100 piv 116111 4

CR4

CR5,CR6 Diode, silicon, 150 ma 203323 2

K1 thru K4 Reed relay 267708 4 1
Coil, reed relay 186155 4

Q1 thru Tstr, silicon, PNP 266015 4 1

Q4 :

R1 Res, ww, 73.586k +0.02%, 1w 277707 1

R2,R10 Res, met flm, 23.2Q £1%, %w 200790 2

R3,R5 Res, ww, 24.990k +0.02%, 1w 277681 2

R4,R6, Res, met flm, 102 +1%, %w 151043 5

R8, R19,

R20

R7 Res, ww, 49.975k +0.02%, 1w 277699 1

R9 Res, ww, 99.95k +£0.02%, 1w 277715 1

R11 thru Res, comp, 1k £5%, Y%w 148023 4

R14

R15 thru Res, comp, 2.2k 5%, Y%w 108506 4

R18
Connector, male, 16 contact 187724 1
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Figure 5-19.

LADDER DRIVER NO. 4 ASSEMBLY
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TOT|REC] USE
DESCRIPTI STOCK NO
REF DESIG ON QTY[QTY|CODE
Ad4A14, LADDER DRIVER NO. 5, NO. 6 & NO. 7 ASSEMBLY | 251892 REF
A4A15, Figure 5-20
A4A16
CR1 thru Diode, silicon, 1 amp, 100 piv 116111 4
CR4
CR5,CR6 Diode, silicon, 150 ma 203323 2
K1 thru Reed relay 267708 4 1
K4 Colil, reed relay 186155 4
Q1 thru Tstr, silicon, PNP 266015 4 |1
Q4
R1 Res, met flm, 73.2k +0.5%, %w 268516 1
R2 Res, met flm, 4320 +0.5%, %¥w »3 268508 1
R3,R5 Res, met flm, 24.9k +0.5%, %w ’ 268474 2
R4, R6 Res, met flm, 1050 %1%, %w 151100 2
R7 Res, met flm, 49.9k +0.5% Y%w 268490 1
R8 Res, met fim, 113Q +1%, 4w 151118 1
R9 Res, met flm, 100k +£0.5%, 4w 268482 1
R10 Res, met flm, 23.282 +1%, %¥w 200790 1
R11 thru Res, comp, 1k +5%, %aw 148023 4
R14
RIS thru Res, comp, 2.2k +5%, %w 108506 4
R18 )
Connector, male,16 contact 187724 1
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Figure 5-20. LADDER DRIVER NO. 5, NO. 6, AND NO.7 ASSEMBLY
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TOTIREC] USE
REF DESIG DESCRIPTION STOCK NO
T 1QTYQTY|CODE

A4A17 RANGE SHUNT NETWORK ASSEMBLY 251959 REF

Figure 5-21 .
Cl Cap, plistc, 0.1 uf £10%, 1200v 233718 1
R1 Res, var, cermet, 100k +20%, %w 275826 1
R2 Res, met flm, 1.07M 1%, %w 281162 1 E
RS Res, var, cermet, 10k +20%, %w 159913 1
R6 Res, met flm, 107k +£1%, %Bw 247080 1
R9, R21 Res, var, cermet, 1k +20%, %w 190538 2
R10 Res, met flm, 10.2k £1%, %w 247049 1
R15 Res, var, cermet, 1082 £30%, %w 186205 1
R18 Res, var, cermet, 1002 £20%, %w 159889 1 E
R3,R4,R7, Matched I Shunt Resistor Set 262774 1
R8, R11 thru :
R14 I
R16, R17, Matched V Range Resistor Set 262782 1
R19, R20,
R22 thru I
R26

Connector, male, 16 contact 187724 1 I
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