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MANUAL CHANGES 

Model 6177B DC Power Supply 
Manual lOP Part No. 06177-90002 

Make all corrections in the manual according to errata below, then check the following table for your power 
wi supply serial number and enter any listed change(s) in the manual. 

SERIAL MAKE 

Prefix i Number CHANGES 

9C 0191 - 0275 1 
OB 0276 - 0365 1,2 
OB 0338, 0339, 1,2,3 

0340, 0343, 
0346, 0348, 
0354, 0356, 
0357, 0364 

OJ 0366 - 'Jp 1,2,3 
ALL - Errata 

OJ 0426 - 0470 L 2, 3, 4 
OJ 0471-0580 1 thru 5 

1149A 0581 - up 1 thru 6 

CHANGE I: 

Table 5-4, Step I should read as follows: 
Remove CR25 and CR26 from circuit (open). Open 
the base lead of Q19B. Disconnect the wire at 
point B (white wire). Refer to Component Location 
Diagram, Figure 7-2. 

CF.ANGE 2: 

The serial number prefix of the instrument has been 
changed from "9C" to "DB". 

In the Replaceable Parts Table, make the following 
changes: 

Front Panel Binding Post, White: Delete, HP Part 
No. 1510-0067. 

Meter Bezel: Change to lOP Part No. 4040-0414. 
Connector, Test Point, Pin Jack, White: Add. HP 

Part No. 1251-2440. 
Connector, Test Point. Pin Plug, VIlhite: Add. HP 

Part No. 1251-2441: 

In the Replaceable Parts Table and on schematic 
diagram, make the following changes: 

R5: Change to 5.49k, l/8W, HP Part No. 0698-
3382. 

Rl0: Change to 5.1k, tw, HP Part No. 0698-3-644. 
R9: Change to 270n, tw, HP Part No. 0686-2715. 
Q3,6: Change to HP Part No. 06177-80001. 
R33: Change to 2.4K, tw, lOP Part No. 0686-2425. 
R51: Change to SIn, tw, lOP Part No. 0686-5105. 
CR11: Add, HP Part No. 1901-0461. 
Disconnect the cathode of VR13 from TP18 and 

connect the cathode of CRl1 to cathode of VR13. 
Connect anode of CR11 to TP18. 

Table 5-4; Step 1 should read as follows: 
Remove jumper Jl, connected to anode of CR26 
(point A). Disconnect wire at point B. Refer to 
Component Location Diagram, Figure 7-2. 

CHANGE 3: 

The serial number prefix of the instrument has been 
change from" OB" to "OJ" . 

In the Replaceable Parts Table and on the schematic 
diagram, make the following changes: 

R70: Change to 270n, ~W, HP Part No. 0686-2715. 
CR25,CR26,CR33: Change to HP Part No. 1901-

0642. 
R50: Add, lOOn, l/8W, HP Part No. 0757-0401. 

connected between +OUT and the junction of 
CR25 anode. CR26 cathode, and Ql9A base. 

"In the Replaceable Parts Table, delete Q25 (HP Part 
No. 1854-0311) from the Milln P. C, Board. Add new 
Q25 (HP Part No. 1854-0250) to the Chassis Electri
cal. The new electrical connections of the new 025 
have not been changed but the transistor is now 
mounted on the rear Heat Sink. A boron nitride in
sulator (HP Part No. 0340-0411) has been installed 
under Q25 before mounting it On the Heat Sink. 

ERRATA: 

On Page 5-14, in Part B of Table 5-10, change 
Step (b) to read: ,jOutput current remains low." 

On the schematic diagram, make the following 
changes: 

Change the references next to the integrated cir
cuits in the guard supply and the main error am
plifier to read: "Z2 (See Note 11); Zl (See Note 
II)!! respectively. 

Change the reference next to the jumpers in the 
meter circuit to read: "Note 9. 11 

Change the positions of the Current Range Switch 
(S2) to read (from top): "500mA, 50mA, 5mA." 

Change the note in the dotted box representing 
the Input Circuit Board in two places on the 
schematic to read: "p/o Input P.C. Board 
(06177-60021)." 

Change Note 4 to read: "All components located 
on main printed circuit board (06177-60022) un
less otherwise indicated. " 

In the Replaceable Parts Table, make the following 
changes: 

VR6: Change rating to 16.2V, 400mW. 
Shoulder Washer, insulated: Add, qty. 6, HP Part 

No. 2190-0490. 
Bushing Insulator, collector screws, Q7, Q29,Q30: 

Change HP Part No. to 0340-0170. 
Indian Bead: Add, HP Part No. 4330-0145. Used 

to prevent Ferrite bead Ll from contacting c?se 
of transistor Q2. 

P.C. Board GUide: Add, lOP Part No. 0403-0150. 
Lampholder Base, DSl. DS2: Change to HP Part 

No. 5040-0305. 



Manual Changes/Model 6177B 
Manual HP Part No. 06177-90002 
Page -2-

CF.ANGE 4: 

In the Replaceable Parts Table, change C33 to 
0.01f'F, 200V, HP Part No. 0160-0161. 

CHANGE 5: 

In the Replaceable Parts Table make the following 
changes: 

Q6: Change to HP Part No. 1853-0083. 
R5: Change to 6.2k, IjBW, ±l %, HP Part No, 

0698-5087. 
R14: Change to 22k, tW, HP Part No. 0686-2235. 

CHANGE 6: 

The standard colors for this instrument are now 
mint gray (front and rear panels) and olive gray : 
(for top. bottom, and side surfaces). Option X95 
designates use of the former color scheme of light 
gray and blue gray. Option ASS designates use of 
a light gray front panel and olive gray for the re
maining surfaces. New Part Numbers are shown 
below: 

I 
I DESCRIPTION 
I STANDARD 

Front Panel, Complete 06177-60002 
Front Panel, Top Insert 06177-60006 
Front Panel, Bottom Insert 06177-60004 
Heat Sink, Rear PaDel 5020-8067 
Rear Panel 5000-9461 
Cover, Side 5000-8559 
Cover, Top 5060-8585 
Cover I Bottom 5000-9444 
Rack Kit (Assy.) 5060-8764 
Filler Panel (Assy.) 5060-8530 

5-1-72 

• 

HP PART NO. 

OPTION A85 OPTION X95 • <;; 
06177-60003 

<' 
E Refer to 
( Manual Parts 

" List 
(-

( 

Not Applicable 
Not Applicable 



SECTION I 
GENERAL INFORMATION 

1-1 DESCRIPTION 

1-2 This supply, is designed for applications 
requiring a constant current source with a high 
degree of regulation and stability and very low 
ripple characteristics. The use of a three-posi
tion output RANGE switch and a lO-tum output 
CURRENT control result in resolution down to 
O.5f.,lA. Special attention has been given to circuit 
details so that we 11 regu 1a ted perfonnance is main
tained down to very low output currents - of the 
order of 1 t-LA. 

1-3 A special guard supply, within the unit, pro-'-' 
vides a voltage which is used to prevent internal 
leakage currents which would degrade the regula
tion characteristics. Since the positive output 
voltage is held equal to the guard voltage. it is 
also used to drive the front panel voltmeter effec
tively isolating the voltmeter from the main supply. 
This prevents the usual output degradation associ
ated with connecting a voltmeter across a constant 
current supply. 

1-4 The supply is completely transistorized (all
silicon) and is suitable for either bench or rack 
operation. It is of the Constant Current/Voltage 

\ Umiting type that will furnish full rated output 
current at the maximum rated output voltage or can 
be continuously adjusted throughout the output 
range. The front panel VOLTAGE control is used to 
establish the output voltage limit (ceiling) when 
the supply is used as a constant current source. 
This control is continuously variable throughout 
the entire voltage range. The front panel CURRENT 
control can be used to establish the output current 
limit (overload or shOTt-circuit) if the supply is 
used as a voltage limited source. 

1-5 A single meter is used to meaSure either out
put voltage or current. The dual selection is ac
complished by a METER switch on the front panel. 
Output current can be measured in one of three 
ranges in accordance with the RANGE SWitch set
ting on the front panel. Output voltage is measur
ed in only one range. 

1-6 The power supply has both front and rear ter
minals. Either the positive or negative output ter
minal.may be grounded or the power supply can be 
operated floating at up to a maximum of 300 Volts 
off grou'Od (added safety precautions should be 

1-1 

taken to protect the operator when the supply is 
used in this mode). 

1-7 Terminals at the rear of the unit allow ac
cess to various control points within the unit to 
expand the operating capabilities of the instru
ment. A brief description of these capabilities is 
given be low: 

a. Remote Programming. The power supply 
can be programmed (controlled) from a remote lo
cation by means of an external voltage source or 
resistance. The output current can be rapidly pro
grammed in the up or down direction using this 
technique. Remote programming speed is less than 
SOOp.sec from zero to 99% of maximum rated output 
with an accuracy of 1%. 

b. External Voltage Monitoring. The output 
voltage of the supply can be externally monitored 
with an accurate differential or digita 1 voltmeter 
for applications involving component testing or 
sorting~ Connecting the external meter to the guard 
voltage prevents output performance degradation 
when this feature is employed. 

c. AC Modulation of Output. An external ac 
component (or varying de) can be superimposed on 
the dc output current of the supply. This feature 
permits measurement of dynamic impedance. volt
age breakdown. and leakage resistance. 

1-8 SPECIFICATIONS 

1-9 Detailed specifications for the power supply 
are given in Table 1-1. 

1-10 OPTIONS 

1-11 Options are factory modifications of a stan
dard instrument that are requested by the customer. 
The following options are available for the instru
ment covered by this manual. Where necessary. 
detailed coverage of the options is included 
throughout 't.'1e manual. 

Option No. 

14 

28 

De scriPtion 

Three Digit Graduated Decadial 
Current Control: Control that re
places 10-turn current control per
mitting resettability to within 0.1%. 

Rewire For 230V AC Input; Supply 
as normally shipped is wired for 
115Vac input. Option 28 consists of 



reconnecting- the input transformer 
for 230Vac operation. 

'-12 ACCESSORIES 

1-13 The applicable accessories listed in the f01-
lo\ving chart may be ordered witt the instrument or 
separately from your local Hewlett-Packard field 
saies offiCE (refer to list at rear of manual for ad
cresses). 

if Par.: No, 
5060-0806 

5060-0097 

DescriDtion 
Rack Kit for mounting one or two 

units. (Refer to Section II for de
tails,) 

Filler panel to block unused half 
of rack when mounting only one 
unit. 

1-14 INSTRUMENT IDENTIFICATION 

1-15 Hewlett-Packard instruments are identified 

1-2 

by a three-part serial number tag. The first part is 
the unit mocie 1 nu mber. The second part is the se
ria 1 number prefix, which consists of a number
l.etter combination that denotes the date of a Sig
nificant design change. The number designates the 
year, and the letter A through L designates the 
month, January through December respectively, 
with 1 omitted. The third part is the instrument 
serial number. 

1-16 If the serial number prefix on your unit does 
not agree with the prefix on the title page of this 
manual, change sheets are included to update the 
manual. Where applicable. backdating information 
is given in an appendix at the rear of the manual.· 

1-17 ORDERING ADDITIONAL MANUALS 

1-18 One manual is shipped with each instrument. 
A~ditional manuals may be purchased from your 
local Hewlett-Packard field office (see list at rear 
of this manual for addresses)' Specify the model 
number, serial number prefix. and @ part number 
provided on the title page. 

• 
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Model 6177B, Specifications 

INPUT: LOAD TRANSIENT RECOVERY TIME: , 115Vac± 10%, single phase, 48-63Hz, 0.6 Amp, Less than ZOOjJ.sec for output current recovery 
55 Watts (nominal). to within 1% of the nominal output current fol-

lowing a full load voltage change in the output 

OUTPUT: voltage. 
0-500mA @ 50 Volts. 

METER: 

OUTPUT CURRENT RANGES: The front panel meter can be used as a 0-3 o o rnA , 
0-500mA, 0-50mA, or O-SmA. 0-30mA, or 0-3mA ammeter or a O-120V voltmeter. 

LOAD REGULATION: OUTPUT CONTROLS: 
Less than 25pprn of output + Sppm of range Range switch selects desired output current 

switch setting for a full load to no load change range and meter/line switch controls input power 
in output voltage. and selects meter range. Ten-turn current and 

single-turn voltage controls permit continuous 
LINE REGULATION: adjustment over the entire output span. 

Less than 25ppm for any line voltage change 
within the input rating. OUTPUT TERMINALS: 

Four output posts are provided on the front panel 
RIPPLE AND NOISE: and two output terminal strips are located on the 

rear of the chassis. All power supply output ter-

Output Range Ripple and Noise-rms/pk-pk minals are isolated from the chassis and either 

(rnA) (de to 20MHz) the positive or negative terminal maybe connect'-
ed to the chassis through a separate ground ter-

500 40;.cA/250;.cA minal located on the front paneL 

50 4;.cA/40;.cA PROGRAMMING SPEED: 
Less than SOO\-lsec are required to program from 

5 o .4 ;.cA / 5 ;.cA zero and to 99% of the maximum rated output cur-
rent 0: each range or between the maximum rated 
output current of each range to within 1% of zero. 

TEMPERATURE RANGES: 
Operating: o to 5SoC. Storage: -40 to +85 0 C. REMOTE PROGRAMMING, CONSTANT CURRENT: 

TEMPERATURE COEFFICIENT: Programming Range (rnA) 
Less than 75ppm of output plus Sppm of range Source 500 50 5 switch setting per degree centigrade. 

Resistance 
STABILITY: (Accuracy: 1% of 

Less than 100ppm of output + 2Sppm of range output + 0.04% of 4n/mA 40n/mA 400n/mA 
switch setting total drift. Mea sured for 8 hours range) 
after an initial warm-up time of one hour at con-
stant ambient, consta nt line volta ge t and Con- Voltage 
stant load. (Accuracy: 0.5% 

of output + 0.04% 2mV/mA 20mV/mA 200mV/rnA 
INTERNAL IMPEDANCE AS A CONSTANT of range) 
CURRENT SOURCE: 

~ 

Output Range Output Impedance REMOTE PROGRAMMING, VOLTAGE LIMIT: 

(rnA) (R in parallel with C)* Remote programming of the voltage limit at ap-
p'roxirnately 870 ohms per Volt is made available 

500 R = 3.3 Meg, C = 0.05fJ.£ at the rear terminals. 

50 R = 33 Meg, C = O.OO5~f COOLING: 
Convection cooling is employed; no moving parts. 

5 R = 330 Meg, C = 500pf 
SIZE: 

*The ·formula Z = RXe/..JR2 + Xe 2 can 
3-7/16" H x 12-3/8" D x 7-3/4" W. 

be used for 
calculations, up to IMHz. WEIGHT: 10 lbs. net, 13 lbs. shipping. 

1-3 



SECTIOfl' If 
Ir;STALLA liON 

2-1 INITIAL INSPECTION 

2-2 Before shipment, this instrument was in
spectec and found to be free of mechanical and 
eiectrical defects. As soon as the instrument is 
unpacked, inspect for any carnage that may have 
occurred in transit. Save all packing materials 
until the inspection is completed. If damage is 
found, file a claim for damage with the shipper. 
Hewlett-Packard Sales and Service Office should 
De notified. 

2-3 MECHANICAL CHECK 

2-.s. This check should confirm that there are no 
broken knobs or connectors, that the cabinet and 
panel surfaces are free of dents anc scratches, 
and that the meter is not scratched or cracked. 

2-5 ELECTRICAL CHECK 

2-6 The instrument should be checked against 
its electrical specifications. Section V includes 
an Hin-cabinet" performance check to verify proper 
instrument operation. 

2-7 INSTALLATION DATA 

2-8 The instrument is shipped ready for bench 
operation. It is necessary only to connect, the in
strument to a source of power and it is ready for 
operation. 

2-9 LOCATION 

2-10 This instrument is air cooled. Sufficient 
space should be allotted so that a free flow of 
coolin~ air can reach the sides and rear of the in
strument when it is in operation. It should be used 
in an area where the ambient temperature does not 
!=-xceed 50°C. 

2-11 OUTLINE DIAGRAM 

2-12 Figure 2-1 illustrates the outline shape and 
dimensions of the 6177B and 6181B supplies. 

2-13 RACK MOUNTING 

2-14 This instrument may be rack mounted in a 
standard 19 inch rack panel either alongside a sim
ilar-unit or by itself. Figure 2-2 shows how both 

2-1 

Figure 2-1. Outline Diagram 

types of installations are accomplished. 

2-15 To mount one, or two units side-by-side, 
proceed as follows: 

a. Place adaptor frame on bench. 
b. Remove feet from submodular instruments. 

Place instrument(s) in frame. 
c. Place divider clamps between instruments. 
d. Place divider c lamps in position on each 

end and push the instrument combination into frame. 
e. Insert screws on either side of frame and 

tighten. 

Figure 2-2. Rack Mounting One and Two Units 

• 

• 
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2-16 INPUT POWER REQUIR"M"II:TS 

2-17 This power supply may be operated from 
either 2. nominal 115 Volt or 230 Volt 4S-63Hz pow
er source. The unit, as shipped from the factory, 
is wirec. for 115 Volt operation. The input power 
required when operated irom a 115 Volt 60Hz power 
sourCE at full load is 55 Vlatts and 0.6 Ampere. 

2-18 CONNECTIONS FOn 230 VOLT OPERATION 
(Figure 2-3) 

.~ 

I ! 

ip 
b 

JI 

FI 
o P/O SI 

01 

TRANSFORMER PRIMARY 
CONNECTIONS FOR 230V 
OPERATION. 

Figure 2-3. Primary Connections 

TI 

2-19 Normally, the two primary windings of the 
input transformer are connected in paranei for op
eration from 115 Volt source, To convert the power 
supply to operation from a 230 Volt source, the 
power transformer windings are connected in series 
as follows: 

a. Unplug the line cord and remove the bot
tom cover from the unit. 

2-2 

b. Unsoider jumper between taps 1 and 3 
and taps 2 and 4. These taps are shown in Figure 
2-4, and are located on the bottom of the unit. 

c. Solder jumper between taps 2 and 3. 
d. Replace existing fuse with 0.5 Ampere, 

230 Volt fuse. Replace cover and operate unit 
normally. 

2-20 POWER CABLE 

2-21 To protect operating personnel, the National 
Electrical Manufacturers Association (NEMA) rec
ommends that the instrument panel and cabinet be 
grounded. This instrument is equipped with a 
three conductor power cable. The third conductor 
is the ground conductor and when the cable is 
plugged into an appropriate receptacle, the instru
ment is grounded. The offset pin on the power 
cable three-prong connector is the ground connec
tion. 

2-22 To preserve the protection feature when op
erating the instrument from a Mo-contact outlet, 
use a three-prong to two-prong adapter and con
nect the green lead on the adapter to ground. 

2-23 REPACKAGING FOR SHIPMENT 

2-24 To insure safe shipment of the instrument, it 
is recommended that the package designeci for the 
instrument be usee. The original packaging mate
erial is reusable. If it is not available, contact 
your local Hewlett-Packard field office to obtain 
the materials. This office will also furnish the ad
dress of the nearest service office to which the in
strument can be shipped. Be sure to attach a tag to 
the instrument which specifies the owner, model 
number, full seria 1 number, and service required, 
or a brief description of the trouble. 



SECTION III 
OP:::RATING INSTRUCTIONS 

61778 DC CURRENT SOURCE 
HEWlETT<>PACK,o..RD D-50V 

Figure 3-1. Operating Controls and Indicators 

3-1 TURN-ON CHECKOUT PROCEDURE 

3-2 The following checkout procedure describes 
the use of the front panel controls and indicators 
and ensures that the meter and programming cir
cuits are operable. Actual outpu: current should 
be checked with an external ammeter before con
necting delicate loads. 

a. Set line/meter switch (1) to VOLTS and 
observe that UNE light (2) goes on. 

b. To select voltage limit, adjust VOLTAGE 
control (3) until front panel meter (4) indicates 
desired output voltage (no load connected). 

c. VOLTAGE UMIT lamp (5) sho.uld be on 
with no load connected. 

d. To select constant current output. tum
off"supply and short + and - output terminals (front 

3-1 

or rear). 
e. Set switch (1) to AMPS and select de

sired output current range with range switch (6). 
Adjust CURRENT control (7) for desired output cur-
rent. 

=. Remove short and connect load to output 
termina Is (front or rear). 

3-3 OPERATING MODES 

3-4 The power supply is designed so that its 
mode of operation can be selected by making 
strapping connections between particular terminals 
on the terminal strips at the rear of the power sup
ply. The terminal designations are stenciled in 
white on the power supply above or below their 

• 



res:Je.:::tive terminals. The operator can ground 
eit'18:- termmal 0:- operate the power supply up to 
300Vd:: of: ground ([loating). If one outnut tenni
DC.: if to be grounded, the grounc connection must 
D0 r:vo.cis a7 the front panel since the rear terminal 
str-:;J::: do not contain a grounc; terminal. The ioad 
ma:- D0 connected. to either ths iront or rear termi
nal.:: withou: degrading the performance of the 
supply in any way. 

3-~ The following paragraphs describe the pro
cecures for utilizing the various oneratlOnal capa
bilitie.5 0: the power supply. A more theoretical 
desc:iption concerning the operational features of 
t~is sU;Jply is contained in Application Note 90, 
Powe:- Supply Handbook, availatlle at no charge 
Irorr. your local Hewlett-Packarc. sales office. 

3-6 NORMAL OPERATING MODE 

3-7 The power supply' is normally shipped with 
its rear terminal strapping connections arranged 
ior :::::onstant Current/Voltage Limiting, local pro
grcr.:rr:in;, singie uni: mooe of o.oera-;:.ion. This 
strcpping pattern is illustrated in Figure 3-2. The 
opera to: merely selects c constant current output 
usin~ the front panel controls (local programming, 
no s:rapping changes are necessary). 

Figure 3-2. Normal Strapping Pattern 

3-8 CONSTANT CURRZNT 

3-9 To select a constant current output, proceed 
as follows: 

a. With output terminals shorted or open 
(see NOTE). adjust CURRENT control for desired 
output current. 

b. "'Vith output terminals open, adjust VOLT
AGE control for maximum output voltage allowable 
(voltage limit), as determinec by load conditions. 
If a load change caUSes the voltage limit to be ex-

3-2 

ceeded, ths power s~ppiy will automatically crosS
over to constant voltage output a: the preset volt
age limit ane the output current will. drop propo!"
tionately. Vrllen this occurs, the VOLTJ.;,GE LHv1IT 
lamp on the front panel will light. In setting the 
voltage limi'~, allowance must be made fo:- high 
peak voltages which can cause unwanted crossover. 
(Refer to Paragraph 3-34.1 

NOTE 

\A,ihen the unit is operating in the vo It
age limit mode (LIMIT lamp on) the 
front pane 1 ammeter indicates the pro
grammed output current rather than the 
actuai output current. This enables 
the operato:: to set the OU:PUI currer:t 
(using the iront panel CUP",q;::K'I con
trol) without shorting t1-:e output tenni
nals. 

3-10 CONNECTING LOAD 

3-11 Loads for a constant current Source must al
ways be connected in series (never in pa::allel). If 
the supply is used as .a voltage limited source, the 
reverse is true - the loads mus: be connected in 
parallel. For constant current operation, ex:reme 
care must be taken to avoid shunt paths external. to 
the power supply'. The presence of shunt paths will 
tend to degrade the performance 0: the supply. If 
the icad is remotely located from the supply, shunt 
paths can be avoided by using Shielded cable. If 
the supply is used as a positive source (negative 
terminal grounded) one end of the shield can be 
connectec to the guard terminal (designated GUARD 
on the fron: and terminal AO on the rear) and the 
other end left unconnected. This effectively pro
jects the internal guard voltage along the shield 
affording absolute protection against leakage. If 
the supply is used as a negative source the above 
method cannot be utilized. However, the use of a 
shie lded cable will be sufficient to prevent shunt 
leakage for most applications. 

-----'CAUTI 0 N-----

Never connect the negative output ter
minal to the GUARD (terminal AO on the 
rear). This places a high negative 
potential at the input of differential 
amplifiers Q18 and Q19 end will result 
in damage to these components. 

3-12 OPERATION OF SUPPLY BEYOND RATED OUTPUT 

3-13 The Shaded area on the front panel meter face 



indicates the amount of output current or voltage 
that is available in excess of the rated output. 
Although the supply can be operated in this Shaded 
region without being damageci, it cannot be guar
anteed to meet all of its p8riormance specifica
tions. However, if the line voltage is maintained 
above 11SVac, the supply will probably operate 
within its specifications. 

3-14 OPTIONAL OPERATING MODES 

3-15 REMOTE PROGRAMMING, CONSTANT CURRENT 

3-16 Either a resistance or a voltage source can 
be used to control the constant current output of 
the supply. The CURRENT control on the front 
pane 1 is disabled when remote programming the 
supply. 

3-17 Resistance Proarammino (Fiaure 3-3). In 
this mode, the output current varies at a rate de
termined by the remote resistance programming co
efficient. This coefficient is different for each 
output current range, as shown in Table 1-1 of 
this manual. The programming coefficient is de
tennined by the constant current programming cur
rent which is adjusted to 500 ±S~~ at the factory. 
If greater programming accuracy is required, it can 
be aChieved by changing resistor R35 as outlined 
in Section V. 

• 

+ AO AI A2 A3 

'< - ) 

PROGRAMMING ~?' 
RESISTOR ...-: 

L-

Figure 3-3. Remote Resistance Programming, 
Constant Current 

~ 

3-18 Use stable, low noise, low temperature co
efficient programming resistors to maintain the 
power supplies temperature coefficient and stabil
ity specifications. A switch may be used to set 
discrete values of output current. A rI).ake-before
break type of switch should be used s'ince the out
put current will exceed the maximum rating of the 
power supply if the switch contacts open during 
the switching interval. 

3-3 

-----CAUTION'-----

If the programming terminals (AD and 
AI) should open at any time in the re
mote programming mode, the output 
current will rise to a value that may 
damage the power supply and/or the 
load. A protection resistor (2Kn 
Model 6177E or 5Kn Model 6181B) 
can be connected across the program
ming terminals to avoid the possibil
ity; however. note that the addition of 
the resistor will alter the linear pro
gramming coefficient given in Table 
1-1. 

3-19 If the negative output terminal of the supply 
is grounded, care must be taken to avoid leakage 
current paths from the programming source to the 
negative output terminal (ground). Shunt paths 
such as this. will seriously degrade the perform
ance of the supply, 

3-20 Voltaae Proarammina (Fioure 3-4). In this 
mode. the output current varies at a linear rate 
determined by the voltage programming coefficient 
given in Table l-L The entire voltage span for 
the source is apprOXimately 0-1 Volt (Model 6177B) 
or 0-2. 5 Volts (Model 6181B). The programming 
voltage should never exceed 1. 2 Volts (Mode 1 
Sl77B) or 3 Volt. (Model 6181B). yo!tages in ex
cess of this will result in excessive power dissi
pation in the instrument and possible damage. 
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Figure 3-4. Remote Voltage Programming, 
Constant Current 

3-21 The 5DOllA programming current. flowing into 
terminal Al from the reference supply (see sche
matic), imposes two restrictions in the voltage 
programming mode. The first restriction is that the 
voltage source must be capable of sinking (absorb-

• 



in g) this 500~ current and the second restriction 
is that, if the programming terminals are opened, 
the programming current will cause the output cur
rent to rise to an excessive level (refer to CAUTION 
note of Paragraph 3-18), Protection resistors, 
previous ly mentioned in the CAUTION note, can be 
emp leyed to limit the output current to a safe va lue 
under any conditions. 

3-22 Ii the user finds that his voltage source can
no~ sink the SOOpp. programming curren,., the pro
gramming current path to terminal Al can be opened 
by removing resistor R37 from the main printeo cir
cuit board. This does not detract from the voltage 
programming perionnance in any way; but does 
eliminate the need for sinking the programming cur
ren:. Opening R37 also obviates the need for an 
open terrr.inal protection resistor. Opening the 
programming tenninals with no programming current 
results in zero output current instead of an exces
sive output current. 

3-23 If the negative output terminal of the supply 
is grounded, the voltage source must be floating 
(ungrounded). In addition, shunt leakage paths 
from the floating source to the negative terminal 
must be avoided. To accomplish this, the case of 
the voltage source can be connected to the guard 
terminal (AD) affording complete protection against 
leakage. If this methoc. is used. ensure that the 
case is not grounded by any other means; such as 
the power line. 

3-24 REMOTE PROGRAMMING, VOLTAGE LIMIT 

3-25 The voltage limit of the supply can be pro
grammed with a remote resistance or voltage source 
if required. Note that the front panel VOLTAGE con
trol is disconnected by the foliowing procedure s. 

3-26 Resistance Prooramminc (Figure 3-5). The 
voltage limit of the supply is determined by the 
programming coefficient - 870.!'. per Volt for Model 
6177B or 435.n. per Volt for Model 6IBIE. The volt
age programming current is 1. 15mA (Model 61778) 
or 2. 3mA (Model 6I8lB) and is factory adjusted to 
within 20%. Adjustment of the programming ac
curacy can be achieved by changing resistor R6 as 
described in Section V. 

3-27 A switch can be used in conjunction with 
various resistance values in order to obtain dis
crete voltages. The switch should have make
before-break contacts to avoid momentarily open
ing the programming terminals during the switch
ing interval. Opening the programming·~terminals 
(- and A6) causes the output voltage to rise above 
normal and may damage the load device. 

3-28 Voltaae Proarammina (Figure 3-6). In this 

3-4 
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Figure 3-5. Remote Resistance Programming, 
Voltage Limit 

mode, the voltage limit will vary in a I to 1 ratio 
with the programming voltage (voltage source). 
Similar to voltage programming the output current, 
Paragraph 3-19, the voltage source used must be 
capable of sinking the 1. lSmA (Model 6177B) or 
2. 3mA (Model 6181B) programming Cb1.rrent flowing 
into terminal AS. If the users source cannot ab
sorb this current, the programming current path 
can be opened by disconnecting the collector lead 
of 02 (see schematic). This does not adversely 
affect the operation of the supply in any way, 
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Figure 3-6. Remote Voltage Programming. 
Voltage Limit 

3-29 EXTERNAL VOLTAGE MONITORING 

3-30 If accurate indications of output voltage are 
required, they can be obtained with an external 



voltmeter, ?s shown in Figure 3-7. Notice that 
one end of the meter is connected to the guard ter
mina 1 (AO). This effective ly isolates the ffi€ter 
from the main power supply', preventing the per
formance ciegradation that would occu~ i: the meter 
were connected directly across the + anc - output 
terminals. 

VM 

101 I 
- A4 A5 AS 

Figure 3-7. External Voltage Monitoring 

NOTE 

The external voltmeter must not draw 
more than 2mA from the auxiliary 
source that provides the guard volt
age. A current drain in excesS of 2mA 
will serious ly impair the operation of 
the power supply. 

3-31 EXTERNAL AC MODULATION 

3-32 Figure 3-8 shows a method of superimposing 
an ac component on top of the adjustable de output 
current of the supply, which is operating as a con
stant current source. The dc current level is con
trolled in the normal fashion from the front panel 
while the ac component of the output current is 
determined by the modulation percentage. The 
percentage of modulation is affected by the ampli
tude of the external voltage input and the value of 
the series resistance, as follows: % Modulation :;;;; 
Esource (pk-pk)/RX (in J:..1. Using the above for
mula, the user would require an external resistance 
of 2K.n. and a 2 Volts peak-to-peak"±nput signal 
from the external source to modulate a de current 
level of lOOmA by 100%. In this case, the output 
.::urrent would swing between -200mA and zero Am-

3-5 

peres. The output current should never be allowed 
to swing beyond the rating of the supply (SOOmA, 
p-p, fo:- Model 61778 or 2S0mA, p-p, for Model 
61818) or clipping of the output and possible in
ternal damage will result. 

+ AO Ai A2 A3 

j idJ!81!i;i 
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Figure 3-8. External AC Modulation 

3-33 The coupling capacitor (Ce ) should be 
chosen so that its reactance is at least ten-times 
smaller than RX at the frequency of interest. For 
input frequencies up to 100Hz the output of the 
supply can be modulated 100%. Above 100Hz the 
modulation capability decreases linearly to approx
imately 10% at 1000Hz. 
3-34 Notice that it is possible to remotely program 
the dc output current of the supply in the external 
modulation mode of operation. This can be accom
p lished by removing the strap between Al and A2 
and connecting the programming source across 
these terminals. 

3-35 SPECIAL OPERATING CONSIDERATIONS 

3-36 PULSE LOADING 

3-37 The power supply will automatically cross 
over from constant current to voltage limiting oper
ation in response to an increase (over the preset 
limit) in the output voltage. Although the preset 
limit may be set higher than the average output 
voltage high peak voltages (as occur in pulse 
loading) may exceed the preset limit and cause 
crossover to occur. If this crossover limiting is 
not desired, set the preset limit for the peak re
quirement and not the average. 
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3-32 REVERSE VOLTAGE LOADING 

3-39 Diode CR34 is connected internally across 
the supply". Under normal operating conditions, 
the diode is reverse biased (anode connected to 
negative terminal). If a reverse voltage is applied 
to the output terminals (positive voltage applied to 
negative terminal), the diode will conciuct, shunt
ing current across it. This diode protects the 
series transistors and drivers. 

3-40 REVERSE CURRENT LOADING 

3-41 k-. active load connected to the power supply 

3-6 

may actually· deliver a reverse current to the power 
supply during c portion of its operating cycle. An 
external source cannot be allowed to pump current 
into the supply without loss of regulation. Diodes 
CR35 and CR36, connected in series with the neg
ative output lead, protect internal components 
from damage by blocking these reverse currents. 
However, to avoid regulation degradation, it is 
necessary to preload the supply with a' dummy load 
resistor so that the power supply delivers current 
through the entire operating cycle of the load de
vice. 



SECTION IV 
PRINCIPLES OF OPERATION 
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Figure 4-1. Overall Block Diagram 

4-1 OVERALL BLOCK DIAGRAM DISCUSSION 

4-2 The major circuits of the supply are shovln in 
the overall block diagram, Figure 4-1. The input 
ae line voltage passes through the power transfor
mer to the filter (6177B) or voltage doubler (6181B) 
where it is converted to raw (uflsegulated) de. This 
de current is adjusted by the series regulator so 
that a well-regulated constant current is fed to the 
output terminals. The range of the output current is 
selected by the range SWitch which determine~ the 
value of current sampling resistance to be pIa ced in 
series with the (+) output terminal. 

4-3 During normal (constant current) operation, 
the conduction of the series regulator is controlled 
by feedba ck signals originated by the constant cur
rent comparator. This circuit compares the voltage 
drop across the applicable current sampling resis
tance with the potential of the guard supply. The 
voltage drop across the sampling resistor(s) is pro
portional to the output current, and the potential of 

4-1 

the guard supply is proportional to the programmed 
outp.lt current, as will be explained in tI!e next two 
paragraphs. If a difference exists, that is, if the 
actual output current does not equal the programmed 
output current, the comparator sends an "error" sig
nal to the series regulator, via the error amplifier 
and driver. This error signal alters the mnduction 
of the series regulator so that the potential across 
the sampling resistance equals the guard voltage. 

4-4 The guard supply is an independent constant 
voltage supply whose output is used to voltage pro
gram the output current of the unit. The guard sup
ply compares the output of the guard with a fixed 
reference voltage and ensures that their difference 
is equal to zero Volts (W)' The voltage drop 
ac!'"oss the CURRENT control, R40. equals the out
put voltage of the guard with respect to common. A 
change in the setting or R40 momentarily unbalances 
a differential amplifier within the guard, which 
causes the guard voltage to change by an equal 
amount. This alteration ba lances the differential 

• 
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amplifier. 

4-5 The adjusted output of the guard supply is 
then used as the reference on which the error sig
nals produced by the constant current comparator 
are based. A change in the output of the guard sup
ply results in a change in the feedback signal pro
duced by the constant current comparator. This then 
causes the output current of the unit to vary in pro
portion to the change "programmed" by the guard 
supply. 

4-6 The output of the guard supply is fed to a 
copper guard which surrounds the positive output 
terminal. Circuitry, which would cause shunt cur
rent paths across the output 0: the supply. is COn
nected to the guard rather than the positive output 
terminal. Since the (+) output terminal, with re
spect to common \$I' , is held a: the same potential 
as the guard with respect to common, no leakage 
current can flow between the two points. Any leak
age current that does flow within the unit comes 
from the guard supply rather than the positive out
put terminal. In this way leakage current, across 
the output of the supply is eliminated and exact 
load regulation is obtained. 

4-7 The meter circuit provides a continuous indi
cation of the output current or voltage. Since it is 
tied to the guard rather than the output terminals, 
the operation of the meter circuit does not create 
any degradation in the output of the supply. This 
connection also enables the operator to program the 
output current before connecting the load. 

4-8 The voltage limit circuit continuously monitors 
the output voltage. If this voltage exceeds the pre
set limit established by the VOLTAGE limit controls, 
a shunt regulator in the circuit is driven into con
duction thus limiting the output voltage by the 
amount of its conduction. The constant current 
source provides a constant current to the VOLTAGE 
limit control, thus, ensuring linear programming of 
the voltage limit threshold. 

4-9 Large increases in output voltage, too fast 
for the voltage lim~it circuit to manage, are limited 
by the volta ge limit overshoot control. This circuit 
acts as soon as the voltage reaches the voltage 
limit threshold. It clamps the output voltage to 
about 7 Volts above the voltage limit setting until 
the voltage limit circuit can respond to the high 
voltage condition. 

4-10 The turn-off control prevents reverse currents 
from flowing through the series regulator and driver 
at turn-off. It accomplishes this by reverse biasing 
the driver and series regulator when the supply is 
turned off. 

4-11 The H-F amplifier improves the high frequency 
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gain of the unit. This then helps to improve the 
transient response of the unit to both changing load 
conditions and ac modulation (see Paragraph 3-31), 

4-12 The bleed circuit keeps the series regulator 
biased in its active region even at low output cur
rent settings, by providing a continuous path for 
current flow through the series regulator. Keeping 
the series regulator biased in its active region al
lows the regulator to maintain fine regulation of out
put current even at low output levels. 

4-13 The reference circuit provides stable voltages 
used throughout the unit for reference and biaSing 
purposes. 

4-14 As shown in Figure 4-1, the common point for 
this supply is at the inboard side of the sampling 
resistor(s). This is a significan: point because it 
ensures that only the output current will flow 
through the sampling resistance. All offset currents 
(such as the meter current) are referenced to this 
common point and thus, do not flow through the 
sampling resistance and into the load. Notice that 
this point should not be used as a ground connection. 
A separate terminal is provided for this purpose. 

4-15 DETAILED CIRCUIT ANALYSIS 

4-16 REFERENCE SUPPLY 

4-17 The reference supply is a feedback constant 
voltage supply which provides stable voltages used 
throughout the unit for reference and biaSing pur
poses. All of the reference voltages are derived 
from the raw de obtained from the full wa ve bridge 
rectifier (CR5, CR6, CR7, and CRS) and filter ca
pacitor C3 and are measured with respect to the 
unit's common point W' The +6.2, -16.2, and +5.6 
voltages are developed across temperature compen
sated Zener diodes VRS, VR6, and VR12 respectively. 
The +5.9 reference voltage is developed at the base 
of Q15 which is biased by a voltage dropping resis
tor R35, factory selected to obtain this voltage. 
R34 limits the current through Zener diode VRS to 
obtain the optimum positive bias leveL +11.8 Volts. 

4-18 The' regulating circuit consists of series regu
lator transistors, 011 and 012, error amplifier, Q13, 
and differential amplifier Q14 and 015. The base of 
014 is connected between voltage dividing resistors 
R29 and R30. Any changes in the output voltage of 
the circuit are reflected on the base of 014. ampli
fied, inverted, and fed to 013. Q13 amplifies and 
inverts this signal which is used to drive the series 
regulating transistors more or less in order to main
tain the +11.8 Volt reference. and thus the other 
reference voltages, constant. 

4-19 An additional voltage is provided at the input 
of the reference circuit. This volta ge (+Z4.V linregu-



late d) is not controlled by the regulator circuit and 
is used in less cit1cal circuitry of the unit. 

4-2C CONSTANT CURRENT COMPARATOR 

4-21 The constant current comparator is 6 differen
tial amplifier that compares the drop across the 
samplinQ resistor{s) to the guard potential and if a 
difference exists, sends an error: signal proportion
al to this difference to the series regulato;,- via the 
mair'"; error amplifier. The error signal alters the 
conduction of the regulator thus keeping the output 
constant and at the desired programmed level. 

4-22 The comparator consists 0: a differential am
plifier, 019. and a constan".:. current source. 021. 
Q19 consists of two silicon transistors housed in a 
single package. The transistors have matched char
acteristics minimizing diiierential voltages due to 
mismatched stages. Moreover. drift due to thennal 
differentials is minimal since both transistors oper
ate at essentially the same temperature. Potentiom
eter, E56 allows further balancing of the stage 
shoule: this be necessary. CR25 and CR26 prevent 
excessive voltage excursiO!1s from over driving the 
stage. 

4-23 The constant current comparator a cts in con
junction witb the guard supply to set and maintain 
the output current at the desired level. It continu
ously compares t."'r:te drop across the sampling resis
tance, which is proportional to the output current, 
to the potential of the guard supply, which is equal 
to the programmed output current (as will be ex
plained, subsequently). If a difference exists, the 
comparator sends an error signal to the series regu
lator, via the main error amplifier and driver, in 
orde: to maintain the output current equal to the 
curren: programmed by the guard supply. 

4-24 The RANGE SWitch selects the proper value of 
current sampling reSistance. These values of resis
tance maintain equal voltage drops for proportional 
output current in each range. For instance; in the 
5181E, in the 25mA range, the sampling resistance 
is 100./1,.. creating a voltage drop of 2.5 Volts across 
the sampling reSistors at maximum output. In the 
250m;; range, the sampling resistance is 10 ....... , again 
creating a 2.5 Volt drop. 

4-25 GUARD SUPPLY 

L.;-26 The guard supply is a self-contained, constant 
voltage supply, which compares a portion of the 
guard potential to a fixdd reference voltage and en
sures that their difference is zero. 

4-27 The guard supply consists of a differential 
amplifier. Q18. error amplifier and series regulator 
22. The differential amplifier consists of two sili
con'transistors housed in a single package. The 
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transistors have matched characteristics, minimiz
ing differential voltages due to mismatched stages. 
Moreover, drift due to thermal differentials is mini
mal since both transistors operate a: essentially the 
same temperature. Q22, acting as a constant cur
rent source for the differential amplifier, is used to 
bia s the emitters of both transistors. Potentiometer, 
R46. allows further balancing of the differential 
amplifier should this be necessary. GR1S and CR16 
form a limiting network whicb prevents excessive 
voltage excursions irom over driving the stage. 

4-28 The output of the guare supply is fed to a 
copper guard which surrounds the positive output 
te:-minal. As previously mentioned, this prevents 
leakage currents across the outpt.:.t terminals of the 
supply. 

4-29 Stage Ql8B is connected to the common point 
0: the unit. The base of Ql8A is connected to a 
summing pOint (Al) at the junction of the program
ming resistor. R40, and the curren": pullout resistor, 
R3 7. Instantaneous changes in the guard potential 
result in an increase of decrease i:'. the summing 
point potential and thus, unbalances the differential 
amplifier. An error signal is then produced and fed 
to the series regulator of the guard supply causing 
it to conduct more or less in accordance with the 
5umr:1ing point change. This restores the potential of 
the guard which balances the differential amplifier. 

4-30 R37, connected to the +5.9 reference voltage, 
acts to provide a constant programming current 
through potentiometer R40, which ensures linear 
programming by R40. Changing the setting of the 
potentiometer changes the potential at A 1. This 
creates a momentary imbalance at the input of the 
differential amplifier, which then sends an error 
signal to the regulator to alter the guard voltage 
and correct the difference. R36, connected in series 
with R40, acts to make up any difference which 
might be created by the tolerance of the potentiom
eter, by providing en addi:ional current trliout;h R40. 
This then ensures full range prog:e:nming by the 
CDRRENT control. 

4-31 H-F ERROR AMPLIFIER 

4-32 The E-F amplifier improves :he high frequen
cy gain of the unit. This then helps to improve the 
transient response of the U:1it to both changing ioad 
conditions and ac modulation (see Paragraph 3-31). 

4-33 Ml'.IN ERROR AMPLIFIER AND DRIVER 

4-34 The main error amplifier (Zl) receives the 
feedback Signal. amplifies it and feeds it to the 
driver stage. Q26. 027, and 028 brm. the driving 
circuit for the series regulator. This circuit further 
amplifies the feedback signal. inverts it and the 
resultant signal is used to bias the emitter of the 
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se~ies regulator thus controlling the conduction of 
the regulating stage. 

4-35 If the voltage programmin<; terminals we:e to 
open when the output was open circuited, the out
put voltage could go up as high as 200 Volts. VR14 
anc VR1S serve as a protection against this condi
tiOD. \!Vhen the voltage reaches approximately 140-
Volts, the Zener diodes reach their break doVv"TI po
te;;.:ial anc clamp the output to 140 Volts. This pre
ven::s break down of other elements which wruld 
no:: be able to withstand this very high voltage. 
V::::'13 operates in the same capacity should the volt
a ge programming of the guard supply fail. 

4-36 SERIES REGUIATOR 

4-37 The series regulator regulates the output of 
ths supply by altering its conduction in accordance 
with the feedba ck error signal. The circuit cO::1sists 
0: se:-ies regulating transistors. 030 and Q29. and 
a base biaSing source, 025. By altering its con
c.uction in accordance with the error signal applied 
to it, the series regulator produces a well regulated 
out puc. at the level established by the currem con
troIs. 

4-38 Notice that the series regulato';" is connected 
in a common base configuration. This increases 
the output impedance of the supply thus givL"1g it 
the desired quality of a constant current supply. A 
more detailed description concerning the desired 
features of a constant current supply is contained 
in Application Note 90 available at your local 
Hewlett-Packard field office. 

4-39 TURN-OFF CONTROL 

4-40 The turn-off control circuit prevents reverse 
currents from flowing through the series regulator 
at turn-off. It accomplishes this by sending a. turn
down signal to the series regulator via the driver. 

4-41 During normal operation of the supply. 031 
supplies a bias potential to the driver. At turn-off, 
CR30 becomes reversed biased. 031 turns off 
quickly, due to the discharging of capacitor C34. 
This creates a negative potential at the base of 
026. turning off both the driver and the series reg
ulator. 

4-42 BLEED CIRCUIT 

4-43 The bleed cirCuit provides a path for 20mA of 
current to flow through the series regulator. This 
keeps the series regulator biased in its active re
gion at all times. The bleed current flows from the 
+24, Volt unregulated reference through Q1, back up 
to the collector of the series regulator, through the 

. driver to common W where it returns to the -16.2 
reference voltage tnrough VR6. Notice that this 
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current aoes not go through the loae nor through the 
sampling resistors. V,Then the supply is programmed 
for zero current. 20mA are flowing through the com
mon node, however, zero current is actually deli
vered to the load. Keeping the series regulator 
biased in its active region at all times makes it 
possible to have good load regulation even at low 
output currents. 

4-44 VOLTAGE LIMIT CIRCUIT 

4-45 The voltage limit circuit acts to limit the 
potential across the output terminals to some preset 
lL'11it established by the VOLTAGE limit control. The 
circuit conSists of a voltage limit control, RBI, 
feedback amplifiers 04, OS, and 06, shunt regula
tor 07, voltage limit lamp DS2, and lamp driver 08. 
Unaer normal operating conditions, 07 is turned ofL 
Vlhen the voltage limit tb...reshold is reached. a neg
ative feedback signal is sent to the feedback ampli
fiers. The signal is inverted, amplified and fed to 
the shunt regulator and lamp driver. This signal 
causes :)Oth transistors to conduct. The output 
voltage is limited by the amount of conduction of 
07. Also, with 08 on, a current path is completed 
through 08 and DS2. thus DS2 turns on warning the 
operator of the voltage limit condition. Notice that 
since the voltage limit section of the supply em
ploys a separate shunt regulator. the main series 
regulator continues to regulate output current even 
during voltage limit operation. 

4-46 Potentiometer RBI permits adjustment of the 
base potential of 04 with respect-to (-) out, thus 
setting the point at which the voltage limit threshold 
is reached. 

4-47 Constant Current Source. The constant cur
rent source, Q2 and associated components, pro
Vides a constant programming current through the 
VOLTAGE limit control, HB1, thus ensuring linear 
programming of the voltage limit circuit. VR2 keeps 
the ba se of 02 at a constant voltage ensuring a 
constant current output. R6 is selected at the fac
tory to bia s the emitter of 02 so that the proper pro
gramming current is obta iDed. 

4-48 Tum-On Circuit. C40 and R41 form a long 
time constant Re network. When the supply is ini
tially turned on. a turn-on Signal is fed to 07 via 
Q6. This limits the output, thus preventing turn-on 
overshoot from damaging delicate loads. After the 
supply has been on for a short time, C40 charges 
up, back biasing CR40 and thus the turn-on circuit 
has no effect on nonnal operation of the supply. 

4-49 VOLTAGE LIMIT OVERSHOOT CONTROL 

4-50 This fast acting circuit protects the load from 
initial large, fast rises in output voltage that the 
voltage limit circuit would not otherwise be eble to 



limi~. As soon as the voltage limit threshold is ex
ceeciec., the voltage limit overshoot control clamps 
the output voltage to a few Volts above the thres
hole setting, until 07 has a chance to tum on to 
l1rni: the output. 

4-Sl \Vhen the voltage limit threshold is exceeded, 
Q3 COD-ciucts heavily causing CR12 to become for
ward biased and VR4 and VR7 to reach their break
down voltages. This draws current from the +5.6-
\/olt reierence. Since the +5.6 Volt reference is tied 
to comrr:on through VR12, the above action actually 
craws C..1rrent irom common away from the load, thus 
lImiting the output to the preset voltage limit set
tlTIg plus about 7 Volts. 

4-52 METER CIRCUIT 

4-53 The meter circuit provides a continuous indi
cation 0: the output current, in anyone of three 
ranges, or the output voltage. The meter ranges 
are controlled by the same switch tha: controls the 
output current ranges. For this reason, when the 
range switch is moved to the next higher range, the 
output current changes to ten times the original 
value, but the needle on the meter will not move. 
However. it should be understood tna: the meter is 
now reading ten times the indicated value. The re
verse is true when switching to the next lower range. 

4-5 

4-54 Notice that the ammete: is connected from 
common ~ to guard and the voltmeter from (-) out 
to guard. ]:"5 explaIned previously, the (+) output 
terminal is kept at the same potential as the guard. 
Th'...ls, the ammeter is actually reading the voltage 
across the sampling resistance which is proportion
al to the outpu'!: current, and the voltmete: reeds the 
actual output voltage. Connecting the mete to 
guard eliminates any shunt current paths which 
might be created by the ITf€ter CIfcuit. 1: also allows 
the operator to program the output before connecting 
the load, since the meter reads the programmeci out
put current. 

4-55 ADDITIONAL FEATURES 

4-56 Two diodes (CR3S and CR36) placed in series 
with the negative output terminal, prevent reverse 
current from flowing into the supply and possibly 
damaging its components. They also allow the sup
ply voltage limit to be programmed through zero by 
offsetting minor base to emitter voltage drops in the, 
voltage feedback loop. 

4-57 R80, connected across the supply, keeps the 
supply from oscillating with an iI1ductive load con
nected. CR34 prevents reverse voltages from dam
aging the supply. 
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SECTION V 
rviAll\TENANCE 

5-1 INTRODUCTION 

5-2 Upon receipt o~ the power supply, the per
ionnance check (Paragraph 5-5) should be made. 
This check is suitable fo: incoming inspection. If 
a fault is detected in the power supply while mak
ing the performance check 0, during normal opera
tion, proceed to the troubleshooting procedures 
(Paragraph 5-38). After troubleshooting and repair 
(Paragraph 5-48), periors any necessary adjust
ments and calibrations (Paragraph 5-50). Before 
returning the power supply to normal operation. 

repeat the perionnance check to ensure that the 
:ault has been properly corrected and that no other 
:faults exist. Before performing any maintenance 
checks, tum-on power supply and allow a half
hour warm-up* 

5-3 TEST EQUIPMENT REQUIRED 

5-4 Table 5-1 lists the test equipment required 
to perform the various procedures described in 
this Section. 

Table 5-1. Test Equipment Required 

REQUIRED RECOMMENDED 
TYPE 

CHARACTERISTICS USE MODEL 

Differential Sensitivity: 1 mV full scale Measure de voltages; cali- $ 3420 (See Note) 
Voltmeter (min.). Input impedance: 10 bration procedures 

megohms (min.). Resolution: 

I 1 ppm of range. 

Variable Range: 90-130 Volts. Equip- Vary ae input ---
Voltage ped with voltmeter accurate 

• Transformer within 1 Volt . 

he Voltmeter Accuracy: 2%. Sensitivity: Measure ae voltages and rms ~ 400 F 
O. lmV full scale deflection rip pIe 
(min.). 

Oscilloscope Sensitivity: 100~V/cm. Display transient response ~ 140A plus 1400A 
Differential input. waveforms plug in. 1402A 

plug-in for noise 
measurements. 

Dc Voltmeter Accuracy: 1%. Input resist- Measure de voltages ~ 412A 
ance: 20,000 ohmS/Volt 
(min.). 

Repetitive Rate: 60 - 400Hz, 2~sec 

I 
Measure transient response See Figures 5-5 

r rise and fall time. and programming speed and 5-7 

Resistive Values: See Figure 5-3, Power supply load resistors ---
Loads 30 Watts. 

Current Values: See Figure 5-3, Measure current; calibrate Rl, R2 and R3; 
Sampling 0.5%. lOWatts j 5ppm. meter see parts tab Ie. 
Resistors 4-Termina 1. 
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TabLe 5-1. Test Equipment Required (Continued) 

I 
'\EQUlRED 

TYPE CHARACTETUSTICS 

Resistor Value: See Paragraph 5-57. 
±O.l%, . Watt. 

Decade I Range: [-lOOK. 
Resistance Accuracy: o. 1,; plus 1 ohm 
Box Make-before-break contacts. 

NOTE 

A satisfactor;l substitute for a differ
ential voltmeter is to arrange a refer
ence voltage source and null detector 
as shown in Figure 5-1. The reference 
voltage source is adjusted so that the 
voltage difference between the supply 
being measured and the reierence volt
age will have the required resolution 
fo:- the measurement being made. The 
voltage difference will be a function of 
the null detector that is used. Exam
ples of satisfactory null detectors are: 
~ 4.l9A null detector. a dc coupled 
oscilloscope utilizing differential in
put, or a 50mV meter movement wlth a 
100 division scale. For the latter, a 
2mV change in voltage will result in a 
meter deflection of four divisions. 

------CAUTION------

Care must be exercised wheri using an 
electronic null detector in which one 
input terminal is grounded to avoid 
ground loops and circulating currents. 

5-5 PERFORMANCE TEST 

I 

5-6 The following test can be used as an incom
ing inspection check and appropriate portions of 
the test can be re~eated either to check the OpE;.J:
aUon of the instrument after repairs or for periodic 
maintenance tests. The tests are performed using 
a 11SVac 60Hz, singie phase input power source. 
If the correct result is not obtained for a particular 
checK, do not adjust any controls; proceed to 
troubleshooting (Paragraph 5-38). 

5-7 CONSTANT CURRENT TESTS 

-8 . For output current measurements, the current 

I 
RECOl\·1MENDED 

USE MODSL 

Calibrate programming current ---

Adjust programmin;;- accuracy' I ---
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I POWER SUPPLY REFERENCE 
. UNDER TEST VOLTAGE 

SOURCE 

90 9 9 0 JU I 

LOAD 

NUll 
DETECTOR 

- + 
\l99 

I I 

Figure 5-1. Differential Voltmeter, 
Substitute Test Setup 

sampling reSistor must be treated as a four termi
nal device. In the manner of a meter shunt. the 
load current is fed to the extreme s of the wire 
leading to the resistor while the sampling termi
nals are located as close as possible to the resist
ance portion itself (see Figure 5-2). In addition, 
the resistors should be of the precision, low noise, 
low temperature coefficient (1es s than lOppm/oC) 
type and should be used at no more than 10% of 
their rated power so that the tempera.ture rise will 
be minimized. The latter. reduces resistance 

CURRENT SAMPLING 
TERMINALS 

TO UNGROUNDED TO GROUNDED 
TERMINAL OF _---'-I,YIv--;r.vvvk:r-___ TERMINAL OF 

POWER SUPPLY POWER SUPPLY 

Figure 5-2. Output Current Measurement TechniC;L.e 
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changes due to thermal fluctuations. If the user 
expenences difficulty in obtaining adequate sam
pling resistors, it is recommendec. that he obtain 
duplicates of the sampling resistors (Rl, R2, and 
R3) that are used in the unit. 

5-9 'Ine monitoring device is connected across 
the sampling resistors as shown in Figure 5-3, As 
indicated in this illustration neither output terminal 
0: the power supply is grounded and the measuring 
device case is connected to the junction of the 
loa a ana sampling resistors. This arrangement 
prevents grounc loop paths ane shunt current 
paths. Notice that shunt resistance paths be
tweer; the external switches and ground can exist. 
However, since the shunt resistance appears 
across only one of the external resistors and not 
across the entire output termina.ls of the supply, 
the performance of the supply is no: degraded. 

5-10 RATED OUTPUT AND METER ACCURACY 

5-11 Current. To check the output current for all 
three ranges, proceed as follows: 

a. Connect test setup shown in Figure 5-3, 
leaving switch 32 open throughout test. 

b. Turn VOLTAGE control fully clockwise. 
c, Set range switch on iront panel to high

est current position (500mA Mode1 6177 A, or 250mA 
Model 6181Al. 

d. Set range switch 31 on external test set
up to high range and connect + terminal of differ
ential voltmeter to RS1. 

e. Set front panel meter switch to AMPS and 
adjust CURRENT control until iront panel meter in
dicates exactly the maximum rated output current 
for this particular range. 

L Differential voltmeter should read as 
follows: 

Model 
Reading 

61778 
2.5 ±O. 05Vdc 

61818 
1 ±Q. 02Vdc 

If it does not, refer to adjustment procedure at rear. 
g. To check the medium current range, set 

the range switches on the front panel and the ex
terna 1 test setup to their middle position and dif
ferential voltmeter to Rsz. Then, repeat Steps e 
and f. (Readings of Step f apply to every current 
range.) 

h. To ~heck the low current range, set both 
range switches to the low current position a"'nd re
peat Steps e and f. 

5-12 Voltaae. To check the output voltage pro
ceed as follows: 

a. Connect test setup of Figure 5-3 except 
connect the differential voltmeter between the 
guard (tenninai AO) and - output terminals (see 
Figure 3:-7 for voltmeter connections). 
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Figure 5-,3. Output Current Test Setup 

b. Set range switches to highe st current 
positions and meter switch to VOLTS position. 

c. TUrn VOLTAGE control fully clockwise 
and tum on supply 

d. Adjust CURRENT control until iront panel 
meter indicates. exactly the maximum rated output 
voltage. 

e. Differential voltmeter should indicate the 
maximum rated output voltage within ±2%. If it 
does not, refer to adjustment procedure at rear. 

5-13 LOAD REGULATION 
Definition: The change, .0.IOUT in 
the static value of the de output 
current resulting from a change in 
load resistance from short circuit 
to a value Which yields maximum 
rated output voltage. 

5-14 To checr.:. the constant current load regula-



tion for all three output ranges proceed as follows: 
2. Connect test setup shown in Figure 5-3. 
D, Turn VOLTAGE control fully clockwise, 

Set imernal and ezternal range switches 
to highest curren: positions. Connect + side of 
differential voltmeter to Rsl. 

'-. Set meter switch to AMPS anc adjust 
CURRENT control until front pane 1 mete:" reads ex
actly' the maximuIT: rated outPUt current. 

e. Read end record voltage indicated on 
differenT_iel volt:l~eter. 

l. Shon o...:t load resiSlor (R::..l) by closing 
switch S2. 

g. Reaoinr; on differential voltmeter should 
not vary from reeding recorcied in Step e by more 
than the following: 

Model No. 
Variatio:l (U'I"0C) 

Gl77B 
=30 

61B1B 
=75 

h. To check the load regulation for the mid
dle current range, open shorting switch 82 and set 
range switches on front panel and external test 
setup to their middle position. Connect differen
tial voltmete:- te ;:;'S2. 

L Next, repeat Steps d through g. Varia
tion should not exceed the reading of Step g. 

j. To check the load regulation for the low
es: current range, open switch 82 and set both 
range switches to their low current position. Then 
repeat Steps d through g. 

5-15 LINE REGULATION 
Definition: The change, LIOUT in 
the static value of dc output cur
rent resulting from a change in ac 
input voltage over the specified 
range irom low line (usually 103 
Volts) to high line (usually 127 
Volts), or from high line to low 
line. 

5-16 To check tloe constant current line regulation 
for all three ranges proceec as follows: 

a. Utilize test setup shown in Figure 5-3. 
except connect variable auto-transformer between 
input power source and power input to supply. 
Leave switch S2 open throughout test. 

b. Turn VOLTAGE control fully clockwise. 
c.' Set range switches on front panel and 

external test set: ... rp to highest current positions and 
connect + lead of differential voltmeter to RSI''l'> 

d. Set meter switch to AMPS and adjust auto 
transformer for 10 3Vac input. 

e. Adjust CURRENT control for maximum 
rated output current on front panel meter. 

f. Read and record voltage indicated on dif
ferential voltmeter. 

g. Adjust auto transformer for 1 27Vac input. 
h. Reading on differential voltmeter should 

not vary from reading recorded in Step f by more 

5-4 

than the following: 

Model No. 
Vanatior: (f.lVdc) 

6177B 
=.:25 

61B1E 
±63 

J.. To check line regulation for medium cur
ren~ renge 5e: both range switches to their middle 
position ano connect differential voltmeter to RS2' 

j... Next repeat Steps d through h. Varia-
tion should no'c exceed the reading of Step h. 

l:. Fo:- the lowest cu:-rent range, set Doth 
range sWhches to the appropriete positions and 
repeat Ste!)s d through h. 

,-17 RIPPLE AND NOISE 
Definition: The residual ac CUTTent 
\'\'hich is superimposed on the dc 
output current 0: a regulated supply. 
Ripple e.nci r:oise may be specified 
anc measured in terms 0: its RMS or 
(preferably) peak-to-peak value. 

5-18 RMS Measurement. To check the rms ripple 
and noise, proceed as follows: 

a. Use test setup of ?igure 5-3, except 
connec: ac voltmeter across sampling resistors in
stead of differential voltmeter. Ensure that power 
supply output is floating to avoid ground loops. 

NOTE 

To prevent extraneous 60Hz pickup, 
the externa 1 range switch and loa d re
sistors (RL and RS) should be enclosed 
in c shielded box. Also. the sampling 
leads connected to the ac meter 
shou1ci be twisted or shielded. 

b. Rotate VOLTAGE control fully clockwise. 
c. Set range switches to highest current 

range. Connect + side of ac voltmeter to RSI-
C. Set meter switch to AMPS and adjust 

CURRENT control until front panel meter indicates 
exactly the maximum rated output current. 

e. The ac voltmeter should read less than 
the following: 

Model No. 
Reading 

6177B 
80J-lV rms 

61818 
200!'-V rms 

f. To check ripple and noise for the medium 
and low current ranges, set both range switches to 
their appropriate positions, and ac voltmeter to 
appropriate current sampling resistor. Then repeat 
Steps d and e. 

5-19 Hiah Freguencv NOise Measurement. VJhen 
measuring high frequency noise, an oscilloscope 
of sufficient bandwidth (up to ZOMHz) must be 

• 

• 
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, 
used. Figure 5-4A shows a correct method of 
measuring the output ripple of a constant current 
supply using c. single-ended scope. Ground loop 
paths are broken by floating the outpu: terminals 
0: the suppl'),. 

5-20 Either a twisted pair or (preferably) a shield
ed two-wire cable should be used to connect the 
output terminals of the power supply to the verti
cal inpu: terminals of the scope. Vlhen using 
shielded two-wire, it is essential for the shield to 
be connecte:': to ground at one end oniy so that no 
grounci current will flovv' through this shield, thus 
inducing a nOise signal in the shielded leads. 

5-21 To verify that the oscilloscope is not dis
playing ripple that is induced in the leads or pick
ed up from the grounds, the C .. ~ .. ) scope lead should 
De shorted to the (-) scope lead at the power sup
ply terminals. The ripple value obtained when the 
leads are shorted should be subtracted from the 
actual ripple measurement. 

5-22 In most cases, the single-ended scope 
method of Figure 5 -4A will be adequate to eliminate 
non-real components of ripple and noise so that a 
satisfactory measurement may be obtained. How
ever, in more stubborn cases, or in measurement 
situations where it is essential that both the power 
supply case and the oscilloscope case be connect
ed to ground (e. g. if both are rack-mounted), it may 
be necessary to use a differential scope with float
ing input as show,n in Figure 5-4B. If desired, two 
single conductor shielded cables may be substi
tuted in place of the shielded two-wire cable with 
equal success. Because of its common mode re
jection, a differential oscilloscope displays only 
the difference in signal betvveen its two vertical 
input terminals, thus ignoring the effects of any 
common mode signal introduced because of the dif
ference in the ac potential between t}-je power sup
ply case and scope case, Before using a differen
tial input scope in this manner, however, it is im
perative that the common mode rejection capability 
of the scope be verified by shorting together its 
two l:nput leads at the power supply and observing 
the trace on the CRT. If this trace is a straight 
line, the scope is properly ignoring any common 
mode signal present. Ii this trace is not a straight 
line, then the scope is not rejecting the ground 
signal and must be realigned in accordance with 
the manufacturer's instructions until proper com
mon mode rejection is attained. 

5-23 To check the high frequency noise output, 
proceed as follows: 

a. Connect test setup shown in Figure 5-4A 
or 5-4B. 

b. Set front pane 1 and external range switch
es to 1:Jighest current range. 
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OSCILLOSCOPE 
CASE 

A.MEASUREMENT METHOD USING A SINGLE.-ENDED SCOPE 
OUTPUT TERMINALS OF SlJPPl Y ARE FLOATED TO BREAK 
GROUND CURRENT LOOPS, TWISTED PAIR REDUCES STRAY 
PICKUP or, SCOPE L::ADS. 

RANG:: 
SWITCH 

La RL3 

POWER SUPPLY ~2 

~CASE n,~' 
I R 53 
I 

~ o-r--t I RS2 

• 

OSCI LLOSCOPE 
CASE 

~=+--,.-,:- AC 

i-ACC 
rr-____ -.J'-GND 

VER 
C-__ ~~~ __ ~INPUT 

B BETTER METHOD USING DIFFERENTIA:.. SCOPE WITH FLOATING 
INPUT, GROUND CUR.ItENT PATH IS BROKEN; COMMON MODE 
REJECTION OF DIFFERENTIAL INPUT SCOPE IGNORES LIKE 
POLARITY INPUTS, SHIELDED WIRE FURTHER REDUCES 
STRAY PICKUP ON SCOPE LEADS 

NOTES: 
FOR VALUES OF LOAD RESISTORS (RL AND Rsl SEE FIGURE5-3 
OR TABLE 5-1. FOR HIGH FREOUENCY MEASUREMENTS, 
LOW INDUCTANCE RES ISTORS SHOULD 9E USED. 

Figure 5-4. High Frequency Ripple and Noise, 
Test Setup 

c. Set meter switch to AMPS and adjust 
CURRENT control for maximum rated output current. 

d. Observed noise should be less than 25mV 



p-p (Model 6177B) or 40mV p-p (Model 6l8lB), 
8. Se';: range switches to medium range and 

adjust fo:- rated output current 0: that range. 
Observec noise shotile be less than 40mV 

p-p (Mociel G177B) or 32mV p-p (Mociel SlSlE). 
g. S8: range switches to lowest range and 

adjus: for ralec output curren: of low range. 
h. ODse:-ved noise should be less than 50mV 

p-p (Model 6177B) or 20mV p-p (Model 6181B). 

5-24 LOAD TH.hNSIENT RLCOVER'::.- TIME 
Definition: The time "X" for output 
current recovery to within "Y" mil
liamps of the nomina 1 output current 
following a liZ" amp stet: change in 
load voltage - where: 
"Y" is generally of the Seme order 
as the load regulation specification. 
The nOC1inal output cuaen! is defined 
as the de level half way between 
the static output current before and 
after the imposed load change, and 
uz" is the specified load voltage 
change, normally equal to the full 
load voltage rating of the supply. 

5-25 Transient recovery time may be measured at 
any input line voltage combined with any output 
voltage and load current within rating. 

5-26 Reasonable care must be taken in switching 
,the load resistance on and off. A hano-operateci 
switch in series with the load is not adequate, 
since the resulting one-shot displays are difficult 
to observe on most oscilloscopes, and the arc 
energy occurring during switching action complete
ly masks the display with a noise burst. Transis
tor load switching devices are expensive if reason
a,.bly rapid load current changes are to be achieved. 

5-27 A mercury-wetted relay, as connected in the 
logd switching circuit of Figure 5-5 should be 
used for loading and unloading the supply. Vlhen 
L"1is load switch is connected to a 60Hz ac input, 
the mercury-wetted relay will open and close 60 
times per second. Adjustment of the 25K control 
permits adjustment of the duty cycle of the load 
current switching and reduction in jitter of the os
cilloscope display. 

5-28 To check the load transient recovery time<) 
proceed as follows: 

c. Connect test setup shown in Figure 5-5. 
b. Turn VOLTAGE control fully clockwise. 
c. Set meter switch to AMPS and range 

switch to highest current range. 
d. Adjust CURRENT control until front panel 

meter indicates exactly the maximum rated output 
current. 

e. Close line switch on repetitive load 
switch setup. 

5-6 

f. Adjus: 2SK potentiometer until a stable 
display is obtained on oscilloscope. VJaveform 
should be within the tolerances shown in Figure 
5-6. Output should return to within ::!::lOmV (Model 
6177B) or ::!::25mV (Model 61813) of nominal value in 
less than 200 mIcroseconds. 
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Figure 5-5. Load Transient Recovery Time, 
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5-29 PROGRAMMING SPEED 
Definition: The time (flsecs) required 
for the output current to change from 
zero amps to within "X" milliamps of 
the maximum rated output, 0:- from 
maximum rated output to within "X" 
milliamps of zero, "X" is genera 11y 
of the same order as the load regula
tion specification. 

5-30 To check the constant current remote pro
gramming speec., proceed as follows: 

a. Connect test setup shown in Figure 5-7. 
b. Turn VOLTAGE control fully clockwise. 
c. Set meter switch to AMPS and range 

switch to highest current range. 
d. Adjust CURRENT control until front pane 1 

meter indicates exactly the maximum rated output 
current. 

e. Close line switch for mercury wetted 
re lay and observe waveform on oscilloscope. Rise 
time indicates up-programming speed and decay 
time indicates down-programming speed. 

£. The programming speed should be within 
the tolerances of Figure 5-8. Output should go 
from zero to 99 Volts (Model 6177B) or from zero to 
49.5 Volts (Model 6181B). Fall time (down pro': 
gramming) should be almost identical to the rise 
time shown on Figure 5-8 except for inversion. 
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NOTES: 
L OSCILLOSCOPE SHOULD BE DC COUPLED. 
2.MERCURY RELkY (CLARE TYPE HGP 1002 OR W.E. 276B) 

CAN BE USED TO PROGRAM THE SUPPLY, A TRANSISTOR 
SWITCHING NETWORK CAN ALSO BE USED" PARTICULARLY 
IF 60Hz LEAKAGE MAKES WAVEFORM DIFFICULT TO 
OBSERVE. 

Figure: 5-7. Programming Speed, Test Setup 
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Figure 5-8. Up-Programming Speed Vvaveform 

5-31 OUTPUT STABIIlTY 
Definition: The change in output CUr
rent for the first 8 hours follOWing a 
30 minute warm-up period. During 
the interval of measurement all param
eters such as load resistance, ambient 
temperature, and input line voltage are 
he 1d constant. 

5-32 The stability of the supply in constant cur
rent operation must be measured while holding the 
temper..ature of the power supply and the external 
current sampling resistor (RS) as constant as pos
sible. A thermometer should be placed near the 
supply to verify that the ambient temperature re
mains constant during the measurement period. 
The supply should be located away from stray air 
currents; if possible, in an oven which is held at 
a constant temperature. Variations of the voltage 
across the current sampling resistor over the spec
ified 8 hour interval are measured on the digital or 
differential voltmeter and may be recorded on a 
strip chart recorder. Since such voltage measure
ments are generally being made at a rather low 
leve 1, it is important to check that the stability of 
the measuring instruments is adequate to insure an 
accurate check. on the power supply periormance. 

5-33 To check the output stability, proceed as 
follows: 

a. Connect test setup shown in Figure 5-3. 
b. Turn VOLTAGE control fully clqckwise. 
c. Set range switches to desired current 

range and + lead of differential voltmeter to appli
cable sampling resistor (RS1, RS2 or RS3). 

d. Set METER switch to AMPS and adjust 
CURRENT control to obtain rated output current. 

e. Allow one hour warm-up then record dif
ferential voltmeter indication. 

f. After 8 hours. differential voltmeter 
reading should not change by more than 125f-LVdc 



(6177B) 0:- 313f.lVdc (61S1B), in any output turrent 
range. 

5-34 TEMPERATURE COEFFICIENT 
Definition: The change in outpu~ cur
rent per degree Centigrade change in 
the ambien~ temperature under condi
tions of constant input ae line volt
age, output current setting, and load 
resistance. 

5-35 The temperature coefficient o~ the suppiy is 
measure:::: by placing the supply in an oven and 
varying it over any temperature span within the 
rating. The current sampling resistor(s), RS' 
should not be placed in the oven, but must be held 
at a consta"n-:: temperature while this measurement 
is made. 

5-36 The differential voltmeter used to measure 
the output current change of the supply should be 
placed outside the oven and should have a long 
term stability adequate to insure that its drift will 
not affect the overall measurement accuracy. 

5-37 To check the temperature coefficient, pro
ceed as follows: 

B. Connect test setup shown in Figure 5-3. 
b. TUrn VOLTAGE control clockwise. 
c, Set range switches to desired current 

range and connect + lead of differential voltmeter 
to applicable sampling resistance (I~Sl, RS2 or 

Rs3)· 
d. Set METER switch to AMPS and adjust 

CURRENT control for rated output. 
e. Insert supply into temperature-controlled 

oven (voltmeter and load resistances remain outside 
oven). Set temperature to 30°C and allow one hour 
warm-up. 

f. Record differential voltmeter indication. 
g. Raise oven temperature to 400 C and allow 

one hour warm-up. 
h. Differential voltmeter indication should 

change by less than BOOp.Vdc (6177B) or 2mVdc 
(6181), in any output current range. 

5-38 TROUBLESHOOTING 

5-39 Before attempting to troubleshoot this instru
ment, ensure that the fault is with the instrument 
and not with an associated circuit. The performance 
test (Paragraph 5-5) enables this to be determined 
without having to remove the instrument from the 
cabinet. 

5-40 A good understanding of principles of opera
tion is a helpful aid in troubleshooting. and it is 
recommended that the reader review Section IV of 
the manual before attempting to troubleshoot the 
unit in detail. Once the principles of operation are 

5-8 

understood, refe:" to the overall troubleshooting pro
cedures in Paragraph 5-43, to locate the symptom 
and probable couse. 

5-41 Tne scnematic diagram at the rear of the man
ual (Figure 7-3) contcins normal voltage readings 
taken at vaZ'ious points within the circJits. These 
voltages are positioned adjacent to the applicable 
test points (identified by encircled numbers). Com
ponen~ anc te5: point deSignations are marked on the 
componen~ lo::::ation diagrams, Figures 7-1 and 7-2. 

5-42 I: a ciefective component is located, replace 
it and reconduc-:: the performance test. When a com
ponent is replaced, refer to the repair and replace
ments, and adjustment and calibration paragraphs 
in this sectio:J.. 

5-43 OVERALL TROUBLESHOOTING PROGEDURES 

5-44 To locate the cause of trouble, follow steps 
, ? 
.1, ~, and 3 in sequence. 

(1) Check for obvious troubles such as open 
fuse, defe<::'lve power cord, input power failure or 
defective meter. Next remove the top and bottom 
covers (each held by retaining screws) and inspect 
for and correct open connections, charred compo
nents, etc. 1:: the trouble source cannot be detected 
by visual inspection, proceed with Step (2). 

(2) The reference circuit, in many cases, may 
be either a ciree: or indirect cause of trouble. For 
this reason it is a good idea to eliminate the circuit 
as the direct cause of trouble by following the steps 
and making the corrections listed in Table 5-2. If 
this procedure fails to cOrrect the reference circuit 
and the symptor:-. permanently, it is an indication 
that the reierence circuit in an indirect cause of 
trouble and further inspection is needed, as de
scribed in Step (3). 

(3) Disconnect the load and examine Table 
5-3 to determine your symptom and probable cause. 
In most cases further isolation within the unit ·is 
necessary, VI,Then this is the case, Table 5-3 will 
direct the reader to the isolation procedures in this 
section. 

5-45 ISOLATION PROCEDURES 

5-46 Because of the interaction between various 
feedback loops, a symptom. at first inspection, 
may seem to be caused by one circuit when in ac
tuality the trouble stems from a faulty component 
in a completely different circuit. For example; if 
the front panel current meter reading doesn't change 
while trying to program the supply up or down, the 
cause might seem to be in the programming supply, 
the guard. However, a faulty component in the con
stant current comparator, and even in the voltage 
limit circuit, could cause the same symptom. Since 
to troubleshoot all three circuits would invol ve a 
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Table 5-2. Reference Voltages 
(Refer to the Schematic for Test Point Locations) 

I 
MITER TvrETER NORMAL NORMAL 

I STE? COMMON POSITIVE VDC RIPPLE (P- PI PROBABLE CAU SE 

I A3 3 ll.8 I ImV VRI2. Oll-015 

2 A3 4 - ? o.~ lOOw.V VRS 

3 I A3 I 5 5.9 I lOOw.V VR5, adjustment of R3S 

4 I A3 6 5.6 I 5f.lV VRI2 

5 2 A3 16.2 2mV I VRS, 01, VRI 

Table 5-3. Overall Troubleshooting 

SYMPTOM PROBABLE CAUSE 

Poor Programming a. Main feedback loop, Guard, or voltage limit circuit 
Varying controls has little or no effect on defective. Proceed to Paragraph 5-45 fo:: further iso-

front panel meter reading. lation. 

Actual Output Current a. Main feedback loop, Guard, or voltage limit circuit 
(according to external meter) defective. Proceed to Paragraph 5-45 for further iso-

does not cOincide with front panel meter lation. 
reading. (May be higher or lower. I 

Inability to Zero Guard a. C23 defective. 

b. R49 defective. 

High Ripple a. C29 or 020 leaky or defective. 

b. High ripple in reference circuit. See Table 5-2. 

c. Poor line regulation. 

d. Poor load regulation. 

Poor Line Regula tion a. Improper measurement technique. See Paragraph 5-15. 

b. Check reference circuit. See Table 5-2. 

c. Check Cl, C2, C5, and C 13 for defect. 

d. Check CR 1 and CR2 for defect. , 

Poor Load Regulation a. Improper measurement technique. See Paragra ph 5-13. 

b. Check for shunt leakage paths external to the supply. 
~ 

c. Check reference circuit. See Table 5-2. 

d. If poor load regulation eXists in lower current ranges 
only. check bleed transistor Ol. for open and VRl for 
short. 

e. 03 shorted. 

Unit Oscillates a. C14, C20, C21, or C22 defective. 

b. CI0, Cll, or C3S defective. 
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I 
Table 5-3. Overall Troubleshootin~ (Continued) 

SYMPTOM I PR::lBABLL C.~USE 

Unit Oscillates 

I 
c. ~, or C13 defective. ~, 

(Continued) d. C23 and R49 oefective. 
I , 

NOTE 

Isolation procedures described in Tables 5-4 to 5-7, 
in most cases, may be used to isolate oscillation 
troubles. 

Instability a. R40 noisy. 
I 

• b. Check reference circuit . See Table 5-2. 
I c. 018, 019, Zl, 0, Z2 defective. I 

Unit Fails to Voltage Limit a. Voltage 1i.'11it no"'.: set properly. See Paragraph 3-2. 

b. Voltage limit defective. Check 07 and 06 for open, 

I 
and Q5 and 04 for short. Check CRS and OR13 for 

I 
open. 

I 
c. Voltage IL'Tlit overshoot control defective. Check 03, 

CRI2. VR4, and VR7 for open. Check 06 for short . 

Poor Transient Response to AC Modulation a. 020 Or C29 of the H-F Amplifier Circuit leaky. 
or Load Changes 

time consuming and difficult process, a good iso
lation and test of each circuit is imperative. The 
following procedures provide a fast, efficient way 
to isolate and test each circuit. Before proceeding 
with this isolation, the reference circuit should be 
checked and eliminated as the direct cause of 
trouble as described in Paragraph 5-44 and Table 
5-2. 

..round and replaced, fe-conduct the performance 
tests in Section V to ensure that no further trouble 
exists. Note that sometimes it may be necessary 
to troubleshoot the instrument more than once be
cause more than one circui':: has become defective. 
The troubleshooting procedures shoule be repeated 
until all sources of trouble are located and correct
ed. 

5-47 The isolation procedures (Tables 5-4. through 
5-10) should be followed in numerical sequence 
until the cause 0: trouble is isolated to a particu
lar circuit. Instructions within these tables will 
direct the reader to either another isolation proce
dure or to a troubleshooting table, until thf:: faulty 
component is located. Once this component is 

-----ICAUTIO~""'< -----

Keep the RANGE switch in the highest 
current position while troubleshooting. 
SWitching to lower range may cause R2 
or R3 to burn out. 

Table 5-4. Isolatipn: Guard and Main Feedback Loop 

-- PURPOSE 

To isolate the guard circuit. 

--- PROCEDURE 

1. Disconnect the wires found at points A (yellow coated jumper) and B (white wire). Refer to Figure 
7 -2 for location of points A and B. 

2. With the meter switch in the AMPS position, vary front panel CURRENT control and observe front 
panel meter. 

5-10 
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Table 5-4. Isolation: Guard and .\1ain Feedback Loop (Continued) 

--- OBSERVATIONS ANI) CONCLUSIONS ---

1. I: the meter varies from zero to within shaded cree on meter face, this indicates that the guard 
supply is operable ane the source of trouble lic!O elsewhere. Ii original trouble symptom was out
put current higher than the programmed value according to front panel meter, reconnect guard and 
proceed to Table 5-6. I: original symptom was m.:t;:lUt current lower than the programmed value, 
reCOfmect guard and proceed to Table 5-S. 

2. If meter does not vary proportionally to the CUR?EKT control setting, the source of trouble lies 
within the :;.mare circuit. Proceee to Table 5-9. 

Table 5-5. Isolation: Main FeedbccK Loop and Voltage Limit Circuit 

--- PURPOSE 

To isolate the voltage limit circuit. 

PROCEDURE ---

1. Disconnect diode CR13 and resistor R19. 

2. Disconnect Zener diode VR4. 

3. Connect load resistor shown in Figure 5-3. 

4. Connect voltmeter across load. 

S. Vary front panel CURRENT control, observlna both external voltmeter and UTIlt's ammeter readings. 
Calculate actual output current and compare results with supply meter reading. 

--- OBSERVATIONS AND CONCLUSICNS ---

1. If actual output current (according to calculated values) varies proportionally to programmed output 
(according to unit's ammeter), this indicates that the source of trouble is within the voltage limit 
circuit or overshoot control circuit. Proceed to Table 5-7. 

2. If actual output current does not vary proportionally to programmed output. this indicates voltage 
limit circuit is operable and trouble lies elsewhere. Reconnect components and proceed to Table 
5-6. 

Table 5-6. Isolation: Series Regulator and Constant Current Comparator 

NOTE 

Because of the high current flowing through and around 
the series regulator, a slip 0: the hand while testing a 
component in thiS section may cause unpredictable reac
tions in other circuits. The following procedure describes 
a way to test the operation of the regulator and driver 
without endangering any other circuits, 

~ 

--- PURPOSE ---

To isolate the series regulator and driver. 

PROCEDURE 

1. Disconnect ZI by pulling it out of its socket. 

2. Connect a SOKr~ potentiometer between common (A3) and Test Point 18. See Figure 7-2 for location 
of TPlS. 
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Table 5-6. Isolation: Series Regulator and Constant Current Comparator (Continued) 

PROCEDURI: (Co:1tmued) 

3. Soor.: circuit positive anG negative output tenninals anc connect c clip-on ammeter. A 10n resistor 
and c voltmeter connectec. across the output terminals may be usee to replace the clip-on ammeter 
ane shonee terminals. 

4. Set VOLTAGE limit control to maximum cw (current cO!"ltrol has no effect on output now). 

5. Vary poter:tiometer observing clip-on ammeter (or calculate output current from reaoin;: on voltmeter). 

--- OBSERVATIONS AND COKCLUSIOKS 

1. Ii output current varies from zero to maximum ratec output, this indicates that the series regulator 
and driver are operable and that the constant curren: comparator or error amplifier are at rault. 
Reconnect 21, disconnect short across output termiTIals, clip-on ammeter and potentiometer and 
proceed to Table 5-10. 

2. If the output current does not vary proportionally to the potentiometer setting, this indicates that 
the series regulator or driver is at fault. If the outpu"'i: current seems to be locked uP. check 025, 
026. Q27, Q28. 029. and Q30 for short. If the output curren: seems to be locked down or if max
imurn rated output cannot be reached, check 025, Q26, Q27, Q28, Oi9. Q30. and Q31 for open or 
similar defect. Also check CH31, VR14., and 'VR15 for short. 

Table 5-7. Isolation: Voltage Limit Overshoot Contr~l and Voltage Limit Circuit 

----- PURPOSE -----

To isolate the voltage limit overshoot circuit. 

-- PROCEDURE --

1. With supply still connected as described in Table 5-5, procedure steps 1, 2, 3, and 4, reconnect 
VR4. 

2. Vary front panel CURRENT control, observing both external voltmeter and unit's ammeter readings. 
Calculate actual output current and compare results with supply meter reading. 

-- OBSERVATIONS AND CONCLUSIONS --

1. If actual output current (according to calculated values) does not vary proportionally to the pro
grammed output (a ccording to unit ' s ammeter). this indicates that the source of trouble is within 
the overshoot control circuit. Check 03, C6, CR12, VR4, and VR7 for short. Also check Q2 ror 
open. 

2. If actual output current varies proportionally to the programmed output, this indicates that the 
trouble is within the voltage limit circuit. Reconnect components and proceed to Table 5-8. 

Table 5-8. Troubleshooting Voltage Limit Circuit 

STEP ACTlON RESPONSE PROBABLE CAUSE 

NOTE 

During this procedure a n exter-
nal resistor and meter should be 
connected as described in Table 
5-5, steps 3 and 4. The output 
current should be calculated ac-
cordingly. 

5-12 
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Table 5-8. Troubleshooting Voltage Limit Circuit (Continued) 

STEP I ACTION I RESPONSE PROBABLE CAUSE 

I I I Check turn-off of Q7 and 02- by a. Output current rema Ins low, I c. 07, 08 shorted, 
disconnecting collector of 06. b. Output current increases. b. Reconnect collec-

tor and proceed to 

I Step 2. 

2 I Eliminate the turn-on circuit as a. Output current increases. a. CR40. C40 shorted, 
c source 0: trouble by discor:.- b. Output current rema ins l.ow. b. Heconnect CR40 
necting the anode of CR40. ana proceed to 

Step 3. 

I 
3 ChecK turn-off of Q6 by shorting a. Output current remains low, a. 06 shorted. 

05 emitter-to-colle ctOf, b. Output current increases. D. Remove short and I 
! I proceed to Step 4. 

4 ChecK turn-on of QS by shorting a. Output current remains low. a. 05 open. 
Q4- emitter-to-collector. b. Output current increa ses. b. Remove short and 

proceed to Step 5. 

5 Check tum-on of 04 by opening a. Output current rema ins low. a. 02, 04 open, R81 
VR2 near the consta nt current shorted. Open 
source. strap between AS 

and A6, 

b. Output current in crea s e s, b. VR2 shorted. 
Check R5 and R6 
for open, 

Table 5-9. Troubleshooting the Guard Circuit 

STEP ACTION RESPONSE PROBABLE CAUSE 

PART A. UNIT LOCKED-UP 

1 Check the operation of 22 by a. Output current decreases. a. 22 defective. 
switchir.g 21 and 22. b. Output current remains high. b. Proceed to Step 2. 

2 Check operation of Q18 by open- a. Output current remains high. a. 018A open. 018E 
ing strap between terminal Al shorted. CR15, 
and A2. CR16 shorted. 

b. Output current decreases. b. R40 shorted. R37 
open, 

PART Jl. UNIT LOCKED-DOWN 

1 Check operation of 22 by switch- a. Output current increases, a. 22 defective. 
ing Z 1 and Z2. b. Output current rema ins low. b. Proceed to Step 2. 

2 Check operation of 018 by short- a. Output current rema ins low. a. 018 shorted. 021, 
ing AO to A!. VRIO open. 

b. Output current decreases. b. R40 open. R36 
shorted. 
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Table 5-10. Troubleshooting Constant Current Comparato:- anc Iviain Erro, !\r:1plifier-

I STT'P .cL. ACnOr; I HESPONS:::: I PROBAEL;-: CAUSE 

, 
PI\RT , HIGH OUTPUT CURR;::J\T h. 

1 Check operation 0: Z 1 by I c. Output Cl..!rrent cecreases. I c. Zl dsfective. 
switching Zl and Z2. Output current high. b, Check 0191". for-~. remE!lnS 

open, 019B :or 
short, 02J for 

I I 
open, VRIO for 
shor-t. CR3C open , CR27, GR28 sr.ortec. I I 

I 

, 
PART B. L010/ OUTPUT CURREIC 

1 I Check operation of Z 1 by s\vitch- a. Output current increa ses. a. Z1 defective. 
ing Zl and 22. 

):. Output current remains low. b. Check Q19A for 
short , Q195 for 
open, 021 Ior 
short, VR10 for 

i open, 

5-48 REPAIR AND REPLACEMENT to free adjustment screw from meter suspension. If 
pointer moves, repeat steps (b) and (c). 

5-49 Wnen replacing a defective component, reier 
to Section VI for component part number and de
scription. Since too much heat could lift the cop
per circuitry off of a printed circuit board, a iow 
power soldering iron (50 Vv'atts maximum) shoulc be 
used. Solder suckers make replacement of compo
nents easier and cleaner. especially when multi
lead parts are being used; and for this reason, are 
highly recommended. Use only high quality rosin 
core solder when repairing printec circuit boards. 

5-50 ADJUSTMENT AND CALIBRATION 

5-51 Adjustment and calibration may be required 
after performance testing. troubleshooting, or re
pair anc. replacement. If more than one adjustment 
must be performed, the sequence of adjustments 
presented in the following paragraphs should be 
followed. 

5-52 METER ZERO 

5-53 Proceed as follows to mechanically zero the 
meter: 

a. Turn off instrument (after it has reached 
normal operating temperature) and allow 30 seconds 
for all capacitors to discharge. 

b. Insert sharp pOinted object (pen point or 
awl) into the small indentation near top of round 
black plastic disc located directly below meter 
face. 

c. Rotate plastic disc clockwise (cw) until 
meter reads zero, then rotate CON Slightly in order 

5-14 

5-54 AMMETER TRACKING 

5-55 The ammeter circuit is adjusted to within 
±2%, (for full scale readings) at the factory and 
nonnally does not require adjustment unless a 
component in the meter circuit is replaced. 

5-56 To calibrate the ammeter, proceed as follows: 
a, Replace any' mete~ circuit jumpers (lor 2; 

see schematic) that have been removed previously, 
at the fa ctOf'/. 

b. CODY1ect test ·setup of Figure 5-3 (external 
range SWitch and medium-low range load reSistors 
can be eli::linated, if desired). 

c. Turn VOLTAGE control fully clockwise, set 
range switch to highest current range, and connect 
+ leae of differential volt::leter to RS 1. 

C. Set meter switch to AMPS and adjust CUR
RENT control until front panel meter reads exactly 
the maximurr, rated output current. 

e. Observe reading on differential voltmeter. 
If it is between 0.981 and 1.019Vdc (Model 6177B) 
or 2.452 and 2.548Vdc (Model 6181B) leave jumpers 
1 and 2 connected and operate normally. 

f. 1£ differential voltmeter reading is be
tween 0.941 and O.981Vdc (Model 6177B) or 2.345 
and 2.452Vdc (Model 6181B) remove jumper number 
1 (across R89). Reading should now be within nor
mal limits of step (e). 

g. If differential voltmeter reading is be
tween 0.905 and 0.941Vdc (Model 61778) or 2.252 
and 2.34 SVdc (Model 6181B) remove jumper number 
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2 (across R90). Readmg shoule nov,· be" within nor
ma 1 llInits of step (e). 

h. I: d~ferential voltmeter reading is be
tween C.865 anc O.905Vdc (Model G177B) 0,2.145 
anc 2.2S2Vdc (Ivjode: 6IBIE) remove jumpers number 
one anc number tWO (across R89 anc R90). Reading 
shoule nov: be within normal limits 0: step (e). 

5-57 VOLTlvlI:TER TRACKING 

5-58 The voltmeter is calibrated at the factory, 
usins; jumper n:.l:-:1ber 3, anc narmaHy" does not re
quire acijustmen: unless the meter is replaced. To 
calibrate the voltmeter, proceed as follows: 

a. Replace jumper number 3 (across RB7) if 
it was previously removed at the factory. 

b. Connect test setup of Figure 5-3, except 
connect differential voltmeter between - and guard 
(AO) terminals. 

c. Turn CURRENT control fully clockwise and 
set meter switch to VOLTS. 

d. Adjust VOLTAGE control until front panel 
voltmeter reads exactly the maximum rated omput 
voltage. 

e. If differential voltmeter reading is above 
49Vdc (Model 61773) or 9S.1Vdc (Model 61S1B) 
leave jumper number 3 connected and operate nor
mally. If voltmeter reading is below the above in
dications, remove jumper number 3. Differential 
voltmeter indication should now be above the afore
mentioned reading. 

5-59 VOLTAGE LIMIT PROGRAMMING ACCURACY 
AND MAXIMUM OUTPUT VOLTAGE 

5-60 This procedure adjusts the voltage limit pro
gramming current to within 20% of 1.ISmA (Model 
6177B) or 2.3mA (Model 61S1B). It allows the unit 
to provide 11 0% of the maximum rated output volt
age despite a 20% resistance tolerance of the front 
panel VOLTAGE control. This adjustment is neces
sary only if the VO:"TAGE control (RS1) is replaced 
or it can be done as an accuracy check before re
mote resistance programming of the voltage limit. 

5-61 To adjust the programming current, proceed 
a s follows: ."" 

a. Turn CURRENT and VOLTAGE controls fully 
clockwise. 

b. Connect differential voltmeter across out
put terminals of supply (positive output terminal 
grounded). 

c. Connect decade resistance box in place 
of R6. ..... 

d. Turn on supply and set meter switch to 
VOLTS. Adjust decade resistance until differential 
voltmeter reads 110% of the maximum rated output 
voltage. 

e. Replace decade resistance with appropri
ate value resistance in R6 position. 

S-62 GUARD AMPLIFIER ZERO 

5-63 T~is adjustment minimizes the offset between 
the bases of the guard input amplifier, Q18. The 

S-1S 

offset should be checked and acjusted, if necessary, 
wheneve:- Q18 is replaced. Proceed as follows to 
perform this adjustment: 

c. Cor:nec: differential voltmeter between 
rear terrrnnals ;.,.1 and A3. 

b. Turn \TCL:Jl.G= control fully ciock\!I,'ise. 
c. A":. any output current, adjust H46 to ob

tain a 0 :=.200fJ.Vdc reading on differential voltmeter, 

5-64 OUTPUT CURRENT ZERO 

5-55 To adj,lst for zero output current, proceed as 
follows: 

a. Cormect test setup of Figure 5-3. 
b. Set range switches to highest current range 

and connect + lead of differential voltmeter to RS 1. 
c. SeI meter switch to AMPS and turn CUR

RENT control fully ccw (minimum). 
d. AdjusL R5G to obtair: reading on differen

tial 1J01tmeter between 0 and -200}J.Vdc (Model 
6177B) or between 0 and -500}J.Vdc (Model 6IBIB). 

5-56 COKSTAKT CURRENT REMOTE PROGRAMMING 
ACe\) RAC':{ 

5-67 This procedure adjusts the constant current 
programming current within the supply. The pro
gramming current is factory set to within] % and 
should not neec adjustment thereafter unless a 
sampling reSistor or reference supply Zener diode 
(VR5, VR6) is replaced. The programming accuracy 
can also be checked and adjusted, if required, be
fore remote resistance programming of the unit. 

NOTE 

To obtain an accurate adjustment, al
ways zero the output current (refer to 
preceding paragraph) before making this 
adjustment. 

5-68 To adjust the constant current programming 
accuracy, proceed as follows: 

a. Connect test setup of Figure 5-3. 
b. Turn VOLTAGE control fully clockwise. 
c. Set both range switches to highest current 

range and connect + lead of differential voltmeter 
to RSI' 

d. VJith supply off, unstrap terminals Al and 
A2 and connect preciSion programming reSistor be
tween terminals AO and A 1. Resistor value is 2K.n 
(Model 6177B) or SKn (Model 6181B); tolerance 
must be 0.1% minimum. 

e. Connect decade resistance box in R35 
position. 

£. Set meter switch to AMPS and adjust de
cade box to obtain a reading of 1 ± O.OlVdc (Model 
6177B) or 2. S ± 0.02 SVdc (Model 6181B) on differen
tial voltmeter. 

g. Turn off supply and replace decade box 
with appropriate value resistor in R35 position. 



SECTIQI\ VI 
REPLACEABLE PARTS 

6-1 INTRODUCTION Table 6-1. Reference Designators (Continued) 

6-2 This section contain.:: inio[m6LlOI; for or08r1n<;; 
replacement parts. Table 6-~ lists parts in alpha
r:l.1meric order by reference designators and provides 
the following information: 

c., Reiere;-;.ce Designators. Refer to Table 6-l. 
8, Description, Refer to Table 6-2 for ab

brevial:ions. 
Total Quantity (1'0). Given onl,}, the first 

time the part Dumber is listed except in instruments 
containing' many sub-meddar assemblies, in which 
case the TO appears the first time the part number 
is listec iT) each assem~ly. 

c, Manu:ac:turer's Part Number or Type. 
:;, Man'..lfacturer's Federal Supply Code Num-

ber. Reier to Iable 6-3 for manufacturer's name and 
addre 55. 

HewletI-Packarc Part Number. 
g. Recommended Spare Parts Quantity (RS) 

for com;:dete maimenance of one instrument during 
one year of isola tee service. 

n. Parts not identified by a reference desig
nator are listec at the end of Table 6-4 uncier Me
chanical and/or Miscellaneous. The former consists 
of parts beionging to and groupea by individual as
semblies; the latter consists of all parts nm: im
mediatel";' associated with an assembly. 

6-3 ORDERING INFORMATION 

6-4 To order a replacemeC1t part, address order or 
ir;quir~: to your local Hewlett-Packard sales office 
(see lists at rear of this manual for addresses). 
SpecEy the following information for each part: 
Model, cO:ilplete serial number, and any Option or 
specie.l modification (J) numbers of the instrument; 
Hewlen-Pac}:ard :Je.rt nUr:1ber; circuit reference des
ignato:--; and description. To order a part not listed 
in Table 6-';, give a complete description of the 
part, its function, and its location. 

A 
B 
C 
CB 
CR 
DS 

Table 6-1. Reference Designators 

;:;; assembly E 
= blower (fan) 
;:;; capacitor F 
;:;; circuit breaker J 
= diode K 
;:;; device, signal- L 

ing (lamp) M 

miscellaneous 
electronic part 
fuse 

:::: jack, jumper 
;:;; re lay 
;:;; inductor 
;:;; meter 

6-1. 

r 
Q 

R 

T 
TB 
is 

;:;; transistor 
reSIstor 

;:;; switch 
transformer 
terminal block 
thermal switch 

VR 
X 
Z 

vacuum tUDe, 
neon Dulb, 
p:"otocell, etc. 

:::: zener diode 
;:;; socket 

iEtegrated cir-
c'Jit or network 

Table 5-2. Description Abbre\liations 

A 
ac a hema ting 

current 
assy. assembly 
bd :::: boarc 
bkt :Jracket 
oC :::: de:;::ree 

Ce,rtigrade 
cd car:::! 
coef :::: coefficient 
comp COr:1position 
CRT ::: cathode-ray 

tube 
CT ce:1ter-tapped 
de ;:;; eirect current 
DPDT ;:;; double pole, 

double throw 
DPST ::: dc'-'.ble pole, 

single throw 
e leet ;:;; electrolytic 
encap:::: encaps ulated 
F ;:;; farad 
OF ;:;; degree 

~arenheit 

ixd 
Ge ::: gerr::.anium 

Henry 
Hz ;:;; Hertz 
Ie ;:;; integrated 

circuit 
ID ;:;; inside diameter 
incnd ;:;; incandescent 

= kilo = 103 k 
m 
M 

~ 

:::: milE::: 10- 3 

mega;:;; 106 

.;:;; r:1icro .;:;; 10-6 

met. ;:;; metal 

mfr :::: mcnufacwrer 
mod. :::: moau lar or 

modified 
mtg mounting 
n ;:;; naTIO =: 10-9 

NC ;:;; norrr,ally closea 
NO -. normally open 
NP :::: nicke l-plated 

obd 

OD 

p 
P. C. 
pot. 
p-p 
ppm 

pvr 

rect 
nTIS 

;:;; ohm 
;:;; order by 

description 
;:;; o:ltside 

diameter 
;:;; pico ;:;; 10-12 

printed circuit 
;:;; potentiometer 
;:;; pea~:-to-peak 
;:;; parts per 

mi llion 
;:;; pe aL reverse 

voltage 
::: rectifier 
;:;; root mean 

square 
Si silicon 
SPDT :::: single pole. 

doub 1e throw 
SPST 

ss 
T 
tan. 
Ii 
V 
var 
ww 
W 

;:;; single pole, 
sin g Ie throw 

:;: small Signal 
:::: S lov;-b low 
;:;; .:antulum 
::: titanium 
;:;; volt 
;:;; varian Ie 

wirewound 
Watt 
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Table 6-3. Code Lis: of Manufacturers 

coos I 
NO MANUFACTURER . . I ADDRr:SS 

00629 EEY Sales Co., Inc. 
006Sf Aerovo:·: Corp. 
00853 Sangamo Electric Co. 

S. Carolina Div. 
01121 /dlen Bradley· Co. 
01255 Litton Industries, Inc. 

Jamaica, N v 

Ne\v Bedford, Mass. 

Pickens, S. C. 
Milwaukee, \'Vis. 

Beverly Hills, Calif. 
01281 TRvV Semiconductors, Inc. 

Lawnda Ie, Ca Hi. 
01295 Texas Instruments, Inc. 

Semiconductor-ComDonents Div. 
Dallas, Texas 

01686 ReL Electronics, Inc. Manchester, N. E. 
01930 
02107 
02114 
02606 
02660 
02735 

03508 

03797 
03877 

03888 

04009 

04072 
04213 

04404 

04713 

05277 

05347 
05820 
06001 

06004 

i Amerock Corp. 
Sparta Mfg. Co. 
Ferroxcube Corp. 
Fenwal Laborarories 
Amphenol Corp. 

Rockfor6, Ill. 
Dover, Ohio 

Saugerties, N. Y. 
Morton Grove, Ill. 

Broadview, Ill. 
Radio Corp, of America, Solid State 

and Receiving Tube Div. Somer-rille, N.J. 
G. E. Semiconductor Products Dept. 

Syracuse, N. Y. 
210ema Corp. Compton, Calif. 
Transitron Electronic Corp. 

Wakefie ld, Mas s. 
Pyroiilm Resistor Co. Inc. 

Cedar Knolls, N. J. 
Arrow, Hart and Hegeman Electric Co. 

Hartford, Conn . 
ADC Electronics, Inc. Harbor City, Calif. 
Caddell & Bums Mfg. Co. Inc. 

Mineola, N. Y. 
*Hewlett-Packard Co. Palo Alto Div. 

Palo Alto. Calif. 
Motorola Semiconductor Prod. Inc. 

Phoenix, Arizona 
Westinghouse Electric Corp. 

Semiconductor Dept. Youngwood, Pa. 
Ultronix, Inc. Grand Junction. Colo. 
vVakefield Engr. Inc. Wakefield, Mass. 
General Elect. Co. Electronic 

Capacitor & Battery Dept. Irmo, S. C. 
Bassik Div. Stewart-Warner Corp.' 

Bridgeport, Conn. 
06486 IRC Div. of TRW Inc. 

Semiconductor Plant Lynn, Mass. 
06540 Amatom Electronic Hardware Co. Inc. 

New Rochelle. No. Y. 
06555 Beede Electrical Instrument Co. 

Penacook, N. H. 
06666 General Devices Co. Inc. 

06751 

06776 
06812 

07137 

Indianapolis, Ind. 
Semcor Div. Components. Inc. 

Phoenix, Arizona 
Robinson Nugent. Inc. New Albany, Ind. 
Torrington Mfg. Co .• West Div. 

Van Nuys, Calif. 
TranSistor Electronics Corp. 

Minneapolis, Minn. 

COD:': 
NC-", MANUFACTURER ADDRESS 

, 
07132 lNestinghouse Eiectric Corp. 

Eiecr.ronic Tube Div. Elmira. N. Y. 
07263 Fairchild Camera and Instrument 

Corp. Semiconductor Div. 
1v10untoin Vie\,;'. Ca liz. 

07387 Birtcher Corp., The Los Angeles, Calif. 
07397 Sylvania Electric Prod. Inc. 

Sylvania :electronic Systems 
Western Div. Mountain Viev.,.', Calif. 

07716 IRC Div. of TRvV Inc. Burlington Plant 
Burlington. Iowa 

07910 Continental Device Corp. 

07933 

08484 
08530 
08717 
08730 
08806 

08863 
08919 
09021 

09182 

09213 

09214 

Ha\vthorne, Ca li1. 
Raytheon Co. Components Div. 

Semiconductor Operation 
Mountain View, Calif. 

Breeze Corporations, Inc. Union, N. J. 
Reliance Mica Corp. Brooklyn, K. Y. 
Sloan Company, The Sun Valley, Cali£. 
Vemaline Products Co. Inc. VJyckoif, N. J. 
General Elect. Co. Minia-

ture Lamp Dept. Cleveland, Ohio 
Nylomatic Corp. Norrisvilie, Pa. 
RCH Supply Co. Vernon, Calif. 
Airco Speer Electronic Components 

Bradford, Pa. 
*Hewlett-Packard Co. New Jersey Div. 

Berkeley Heights, N. J. 
General Elect. Co. Semiconductor 

Prod. Dept. Buffalo. N. Y. 
General Elect, Co. Semiconductor 

Prod. Dept. Auburn, N. Y. 
09353 C & K Components Inc. 
09922 Bumdy Corp. 

Newton. Mass. 
NOfVllalk, Conn. 

11115 Wagner Electric Corp. 
Tung-Sol Div. 

11236 CTS 0: Berne. Inc. 
Bloomfield, N.). 

Bernet Ind. 
11237 Chicago Telephone of Cal. Inc. 

So. Pasadena, Calif. 
11502 IRC Div. of TR\'Il Inc. Boone Plant 

Boone, N. C. 
11711 General Instrument Corp 

Rectifier Div. Newark, N. J. 
12136 Philacielphia Handle Co. Inc. 

12615 
12617 
12697 
13103 
14493 

Camden, N·. J. 
U. S. Terminals, Inc. Cincinnati, Ohio 
Hamlin Inc. Lake Mills. Wisconsin 
Clarostat Mfg. Co. Inc. Dover, N. H. 
Thermalloy Cp. Dallas, Texas 
*Hewlett-Packard Co. Loveland -Div. 

Love land, Co 10. 
14655 Comell-Dubilier Electronics Div. 

14936 

15801 
16299 

Federal Pacific ElectriC Co. 
Newark. N. J. 

General Instrument Corp. Semicon-
ductor Prod. Group Hicksville. N. Y. 

Fenwal Elect. Framingham, Mass. 
Coming Glass Works. Electronic 

Components Div. Raleigh, N. C. 

*Use Code 28480 assigned to Hewlett-Packard Co .• Palo Alto, California 
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1aDle ':,-3. Coos L1st 0: l\;'::lDufaccurers (Continue c) 

I 

I
, (',OD: 

NO. \ Ml:J\'UFAC':'URI:F 
I 

ADDR:-::SS 

17S7e 

21020 

22229 

227 S:) 
23S 36 
24446 
244S5 

I Det:::c Radio Dix. of General :tvlO1:ors Cor:::-. 
i Kokomo, Inc. I Atlantic Semiconciuctors, Inc. 
I Asbury Park., l',. j. 

\ Fai,rchUd Camera 6n8 InsHumen-, CO:-D 

I 
Sem:concuc:o:- Dn'. lransciucer Pl0nt 

Mountam View, Calif. 
Daven Div. Tnomas A.. Edison industries 

I 
McG:-aw-Edison Co. Orange, X. j. 

. 8igne11cs Corp. Sunnyvale, Cali:. 

I 
Bendh: Corp. The NavigaTjon and 

Control Div. 12te:-bor0, 1\,). 

21ectra/Midlanci Corp. 

i
l 

Fansteel MetallUrgic::i~:;~ vVi.:.:lls, Texa,S 

No. Chlcago, IL. 
I Union Carbide COr'-:-,). Electronic~ Diy. 

I 
Mountain Viev-,=, Ca U:. 

UID :l"Octronics Corp. Holl;.ry.;ooc, Tic. 
Pamowr, Inc. ?am;Ja, Texas 
General Electric Co. Schenectady, 1\. Y. 
General Electric Co. Lamp Div. of Con

sumer Proc. Group 
Ne la Park, Cleve land, Ohio 

24653 General Radio Co. \lVest Concoro, J\::ass. 
24681 L1V :lectrosystems Inc Memcor/::::om-

ponents Operati.ons Huntington, Inc. 
26922 Dynacoollv1!g. Co. Inc. Saugerties, 1'\. Y. 
27014 National Semiconductor Corp. 

28480 
28520 
23875 

Hewlett-Packard Co. 
Heyman Mfg. Co. 
IMe Magnetics Corp. 

Santa Clara, Ca.li:' 
Palo to ho, Ca lii. 
Kenilv..oorth, K, J. 

Net',' Hampshire Div. Rochester, 1\. H. 
3151~ SAt: Advance Packaging, Inc. 

Santa Ana, Ca iii. 
31827 3ucwig l\~ig. Co. 
33173 G.:t:. Co. 1ube Dept. 
33<:34 Lectrohm, Inc. 

Ramona, Calif. 
Owensboro, Ky. 

Chicago, Ill. 
379<:2 P. R. 1\/1a liory & Co. Inc. 

Indianapolis, Ind. 
1,.2190 Muter Co. Chicago, Ill. 
':;3334 

';4655 
46334 

New Departure-Hyatt Bearings DiY, 
General Motors Corp. Sandusky, Ohio 

Ohmite Me.nufacturing Co. 
Penn Engr. and 1vl£g. Corp. 

S~:okie, Ill. 

47904 Polaroid Corp. 
Doylestown, Pa. 

~ 

Cambridge. Mass. 
49956 
55026 

56289 
58474 
58849 

59730 
61637 
63743 

Raytheon Co. Lexington, Mass. 
Simpson Electric Co. Diy. of American 

Gage and Machine Co. Chicago, Ill. 
Sprague Electric Co. North Adams, Iviass. 
Superior Electric Co. Bristol, Conn. 
Syntron Div. of FMC Corp. 

Thomas and Betts Co. 
Union Carbide Corp. 
Ward Leonard Electric Co. 

Homer City, Pa. 
Phi lads lphia, Pa. 

New York, N. Y. 

Mt. Vern-on, !>J.-Y. 

*Use Code 71785 assigned to Cinch Mfg. Co., Chicago, Ill. 
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COLC 
NC. 

70363 
70901 
70903 
71212-
7127~ 

71400 

71450 
71468 

71590 

71700 

71707 
7174'; 

71785 

7198':; 
72136 

72619 
72699 
72765 
72962 

72982 
73096 
73138 

73168 
73293 

rvL,\?;UFACTURr:R AD!)R.:SS 

AT:':Derite Co. Inc. "Union Ci:y, K. J. 
Beemer Engr~. Co. For~ vVashmgwn, Pa.. 
3e iden Corp. Chicago, Ill. 
B\lG Radio, Inc. Vnlloughb:,-', Ohio 
Ca:nbrio(J8 Tilermionie :=':orp. 

Cambridge, h~ass. 

Bussmann MfS;. Div. of McGraw & 
;::jison Co. St. Louis, Mo. 

CTS Corp . Elkhart, Ind. 
1. 'I. T. Cannon Electric Inc. 

Los Angeles, Calli. 
G 10be-Union Inc. 

:::::entralau Dl'l:. Milwaukee, vns. 
GS:1eral Cable Corp. Cornish 

\\'ire Co. Div. v\'illiamstown, Iviass. 
Cow Coil Co. Inc. Providence, R. I. 
CZlicago Miniature Lamp \!,:orks 

Chlcago, Ill. 
Cinch Mfg. Co. anc Howard 

E. jones Div. 
Dow Coming Corp. 
E le~tro Motive 1v1£g. 

Chicago, 11i. 
Midlanci, Mich. 

Co. Inc. 
V\Tillimantic, Conn. 

~ialight Corp. Brooklyn, N. Y. 
General Instrument Corp. Newark, 0:. J. 
D:"ake MiS;. Co, ,·HarNood Heights, Ill. 
::lasli~ Stop Nu: Div. 01 

;'.r:1erace Esnc Corp. ".L--.ion, N. J • 
Erie Technological Products Inc. Erie, Pa. 
Hart 1\-1£g. Co. Hartford, Conn. 
Beckman Instruments Inc. 

He lipot Dh·. 
?enwal, Inc. 

Fullerton, Calif. 
Ashland, Mass. 

Hughes Aircraft Co. Electron 
Dynamics Div. Torrance, Calif. 

73445 Ar.,pere): Electronic Corp. 
Hicksville. N. Y. 

73506 Bradley Semiconductor Corp. 

73559 
73734 

74193 
74545 
74868 

74970 
75042 
75183 

75376 
75382 
75915 
76381 

76385 
76487 

76493 

New Haven, Conn. 
Carling Electric, Inc. Hartford, Conn. 
Federal Screw Products, Inc. 

Chicago, Ill. 
Heinemann Electric Co. Trenton, N. J. 
3ubbell Han-'ey Inc. Bridgeport, Conn. 
Amphenol Corp. Amphenol RF Div. 

E, F. Johnson Co. 
IRC Dtv. of TRW, Inc. 

Danbury, Conn. 
Vvaseca, Minn. 

Phiiade Iphia, Pa. 
*Howard B. Jones Div. of Cinch 

!>.1fg. Corp. New York, N. Y. 
Kt:!"z and Kasch, Inc. Dayton, Ohio 
Kilka Electric Corp. 
Littlefuse, Inc. 

Mt. Vernon, N. Y. 
Des Plaines, Ill. 

Minnesota Mining and Mfg. Co. 

Minor Rubber Co. Inc. 
james Millen l,,1£g. Co. 

J. VI;. Miiler Co. 

St. Paul, M_inn. 
Bloomfield, N. J. 

Inc. 
Malden, Mass. 

Compton, Calif. 

• 

• 

" 



Table 6-3, Code List of Manufacturers (Continued) 

CODE 
NO. 

76530 
76854 

77068 

77122 
77147 
77221 

77252 

77342 

77630 

77764 
78189 

78452 
78488 
78526 

78553 
78584 
79136 
79307 
79727 

79963 
80031 

80294 
81042 

81073 
81483 

8175l 
82099 

MANUFACTURER ADDRESS 

Cinch City of Incustry, Calif. 
Oak h1£g, Co, Div, of Oak 

Electro/Netics Corp. Crystal Lake, Ill. 
Bendix Corp, , Electrodynamics Div, 

No. Hollyvvood, Calif. 
?alnut Co. Mountainside, N, J. 
Patton-Mac Guyer Co. Providence, R.I. 
?haostron Instrument and Electronic Co, 

South Pasadena, CaUf. 
Philade lphia Stee 1 and Wire Corp. 

Philadelphia, Pa. 
American Machine and Foundry Co, 

Potter and Brumfie ld Div. Princeton, Ind. 
TRV\T Electronic Components Div. 

Resistance Products Co. 
Illinois Tool Works Inc. 

Everlock Chicago, Inc. 
Stackpole Carbon Co. 
Stanwyck \lVinding Div. 

Electric Mfg. Co. Inc. 

Camden, N. J. 
Harrisburg, Pa. 

Shakeproof Div. 
Elgin, Ill. 

Chicago, Ill. 
St. Marys, Pa. 

San Fernando 
Newburgh, N. Y. 

Tinnerman Products, Inc. Cleve land, Ohio 
SteWart Stamping Corp. Yonkers, N. Y. 
Waldes Kohinoor, Inc. L.1. C., N. Y. 
Whitehead Metals Inc. New York, N. Y. 
Continenta 1-,,virt Electronics Corp. 

Philadelphia, Pa. 
Zierick Mfg. Co. Mt. Kisco, N. Y. 
Mepeo Div. of Sessions Clock Co. 

Bourns, Inc. 
Howard Industries Div. 

Grayhill, Inc. 

Morristown, N. J. 
Riverside, CaUf. 

of Msl Ind. Inc. 
Racine, Wisc. 

La Grange, Ill. 
International Rectifier Corp, 

El Segundo. Calif. 
Columbus Electronics Corp. Yonkers, N. Y. 
Goodyear Sundries & Mechanical Co. Inc. 

New York, N. Y. 
82142 Aireo Speer Electronic Components 

Du Bois. Pa. 
82219 Sylvania Electric Products Inc. 

82389 
82647 

82866 
82877 
82893 
83058 
83186 

83298 

Ele.ctronic Tube Div. Receiving 
Tube Operations 

Switchcraft, Inc. 
Metals and Controls Inc. 

Products Group 
Research Products Corp. 
Rotron Inc. 

Emporium. Pa. 
Chicago. Ill. 

Control 
Attleboro. Wsass. 

Madison, Wis. 
Woodstock, N. Y. 
Glendale, Calif. Vector Electronic Co. 

Carr Fastener Co. Cambridge, Mass. 
Victory Engineering Corp. 

Springfield. N. J. 
Bendix Corp. Electric Power Div. 

Eatontown, N. J. 
83330 Herman H. Smith. Inc. 
B3385 'Central Screw Co. 

Brooklyn. N. Y. 
Chicago. Ill. 

83501 Gavitt Wire and Cable Div. of 
Amerace Esna Corp, Brookfield, Mass. 
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CODE: 
NO. 

83503 

83594 

83835 
83877 

84171 
84411 
85684 

86838 
87034 

87216 
87585 

87929 
88140 

88245 

90634 
90763 
91345 

91418 
91506 
91637 
91662 
919'29 

92825 
93332 

93410 

94144 

94154 

94222 
95263 
95354 
95712 

95987 
96791 

97464 

97702 

98291 
98410 
98978 

99934 

MANUFACTURER ADDRESS 

Grant Pulley and Eardvl,'are Co. 
\\iest Nyack, N. Y. 

Burroughs Corp. Electronic 
Components Div. Plainfield, N. J. 

u. S. Radium Corp, Morristown, K. J. 
Yardeny Laboratories, Inc. 

Arco Electronics, Inc. 
TRVJ Capacitor Div. 

New York, N. Y. 
Great Neck. N. Y. 

Ogallala, Neb. 
RCA Corp, Electronic Components 

Harrison, N. J. 
Rummel Fibre Co. Newark. N.}. 
Marco & Oak Industries a vivo of Oak 

Electro/netics Corp. Anaheim. Calif. 
Philco Corp. Lansdale Div. Lansdale, Pa. 
Stockwe 11 Rubber Co. Inc. 

Tower-Olschan Corp. 
Philade lphia. Pa. 
Bridgeport. Conn. 

Cutler-Hammer Inc. Power Distribution 
and Control Div. Lincoln Plant 

Lincoln. Ill. 
Litton Precision Products Inc, USECO 

Div. Litton Industries Van Nuys. Calif. 
Gulton Industries Inc. Metuchen, N. J. 
United-Car Inc. Chicago, Ill. 
Miller Dial and Nameplate Co. 

El Monte, Calif. 
Chicago, Ill. Radio Materials Co. 

Augat, Inc. Attleboro. Mass. 
Dale Electronics, Inc. Columbus, Neb. 
Eleo Corp. Willow Grove. Pa. 
Honeywell Inc. Div. Micro Switch 

Freeport. Ill. 
VJhitso, Inc. Schiller Pk .• Ill. 
Sylvania Electric Prod. Inc. Semi-

conductor Prod. Div. Woburn. Mass. 
Es sex Wire Corp. Stemco 

Controls Div. Mansfield. Ohio 
Raytheon Co. Components Div. 

Ind. Components Oper. Quincy. Mass. 
Wagner Electric Corp. 

Tung-Sol Div. Livingston. N. J. 
Lester, Pa~ Southco Inc. 

Leecraft Mfg. Co. 
Methode Mfg. Co. 

inc. L. l. C •• N. Y. 
Rolling Meadows, Ill. 

Bendix Corp. Microwave 
Devices Div. 

Weckesser Co. Inc, 
Amphenol Corp. Amphenol 

Franklin. Ind. 
Chicago. Ill. 

Controls Div. JaneSVille. Wis. 
Industrial Retaining Ring Co. 

Irvington, N. J. 
IMC Magnetics Corp. £.astern Div. 

Sealectro Corp. 
ETC Inc. 

Westbury. N. Y. 
Mamaroneck. N. Y. 

Cleveland, Ohio 
International Electronic Research Corp. 

Burbank, Calif. 
Renbrandt. Inc. Boston. Mass. 



REF. 
DESIG. 

DSI 
DS2 

Fl 

Jl 

Ml 

PI 

07,29,30 

R40 

RBI 

R93 

SI 
S2 

Tl 

Cl 
C2 
C3 
C4,5 

CRI-8,29 

DS3 

08 

R20 
R23 

C6 
C7 
C8,9,15-19, 
24,30,31, 
36-39 

Cl0 
Cll 
C12 
C13 
C14 
C20 
C21 
C22 
C23 
C25 
C26 
C27 
C28 
C29 
C32 

Table 6-4. Replaceable Parts 

DESCRIPTION 

CHASSIS ELECTRICAL 

Line Indicator Lamp, Neon 
Voltage Limit Indicator Lamp, Incan. 

Fuse Cartridge 3AG lA 250V 

Receptacle, Input Power 

Meter. 0-600rnA, 0-60V, 2i" 
Power Cord 

Power NPN Si. 

Current Control, Var. WW 2Ke. 
±5%. Ten-Turn 

Voltage Control, Var. Cermet 
50Ke. ±20% 

fxd. comp 47K.n. ±5% t W 

Line/Meter Switch, Rotary 
Current Range Switch, Rotary 

Transformer. Power 

INPUT P.C. BOARD, 06177-20021 

!xd, elect 500,,! 150Vdc 
NOT ASSIGNED 
!xd, elect 400,,! 100Vdc 
!xd, ceramic .05,,! 500V 

Rect. Si. lA 200prv 

Lamp. Incandescant 

SS NPN Si. 

fxd, comp 130n ±5% ~ W 
fxd, comp 6.8K.n ±5% 1W 

MAIN P. C. BOARD, 5020-5749 

!xd, elect 5,,1 150Vdc 
fxd, elect 4.7,,1 35Vdc 

NOT ASSIGNED 
fxd, elect 68,,1 @ 15Vdc 
fxd, elect 20,,1 50Vdc 
fxd, elect .47f.'.! 35Vdc 
fxd, ceramic .01~ 500V 
fxd, elect .47~ 35Vdc 

$ 

fxd, paper .033,,1 200V 
fxd, paper .0047~ 200V 
fxd, mica 220pf 500V 
fxd, mylar .01"f 200Vdc 
fxd, mylar .1~ 200Vdc 
fxd, paper .0047~ 200V 
fxd, mica 220p! 500V 
fxd, paper .033".1 200V 
fxd, elect .47,,1 35Vdc 
fxd, mylar .1~ 200Vdc 

TO 

I 
1 

1 

1 

1 

1 

3 

1 

1 
1 

1 
1 

1 

1 
-
1 
2 

9 

1 

1 

I 
1 

1 
1 

-
1 
1 
3 
1 

2 
2 
2 
1 
2 

6177B 
6-5 

MFR. PART NO. 

Ale 
2187D 

312.001 

KH-4147 

EB-4735 

-

33617A 

IN5059 

2187D 

40346 

E8-1315 
EB-6825 

40D505Fl50DC4 
150D47 5X9 03 5B2 

-
150D686XOO15R2 
30D206G050CC2 
150D474X9035A2 
811000V5U0103Z 
150D474X9035A2 
192P33392 
192P47292 
RCM 15E22lJ 
192P10390 
192P10492 
192P4 7292 
RCMI5E22lJ 
192P33392 
150D474X9035A2 
192PI0492 

MFR. (i;t 
RS CODE PART NO. • 

08806 2140-0047 1 
08806 2140-0037 1 

75915 2110-0001 5 

09182 1251-0148 1 

09182 1120-1147 1 

70903 8120-0078 1 

09182 1854-0250 3 

09182 2100-2029 1 

09182 2100-2023 1 
01121 0686-4735 1 

09182 3100-1936 1 
09182 3100-1935 1 

09182 5080-7124 1 

09182 0180-1889 1 
- - -

09182 0180-1887 1 
56289 0150-0052 1 

03508 1901-0327 6 • 08806 2140-0037 1 

02735 1854-0095 1 

01121 0686-1315 1 
01121 0686-6825 1 

56289 0180-1841 1 
56289 0180-0100 1 

- - -
56289 0180-1835 1 
56289 0180-0049 1 
56289 0180-0376 1 
15450 0150-0081 1 
56289 0180-0376 
56289 0160-0163 1 
56289 0160-0157 1 
15450 0140-0083 1 
56289 0160-0161 1 
56289 0160-0168 1 
56289 0160-0157 
15450 0140-0083 
56289 0160-0163 
56289 0180-0376 
56289 0160-0168 ., 



REF. 
DE8IG. DESCRIPTION 

;33 fxd, mica 120pf 300V 
.,C34,35,40 fxd, elect l~f 35Vdc 

CR9 Diode, S1. Stabistor 2.4V 100mA 
CRI0 Rect. S1. 20 Oprv 
CRll,19-24, 
37,38 NOT ASSIGNED 

CR12 Rect. Si. 200prv 
CR13 Rect. Si. lA 200prv 
CR14 Diode, Si. Stabistor 2.4V 100mA 
CR15-18, 
25-28,30,31 Rect. 81. 200prv 

CR32 Diode, S1. Stablstor 2.4V 100mA 
CR33 Rect. Si. 200prv 
CR34-CR36 Reet. 8i. lA 200prv 
CR39,40 Rect. SI. 200prv 

Ll Ferrite Bead 

01 Power NPN S1. 
02,3 S8 PNP S1. 
04 88 NPN S1. 
05 88 PNP 81. 
06 S8 PNP S1. 
09,10,16,17, 
23,24 NOT ASSIGNED 

011,12 SS PNP 81. 
013-015 8S NPN S1. 
018,19 NPN Diff. Amp. Si. 
020-022 8S NPN SI. 

• 025 Power NPN S1. 
026 SS NPN S1. 
027,28 8S NPN S1. 
031 SS PNP S1. 

Rl fxd, ww 2" ±0.5% 8W 10ppm 
R2 fxd, ww 18" ±0.1 % 5ppm 
R3 fxd, ww 180.1". ±0.1% 5ppm 
R4 fxd, comp 5.1M. ±5% 2W 
R5 fxd, met. film 4.75Kn ±1% 1/8W 
R6 fxd, comp (Selected) ±5% t W 
R7 fxd, comp 2 .4Kn. ±5% t W 
R8 fxd, comp 7SKr. ±5% t W 
R9 fxd, comp ISO ....... ±5% t W 
RIO fxd, comp 3M. ±5% 2W 
Rll fxd, comp 100r. ±S% tw 
R12 fxd, comp 6.8Kn±S% tw 
R13 fxd, comp lKn. ±5% t W 
R14 fxd, comp 82K.n. ±5% t W 
R15 fxd, comp S.6Kn±S% tw ~ 

R16 fxd, comp 1M .... ±5% t W 
R17 fxd, comp lKn ±5% t W 
R18 fxd, comp 75 On. ±5% t W 
R19 fxd, comp 2 70n :!::5% t W 
R21,24,39. 
42-44,50,52, 
65-67,69, 
82-84 NOT ASSIGNED 

R22 fxd, comp 390.0. ±5% t W 

TO 

1 
3 

3 
15 

-

4 

1 

2 
3 
8 
2 

-
2 

2 

2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
3 
3 
4 
2 

2 
2 

-

6177B 
6-6 

I 

MFR. PART NO. 

RDM15Fl21J3C 
150DI05X9035A2 

IN4830 
IN485B 

-
IN485B 
IN5059 
IN4830 

IN485B 
IN4830 
IN485B 
IN5059 
IN485B 

56-590-68Al/3B 

2N3391 
2N2907A 

-
40362 
2N3391 
2N4045 
ZN3391 

2N3391 

2N2907A 

Type T-7A 
Type 7007 
Type 7007 
Type C42S 
Type CEA T-O 
Type EB (obd) 
EB-2425 
EB-7535 
EB-1515 
Type C42S 
EB-I015 
EB-6825 
EB-I025 
EB-8235 
EB-5625 
EB-I055 
EB-I025 
EB-7515 
EB-2715 

-
EB-3905 

MFR. ~ 
CODE PART NO. R8 

84171 0160-2205 1 
56289 0180-0291 1 

03508 1901-0460 3 
93332 1901-0033 7 

- - -
93332 1901-0033 
03508 1901-0327 4 
03508 1901-0460 

93332 1901-0033 
03508 1901-0460 
93332 190J.-0033 
03508 1901-0327 
93332 1901-0033 

02114 9170-0016 1 

09182 1854-0311 2 
09182 1853-0037 3 
03508 1854-0071 6 
56289 1853-0099 2 
09182 1853-0037 

- - -
02735 1853-0041 2 
03508 1854-0071 
22229 1854-0221 2 
03508 1854-0071 
09182 1854-0311 
03508 1854-0071 
09182 1854-0244 2 
56289 1853-0099 

01686 0811-2141 1 
01686 0811-2777 1 
01686 0811-2778 1 
16299 0698-3644 1 
07716 0757-0437 1 
01121 - -
01121 0686-2425 1 
01121 0686-7535 1 
01121 0686-1515 1 
16299 0698-3642 1 
01121 0686d015 1 
01121 0686-6825 1 
01121 0686-1025 1 
01121 0686-8235 1 
01121 0686-5625 1 
01121 0686-1055 1 
01121 0686-1025 
01121 0686-7515 1 
01121 0686-2715 1 

- - -
01121 0686-3905 

--



REF. 
DESIG. DESCRIPTION 

R25 fxd, comp 2K~ ±S% ~,w 
R26,27 fxd. comp 51.f'~ ±5% t W 
R28 fxd, comp 20K.,,- ±5% t W 
R29,30 fxd, met. film 1.5Kr. :d% J/8W 
R31 fxd, comp 1.8K..'1. ±5% ± W 
R32 fxd. comp 2. 7K..'1. ±S% t W 
R33 fxd, comp 5.6K.n. ±5% j" W 
R34 fxd, met. film 7S0n±1% 1/8\1V 
R35 ixd. ww (Selected) ±1 % 

R36 fxd, met. film 118Kn ±1% J/8W 
R37 fxd, ww 11.8K.n:i:l% 
R38 fxd, comp 3 OOfl.- ±5% 2W 
R41 fxd, comp 82Kn ±59'0 j. W 
R45 ixd. met. film 64Kr. ± 1 % 1/8\">T 
R46 Var. ww 15K..r. ±5% IVV 
R47 fxd, met. film 64Kn ± 1 % l/BW 
R48 fxd, comp 1. SK.r.. ±59'0 t W 
R49 fxd. comp 6 .2K.n. ±5% t W 
R51 fxd, comp lOOn ±59'0 t W 
R53,54 ixd, met. film 600n ± 1 % J/8W 
R55 fxd, met. film 64K.r.. ± 1 % J/8W 
R56 Var. ww 15Kf'. =5% lW 
R57 fxd. met. film 64Kr. ±1% 1!8W 
R58 fxd, comp 1. SKn ±5% -} W 
R59 fxd, camp 390Kr.:::5%-}W 
R60,61 fxd, comp 1.3Kn ±S% t W 
R62,63 fxd, meL film 5.49Kn ±1% l/8W 
R64,68 fxd, camp 5.6K.n. =5% t W 
R70 fxd, comp 360.0. :::5% t W 
R71 fxd, camp 1K..n ±S% t W 
R72 fxd, comp 82K.n ±5% t W 
R73 fxd. camp 7 SOIl. ±5% t W 
R74-R77 fxd, comp 4.7Il. ±-5% tw 
R78 fxd, camp 12K.n ±5% -t W 
R79 fxd, camp 1 M.o. ±5% t W 
R80 fxd, camp 2K..n ±S% 2W 
R85 fxd, met. film 750Kr. ±1% l/8W 
R86 ixd, met. film 330.1". ±1% 1/8W 
R8? fxd, met. film 43K.r. ±1% tw 
R88 fxd. camp 1.5M.o. ±-5% tw 
R89 ixd, camp 16.0. :::5% t W 
R90 fxd, camp 27.0. ±S% t W 
R91 fxd. met. film 42.2.1". ±1% l/8W 
R92 Thennistor, 64Il. ±10% 

VR1,2 Diode, Zener 6.19V 400mW 
VR3,8,9,ll NOT ASSIGNED 

~ 

VR4 Diode, Zener 5.6V 400mW 
VR5 Diode, Zener 6.2V 250mW 
VR6 Diode, Zener 16.2V 400mW 
VR7 Diode, Zener 5.6V 400mW 
VR10 Diode. Zener 2.37V 400mW 
VR12 Diode, Zener 5.6V 400mW 
VR13 Diode, Zener 6: 19V ±5% 
VR14 Diode, Zener 42.2V 400mW 
VR15 Diode. Zener 20.5V 400mW 

. ZI, 2 Integrated Circuit, Op. Amplifier 

TQ 

1 
2 
1 
2 
I 
I 

1 
1 
1 
I 
I 

4 

2 

2 
1 

2 

I 
2 
2 

1 

4 
1 

1 
1 
I 
1 
1 
1 
I 
1 
I 

2 
-
3 
1 
I 

I 

1 
1 
I 

2 
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MFR. PART NO. 

EB-2025 
[B-5105 
£B-2035 
Type CEA T-O 
£B-1825 
£B-2725 
EB-5625 
Type CEA T-O 
(obd) 
Type CEA T-O 
Type 7007 
Type C42S 
£8-8235 
Type CE:i\ T-9 
Series 100 
Type CEA T-9 
EB-1525 
EB-6225 
EB-I015 
Type CEA T-O 
Type CEA T-9 
Series 100 
Type CEA T-9 
EB-1525 
EB-3945 
EB-1325 
Type CEA T-O 
EB-5625 
EB-3615 
EB-I025 
EB-8235 
EB-7515 
EB-0475 
EB-1235 
EB-I055 
Type C428 
Type CEA T-O 
Type CEA T-O 
Type CEB T-O 
EB-1555 
EB-1605 
EB-2705 
Type CEA T-O 

1N753 
-

1N755 
IN825 
IN966 
1N755 
1N4370 
IN755 

IN976 
IN968 

LM709C 

MFR. (1;jI 
RS 

CODE PART NO. 

01121 0686-2025 I 
01121 0686-5105 1 • 01121 0686-2035 I 
07716 0757-0427 1 
01121 0686-1825 I 
01121 0686-2725 1 
01121 0686-5625 
07716 0757-0420 1 

- - -
07716 0698-3265 I 
01686 0811-2789 I 
16299 0698-3630 I 
01121 0686-8235 
01686 0698-6275 I 
11502 2100-0896 I 
01686 0698-6275 
01121 0686-1525 1 
01121 0686-6225 1 
01121 0686-1015 
07716 0757-1100 1 
01686 0698-6275 
11502 2100-0896 
01686 0698-6275 
01121 OC86-1525 
01121 (jC85-3945 1 
01121 0686-1:25 I 
07716 0698-3382 1 
01121 0686-5625 
01121 0686-3615 1 
01121 0686-1025 • 01121 0686-8235 
01121 0686-7515 
01121 0698-0001 1 
01121 0686-1235 i 
01121 0686-1055 
16299 0764-0025 1 
07716 0757-0420 1 
07716 0698-5663 1 
07716 0698-5090 1 
01121 0686-1555 1 
01121 0698-3561 1 
01121 0686-2705 1 
07716 0757-0316 I 
09182 0837-0023 1 

04713 1902-0049 2 
- - -

04713 1902-3104 3 
03877 1902-1221 1 
04713 1902-0184 I 
04713 1902-3104 
04713 1902-3002 1 
04713 1902-3104 
09182 1902-0049 1 
04713 1902-3323 1 
04713 1902-0182 1 

12040 1820-00~8 2 • 



REF. 
DESIG. DESCRIPTION 

MISCEllANEOU S 

Chassis, Center 
Panel, Rear 
Heat Sink, Rear Panel 
Panel, Front, Complete 

Front Panel, Basic 
Front Panel, Top Insert 
Front Panel, Bottom Insert 
Knob Assembly, R40, RBI 
Knob Assembly, 81,82 
Front Panel Binding Post, Black 
Front Panel Binding Post, Maroon 
front Panel Binding Post, VJhite 
Front Panel Binding Post, Green 
Shoulder Washer, Front Panel Terminals 
Meter Bezel, 1/6 Mod. 
Meter Spring 
Larnpholder, Clear, DSI-DS2 
Lampholder, Base, DSI-DS2 

Frame Assembly, Side 
Spacer, Side Frame Assembly 
Cover, Side 
Cover, Top 
Cover, Bottom 
Stand, Tilt 
Foot Assembly 
Hinge, Foot Assembly 
Fa stener, Covers 
Chassis Terminal Strip, Input Power 
Shoulder Washer. Rear Heat Sink 
Cable Clamp 
Bushing Insulator, Base-Emitter Q7.2 9 ,3 0 
Bushing Insulator, Collector Screws 
07, 029, and 030 

Insulator, Boron Nitride, Q7, 029, 030 
Spacer. Q25 Collector 
Fuseholder Assembly 
Hex Nut, Fuseholder 
Lockwa sher. Fuseholder 
Flat Neoprene Washer, Fuseholder 
Barrier StriP •. 5-Terminal 
Barrier Strip, 4-Terminal 
Jumper. Barrier Strip 
Cover. Barrier Strip 
Main P. C. Board, Includes Components 
Shoulder Washer, Insulated 
Socket, Zl-Z2 
Standoff, Main P. C. Board l til Hex 
Input P. C. Board. InCludes Components 
Indian Bead, 02 
Standoff. Input P. C. Board. ttt Hex 
Carton, Pa eking 
End Caps, Packing 
Filler Pad, Packing 

OPTION 14 
3 Digit Decadial Current Control 

3 Digit Decadial 
Flat Washer (Mod.) 

TO 

1 
1 
1 
1 
1 
1 
1 
2 
2 
1 
1 
1 
1 
4 

1 
4 
2 
2 
2 
2 
2 
1 
1 
1 
2 
2 
4 
1 
4 
3 
6 

6 
3 
2 
1 
1 
1 
1 
1 
1 
3 
1 
1 
6 
2 
2 
1 
1 
2 
1 
2 
1 

MFR. PART NO. 

D 21BLK 
D 21MN 
D 21WTC 
DF21GNC 
100350 

332-14-05-034 

H4001 

342014 
90312 

901-2 

422-13-11-013 

133-98-92-061 

1 RD411 
1 

6-8 

MFR. 
CODE 

09182 
091B2 
09182 
09182 
09182 
09182 
09182 
09182 
09182 
58474 
58474 
58474 
58474 
82455 
09182 
09182 
09182 
09182 
09182 
09182 
09182 
09182 
09182 
09182 
09182 
09182 
09182 
71785 
09182 
09182 
09182 

09182 
42451 
09182 
75915 
75915 
09182 
75915 
09182 
09182 
71785 
09182 
09182 
09182 
71785 
09182 
09182 
09182 
09182 
09182 
09182 
09182 

rEf· 
PART NO. 

5000-6230 
5000-6231 
5020-5752 

06177-60002 
5020-5753 

06177-60003 
06177-60004 
0370-0846 
0370-0844 
1510-0039 
1510-0040 
1510-0067 
1510-0066 
2190-0494 
4040-0295 
1460-0720 
5040-0234 
5040-0305 
5060-0700 
5020-0701 
5000-0700 
5060-0724 
5000-0719 
1490-0032 
5060-0728 
5040-0700 
0590-0052 
0360-1187 
0340-0172 
1400-0116 
0340-0166 

0340-0170 
0340-0411 
0380-0716 
1400-0084 
2950-0038 
2190-0037 
1400-0090 
0360-1550 
0360-1551 
0360-1143 
5020-5755 

06177-60022 
2190-0490 
1200-0763 
0380-0173 

06177-60021 
4330-0145 
0380-0175 
9211-0848 
9220-1218 
9220-1237 

07716 1140-0020 
09182 06177-00006 

RS 

2 
2 
1 
1 
1 
1 
4 
1 
2 
1 
1 

1 
1 
1 
1 
6 

6 
3 
2 
1 
1 
1 
1 
1 
1 
1 
1 

6 
2 
1 

1 
1 

1 
1 



APPENDIX A 
MANUAL BACKDATING CHANGES 

In some cases, component values and part num
bers have changed from some previous part listed 
in an earlier manual to the present part listed in 
Section VI of this manual. Generally these 
changes have been affected to improve the opera
tion of the supply. In most cases. when ordering 
new parts. the components and part numbers list-

A-I 

ed in Section VI of this manual should be used as 
a replacement for aDy defective part. Vlhere ap
plicable. a separate change page is included with 
the manual which lists the most recent changes. 
In t.~is case the component(s) listed on the change 
page should be used as the replacement part. 

• 

• 



SECTION VII 
CIRCUIT DIAGRAMS 

This section contains the circuit diagrams necessary for 
the operation and maintenance of this power supply. 
Included are: 

a. Component Location Diagrams, Figures 7-1 and 
7-2, which show the physica.l location and reference 
designator of parts mounted on the printed wiring board. 

b. Schematic Diagram. Figure 7-3. which illustrates 
the circuitry for the entire power supply. Voltages are 
given adjacent to test points, identified by encircled 
numbers on the schematic. 

7-1 










