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MANUAL CHANGES

Model 6110A DC Power Supply
Manual HP Part No. 06110-90001

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

SERIAL

Number

MAKE
CHANGES

Prefix

6E 0213 - 0512 1

6E 0513 - D667 1,2
ALL - Errata
GE 0668 ~ 0717 1,2, 3
6F 0718 - 0742 1,2,3,4
6E 0743 - 0842 1 thru §
11454 Q843 - 0932 1 thru 6
T145A 0933 --1447 1thmu 7
1723A 1448 = 15079 1 thru 8
18314 1318 .« up ! thru 9

CHANGE 1;

In the Replaceable Parts Table, change R76 from
8,2Kn to 4,3Kn, 5%, %W, HP Part No, 0686-4325,
AJB, 01121,

CHANGE 2:

In Replaceable Parts List, make the following
changes:
C19: Change to HP Part No, 0180-2258,
R201 thru R209; Change to 1K., £1%, 1w, HP
Part Ne, 0811-2770.
P.C. Board: Change to HP Part No, 06110-80005.
Rl%: Change to 1Kn, =1%, 1W, HP Part No,
N811-2770,
TZ: Change to HP Part No, 5080-7129,
Option 05: T2; Delete, (Transformer need not be
changed.)
Cptien 18: T2: change to HP Part No. 5080-7130,

ERRATA:

W7, 8: Change to 2N2907A, Sprague, 56289, HP
Part No. 1853~-0099, S5 PNP 8&i,

In Replaceable Parts Table, make the following
changes
11: Change to 2N4240, RCA, HP Part No.
1854-0311,

On Page 6~-8, under Manual Backdating Changes,
change the second sentence to read:
To adapt the manual to serial numbers prior to
Er0lel, make the following changes.

On the Schematic Diagram, change the value of
capacitor C14 to 20uF,

In the Replaceable Parts Table, make the following
changes;

Change CR11, 24-28, and 32 to¢r Rect, Si, 750mA

200prv, guantity 7, 1N5059, GE 03508, HP Part

No, 1901-0327, RS 6.

Change CRZ9 and CR30 to: Rect. 21, 750mA
B00prv, gquantity 2, IN5062, GE 03508, HP Part

No, 1801-0330, R3S 2,

CHANGE 3:

In the Replaceable Parts Table, change the HF
Part No, of switch 51 to 3101-1244, This
switch requires new front panel lettering.

CHANGE 4:

In the replaceable parts table, change the HP Part
No. of switeh 51 to 3101-1248,

CHANGE 5:

In the Replaceable Parts Table, delete the listing
for BNC~-HV Cable Plug and associated hardware
and add new listing:

BNC-HV Connector, HP Part No. 1250-1267,

ERRATA:

In Table 5=2, Step 5 (Page 5-9), change the Meter
Common gonnaction to "VR2 anods."

in the Replaceable Parts Table, add the following:
Qven heating element, HF Part No, 8110-CG1589,
{Installation and calibration instructions for
oven are covered in Service Note P-5060-6125.)

ERRATA;

In Table 1-1 and page 5-5, paragraph 5-31, step
¢., change the ripple and noise apecification to:
"less than ZmVrms and 5mV p=-p. "

CHANGE 6:

The Serial Prefix of this unit has been changed to
1145A. Thisg is the only change.

CHANGE 7:

In the Replaceable Parts Table and on the schematic,
change RY to 120~45%, 1/2W, HP Part No. 0636—
1215.




The standard colors for this instrument are now
mint gray (for front and rear panels) and olive gray
{(for all top, bottom, side, and other external sur—
faces}, Option X958 designates use of the former

color scheme of light gray and blue gray, Optien
AB5 designates use of a light gray front panel with
olive gray used for zil other external surfaces.
New part numbers are shown below:

HP PART NC,

DESCRIPTION ST ANDARD

CPTION ABS OPTICON X95

Front Panel 06110-00002

Side Chassiz, Right 5060~7950

3ide Chassis, Left 5060-794%

Rear Chassis — ass'y 5000~9482

Cover, {2} 5000-9421

06110-00001

 —

ERRATA:

Make the following changes to the parts list on
page 6-8:
Option 05: Delete T (Transformer need not
be changad).
Option 18: Add R55, 120K 5% 1/2W, 0686-
1245,
Optlons 05 and 18:. Add R55, zame as Option
18 above: changs HP Part No., of T2 to 5080~
7130,
Change part number of rubber bumpsar from
0403-0088 to 0403-0002,
On page 6=5 and on the schematic, change C27
and C28 to 1pF 2000V HP Part No. 0160-4121,

Add t» the parts list the replacement lamp
for 1Huminated switch 3101-1248, which lg
used in those supplies that include Change 4.
The HP Part No. of the type AlH lamp 15 2140 -
0244,

Add to the parts list the mating plugs for the
front panel sutput conhectors. They are type
BNC-HY male coaxial plugs, HP Part No. 1250 -
0927. Two are provided,

Effective January 1, 1977, Optlens 005 (50Hz ac
tnput) and 018 {230 Vac Input) are nn longer avall —
able separately as standard options for this model
These two aptlons have been replaced by a new
standard option, Option 019, which combines the
modifications of Options 005 and 018 for use with
a 230 Vact10%, 50+0. 3=z input. After January I,
Meodel A110A instruments for use with a 116Vae
50Hz fnput or 2 230Vaq 60Hz Input must be srdered
a5 gpecial factory modifications. Make the nec -
esgary corrections wherever Option 005 or 018 ig
mentionad in the manual.

ERRATA:

Under the heading Controls in Table 1-1 change
the regnlution gpecification to 20 millivolts.

The blue gray meter bezel has been replaced by
a black sne, HP Part No. 4040 -9414.

CHANGE B:

Make the following changes to the schematic
and the parte 1ist: change R7! ln the overvoltage
pratection cireult to 20k, 10%, HP Part No.
2100-0558: change R2Z5 and R67 in the meter
circuit ts 100k, 10%, HP Part No. 2100-3214.

p CHANGE 9:

Change power transformer Tl to HP Part No,
5080 -1910. The primary of the new transformer
can be strapped for 115Vac or 230Vac input as
shown balow. Change rear chassls to HP Part
N». 5008 -3148. Replace capacitor clamp HP
Part Na, 5000 -£023 with capacitor bracket HP
part No. 1210-0006,

Change zener diode VRZ to 8V, 0, 000% T G, HP
Part Nn». 1902 - 0785, N~te that the -ld zener
dinde (1902 -0763) Should not be used for a
replacement at any time.

T
{FRIMARY )

T
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£

230VAC
CONNECTIONS

T1SVAG
CONNECTIONS




Manual Changes

Maodel 61108 DC Powet Supply

Manual H P Part No. 06110 -90001
Page -3 --

P ERRATA:

In Table 1 -1, change the Trenslent Recovery

Time Specification to read as follows:
Legs than S50usec 1z required for cutput
voltage recovery to within 50mV of the
nominal putput veoltage following & changs
in output current equal te the current rating
of the supply, when theinput llne voltage 1z
at 118vVag or 230WVac.

9-26-78
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Figure 1-1. DC Power Supply, Model 6110A




SECTION I
GENERAL INFORMATION

1-1 DESCRIPTION

1-2 This instrument (Figure 1-1} is an all semi-
conductor high voltage supply suitable for aither
mench or relay rack operation, It is a compact,
well~regulated, Constant Voltage/Current Limited
supply that will furnish 3, 000 volts at 6 milllamps
or can he adjusted throughout the output voltage
range, It is designed for applications requiring
extreme stability, regulation, and ingensitivity to
amblent temperature variations,

1-3 This supply utilizes a series regulated
"piggy-back" ¢ircuit technique that consists of
placing a well-regulated low voltage power supply
in series with a less well-regulated supply having
a greater voltage capability, The well-ragulated
"piggy-bhack" supply continucusly compensatas for
any ripple, load regulation, er line regulation de-~
flciencias of the main power source and adjusts
the voltage across its series regulator so that the
total output voltage remains constant despite dis-
turbances in the main voltage source.

1-4  OVERLOAD FROTECTION

1-5 The voltage thumbwhesl switches select the
constant veltage level; an internal potentiometsr
selects the current limit level. The supply will
automatically crossover from constant voltage to
current limit operation and vice versa if the outbut
current of voltage excecds these preset levels,
Detailed characteristics of the output current [im-
iting are given in Paragraph 3-5.

1-6  The power supply is protzcted from reverse
voltage {posttive voltage applied to negative ter~
minal) by an internal protection diode that shunts
current agross the output terminals when this con-
dition exists, clamping the reverse voltags, Pro-
tection from reverse current (current forced into
the power supply in the direction opposite to the
output ¢urrent) must be providaed by preloading the
power supply (Paragraph 3-15), The power supply
cannot accept reverse current without damage.

1-7 COOLING
1=8 Convection ¢oaling ig used; no fan s re=~

quirad, The power supply has no moving parts
axcept for the meter movement.

1-2 OUTPUT TERMINALS

1-10 Output power is available via fwo UG=931/U
sonnectors mounted on the front panel of the sup-
ply, Mating connectors (UG-932/U) are supplied
with the unit, The output terminals are isolated
from the chassis and either the positive or the neg-
ative terminal may be connected to the chassis by
shorting the center pin to the case of the applica~
ble UG=-931/1 connector, or by grounding a wire
frem the connector to the ¢hassis, The power sup-
ply is insulated to permit operation up to 1,000
volts de off ground, f.e. the maximum potential
betwean either output terminal and ground shall not
excesd 4KVde,

1~-11 SPECIFICATIONS

1~12 Detailed specifications for the power supply
are given in Table 1-1.

1-13 OPTIONS

1-14 Options are factory modifications of a stand-
ard imstrument that are requested by the customer,
The following options are gvailable for the instru-
ment coveraed by this manual. Where necessary,
detailed option information (operation, alignment,
ete.) is included throughout the manual,

Option No, Description

05 50Hz Input Modificatlon, Fagtory
modification includes the substitution
of §0Hz with 50Hz magnetic compo=-
nent as indicated at the end of the
parte list in Sec¢tion VI. In addition,
the overvoltage protection adjusiment
is recheckad, refer to Section V.

230Vac £10%, Single-Phase Input,
Factory modification includes the in-
stallation of & 230 volt lnput trans-
former to raplace the standard 115 volt
tranzformers as indlgated at the rear
of the parts list in Segtion VI

i1-15 ACCESSORIES

1=-16 The accessories listed in the follewing chart
may be ordered with the power supply or separately




from your local @ sales office.  (Refer to list at
rear of manual for addresses, ) Additional informa-
tion on accessories s given in Section II.

$i Part No,
14515A

Description

Rack Kit for Mounting one 54" H
supply in a standard 19" EIA rack.
(Refer to Section II for details. )

Rack Kit for mounting two 54" H
supplies in a standard 18" EIA rack.
(Refer to Section II for details.)

145254

1-17 INSTRUMENT IDENTIFICATION

1-18 Hewlatt~Packard power supplies are identi-
fied by a three-part serlal number tag. The first
part is the power supply model number, The sec-
ond part is the serial number prefix, which consists
of a number-letter combination that denotes the
date of a significant design change, The number

designates the year, and the letter A through L
designates the month, Tanuary throuwgh December,
respectively. The third part is the power supply
setrial number; a different sequential number iz as-
signed to each power supply.

1-19 If the sarial number prefix on your power
supply does not agree with the prefix on the title
page of this manual, use the ¢hange page that is
Included to update the menual to the proper serial
number. Where applicakle, backdating information
s given in an appendix at the rear of the manual.

1-20 ORDERING ADDITIONAL MANUALS

1-21 ©One manual is shipped with each power sup-
ply. Additional manuals may be purchased from
your tocal # sales office (see list at rear of this
manual for addresses), Specify the model number,
serial number prefix, and @ stock number provided
on the title page,




Table 1-1,

Specifications

CUTPUT:
0=-3000vde, 0-6 milliamperes,

INFUT:
115Vac £10%, single phase, 57-63Hz, 14, 50W,

LOAD REGULATION;
Less than 0, 001% (10ppm) plus 100uV for a full
load to no load ¢change in output current,

LINE REGULATION;
Less than 0, 061% (10ppm) output voltage change
for a 10% change in line voltage,

RIPFLE AND NOISE;
Less than 400pVrms, lmV p-p.

TEMPERATURE RANGES:
Operating: 0to509C, Storage: -20 t0 48500,

TEMPERATURE COEFFICIENT:
Less than 0. 001% (10ppm) plus S0V output volt-
age change per?C after 30 minute warm-up.

STABILITY:

Less than 0, 01% plus 500pV total drift for 8
hourg (less than 0, 012% plus 600V for 1 month)
after 30 minute warm=-up and with 3°C ambient
variation,

OUTPUT IMPEDANCE:
At 3000V, less than 50 ohms from DO to 1000Hz.
At 3V, less than 0. 05 ohm from DC to 100Hz.

TRANSIENT RECOVERY TIME:

Less than 50p seconds is required for output
voltage to recover to within 10 millivolts of the
noeminal output voltage following a full lead
change in output current. Less than 100w seconds
is required for output voltage recovery to within
the load regulation specification. The nominagl
cutput voltage is defined as the mean betwsen the

no load and full load voltage,

GOVERLCAD PROTECTION:

An all electronic, continuously acting current
limit protects the power supply for all overloads
regardless of how long imposed, including a di-
ract ghort circult across the output terminals,

CONTROLS:

An in-line 5-digit {thumbwheel) voltage program-
mer permits control of the output voltage with an
accuracy of 0, 1% plus 100mV of the output voli-
age; resolution is lmV.

METER:
The front panel meter can ba used as either a
0-3500V voltmeter or as a 0=7mA ammeter.

OUTPUT TERMINALS:

The dc output of the supply is floating; thus, the
supply can be used as either & positive or nega-
tlve source, Terminals for +OQUT, -OUT, and
GND are provided on the front of the supply.

COOLING:
Gonveciiicm cooling is employed,
has no moving parts.

The supply

SIZE:
B1"W x 54" Hx 16" D

WEIGHT:

19 1bs, net, 23 lbs, shipping. Two of the units
c¢an be mounted side by stde in a standard 19"
relay rack.

FINISH:
Light gray front panel with dark gray case.

POWER CORD:
A 3—wire 5-foot power cord is provided with each
unit,




SECTION II
INSTALLATION

2~1 INITIAL INSPECTION

2-2 Before shipment, this instrument was in-
spected and found to be free of mechanical and
alectrical defects. As soon as the instrument is
unpacked, inspect for any damage that may have
occurred in transit, Save all packing materials
until the inspection ts completed, If damage 15
found, proceed as describad in the Claim for
Damage in Shipment section of the warranty page
at the rear of this manual,

2-3 MECHANICAL CHECK

2-4 This check should confirm that there are no
broken knobs or connectors, that the cabinet and
panel surfaces are free of dents and scratches,
and that the meter is not scratched or cracked.
2-5 ELECTRICAL CHECK

2-6 The instrument should be checked against
itz electrical specifications, BSection V includes
an "in-cabinet" performance check to verify proper
instrument operation.

2-7 INSTALLATION DATA

2=8 The instrument L& 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
cooling alr can reach the sides and rear of the {n-
strument when it is in operation, It should be used
in an area where the ambient temperature does not
aexcaed 5590,

2=-11 RACK MOUNTING

2-12 This instrument may be rack mounted in a
standard 19 inch rack panel either alongside a
similar unit or by itself. Figures 2-1 and 2-2
show how both types of installations are accom-
plished.
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2-1

Rack Mounting, Two Units
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Figure 2-2. Rack Mounting, One Unit

2-13 To mount two units side-by-side, proceed
as follows:

a. Remove the four screws from the front
panels of both units,

b, Slide rack mounting ears between the
front panel and case of each unit.

¢, Slide combining strip between the front
panels and cases of the two units,

d. After fastening rear portions of units to~
gether using the bolt, nut, and spacer, replace
panel screws,

2-14 To mount a single unit in the rack panel,
proceed as follows:

a. Bolt rack mounting ears, combining
strips, and angle brackets to each side of center
spacing panels. Angle brackets are placed be-
hind combining strips as shown in Figure 2-2,

I, Remove four screws from front panel of
unit,

¢, Slide combining strips between front
panel and case of unit,

d. Bolt angle brackets to front sides of case
and replace front panel screws,

2-15 INPUT POWER REQUIREMENTS

2-16 This power supply is operated from a nominal
115 volt 60 Hz power source., The input power re-
quired when operated from a 115 volt 60 Hz power
source at full load is:

Model 6110A 60 Watts

Model 6516A 40 Watts

2-17 POWER CABLE

2-18 To protect operating personnel, the National
Electrical Manufacturars 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.

2-19 To preserve the protection feature when op-
erating the instrument from a two-contact cutlet,
use a three-prong to two~prong adapter and con-
nect the green lead on the adapter to ground,

2-20 REPACKAGING FOR SHIPMENT

2-21 To insure safe shipment of the instrument, it
is recommended that the package designed for the
instrument be used, The original packaging mate-
rial is reusable, If it is not available, contact
your tocal Hewlett~Packard field office to obtain
the materials. This office will also furnish the
address of the nearest service office to which the
instrument can be shipped. Be sure to attach a
tag to the instrument which specifies the owner,
model numbker, full serial number, and service re-
quired, or a brief description of the trouble,




SECTION III
OPERATING INSTRUCTIONS

3-1 TURN-ON CHECK OUT PROCEDWRE

3-2 The following procedure describes the use of
the front panel controls and indicators illustrated
in Figure 3-1 and insures that the power supply is
operational,

HARR1SON DC POWER SUPPLY
HEWLETT - PACKARD

gL

VOLTAGE

METER
VOLTS _AMPS

Figure 3-1. Front Panel Controls and Indicators

a. Push ON/OFF switch~indicator {1); indi-
cator should light, '

b, Set METER switch (2) to VOLTS position
(61104 only).

¢, Adjust voltage thumbwheel switches for
desired output voltage as indicated on meter,

d. Attach a multimeter to the output and set
the voltage decadial control to at least 200 volts,
Check that the current indication on the multimeter
does not exceed 7, SmA,

e. Remove meter and connect load to output
terminals,

3-3 OPERATION

3-4 The power supply can be operated as a single
unit (normal operation) or in parallel, No provi-
sions for remote programming or remote sensing
have been made due to their limited use and in-
sulation problems at 3, 000Vdc. For safety, insure
that the power supply chassis is grounded {either
via power cord or by other means}, The operatorcan
ground either output terminal or operate the power
supply up to 1, 000 volts dc off ground {(floating).

It is not recommended that the power supply be
floated above 300 volts rms at low audio frequen-
cies (less than 500Hz),

WARNING
Serious injury to personnel can occur if
the power supply chassis is ungrounded.
The warranty is void if the chassis is
ungrounded during operation.

NOTE
This supply emits a ticking sound which
is characteristic of normal operation, It
in no way indicates that the power sup-~
ply is malfunctioning,

3-5 CURRENT LIMIT PROVISIONS

3-6 The current limiting feature is designed to
protect the power supply and the load, It is fac-
tory adjusted by selecting resistor R20 so that the
short-circuit output current will not exceed ap-
proximately 8mA,

3-7 OPERATION OF SUPPLY BEYOND RATED OUTPUT

3-8 The shaded area on the front panel meter
face indicates the amount of ocutput voltage that is
available in excess of the normal rated output.
Although the supply can he operated in this shaded
region without being damaged, it cannot be guar-
anteed to meet all its performance specifications.
However, if the line voltage is maintained above
li15Vac, the power supply will probably operate
within its specifications,

3-89 LOAD CONNECTION

3=10 Cutput terminals are provided on the front
panel of the power supply; mating connectors are
UG-932 and cable type is RG~59/U, The positive
or negative output terminal may be grounded by
shorting the center pin and-.case of the applicable
UG-931/U jack; or both output terminals unground-
ed {floating operation). Floating operation is per-
mitted to 1, 000 volts dc off ground; neither output
terminal should exceed 4, 000 volts dc. The best
ripple-free resulis are obtained when one output
jack is grounded and the load is connected to the
other output jack by the appropriate cable and con-
néctor.
WARNING

To avoid injury to personnel dué to arc~

ing, turn off the power supply before

connecting or disconnecting the load

connectors,




3-11 Each load should be connected to the power
supply output terminals using separate pairs of
connecting wires, This will minimize mutual
coupling effects between loads and will retain full
advantage of the low output Impedance of the power
supply, EBach pair of connecting wires should be
as short as possible to reduce noise pickup, In
addition, a 0.1 to 1, Ouf capacitor should be con-
nected between one terminal and the chassis, if
the supply is floated off of ground,

3=12 If lsad considerations require that the output
power distribution terminals be remotely located
from the power supply, then the power supply out-
put terminals should be connected to the remote
distribution terminals via a pair of shielded wires
and each load connected separately to the remote
distribution terminals, A 0.1 to 1, Opf capaciter
should be connacted across the remote distribution
terminals to reduce high frequency coupling and
nolse,

3-13 QUTPUT CAPACITANCE

3~14 An internal capacitor, across the output ter=-
minals of the power supply, helps to supply high
gurrent pulses of short duration during constant
voltage operation, Any capacitance added exter-
nally will improve the pulse current capability,
but will decrease the safety provided by the cur-

rent limiting circuit, A high current pulse may
damage load components before the average cutput
current is large enough to cause the current limit-
ing circuit to operate.

3-15 REVERSE CURRENT LOADING

3-16 Active loads connected to the power supply
may agtually deliver a raverse current to the pow-
er supply during a portion of its operating cycle,
An external source cannot be atlowed to pump cur-
rent into the supply without loss of regulation and
possible damage to the output capacitor, To avoid
these effacts, it is necessary to preload the sup-
ply with a "dummy" load so that the power supply
delivers current through the entire operating cvele
of the load device,

3-17 REVERSE VOLTAGE LOADING

3=18 A diode is connected across the output ter-
minals. Under normal operating conditions, the
diode is reverse biased (anode connected to neg-
ative terminal}). If a reverse voltage is applied to
the ourput terminals (positive veoltage applied to
negative terminal), the diode will sondust, shunt-
ing current across the output terminals and limit-
ing veltage to the forward veltage drop of the
diode., This diode protects the series transistors
and the cutput electrolytic capacitors,
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SECTION IV
PRINCIPLES OF OPERATION

4-1 OVERALL BLOCK DIAGRAM DISCUSSION
{Figure 4-1)

4-2 Models 6110A and 65164, as illustrated in
Figure 4-1, are constant voltage/current limited
power supplies that utilize a "piggy-back" regu-
lator design. This design extends the usefulness
of the series regulating transistors rated for ap-
proximately 30 volts to short-circuit-proof power
supplies rated for 3, 000 volts. The basic tech-
nigue consists of placing the well-regulated low-
voltage "piggy-back"” supply in series with a less
well-regulated high voltage doubler. Notice,
however, that the amplified error signal from the
voltage input circuit is dependant upon the total
output voltage—not just the output of the “plagy-
back" supply along, Thus, the well-regulated
"plggy-back" supply continugusly compensates
for any ripple, load regulation, or line regulation
deficiencies of the high voltage doublar, and ad-
justs the voltage across the series regulator so

that the total output voltage remains constant
despite disturbances in the high voltage doubler.

-4-3  For purposes of discussion the voltage
values of Model 6110A are used in the following

paragraphs, however, the theory pertains equally
well to both Models 6110A and 6516A, The
"piggy-back" supply develops 200 volts, and the
high voltage doubler supply is capable of provid-

ing a maximum of 3200 volts, With 30 veolts nor—
mally dropped across the serlas regulatop, the
maximum output of this supply is 3370 volts; 170
volts from the “piggy-back" supply and 3200 veolts
from the high valtage doublar, Thusg, the series
regulator of the "piggy-back” supply has a voltage
range for accomplishing the dynamis changes nec-
esasary to compensate for the varlations of the
power source, Short—circuit protection for the
series regulator in the "piggy~back” supply is
provided by the protection diode, which provides a
discharge path from the positive side of the power
supply to the positive side of the high voliage
doubler shunting the short circuit current around
the series regulator. Whenever the load resist=
ance decreases to a value such that +3 becomes
greater than —200 volts, the protection diode con-
dugts, This prevents the output terminals of the
"piggy-hagk" supply from ever reversing polarity,
and tha sarics regulator will never be called upon
to withstand a voltage strain greater than 200 volts
from 1te own rectifier,

4=4  The a¢ input line voltage is raised to the
proper level and coupled to the "plggy=-back"” sup-

ply. This supply converts the ac input to raw dc
which is fed to the positlve terminal via the serles
regulator and current sampling resistor network.
The regulator, pari of the feedback loop, is mads
to alter its conduction to maintain a constant out-
put voltage or limit the output current. Voltage
developed across the current sampling resistor is
the input to the current limiting circuit. If the out-
put current that passes through the sampling net-
work exceeds a certain predetermined level, the
current limiting circuit applies a feedback signal
to the series regulator which alters the regulator's
conduction so that the output current does not ex-
ceed the predetermined limit.

4-5 The voltage. input circuit obtains its input by
sampling the output voltage of the supply at the
veltage control. Any changes in output voltage are
detected in the constant voltage input cireuwit, am-
plified by the error amplifier ang driver, and ap-
plied to the geries regulator in the correct phase
and amplitude to counteract the change in output
voltage. The reference regulator circuit provides
stable reference voltages which are used by the
constant voltage input circuit and the current Mmi-
fing airouit for comparison purposes.

4=-6 The high voltage contrel circuit monitors the
voltage across the "plggy-back” supply, and alters
the conduction of transformer T1 so that the output
of the high voltage doubler can be varied between

0 and 3.2 kilovelts. For instance, if the high volt-
age control is adjusted for an output voltage in ex-—
cegs of the voltage supplied by the "plggy-back"
supply, the input to the high voltage control cir-
cult becomes more negative. The high voltage
control circult openg the contrel winding, and all
the energy appearing at the ac input of transformer
Tl is coupled to the segondary which is connected
to the high voltage doubter. The result is that the
output voltage of the high voltage doublear increases.
1f the voltage control is adjusted for an output
which is less than the "piggy-back" supply. the
input to the high voltage control circuit becomes
less negative. The control winding of transformer
Tl becomes shorted Impeding the transfer of energy
from the ac input to the secondary which is ¢on-
nected to the high voltage doubler. Thus, the out-
put voltage of the high voltage doubler decreases.

4-% In Model 61104, an oven housas the temper—
ature sensitive compeonents in the supply to pro-
vide a low temperature coefficient which results
in excellent stability. The oven control ¢irguit
maintains the oven temperaturg at 659C,
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4~8 SIMPLIFIED SCHEMATIC DISCUSSION
(Figure 4-2)

4-9 The regulating feedback loop, consisting of
the thumbwheel switch assembly {programming re-
sistors), voltage input circuit, driver and error
amplifier, series regulator, and high voltage con-
trol ¢ircuit, function continuously to maintain the
output voltage constant during constant voltage
operation and the output current at a safe limit
during current limit operation,

Bimplified Schematic Diagram

4-10 The voltage input circuit differential ampli-
fier, Ql, detects an error voltage that is propor-
tional to the difference between the voltage across
its programming resistors (thumbwheel switch ag-
sembly) and the dc output voltage, The error sig-
nal is amplified by differential amplifiers, Q2-Q3
and Q7-Q8. The amplified error signal is further
amplified by Q9 and Q10, and applied to the series
regulator, The series regulator increases or de-
creases the output current as required to maintain
a constant dc output voltage that is equal to the




programmed voltage, The high voltage control gir-
guit, transformer T1, and the high voltage doubler
malntain the voltage across the series regulator
within a limited range., When the voltage across
the series regulator falls below a predetermined
level, QL7 turns on, forward biasing diodes CR3
and CR5. 8CR's CR7 and CR40 bagin firing on
gach cyele, and the voltage across C27 and C28
decays. When the voltage across the series regu-
lator rises above a predetermined level, Q17 turns
off, reverse bilasing diodes CR3 and CR5. S8SCR's
CR7 and CR40 stop {iring and the voltage across
C2Z7 and CZ8 rises,

4~11 The current imit circuit protects the lead and
the series regulator against excessive currents, If
the external load resistance is decreased to a point
whera the load current exceeds the value selected
by resistor R20, the nagative voltage on the collec-
tor of Q5 forward biases CR8. Thug, the collestor
of Q9 is clamped and the output current is main-
tained at a constant safe maximum., Any further
decreases in load resistance cause the output volt-
age to decrease proportionally,

4-12 DETAILED CIRCTUIT ANALYSIS (Refer to over—
all schematic at rear of manual)

4-13 SERIES REGULATOR

4-14 The series regulator consists of transistor
stage Ql1l, The regulator serves as a series gon-
trol element by altering its condugtion so that the
output voltage and current limit is nevar exceeded.
The conduction of Q11 is controlled by the feed-
hack voltage dbtained from driver Q10.

4=-15 CONSTANT VOLTAGE INPUT CIRCUIT

4-16 This ¢ircuit congists of voltage decade con-
trol R200 through R235, voltage calibrate potenti-
ometer R16, and differential amplifiers Ql, Q2-Q3,
and Q7-Q8, Ql consists of two transistors having
closely matched characteristics in a single tran-
sistor packaga., This package insures that both
transistors will operate at essentially the same
temperature, minimizing drift due to thermal differ-
entials, Q1l, Q2, and Q3 are enclosed in a con~-
ztant-temperature oven to further minimize effects
of changing ambient temperature.

4-17 The constant veltage input circuit continu-
ocusly comparas a fixed reference voltage with a
portion of the output voltage and, if a difference
exists, produces an error voltage whose amplitude
and phase ig proportional to the differsnce, The
error output is fod back to the series regulater,
through the error and driver amplifiers. The error
voltage changes the conduction of the series reg-
ulater which, in turn, alters the output voltage so
that the difference between the two input voltages

‘put current will be limited,

applied to the differential amplifier is reduced to
zare, The above action maintains the cutput volt—
age constant,

4-18 The base of QlA 1s connegted to the junction
of the programming resistors and the current pull-
out resistor, R17, through a current limiting resis-
tor Rl. Diades CRI1 and CR2Z limit voltage excur-
glonz on the kase of QlA, Rl limits the current
through the programming resistors under the con-
dition of rapid veltage turm-down., Capacitors C4
and C9 shunt the programming resistors to increase
the high frequency gain of the amplifier. The pro-
gramming current 15 determined primarily by the
reference voltage and the pull-out resistor, R17,

4-19 The base of QIB is connected to ground
through RZ, Variable current can be injected at
this point through R13 which serves to compensate
for fixed voltage offsets in Q1.

4-20 Negative feedback 1z coupled from the out-
put of differential amplifier Q7-Q8 to the input of
Q1 by network R30 and C6&. This feedback provides
high frequency rell=eff in the loop gain to stabi-
lize the feedback loop.

4-21 DRIVER AND ERROR AMFPLIFIER

4=22 The driver and error amplifier girguit raises
the level of the error signal from the constant
voltage input ¢cirguit 1o a sufficient level to drive
the series regulator, Common emitter amplifier
Q10 also receives a current limiting input when
CR8 becomes forward hiased.

4-23 CURRENT LIMIT CIRCUIT

4-24 The output current flows through R23 produc-
ing a voltage drop of 1 volt for 7 milliamps output
¢urrent, | The positive voltage appearing on R23
causes a currant flow through R28 and selectable
resistor R20, ‘When the ocutput current reaches 7
milliamps, Q5 condugts, forward biasing diode
CRB., The base of Q10 becomes sufficiently nega~
tive to tun-off Q10 and series regulator Q11; thus,
limiting the output current, R2Z7 and CR4 provide a
=0, 7 volt biasg for the emitter of Q5. The value of
resistor R20 determines the leval at which the out-
This value is normally
selected for 7 milliamps output current, Capacitor
5 and resistor R29 prevent oscillation in the cur=
rent limit mode of operation,

4-25 HIGH VOLTAGE CONTROL AND DOUBLER
CIRCUITS

4-26 This circuit controls the voltage output of
the high voltage doubler as a fungtion of the volt-
age across the series regulator and resistor RS54,
‘When the voltage across the series regulator rises




to a predetermingd value, CR39 becomes forward
biased and Q17 conducts. Diodes CR3 and CRS
are forward biased and on alternate half-cycles
SCR's CR7 and CR40 fire shorting the control wind-
ing of transformer T1, This action decreases the
voltage on the secondary of T1 thus reducing the
charge on capacitors C27 and CZ28, This, in turn,
reduces the veoltage drop across the series regula-
tar.

4-27 When the voltage drop across the series reg-
ulator decreases to a predetermined amount, diode
CR3% becomes reversed biased and Q17 turns off,
This action reverse biases diodes CR3 and CRS and
the S8CR’s cease firing on alternate half-cvecles.
The output of the high voltage doubler rises until
17 again begins to conduct.

4-23 Dipdes CR3 and CRS form an OR-gate that
pravents the interaction of SCR's CR? and CR40.
For example, when CR7 fires positive pulse appears
on its gate, back hiasing CR3 and preventing this
positive pulse from tripping CR40, Two RFI filters

in the control winding of transformer Tl prevent
spikes from being transferred to the high voltage
doubler and the ac input line. These filters con=
sist of C29, R61, L4, CZ6, R74, and L5, Diode
CR39 protects the hase of transistor Q7 from the
negative cutput voltage of the “piggy-back" sup-
ply. This voltage can goas far negative as ~187
volts,

4-29 PROTECTION CIRCUIT

4-30 This circuit prevents the high voltage doubler
from exceeding approximately 4kV which might oo-
cur if the feedback loop were to malfunction,
Diodes CR37 and CR38 are connegted directly
across the control winding and rectify (monitor) the
voltage across this winding, The rectified voltage
charges capacitor G24, and when it exceeds a pre=-
determined level, neon tube VR3 fires. The result-
ing positive golng veltage turns on Q17 which in
turn shorts the control winding of transformer 11,
thus, reducing the output of the high voltage dou-
bler., Overvoltage control R71 determines the level
at which VR3 will fire and, therefore, controls the
maximum cutput voltage of the high voltage dou-
bler,

4=-31 OQVEN CONTROL CIRCUIT

4=-32 The oven temperature iz sensed by thermistor
R57. If tha temperature is too low, the resistance
of R57 will be high enough to bias the emitter of
unijunction transistor 16 sufficiently positive for
it to act as a free running pulse generator, These
pulses are coupled through CR6 and R52 to the
gate of the silicon controlled rectifier CR31., The
first pulse in any half-cygle of line voltage will
cause CR3] to condugt and remain conducting un-
til the end of the half-cycle, When CR21 i3 con-
ducting, current flows through the oven heater

winding raising the temperature., When the tem-
perature is high enough, the voltage developed
across R57 will have decreased sufficiently to
lower the emitter bias of Ql6, stopping its output
pulses and turning CR31 off.

4=-33 REFERENCE CIRCUIT

4-34 The reference circuit is a feedback power
supply similar to the main supply, It provides
stable reference voltages which are used through-
out the unit, The reference voltages are all de-
rived from raw do obtained from the full wave
rectifier (CR24 and CR25) and filter capacitor C16.
The +6, 2 and -9, 4 voltages, which are used in
the constant voltage input cirouit for comparison
purposes, are developed acrossg temperature com-—
pensated Zener diodes VR and VR2, Resistor R49
limits the current through the zener diodes to es-
tablish an optimum bias level,

4=3> The reference circuit is a cloged loop feed-
back regulator which acts to maintain the voltage
at test point 16 at 12, 4 volts regardless of ling
voltage variation, Any difference between the
zener reference diode VR1 and 1/2 of the 12, 4
volt bus as sampled by R47 and R48 is amplified
by Q14 and Q15 connected as a differential am=-
plifier. The error is further amplified by Q13 and
is applied to the base of series regulater Q1732
which controls the output voltage of the reference
glreuit.

4=-36 Zener diode VRZ is added in series with the
reference outputs to provide a -9, 4 volt biag out-
put. The main reference voltage is the 6. 2 volt
zenér diode VR1. The 12, 4 volt ocutput is used as
a stable bias source, Diode CR19 provides ini-
tial start-up for the reference ¢ircuit when the
power supply is first turned on.

4-37 MBTER CIRCUIT

4-38 The meter circuit provides continuous indi-
gations of output voltage or current on a single
meter. The meter can be used as either a volt—
meter of an a2mmeter depending upon the position of
METER switch SZ2 on the {ront panel of the supply.
In the VOLTE position, R68 and R21 form a 38 to 1
voltage divider, and the meter is connecied
through voltage calibrate potentiometer R67, Volt=-
age calibrate potentiometer R67 15 adjusted for
proper full scale meter deflection in the voliage
range,

4-39 With meter switch 32 in the AMPS position,
the meter is ¢onnected through R66 and RE3 across
the current sampling resistor R23, After the meter
has been mechanically zerced and with the power
supply turned off, cumrent zero potentiometer R25 is
adjusted until the meter needle rasts on Zero.
Current calibrate potentiometer R65 is adjusted for
full scale meter deflection in the ¢urrent range.




SECTION V
MAINTENANCE

5-1 INTRODUCTION

5-2 Upon receipt of the power supply, the per-
formance check (Paragraph 5-11} should be made.
This check is suitable for incoming inspection, If
a fault is detected in the power supply while mak-
ing the performance check or during normal opera-
tion, proceed to the troubleshooting procedures
(Paragraph 5-51), After troubleshooting and repair
{Paragraph 5-59), perform any necessary adjust-
ments and calibrations {Paragraph 5-62). Before
returning the power supply to normal operation,
repeat the performance check to ensure that the
fault has boen properly corrected and that no other
faults exist, Before doing any maintenance
checks, turn-on power supply, allow a half-hour
warm~up, and read the general information regard-
lng measurement techniques (Paragraph 5-6).

5-3 HIGH VOLTAGE PRECAUTIONS

5-4 With the supply operating normally and
neither output grounded to the chassis, there are
many high voltage points within the chassis that
are dangerous to personnel, The potentials vary
from several hundred to 3000 volts and are depend-
ent on the setting of the VOLTAGE thumbwheel
switches, Therefore, always observe the follow-
ing caution:

CAUTION

Connect the positive output to ground
{chassis) before removing the covers
to perform maintenance. This reduces
the number of internal points with
dangerous potentials,

5-5 With the positive terminal connected to
chassis, only the points illustrated in Figure 5-1
are at a high potential with respect to the chassis,

5-6 MEASUREMENT TECHNIQUES

5-7 All meagurements given in this manual are
with a negative power supply output {positive ter-~
minal grounded to chassis). When measuring per-
formance of the power supply it is important that
the connection to the ocutput terminal does not in-
troduce additional resistance, For voliage meas-
urements, use a T-connector at the positive output
terminal and connect the load to one output of the
T-connector and the measuring device to the other
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Figure 5-1. High Voltage and Troubleshooting
Location Diagram

output of the T-connector, For current measure-
ments, connect a four-terminal current monitoring
resistor in series with the load resistor and con-
nect both to one output of the T~connector, Con-—
nect the measuring device across the current mon-
itoring resistor,

5-8 When uging an oscillescope, ground the case
at the same ground point as the grounded terminal
of the power supply. Make certain that the case is
not also grounded by some other means {power cord).
Connect both oscilloscope input leads to the power
supply ground and check that the oscilioscope is
not exhibiting a ripple or transient due to ground
loops, pick-up or other means,

5-9 TEST EQUIPMENT REQUIRED

5-10 Table 5-1 lists the test equipment required
to perform the various procedures described in
this section,




Takle 5-1, Test Equipment

Type

Raguirad Use Recommendead
Characteristics Modal

AC Voltmeter

Variable
Voltage
Transformer

Os¢illoscope

Differential
Voltmeter

Repeatitive
Load Switch

Resistive
Load

Reststor

Multimeter

Capacitor
Resistor

Oscillator

Controlled-
Temperature
QOven

Resistance
Box

Capacitor

Voltage
Divider

Accuracy: 2%, Sensitivity: lmV Measure AC voltages # 403 B
full scale (min, ).

Range: 90-130 volts, Equipped Vary and measure AC
with voltmeter accurate within input voltage
1 volt, 1 KW rating.

Sensitivityr 100pV/cm. Differ- Measure ripple and # 140 A plus
ential Input transient response 1400 A Plug-in.
1402A Plug=in
for spike meas-
urament only,

Sensitivity; 1mV full scale (min. ). Measure regulation; @ 3420
Calibrate meter See Note

Rate: 80-400 Hz, 2psec rise and Measure transient See Figure 5-7
fall time, 250V, 1A,

500K, 18W Power supply load
1 Kn, #1% ZW non-inductive, Measure impedange

Accuracy 1% Measure output current
and DC voltages

200pid, SO0vdow Measure impedance

200K, 1/2w Measure impedance

5 Hz - 600 kHz, Accuracy: 2% Measure impedance
Qutput: 10vrms

0-509C Measure temperature
stability

0=100Ks. Accuracy: 0, 1% + 1. Measure programming & Model 6931A
Make~hefore-break contacts. coefficients

1uf, 1600wvde Measure ripple and noise -——

100; 1, up to 4KV, 0. 01% Accu- Load regulation, Line Keithley Instru-
racy regulation ments, Inc,
Model 6601A

NOTE

A zatisfactory substitute for a differential voltmeter is to arrange a refer-
ence voltage source and null detector as shown in Figure 5-2. The refer=
ence voltage source is adjusted so that the voltage difference between the
supply being measured end the reference voltage will have the required re—
solution for the measurement being made, The voltage difference will be a
function of the null detector that is used. Examples of satisfactory null
detectors are: ¢ 413A null detector, a do coupled oscilloscope utilizing
differential input, or a 50mV meter movement with a 100 divigion scale.
For the latter, a ZmV change In voltage will result in a meter deflection of
four divisions.
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CAUTION
Care must be exercised when-using an elec-
tronic null detector in which ore input termi-

nal is grounded to avoid ground loops and
circulating currents.

5~11 PERFORMANCE TEST

5-12 The following test can be used as an incom-
ing inspection check and appropriate portions of
the test can be repeated either to check the oper-
ation of the instrument after repairs or for periodic
preventive maintenance tests,

5-13 The performance check is made using a 115~
volt, 60-Hz (cps), single-phase input power
source. The performance check is normally made
at a constant ambient room temperature, The tem-
perature range specification can be verified by
doing the performance check (except temperature
stability check) at a controlled temperature of
09C and at a controlled temperature of 500C, If
the correct result is not obtained for a particular
check, do not adjust any controls; proceed to
troubleshooting,

5-14 RATED OUTPUT, METER, AND OUTPUT
CONTROLS ACCURACY

5-15 Voltage. To check the accuracy of the out-
put voltage, front panel voltmeter, and front panel
voltage controls, proceed as follows:

a. Connect the differential voltmeter, load
resistor, and the attenuator to the power supply as
iltustrated in Figure 5-3. Load resistance is ap-
proximately 500K ohms, 18 watts.

b, Turn the front panel VOLTAGE thumbwheel
controls until the front panel voltmeter indicates
axactly 3000Vdc,

POWER
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DIFFERENTIAL
VOLTME TER CR
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Figure 5-3, Line and Load Regulation, Test Setup

¢. The differential voltmeter should indi~
cate 30 £0. 6Vdc.

5-16 Current, To check the output current capa-
bility of the supply, proceed as follows:

a. Connect the multimeter (set to the 10mA
position) or another milliammeter in series with a
500K, 18W load resistance, and attach the series
combination to the cutput terminals,

b. Adjust the VOLTAGE thumbwheel controls
until the front panel volimeter indicates 3000Vde.

c¢. The multimeter should indicate 6mA,

5-17 LOAD REGULATION
Definition: The change AEQUT in the
static value of DC output voltage re-
sulting from a change in load resist-
ance from open circuit to a value
which vields maximum rated output
current {or vice versa),

5-18 To check constant voltage load regulation,
proceed as follows:

a., Connect differential voltmeter, load
resistor and attenuator to the power supply as il-
lustrated in Figure 5-3,

b. Turn the front panel VOLTAGE thumb-
wheel controls until the front panel voltmeter in-
dicates exactly 3000 volts,

c. Read and record voltage indicated on
differential voltmeter.

d. Disconnecti load resistor,

e. Reading on differential voltmeter should
not vary from reading recorded in step ¢ by more
than 0. 3mV.




5-19 LINE REGULATION
Definition: The change, AEQUT ,
in the static value of DC output
voltage resulting from a change
in AC input voltage over the
specified range from low line
{usually 105 volts) to high line
{usually 125 volts), or from high
line to low line,

5~20 Teo check constant voltage line regulation,
proceed as follows:

a. Connect variable auto-transformer be-
tween input power source and power supply power
input,

b. Connect differential voltmeter, load re-
sistor, and attenuator as illustrated in Figure 5-3.

¢. Adjust variable auto~transformer for 105
Vac input.

d. Adjust front panel VOLTAGE thumbwheel
controls until the front panel voltmeter indicates
exactly 3000vVdc.

e, Read and record voltage indicated on dif-
ferential voltmeter,

f. Adjust variable auto transformer for 125
Vac input.

g. Reading on differential voltmeter should
not vary from reading recorded in step e by more
than 0. 3mV,

5-21 RIPPLE AND NOISE
Definition: The residual AC voliage
which is superimposed on the DC
output of a regulated power supply.
Ripple and noise may be specified
and measured in terms of its RMS or
{preferably) peak-to-peak value.

5-22 Ripple and noise measurement can be made
at any input AC line voltage combined with any
2C output voltage and load current within rating,

5=23 The amount of ripple and noise that is pres-
ent on the power supply output is measured either
in terms of the RMS or (preferakbly) peak-to-peak
value. The peak-to-peak measurement is partic-
ularly important for applications where noise
spikes could be detrimental to a sensitive load,
such as logic circuitry., The RMS measurement is
not an ideal representation of the noise, since
fairlvy high output noise spikes of short duration
could be present in the ripple and not appreciably
increase the RMS value.

5-24 The technique used to measure high frequen-
cy nolse or "spikes" on the output of a power sup-
ply is more critical than the low frequency ripple
and nolgse measurement technique; therefore the
former is discussed separately in Paragraph 5-32,

5-25 Ripple and Noise Measurements, Figure
5-4A shows an incorrect method of measuring p-p
ripple. Note that a continuous ground loop exists
from the third wire of the input power cord of the
supply to the third wire of the input power cord of
the oscilloscope via the grounded power supply
case, the wire between the negative output termi-
nal of the power supply and the vertical input of
the scope, and the grounded scope case. Any
ground current circulating in this loop as a result
of the difference in potential EG between the two
ground points causes an IR drop which is in series
with the scope input. This IR drop., normally hav-
ing a 60Hz line frequency fundamental, plus any
pickup on the unshielded leads interconnecting

. the power supply and scope, appears on the face

of the CRT. The magnitude of this resulting noise
signal can easily be much greater than the true
ripple developed between the plus and minus out-
put terminals of the power supply, and can com-
pletely invalidate the measurement.

POWER SUPPLY CASE OSCILLOSCOPE CASE

ShB |

+

[ O

i — VERTIGAL
| L INPUT

|

L

A. INCORRECT METHOD-GROUND CURRENT Is PRODUCES 60
CYCLE DROP IN NEGATIVE LEAD WHICH ADDS TG THE POWER
SUPPLY RIPPLE DISPLAYED ON SCOPE.

POWER SUPPLY CASE OSCILLOSCOPE CASE

+
O eT4G, _ VERTICAL

e BREAK L INPUT
GND i
PATH

B. A CORRECT METHOD USING A SINGLE - ENDED SCOPE.
CUTPUT FLOATED TO BREAK GROUND CURRENT LOOR TWISTED
PAIR REDUCES STRAY PICKUP ON SCOPE LEADS.

POWER SUPPLY CASE 0SCILLOSCOPE CASE

Sy e |

4
_ VERTICAL
_?_%_ INPUT
C. A CORRECT METHOD USING A DIFFERENTIAL SCOPE WITH

FLOATING INPUT GROUND CURRENT PATH IS BROKEN; COMMON
MODE REJECTION OF DIFFERENTIAL |INPUT SCOPE IGNORES
DIFFERENCE . IN GROUND POTENTIAL OF POWER SUPPLY &
SCOPE; SHIELDED TWO WIRE FURTHER REDUCES STRAY
PICK-UP ON SCOPE LEADS.

Figure 5-4, Ripple and Noise Test Setup




5-26 The same ground current and pickup problems
can exist if an RMS voltmetier is substituted in
place of the oscilloscope in Figure 5-4. However,
the oscilloscope display, unlike the true RMS meter
reading, tells the observer immediately whether the
fundamental period of the signal displayed is 8, 3
milliseconds (1/120 Hz) or 16, 7 milliseconds
(1/60 Hz), Since the fundamental ripple frequency
present on the output of an @ supply is 120 Hz
{due to full-wave rectification), an oscilloscope
display showing a 120 Hz fundamental component
is indicative of a "clean" measurement setup,
while the presence of a 60 Hz fundamental usually
means that an improved setup will result in a more
accurate {and lower) value of measured ripple.

5-27 PFigure 5-4B shows a correct method of mea-
suring the output ripple of a constant voltage pow-
er supply using a single-ended scope. The ground
loop path 1s broken by floating the power supply
output. Note that to ensure that no potential dif-
ference exists between the supply and the oscillo-
scope, it is recommended that whenever posgsible
they both be plugged into the same AC power buss.
If the same busgs cannot ke used, both AC grounds
must be at earth ground potential.

5-28 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 input terminals of the scope. When using a
twisted pair, care must be taken that one of the
two wires is connected to the grounded input ter-
minal of the oscilloscope, When using shielded
two-wire, it is essential for the shield to be con-
nected to ground at one end only so that no ground
current will flow through this shield, thus induc-
ing a noise signal in the shielded leads.

5-29 To verifythatthe oscilioscope is notdisplay-
ing ripple that is induced in the leads or picked up
from the grounds, the (+) scope lead should be
shorted to the (-) scope lead at the power supply
tearminals, The ripple value obtained when the
leads are shorted should be subtracted from the
actual ripple measurement,

5-30 In most cases, the single-ended scope
method of Figure 5-4B will be adequate to elimi-
nate non-real ¢components of ripple and noise so
that a satisfactory measurement may be obtained,
However, in more stubborn cases it may be nec—
esgsary to use a differential scope with floating
input as shown in Figure 5-4C. 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 between its two vertical
input terminals, thus ignoring the effects of any
common mode signal introduced because of the

difference in the AC potential between the power
supply case and scope case, Before using a dif-
ferential input scope in this manner, however, it
is imperative that the common mode rejection ca-
pability of the scope be verified by shorting to-
gether its two input leads at the power supply and
observing the trace on the CRT. If this trace iz a
straight line, the scope ils properly ignoring any
common mode signal present, If 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
common mode rejection is attained,

5=31 To check the ripple and noise output, pro-
ceed as follows:

a, Connect the oscilloscope or RMS volt-
meter as shown in Figures 5-4B or 5-4C. In addi-
tion, connect the high wvoltage protection network,
illustrated in Figure 5-5, in series with the power
supply ocutput, In this network, the diodes clamp
the input to the oscilloscope in the event that the
power supply is rapidly turned up or down, The
50 ohm resistor limits the current through the
dicdes. The 5Meq resistor is a bleeder to dis-
charge the 0. 1uf capacitor which is a 3000Vdc
blocking capacitor. A good quality 3000Vde block-
ing capacitor can be used in place of the protection
network; however, if the capacitor becomes leaky
or in cases where the power supply output voltage
is rapidly increased or decreased, the oscillo-
scope input could be damaged.

b, Adjust VOLTAGE control until front panel
meter indicates maximum rated output voltage.

¢, The observed ripple and noise should be
less than 400pV RMS and 1mV p-p.

500 O.Juf
5W 3000V
+ Ot E

POWER
SUPPLY
QUTPUT

IMEG  OSCILLOSCOPE
INPUT

- : O
IN3253

Figure 5-5. High Voltage Protection Network

5-32 Noige Spike Measurement. When a high
frequency spike measurement is being made, an
instrument of sufficient bandwidth must be used;
an oscilloscope with a bandwidth of 20 MHz or
more is adequate. Measuring noise with an instru-
ment that has insufficient bandwidth may conceal
high frequency spikes detrimental to the load,




5~33 The test setups illustrated in Figures 5-4A
and 5-4B are generally not acceptable for measur-
ing spikes; a differential oscilloscope is necessary,
Furthermore, the measurement concept of Figure
5-4C must be modified if accurate spike measure-
ment is to be achieved:

50 1L
TERMINAT ION

- OSCILLOSCOPE
T-CONNECTOR CASE

POWER SUPPLY
CASE

>TVERTICAL
U INPUT

AC
7=
AC ﬁ% GND
ace ; E,
GNG : YERTICAL

0.01ut >.L1NPUT

'_H_E:\é\fn\:_ul\ \i N\

T-CONNEC TOR IWT

500
TERMINATION

.0luf
+ O A
50N

Figure 5~6. Noise Spikes Test Setup

1. As shown in Figure 5-6, two coax cables,
must be substituted for the shielded two-wire ca-
ble, In addition a high voltage protection network
(Figure 5-5) as described in paragraph 5-31 should
be connected in series with the power supply ocut-
put,

2, Impedance matching resistors must be
included to eliminate standing waves and eable
ringing, and the capacitors must be connected to
block the DC current path.

3. The length of the test leads cutside the
coax is critical and must be kept as ghort as pos-
sible; the blocking capacitor and the impedance
matching resistor should be connected directly
from the inner conductor of the cable to the power
supply terminals.

4, Notice that the shields of the power
supply end of the two coax cables are not con-
nected to the power supply ground, since such a
connection would give rise to a ground current
path through the coax shield, resulting in an er-
roneolus measurement.,

5. The measured noise spike values must
be doubled, since the impedance matching resis-
tors constitute a 2-to-1 attenuator.

6. The noise spikes observed on the oscil-
loscope should be less than 0. 5mV p-p.

5-34 The circuit of Figure 5-6 can also be used
for the normal measurement of low frequency
ripple and noise; simply remove the four terminat-
ing resistors and the blocking capacitors and sub~
stitute a higher gain vertical plug-in in place of
the wide-band plug-in required for spike measure-
ments. Notice that with these changes, Figure
5-6 becomes a two-cable version of Figure 5-4C,

5-35 TRANSIENT RECOVERY TIME
Definition: The time "X" for output
voltage recovery to within "Y" mil-
livolts of the nominal output volt-
age following a "Z" amp step change
in load current—where:

"Y" is specified separately for each
model but is generally of the same
order as the load regulation speci-
fication, The nominal output volt-
age is defined as the DC level half
way between the static output volt-
age before and after the imposed
load change, and

"Z" is the specified load current
change, normally equal to the full
load current rating of the supply,

5-36 Transient recovery time may be measured at
any input line voltage combined with any output
voltage and load current within rating,

5=-37 Reasonable care must be taken in switching
the load resistance on and off. A hand-oparated
switch in series with the load is not adequate,
since the resulting one-shot displavs are difficuit
to observe on most ¢scilloscopes, and the arc
energy occurring during switching action complete~
ly masks the display with a noise burst. Transis-
tor ioad switching devices are expensive if rea-
sonably rapid load current changes are to be a-
chieved,

A mercury-wetted relay, as connected in the
load switching circuit of Figure 5-7 should be
used for loading and unloading the supply. When
this load switch is connected to a 60 Hz 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
oscilloscope display,

5-38 To check the transient recovery time, pro-
ceed as follows:

a. Connect test setup as shown in Fig-
ure 5-7,

b. Set the VOLTAGE thumbwheel switches
for 90Vde,

¢. Close the line switch on the repetitive
load switch setup.

d. Set the oscilloscope for internal sync
and lock on either the positive or negative load
transient spike,

e. Set the vertical input of the oscilloscope
for AC coupling so that small DC level changes in
the output voltage of the power supply will not
cause the display to shift,

f.  Adjust the vertical centering on the
scope s0 that the tail ends of the no load and full
load waveforms are symmetrically displaced about
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Figure 5-7. Transient Recovery Time, Test Setup
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not only the recovery waveshape but alsc as much
as possible of the rise time of the transient is
displayed.

j. Starting from the major graticule division
representative of time zero, count to the right 50
wsec and vertically 10mV. Recovery should be
within these tolerances as illustrated in Figure 5-8.

5-39 QUTPUT IMPEDANCE

Definition: At any given frequency
of load change, AEQUT/AIQUT.-

The definition applies only for a
sinusoidal load disturbance, unless,
of course, the measurement is made
at zero frequency {DC). The output
impedance of an ideal constant volt-
age power supply would be zero at
all frequencies, while the output
impedance for an ideal constant cur-
rent power supply would be infinite
at all frequencies.

5-40 The output impedance of a power supply is
normally not measured, since the measurement of
transient recovery time reveals both the static and
dynamic output characteristics with just one
measurement. The cutput impedance of a power
supply is commonly measured conly in those cases
where the exact value at a particular frequency is
of engineering importance.

AC VOLTMETER AC VOLTMETER
4038 -(hp) 4038
{INDICATES £g) (INDITATES E|y)

000 000

POWER SUPPLY
UNDER TEST

QSCILLATCR

(he) 2000
Hoa 5%

Figure 5-8, Transient Recovery Time, Waveforms

the horizontal center line of the oscilloscope,
This center line now represents the nominal output
voltage defined in the specification.

g. Adjust the horizontal positioning control
so that the trace starts at a point coincident with
a major graticule division. This point is then rep-
resentative of time zero,

h. Increase the sweep rate so that a single
transient spike can be examined in detail.

i, Adjust the sync controls separately for
the positive and negative going transients so that

LMJ I

200K, I/2W

Figure 5-9. Qutput Impedance, Test Setup

5-41 To check the output impedance, proceed as
fcllows:

a. Connect thetest setup shown in Figure 5-9.
The best method of connecting the load resistor,
oscillator, and AC voltmeter to the power supply is




with two tee connectors on each power supply ter-
minal. Clip lead connections can be used in lisu
of the tee connectors providing that all connections
are made directly to the power supply and lead
lengths are short,

b, Adjust front panel VOLTAGE thumbwheal
switchas until the front panel voltmeter indicates
200Vde,

¢. Set AMPLITUDE control on oscillator to
10 volts (Ern). and FREQUENCY control to 1000 He
(cps).

d. Record voltage across output terminals
of the supply (Eny) as indicated on AC voltmeter.

e. Calculate the output impedance by the
following formula:

Z out = EL
Ein-EO
where Egy=rms voltage across power supply output
terminals

R = 1000 ohms

Ein = 10 volts

f. The output impedance (Zoyt) should be
less than 50 ohms,

5=42 TEMPERATURE COEFFICIENT
Definition: The change in output
voltage per degree Centigrade
change in the ambient temperature
under conditions of constant in-
put AC line voltage, output volt-
age setting, and load resistance,

5-43 The temperature coefficlent of a power sup-
ply is measured by placing the power supply in an
oven and varying it over any temparature span
within its rating, (Most 8 power supplies are
rated for operation from 09C to 509C,) The power
supply must be allowed to thermally stabilize for
a sufficient period of time at each temperature of
measurement,

52-44 The temperature coefficlent specified is the
maximum temperature -dependent output voltage
change which will result over any 59C interval,
The differential voltmeter or digital voltmeter used
to measure the output voltage change of the sup-
ply should be placed cutside the oven and should
have a long term stability adequate to insure that
its drift will not affect the overall measurement
acouracy,

9=-45 To check the temperature coefflcient, pro-
ceed as follows:

a, Connect the load resistance, atienuator,
and differenttal voltmeter as iltustrated in Figure
5-3,

k. Adjust front panel VOLTAGE thumbwhesl
switches until the front panal voltmeter indicates
3000 vde.

c. Insert the power supply into the temper-
ature — controlled oven (diffarential voltmeter
remains outside oven), Set the temperature to
309C and allow 30 minutes warm-up.

d. Record the differential veoltmeter indica-
tion,

&, Raise the temperature to 400C and allow
30 minutes warm-up.

f. The differential voltmeter indication
should change by lese than 0, 35mV from indication
recorded in step d.

5-46 OQUTPUT STABILITY
Definition: The change in output
voltage for the first eight hours
following a 30 minute warm-up
period, During the interval of
measurement all parameters, such
as load resistance, amblent tem-
perature, and input line voltage are
held congtant,

2=-47 This measurement is made by monitoring the
output of the powear supply on a differential volt-
meter or digital volimeter over the stated measure-
ment interval; a strip chart recorder can he usad
to provide a permanent record, A thermometer
should be placed near the supply to verify that the
amblent tempearature remains constant during the
period of measurement, The supply should be put

in a location immune from stray air currents (open
doors or windews, air conditloning vents); if pos-

sible, the supply should bs placed in an oven
whigh is held at a constant temperature, Care
mugt ke taken that the measuring ingtrument has a
stability over the eight hour interval which is at
least an order of magnitude better than the stabil-
ity specification of the power supply being meas-
ured, Typically, a supply may drift less over the
elght hour measurement interval than during the
1/2 hour warm=up period,

Stability measurement can be made whila
the supply is remotely programmed with a fixed
wire=wound resistor, thus avoiding accidental
changes in the front panel setting dus to mechan-—
ical vibration or "knob-twiddling, "

5-48 To check the output stability, proceed as
follows:

2, Connect the load resistance, attenuator,
and differential voltmeter as illustrated inFigure 5=-3.

b, Adjust front panel VOLTAGE RANGE
switch and VERNIER until the differential voltmeter
indicates 30Vde.

¢. Allow 30 minutes warm-up then record
the differential voltmeter indication.

d. After 8-hours, differential voltmeter
should change by less than 3. 5mV from indication
recorded in step c.




5-49 CURRENT LIMIT

5-50 To check the current limiting characteristics
of the supply, proceed az follows:

a, Connect a milliammeter across the output
of the supply.

b. Turn on the supply and ingrease the out—
put voltage until the milliammeter indicates fmA.

c. Check that the supply is not in currert
Jimit by examining the output ripple. The ripple
will be very high — much greater than 400pV — if
the supply is in current limit.

d. Increase the output voltage to 3000V and
ansure that the output current does not exceed 8mA.

5=51 TROUBLESHOOTING

2=52 Before attempting to troubleshoot this in=
gtrument, ensure that the fault is with the instru-
ment and not with an associated cgircuit, The per-
formance test {Paragraph 5-11) enables this to he
determined without having to remove the instrument
from the cabinet,

5w53 A good understanding of the principles of op-
eration igs 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 pringiples of operation
are understood, refer to the overall froubleshooting
procedures in paragraph 5=55 to locate the symptom
and probahle cause,

NOTE

The normal voltages shown on the
schematic diagram at the rear of the

manual are positioned adjacent to

the applicakle test points (identified
by encircled numbers on the schemat~
ic and printed wiring boards),

5-54 Once the defective compenent has heen lo-
cated (by means of visual inspection or trouble
analysis) correct it and re-conduct the performance
test, If a component is replaced, refer to the re-
pair and replacements and adjustment and calibra-
tion paragraphs in this section.

5-55 OVERALL TROUBLESHCOOTING PROCEDURE

5-56 To locate the cause of trouble [ollow steps
1,2, and 3 in sequence,

CAUTION

Connegt the positive output to ground
{chacgsiz) befora troubleshooting with
the supply thrned on. This reduces

the number of internal points with dan-
gercus potentials to those indicated

in Figure 5-1.

(1) Check for obvious troubles such as open
fuse, defegtive power cord, input power failure, or
defective voltage or current meter, Next remove
the top and bottom covers (each held by four re-
taining screws) and Inspect for open connections,
chatred components, ete. If the trouble source

cannot be detected by visual inspection, proceed

with step Z

(2) In almost all cases, the troubla can be
caused by the DC bias or reference voltages; thus,
it is a good practide to check voltages in Table
§5~2 , before proceeding with step 3

Table 5-2, Bias, Reference, and Rectifier Voltages
{Refer to Figure 5-10 for te st point locations)

Meter
Common

Meter
Positive

Normal
Vdc

Normal
Ripple (P-PF)

Probable
Lause

15

+8(C14,neg.)
+5(Cl4d,neg.)
+5(C14.neg.)
VR2Z cathode
34
36

36

24

24
Cl4 positive
a0
Cl4 negative
R43
11

22

17,5

42,1

15
6,2
2.4

26

iRy

50 mV
less than 200pV
less than 50pV
lesg than 100pV
0.4V
v

&V

(CR28, CR27,CR2E
Ci7

CRr10,R41
Q12,Q13,Q14
VR1,R49

VRZ
CRZ4,CR25,C16

CR29, CR30,C19
R54

CR33-CR36,C18,R40




+$(C14, Neg) |

30)

VR2 Cathode—
C14 Pos—¢

Figure 5-10. Printed Clrcuit Beoard Location Diagram




(3) Examine the following list to determing
yvour symptom, then check the probable cause,

Symptom

Low output or no output
voltage

High output voltage

Probable Cause

Insure that the front
panel meter is not defec~
tive, then refer to para-
graph 5-57.

Insure that the front
panel mater ig not defec-
tive, then refer to para-
graph 5-57.

CAUTION

Newver set the output voltage controls
to zerp volts when there is high or
low output voltage; damage to the volt=
age controls could result.

Erratic output voltage.
{The nesdle on the out=-
put voltage meter waiv-
ers slightly, or an os~
cilloscope connected to
the output digplavs er-
ratic ripplae}.

Inability to reach zero
output voltage £lmV,

Dscillates

Meter neadle pegs in
current position

Slow drift

Random instability

a., Llarge output volt-
age transtents (output
reductions of 1V or
mare)

Same aslow output symp=-
tom; refer to paragraph
5=57.

a. Check output volt-
age zero adjustment,
paragraph 5-63,

k. Output voltage con-
trol R200 defactive

¢. Differential ampli-
filer Q1 defective

C6,C3,C8,C1,C2,07,
Cl3 or Cl4 defective

CR19 defective or short
between +12,4V and
+2.1V supplies test
point (16) to (24)

a. Measuring equipment
b, Reference digde VRI
o, QL1,02,03

d. Insufficient warm-up
time {should be 30 min-
utes)

. Owven control circuit
defective or misadjusted
{refer to paragraph 5-75)

High voltage control
circuit defective. Refer
to Table 5=3 step 9

k. Large output volt-
age transients (output
increases of 1V or
more),

&, Small output volt-
age transients (output
changes of 10=-30 mV,

High Ripple

Poor Transient Recov-
ery Time

Output Voltage In-
accuracy

5=-57 Regulating Loop Troubles,

High voltage control
circuit defective. Refer
to Table 5-4, step 9.

VR1 defective, voltage
thumbwheel switches

neisy, 1V thumbwheel
gontrol R200 noisy

a. Check operating set-
up for ground loops,

b, If output floating,
connact lpf capacitor
batwean cutput and
ground

c. Chack for excesaive
intarnal ripple: refer to
Table 3-2.

d. Ensure that supply is
not current limiting under
loaded conditions,

Check that tast point
(21) is approx +12V,
Current limit circuit de=
fective or misadjusted
{refer to paragraph 5=77)

CE,C3,C8,C1,C2,C9
C13 or Cl4 defective.

a, Set output voltage
cantrols to zero, Out-
put voltage should read
OV £10mV; if not, per-
form adjustment given
in paragraph 5-63.

b. Slowly rotate each
thumbwheel switch a
step at a time, and rec-
ord the output voltage.
The step changes should
be within +0, 1%, A
daviation in any step
indicates that the asso-
ciated resistor is defec-
tive,

If the voltages

in Tabkle 5-2 have been checked to eliminate the
reference, bias and rectifier ¢ircuits as a source
of trouble; the malfunction is caused by either

the low or high voltage regulating loops.

If any

component in a feedback loop is defective, meas—
uremants made anywhera in the loop mey appear

abnormal,

Under these circumstances It 1s very

difflcult to separate cause from effest with the
loop closed, As described in Tables 5-3 and
=4 , the trouble iz isolated to either the high or
low voltage requlating loop. The loop is opened,
and the conduction and cutoff capability of sach
stage is checked as follows:




1. Shorting the emitter to collector of a
transistor simulates saturation, or the full ON
condition, ‘

2. Shorting the emitter to base of a transis-
tor cuts it off, and simulates an open circuit be-

tween emitter and collector, :

Table 5-3. Low Qutput Voltage Troubleshooting

5=58 Although a logical first cholce might be to
break the loop somewhare near its mid=-point, and
then perform successive subdividing test, if is

more useful to trace the loop from the series reg-—

levels.

ulator backwards a stage at a time, since loop
failures occur more often at the higher power

Action

Response

Probable Cause

To isolate the fault io either the
high voltage circuits or the low
voltage feadback loop, measure
the voltage between the colleg-
tor (case) of O11 and +5

To check the operation of the
current limit, measure the
voltage at test point (21)

Check turn=on of Q1 by con-
necting a jumper betweaen the
emitter and collector of Q10

Check turn-on of Q10 by
opening the collestor lead of
Q9

Check turn-off of Q9 by
shorting base to emitter

Check turn-off of Q8 and turn
on of Q7 by shorting Q8 base
to emitter

Turn off the supply and check
the resistance from test point
19 to (-) output

a, Approximately 16'0'\1'

b. Approximately 0V

a, Less than 2V

Approximately 12V
Output remains low

COutput increasas
=150\

Chutput remains low

Dutput increases

Qutput remains low

Output increases

Output remains low

Output increases
Approximately zero
ohms

Approximately 200K
ohms

b,

Low voltage feedback
loop, Proceed to
step 2

High voltage circuits.
Proceed to step 9

Once it is determined that the low voltage loop i=s defective, the high voltage control circuit
should be dizabled by connecting a jumper between L4 and L5 as illustrated in Figure 5-1..
Zince this places a reverse voltage across capacitors C27 and C28, a jurmnper must be con-
nected from the (-} lead of C18 to the (-) lead of C28 as illustrated in Figure 5-1.,
voltage leop should be chacked as follows:

The low

Current limit circuit
faulty, Check CRS,
Q5 and associated
components

Proceed to step 3
Q11 defactive

Remove jumper from
Q10 and proceed to
step 5

Q10 or associated
components defec-
tive

Reconnect Q9 and
proceed to step &
29 or associated
components defec—
tive

Recannect Q8 and
procead to step 7

Q8,Q7 or assoct~
ated components
defective

Reconnect Q8 and
proceed to step B
short in R1 or
R200-R235 network

Check QLl, QZ2,Q3, or
associated

To chagk the high voltage control ¢ircult, set the ocutput VOLTAGE contrels to 900V and re-
move the jumpers from L4-L5 and (518-028. Procead with step 10,
1




Table 5-3, Low Qutput Voltage Troubleshaooting {(Continued)

Action I Response Probable Cause

NOTE

Waveforms that indicate normal operation
of the high voltage control circuit under
various line and load conditions are shown
on the schematic diagram at the rear of the
manual, ‘

Connect the oscilloscope be- ! :__gf"d F"_“_'h""G ™ . If VR3 i5 on or blink=~

tween test point 11 and +out, o ing, OVERVOLTAGE

Set the oscilloscope for e v Iﬁ control R71 should be

zoupled input [V \ ) adjusted (see para-
graph 5-73)

@17 leaky or shorted

L-MUST ALWAYS . GR7 or CR40 shorted
OV, EXCEED DYOLTS
QF{EeED pYoLTS— or leaky

TR (D10
vy IOmsﬁ'QM .d. CR3 or CRS shorted

CR41 open or shorted

The waveiorm above indi- . Tl or L3 defective.
cates a normal condition,
Note that the lowest peak
does not reach zerg volts

JALN
i
M

ot

/

T.R. (i} T0 (%)
ZOV/CM  [OmS/CM

The waveform above is in-
dicative of poor requlation
and erratic output in addi-
tion to slightly low cutput
voltage, Note that the
lowest peak touches 0V.
It the output iz very low,
the waveform is com-
preszed toward OV,




Table 5-4,

High Output Veltage Troublashooting

Action

Response

Probabkle Cause

Turn the thumbwheel volt=
age contrels from zero to
600 volts

Te izolata the fault to
gither the high voltage
circuits or the low voli-
age feedback loop, set
the output voltage 10
100. 0V and disable the
high voltage control
cirguit as described in
Table 5-4, step 2

Check turn-off of Ql1
and Q10 by connecting
a jumper batween Q9
collector and emitter

Check turn-on of 99 by
connecting a jumper ha-
tweean 8 collactor and

amitter

Check turn-on of Q8 and
turn=-off of Q7 by con-
necting a2 jumper between
Q7 base and emitter

Turn off the supply and
remove lead from test
point 23, Check the
resistance from that lead
to (=) output

Qutput voltage is
high up to 300V then
becomes normal
above 300V

Output voltage is
high throughout
valtage range

Approximately 160V

Approximataly 0V

Output ramaing high

Output decreases to
ov

Qutput remains high

Ou‘tput decreases to
oV

Quiput remains high
QOutput deacreases to
ov

Maore than 100n%.1%

100n £, 1%

Low Voltage Qffzet
circuit defective

Proceed to step 2

Low voltage feedback
Proceed to step 3

High voltage circuits
Proceed to step 7

Q10, Q11 or associated
components defective

Remove jumper on Q9
and proceed to step 4

Q8 or associated
components defeative

Remove jumper on Q8
and proceed to step 5

Q7,08 or associated
components defective

"Reconnect Q7 and

proceed to step 6

COpen in R1 or
R200=R235 network

Check Q1,Q2,Q3, or
associated circuitry
inside oven housing

Te check the high voltage control circuit, set the output VOLTAGE conwols to 900V and re~
move the jumpers from L4-L5 and £18-C28. Proceed with step 8

NOQOTE

Waveforme that indicate normal operation of
the high voltage control cirguit under various
ling and load conditions are shown on the

schematic diagram at the rear of the manual,




Table 5=4. High Output Voltage Troubleshooting (Continued)

Action

Response

Probable Cause

Connect the oscilloscope
betwean test point 36

and + out. Set the osgil-

loscope for do coupled
input

A i
\

A
AP

13V

|
- Lagv
el

ZOV/CM 10mE/CM

The waveform above in-
dicates a normal condi-
tion., Note that the
highest peak does not
raach zero volis

£\

\

\
\
V W/

TR TD@

Z0V/CM 10mE/CM

The waveform above is
Indicative of high out-
put voltage. Note that
the peaks reach and are
clipped at zero volts,
Extremely high output
voltage produces a
waveform that is com=-
pressed at zero volts

CR39 or R77 open
CR3 or CRS open

Tl control winding
terminale 5-7 open,
Resistance between
collect of CR7 and
Tl term 6 should be
23n. Resiztance
betweaen collector of
CR40 and T1 term &
should be 28n

R76 or Ql7 open
CR7 or CR40 not firing,

5-53% REPAIR AND REPLACEMENT

5-60 Before servicing a printed wiring beard,

refer to Figure 5-11, which describes the basic
techniques in replacing components on a printed

wiring hoard.




Excessive heat or pressure can lift the copper strip from the board, Avoid damage by using a
low power solderingiron (50 watts maximum) andfollowing these instructions. Copper thatlifts
off the board should be cemented in place with a quick drying acetate base cement having good
electrical ingulating properties.

A break in the copper should be repaired by soldering 2 ghort Ieng't.h'of timed copper wire
across the break.

Use only high quality rosin core solder when repairing etched circuit boards, NEVER USE
PASTE FLUX, After soldering, clean off any excess flux and coat the repaired area witha
high quality electrical varnish or lacquer,

When replacing components with multiple mounting pins suchas tube sockets, electrolytic capa-
citors, and potentiometers, it will be necessary to lift each pin slightly, working around the
components several times uniil it is free,

WARNING: If the specific instructions outlinedinthe steps below regarding etched circuitboards
without eyelets are not followed, extensive damage to the eiched circuit board will result.

2. Reheat solder in vacant eyeletand quickly
inzert a small awlto cleaningide of hole,
I hole does
not have an
eyvelet, in-
sert awl or
a #57 drill
from con-
ductor side
of hoard.

1. Apply heat sparingly to lead of component
tobe replaced, X lead of component passes

through an eyelet

in the circuit

hoard, apply

heat on com-

ponent side

of board, I lu

lead of com-

ponent does

not pass through an

eyelet, apply heat to conductor side of board.

CONDUCTOR

-4, Hold partagainst board (avoid overheating)

3. Bend clean tinned lead on new part and
carefully insert

through eyelets or

holes in board,

and solder leads,
Apply heat to compo-
nent leads on correct
side of board

wrEEEry; | ARSI REE RS FFEEFEE, SRR AA

as explained
in step 1.

In the eventthat either the ¢ircuit boardhas beet damaged or the conventional method is imprac-

tical, use method shown below. Thisis especially applicablefor circuit boards without eyelets.

1, Clip lead az shown helow, 2. Bend protruding leads upward, Bend lead
of new  APPLY

component SOLDER

around pro-

truding lead.

Apply solder

using a pair

of long nose pliers as a heat sink,

PSS FIE AIERTERSEEREREREFREE. FBEESES YIFFRER: FAEFEEFEEEEFEERERrEEsE, A -

It is not uged within

This procedure is used in the field only as an alternate means of repair,
the factory.

Figure 5-11, EServicing Printed Wiring Boards




5=61 ADIUSTMENT AND CALIBRATION

5-62 Adjustment and calibration may he required
after performance testing, troubleshooting, or re-
pair and replacemant, Perform only those adjust-—
ments that affect the operation of the faulty circuit
and no others.

3=-63 OUTPUT VOLTAGE ZERO AND TRACKING

5-64 To adjust the output voltage so that it tracks
the setting of the VOLTAGE controls from zero to
3000V, proceed as follows:

a. Bet the VOLTAGE controls for OVde and
turn off the supply. '

b, Connect the differential voltmeter direct-
ly agross the output of the power supply.

., Disconnect the lead from the thumbwhegl
assembly at test point (23), Connect a precision

100K, .01% resistor between the lead and test
peint 23, .
d, Set potentiometers R14 and R16 to mid-

range,

g, Connect a 1% decade resistance box set
to 300 ohms in place of R17.

f.  Turn on the supply and allow a 15-min-
ute warm-up,

g. Connect a jumper across the 100K resis-
tor and adjust the output to zero volts using ZERO
AD] potentiometer R14, -

h., Remove the jumper across the 100K re—
sistor and adjust the decade resistance until the
front panel meter indicates 100Vde.

1, Belect R17 according to the following
list, and solder into place:

Wirewound Resistor

W, 1% & Stock No,

G —_—

0811-1923
0811-1925
0811-1923%
0811-1930
08l1-1932
0B11-1933

Decade
Resistance

0-50nA
50-150n 98n
150=-250n 197n
250=350nA 297
350-4504 400n
450=550n 505n
550=upn 612m

i.  Adjust Rl6 until differential voltmeter
indicates 100 volts,

5=65 METER MECHANICAL ZERQ
2-66 Proceed as follows to zero meter;

a, Turn off instrument (after it has reached
normal operating temperature) and allow 20 sec-
onds for all capacitors to discharge,

b, Insert sharp pointed object (pen polnt or
awl) into the small hole at top of round black plas-
tic disg located directly below meter face.

¢, Rotate plastic disc clockwise (cw) until
meter reads zerp, then rotate cow slightly in order
to free adjustment screw from meter suspension. If
pointer moves, repeat steps b and ©.

5=67 VOLTMETER TRACKING

§-68 To calibrate the voltmeter tracking, proceed
as follows:

a. Bet the METER switch to VOLTS position
and turn on the supply.

b. Adjust the power supply VOLTAGE con-
trols for 3000Vde.

2. Adjust VOLT CAL control R67 until the
meter indicates exactly 3000Vde.

5-6% AMMETER ZERO

5=-70 To elecirically zerg the ammeter, proceed ag
follows:

a, §&et the METER switch to AMPS position
and turn on the supply.

b, Adjust the power supply VOLTAGE con-
trols for 3000Vde.

. Adjust CURRENT ZERO control R2E for
zearo output ¢urrent on front panel meter,

5-71 AMMETER TRACKING

5=72 To calikrate the ammeter tracking, proceed
as follows:

a, Connect 500K, 18W load resistor across
the power supply output terminals,

b, &et the METER switch to AMPS position
and tum on the supplyv.

. Adjust the power supply VOLTAGE con-
trols for 3000Vdeo,

d. Adjust the CURRENT CAL control R&5
until the front panel ammeter indicates GmA,

5=73 QVERVOLTAGE PROTECTION

5-74 To adjust the overvoltage protection feature
so that the output voltage will not exceed 3000V
under any circumstances, proceed as follows;

a, Connect a 500K, 18W leoad resistor to
the output of the supply and connect a Variac to
the input,

b, Turn on the powar supply and adjust the
Variac for 127Vac,

c. Set the output VOLTAGE controls for
3000Vdc,

d, Turn overvoltage potentiometer R71
clockwise until neon light VR3 is on; then turn
R71 slowly counterclockwise until VRI extinguish-
as,




575 OVEN CONTROL CIRCUIT

5=76 To calibrate the oven contrel circuit so that
it maintains the proper oven temperature, proceed
as follows:

a, Disconnect the jumper between test
points (51) and (15).

b, Connect a 14, 9K, %1% resistor across
test points {52) and (15).

¢. Bet a dagade resistance box to 10¥ and
connact in place of RS6.

d, Connect an oscilloscope across the
heater, test points 53 and 54,

e, Adjust the oscilloscope for 2mS/cm and
5Y/cm, and ensure that the oscilloscope terminals
are not grounded,

f. Observe the oscilloscape to determine if
the heater is on or off. If the heater ig on, a mul-
tiple square wave will appear; however if the heat-
er is off a dc line will appear on the oscilloscope.

g. If the heater ig off, decrease the decade
registance until it turns on, If the heater is on,
increase the decade resistance until it turns off,
The decade resistance should he between 5K and
15K,

h. Solder the nearest value 3 watt carbon
composition resistor, determined in step g, across
the R56 terminals.

1, Reconnect the jumper to test points (51)
and (15),

j. Check the oven cycling rate. Each on
and off pericd should be approximately 10 to 15
seconds as observed on the oscilloscope,

§=77 CURRENT LIMIT ADJUSTMENT

£E-78 The following procedure determings the value
of the short circuit output current limit:

&, Adjust the output VOLTAGE thumbwheel
switches for 2V,

b. Connect a decade resistance box in
place of resistor R20, and sat the resistance to
500K, .

¢. Short the output terminals and tuwrn on the
supply.

d, Adjust the decade resistance slightly to
eliminate oscillations (singing).

2. Bolder nearest valua 3 watt carbon com-
position resistor determined in step § across R20
terminals, After cooling, rechesk to ensure no
oscillations (singing).

f. To check the current limit level, con=-
nect & multimeter or milliameter to the output ter-
minals and turn on the supply. The meter indica=-
tion should be approximately 8mA.,




SECTION VI
REPLACEABLE PARTS

6-1 INTRODUCTION

6-2 This sectleon contains information for ordering
replacement parts, Table 65-4 lists parts in alpha-
numeric order by reference designators and provides
the [ollewing information:

a. Refercnce Designators. Refer to Table &-1.

b, Teascription, Refer to Table 6-2 for ab-
breviations.

¢. Total Quantity (TQ). Given only the first
time the part numbar ig listed except in instruments
contalning many sub-modular assemkliss, in which
case the TQ appegars the first time the part number
is listed in each assembly,

d., Manufacturer's Part Number or Type.

e, Manufacturer's Federal Supply Code Num-
ber, Refer 10 Table 6-3 for manufacturer's name and
address,

f. Hewlett=Packard Part Number.

g. Recommended Spare Parts Quantity (RS)
for complete maintenance of one instrument during
one year of isolated service,

h, Parts not identified by a reference desig-
nator are listed at the end of Table 6-4 under Me-
chanical and/or Miscellanegous., The former ¢consgists
of parts belonging to and grouped by individual as-
semblies: the latter consists of all parts not lm-
mediately assoglated with an assambly.

6-3 ORDERING INFORMATION

-4 To order a replacement part, address order or
inguiry to vour local Hewlatt-Packard sales office
{see lists at rear of this manual for addresses),
Specify the following information for each part;
Model, complete serial number, and any Option or
spocial modification () numbers of the instrument;
Howlott—Paskard part number; ¢ircuit reference des-
ignator; and description, Te order a part not listed
in Table §-4, give a complete description of the
part, its function, and its location.

Table 6-1, Reference Designators

agssembly E miscellancous
blowear (fan) alectronic part
= capacitor = fuge
= glrguit breaker = jagk, jumper
diode = relay
device, signal= inductor
ing (lamp) = meter

Table 6-1.

Reference Designaters (Continued)

plug
iransistor
resistor
switch
transformer
terminal block
thermal switch

v

vacuum tube,
neon bull,
photocell, eto,
zaner diode
sogket

- integrated cir-

cuit or network

Table 6-2,

Description Abbreviations

ampere

= alternating

current

= asgembly

board
bracket
degree
Centigrade

= card

goefficient
composition

= cathode-ray

tube
center-tapped
direct current

= double pole,

double throw
double pole,
single throw
electrolytic

encapsulated

= farad
= degree

Farsnuheit
fixed
germanium
Henry

= Hertz
= integrated

circuit
inside diameter
incandescent

= kilo = 103

milli = 103
mega = 108
micro = 1078
metal

mir
med,

mtg
n
NG
NO
NF

e

manufacturer
modular ¢r
modified
meounting
nane = 10™9

= normally closed

normally open
nickel-plated
ohm

= order by

description
outside
diameter

= pico = 10-12
= printed circuit

potentiometer
peak~to=-paak
parts per
million

peak rgverse
voltage
rectifier

= roQl mean

square
silicon

= single pole,

double throw
single pole,
single throw
small signal

= slow=blow
= tantulum
= titanium

volt
variable

= wirewgund
= Watt




Table 6=3, Code List of Manufasturaers

CODE CODE
NO., | MANUFACTURER ADDRESS NO, | MANUFACTURER ADDRESS

00625 | EBY 8ales Co,, Inc, Jamaica, N.Y, 07138 | Westinghouse Electric Corp,

00656 | Aerovox Corp. New Bedford, Mass. Electronic Tuke Div, Elmira, N,Y.

00853 | Sangamo Electric Co, 07263 | Fairchild Camera and Instrument

5. Carolina Div, Plokens, 8,C, Corp, Semiconductor Div.

01121 |Allen Bradley Co. Milwaukee, Wis, Mountain View, Calif,

01255 | Litton Industries, Ine. 07387 | Birteher Corp,, The Los Angeles, alif.

Beverly Hills, Calif, 07397 | Svlvania Electric Frod, Ing.

01281 | TRW Semiconductors, Inc, Sylvania Electronio Systems

Lawndale, Calif, Western Div. Mountain View, Calif,

01293 | Texas Instruments, Ing. 07716 | IRC Div. of TRW Inc. Burlington Plant

Semiconductor=-Components Div, Burtington, lowa

Dallas, Texas 07910 | Continental Device Corp.

01686 |RCL Elsgtronics, Ing, Manchester, N, H. Hawthorne, Calii.

01930 [Amerock Corp, Rockiord, Ill, 07933 | Raytheon Co, Components Div,

Q2107 | Sparta Mig., Co. Dover, Qhio Semiconductor Operation

02114 | Ferroxcube Corp. Saugerties, N.Y. ‘ . Mountain View, Calif,

02606 |Fenwal Laboratories Morton Grove, I1l, 08484 | Breeze Corporations, Ine, Union, N.T.

02660 |Amphenol Corp, Eroadview, Il1, 08330 | Reliance Mica Corp, Brooklyn, N.Y.

02735 |Radio Corp. of America, 8clid State : 08717 | 3loan Company, The Sun vValley, Calif,

and Receiving Tube Div. Somerville, N.T. 0873¢ | Vemaline Products Ceo, Ingc, Wyekoff, N, 7.

03508 1G.E. Semiconductor Products Dept. 08806 | Ganeral Elect. Co. Minia-

Syracuse, N.Y, ture Lamp Dept. Cleveland, Ohio

03797 |Eldema Corp, Compton, Calif, 0BB63 | Nylomatic Corp. Norrisville, Pa.

Q3877 |Transitron Elegtronic Corp, Q8919 | RCH Supply Co. Vernen, Calif,

Wakefield, Mass. 09021 |Airco Speer Electrenic Components

03888 | Pyrofilm Resistor Co. Inc, Bradford, Fa.

Cedar Knells, N.T. 09182 | *Hewlatt=Packard Co. New Jersey Div.

04009 |Arrow, Hart and Hegeman Electric Co, Berkeley Heights, N.J.

Hartford, Conn. 09213 | General Elect, Co. Zemiconductor

04072 |ADC Electronics, Ing. Harber City, Calif. Prod, Dept. Buffalo, N.Y.

04213 [Caddell & Burns Mfg, Co. Inc. 08214 | General Elect. Co. Semiconductor

Mineola, N.Y, Frod. Dept. . Auburn, N, Y,

04484 |*Hewlett=-Packard Co. Palo Alte Diwv, 09353 {C & K Components Inc, Newton, Masgs.

Palo Alto, Calif, 09922 | Burndy Corp. . Norwalk, Conn,

04713 |Motorela Semiconductor Prod, Inc. 11115 |Wagner Electric Corp.

Phoenix, Arizona |- Tung-5ol Div, Bloomfteld, N.1,

03277 | wWestinghouse Electric Corp. 11236 | CTS of Berne, Inc. Berne, Ind,

Semiconductor Dept, Youngwood, Pa, 11237 [Chicage Telephone of Cal, Inc.

05347 |Ultronix, Inc. Grand Junction, Colo. So. Pasadena, Calif,

08820 |Wakefield Enar. Inc. Wakefield, Mass, 11502 |IRC Div, of TRW Ing. Beone Plant

06001 |Genersl Elect, Co. Electronic Boone, W.OC.

Capacitor & Battery Dept, Irme, 5.0, 11711 | General Instrument Corp

Q6004 |Bassik Div, Stewart-Warner Corp, Rectifier Div. Newark, N.T.

Bridgeport, Conn, 12136 |Philadelphia Handle Co. Ing.

06486 }JIRC Div, of TRW Inc, Camden, N.]J.

Semiconductor Plant Lynn, Mass, 12615 U, 5, Terminals, Inc. Cincinnati, Ohio

06340 |Amatom Electronic Hardware Co. Inc. 12617 |Hamlin Ing. Lake Mills, Wisconsin

New Rochelle, N.Y. 126%7 |Clarestat Mfg, Co. Ine. Dover, N, H,

06535 fBeede Elagtrical Instrument Co. 13103 |Thermalley Co. Dallas, Texas

Penacook, N.H. 14493 | *Hewlatt~Packard Co, Loveland Div.

06666 |General Devices Co, Inc. ‘ . ' Loveland, Colo.

Indianapolis, Ind, 14655 |Cornell=Dubilier Electronics Div.

06751 |Semecor Div. Components, Ine, Federal Pacific Electric Co,

Phoenix, Arizona Newark, N.,T.

06776 |Rebinson Nugent, Tne.  New Albany, Ind. 14936 [General Instrument Corp, Semicon-

06812 |Torrington Mfg, Co., West Div, duetor Prod, Group Hicksville, N.¥V.
‘ Van Nuys, Calif, 15801 |Fenwal Elect, ) Framingham, Mass,

07137 |Transistor Elestronics Corp. 16299 |Cormning Glass Works, Electronic

Minneapolis, Minn, : Components Div, Raleigh, N.C.

*Use Code 28480 assigned to Hewlett-Packard Co., Palo Alto, California
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Table 6=3, Code List of Manufacturers (Continued}

CODE
NO,

MANTUFACTURER ADDRESS

CODE
NO,

MANUFACTURER ADDRESS

16758

17545

17803

17870

18324
19315

19701

21520

22229

22753
23336
24446
24455

24655
24631

264982
27014

28480
28520
2BB75

31514

31827
33173
35434
37842

42190
43334

44655
44384

47904
499586
55026

56289
58474
56849

59730
61637
63743

Deleo Radio Div, of General Motors Corp.
Kokoma, Ind.
Atlantic Semiceonductors, Inc,
Asbury Park, N.J.
Fairchild Camera and Instrument Corp
Bemiconductor Div, Transdugcer Plang
Mountain View, Calif.
Daven Div, Thomas A, Edison Industries
MeGraw-Edison Co. Cranga, N.T.
Signetics Corp. Sunnvvale, Galif.
Bendix Ceorp. The Navigation and
Clontrel Div, Teterbore, N.T.
Electra/Midland Corp.
Mineral Wells, Texas
Fansteal Metallurgical Corp,
No. Chigago, I1L
Uuien Carbide Corp, Electronics Div,
Mountain View, Calif,
UID Electronics Corp, Hollywoaod, Fla,
Pamotor, Inc. Pampa, Texas
General Electric Co, Schenectady, N.Y.
General Electric Co, Lamp Div, of Con=-
sumer Prod, Group
Nela Park, Cleveland, Ohio
General Radlo Co, West Concord, Mass,
LTV Electrosystems Inc Memcor/Gom-
ponents Operations Huntington, Ind,
Dynacool Mfg. Co. Inc. Saugerties, N, Y,
National S8emiconductor Corp,
Santa Clara, Calif,
Palo Alte, Calif,
Kenilworth, N.J.

Hewlett-Packard Co,

Heyman Mfg, Ceo.

IMC Magnetics Corp.
New Hampshire Div, Rochester, N, H.

SAF Advance Packaging, Inc.

Santa Ana, Calif,
Ramona, Calif.
Owansboro, Ky.

Chicago, T,

Budwig Mfg. Co.
G, E, Co. Tube Dept,
Lectrohm, Inc,
P. R. Mallory & Co. Inc,
Indianapolis, Ind.
Muter Co, Chicageo, Il
New Departure-Hvyatt Bearings Div.
General Motors Corp. Sanduskv, Chio
Ohmite Manufacturing Co. Skokie, T11,
Penn Engr. and Mig, Corp,
Dovyiestown, Pa,
Polaroid Corp. Cambridge, Mass,
Raytheon Ca, Lexington, Mass.
Simpson Electric Co. Div, of American
Gage and Machine Co. Chicago, I,
Sprague Electric Co, Neorth Adams, Mass,
Superior Electric Co. Bristol, Conn,
Byntron Div. of FMC Corp,
Homer City, Pa,
Phitadelphia, Pa,
New York, N.,Y,

Thomas and Betts Co.

Union Carbide Corp,

Ward Leonard Electric Co,
Mt. Vemen, N.Y,

70563
70901
70903
71218
71279

71400

71450
71468

715390
71700

71707
71744

71785

71984
72136

72619
72699
72765
72962

72982
73098
73138

73168
73293

73445
73506

73558
73734

74193
74343
74663

74970
75042
75183

75378
75382
72215
76381

76385
76487

76493

Amperite Co, Ing,
Beemer Engrg. Co.

Union City, N.7.
Fort Washington, Pa.
Belden Corp, Chlcago, Tl
Bud Radio, Inec. Willoughby, - Ohio
Cambridge Thermionic Corp,

Cambridge, Mass.
Bussmann Mfag. Plv. of McGraw &

Edison Co, &at. Louis, Mo.
CTs Corp. Elkhart, Ind.
I.T.T. Cannon Electiric Inc.

Los Angeles, Calif,
Gilobe-TUnion Ineg.

Centralab Div, Milwaukee, Wis.
General Cable Corp, Cornish

Wire Co, Div, Williamstown, Mass.
Coto Coll Co, Inc. Previdence, R. L
Chicago Miniature Lamp Works

Chicago, I11,
Cinch Mfg., Co. and Howard

B. Jones Div. Chicage, I,
Dow Corning Corp. Midland, Mich,
Electrc Motive Mfg. Co. Inc,

Wwillimantic, Conn.
Dialight Corp, Brooklyn, N.Y.
General Inztrument Corp, Newark, N,7.
Drake Mifg, Co. Harwood Heights, I,
Elastic Stop Nut Div, of

Amerace Esna Corp. Union, N.JT.
frie Technological Products Ing. Erie, Pa,
Hart Mig., Co, Hartford, Ceonn,
Backman Instruments Inc,

Helipot Div. Fullerten, Calif,
Fanwal, Inc, Ashland, Mass.
Hughes Aircraft Co, Electron

Dynamics Div, Torrance, Calif,
Amperex Electronic Corp.

Hicksville, N, Y,
Bradley Semiconducior Corp.
New Haven, Conn,
Carling Electrie, Inc, Hartford, Conn.
Federal Screw Products, Inc.
Chicage, I,
Heinemann Electric Co. Trenton, N.T,
Hubbell Harvev Inec, Bridgeport, Conn.
Amphenol Corp, Amphenol RF Div,
Danbury, Conn.
E,T. Johnson Co. Waseca, Minn,
IRC Div. of TRW, Inc, Philadelphia, Fa.
*Howard B, Jones Div. of Cinch

Mig. Corp. New York, N.Y.
Kurz and Kasch, Inc. Dayten, Qhlo
Kilka Electric Corp, Mt. Vernon, N.Y.
Littlefuse, Ine. Des Plaines, Iil,
Minnesota Mining and Mig., Co,
8t, Paul, Minn,

Miner Rubber Co, Inc, Eloomfield, N,T.

Tames Millen Mfg. Ceo. Inc,

Malden, Mass.

I. W. Miiier Co, Compton, Calif,

*fse Code 71785 assigned to Cinch Mfg, Co., Chicage, II1,
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Table 6-3, Code List of Manufacturers (Continued)

MANUFACTURER ADDRESS

CODE
NQ,

MANUFACTURER ADDRESRS

Cinch City of Industry, Calif,
Qak Mfg. Co, Div. of Qalk
Electro/Netics Corp.  Crystal Lake, I11,
Bendix Corp, , Electrodynamics Div.
No. Hollvwood, Calif,
Palnut Co. Mountainsgide, N, 7T,
Patton-MacGuyer Co. Providence, R. L.
Phacstron Ingtrument and Electronic Co.
South Pasadena, Calif,
Philadelphia Steel and Wire Gorp.
Philadelphia, Pa.
Amaricsn Machine and Foundry Co,
Potter and Brumiield Div, Princeton, Ind,
TRW Electronic Compenents Div,
Camden, N.T.
Resistance Products Co,  Harrisburg, Pa.
Ilnels Toel Works Ing, Shakeproof Div.
Elgin, Ill,
Everlock Chicage, Ine. Chicage, Tl
Stagkpole Carbon Co. 5t, Marys, Pa.
Stanwyck Winding Iiv, San Fernando
Electric Mig, Ceo. Ine. Newhurgh, N.Y.
Tinnerman Products, Inc, Cleveland, Ohio
Stewart Stamping Corp. Yonkers, N.Y.
Waldas Kohincor, Inc. L.ILC.,, N.Y.
Whitehead Metals Inc, New York, N,Y,
Continental-wirt Electronics Corp.
Philadelphia, ba,
Zierick Mig. Co, Mt. Kisco, N.YV.
Mepco Div, of Sessions Clock Co,
Mearristown, N,7.
Bourns, Inc, Riverside, Calif.
Howard Industries Div, of Mzl Ind. Inc,
Racine, Wisc.
Gravhiil, Ine. La Grange, Il
International Rectifier Corp.
El Segundo, Calif,
Columbus Electronics Corp, Yonkers, N, Y.
Goodysar Sundries & Mechanical Co. Inc,
New York, N, Y,
Alrca Speer Electronic Components
Du Bois, Pa.
Sylvania Electric Products Inc,
Electronic Tube Div, Recelving
Tube Qperations Emporium, Fa,
Switcheraft, Inc. Chicage, T,
Metals and Contrels Ine, Control
Produgts Group Attleboro, Mags.
Research Products Corp, Madison, Wis,
Rotron Inc. Woodstock, N, Y.
Vector Electronic Co, Glendale, Calif,
Carr Fastener Co. Cambridge, Mass,
Victory Englneering Corp.
Springfield, N.T.
Bendix Corp, Electric Powar Div,
Eatontown, N.T.
Herman H, Smith, Ine. Brooklyn, N.Y.
Gentral Screw Ce. Chicago, 111,
Gavitt Wire and Cable Div, of

Amerace Egna Corp, Brockfield, Mass,

B3508
83594

3835
83877

24171
84411
86684

BEB38
87034

187216

87585
87929
88140
858245
80634
90763
91345
91418
21508
91637
91662
91928

928258
93332

93410
94144
94154
94222
95263
95354
85712

95987
98781

97464
97702
98291
88410
28978

99934

Grant Fulley and Hardware Co,
West Nyack, N,Y,
Burroughs Corp. Elegtronic
Components Div, Flainfield, N.TJ,
U, 5, Radium Corp. Morristown, N,T.
Yardeny Laboratories, mo.
New York, N.Y.
Arco Electronigs, Inc. Great Neck, N. Y.
TRW Capacitor Div, Qgallala, Neb.
RCA Corp, Electronic Components
Harrison, N.7J,
Rummel Fibre Co. Newark, N,T.
Marco & Qak Industries a Div, of Oak
Electro/neties Corp, Anaheim, Calif,
Philso Corp, Lansdale Div. Lansdale, Pa.
Stockwell Rubber Co, Ina,
Fhiladelphia, Pa.
Tower-0Olschan Corp, Bridgeport, Conn,
Cutler-Hammer Inc, Power Digtribution
and Control Div. Lincoln Plant
Lincoln, II1,
Litton Precision Products Inc, USEQO
Div, Litton Indugstries Van Nuys, Calif,
Gulton Industries Inc, Metychen, N,J,
United-Car Inc. Chicago, I11.
Miller Dial and Nameplate Co.
El Monte, Calif,
Chicago, Il
Attlebore, Maszs,
Dale Elecironics, Inc. Ceolumbuz, Neb,
Elgo Corp, Willow Grove, Fa.
Honeywell Ine. Div, Micro Switch
Freeport, IIl,
Whitse, Inc. Schiller Fk,, I,
Svlvania Electric Prod, Inc, Semi-
sonductor Frod. Div. Wobum, Mass,
Esgex Wire Corp. Stemco
Controls Div, Mansfield, Qhio
Raytheon Co. Components Div,
Ind, Components Qper. Guincy, Mass.
‘Wagner Electric Corp,
Tung-50l Divy.

Radic Materials Co.
Augat, Inc,

Livingston, N.J.
Southco Ine. Lester, Fa,
Leegraft Mig, Co. Ing. L.I.C,, N.UY.
Methode Mig, Co. Reolling Meadows, IlL
Bendix Corp., Microwave
Devicesz Divy,
Wackesser Co. Inc.
Amphenol Corp, Amphenol
Centrols Div. Tanesville, Wis.
Industridl Retaining Ring Co.
Irvington, N.J.
IMC Magnetics Corp., Eastern Div,
Westbury, N.Y.
Sealectro Cormp, Mamaronesk, N, Y.
ETC Inc. Cleveland, Ohio
Intarnational Electronle Research Corp.
Burbank, Calif,
Boston, Mass,

Franklin, Ind,
Chicagea, IlL

Renbrandt, Ine.




Reference
Pesignator

Description

Quantity

Mfr, Part #
or Type

Mir.

&

Stock No,

Cl

2,8, 25,
29

C3,13,21

C4

Cs
917
c7
C9
ClLt
Cll
Cclz2
c14
16,17
cig
cle
G20, 24
c23
c25
c27, 28,

CR1-5,8,9,
12, 14,16,
19,39

CRE

GRY0,13%,20

CR11,24-28,
32

CR15,17,18,

21-23
CR29, 30
CR31
CR33-38
CR40,7
CCR41

DSl
F1

n

L3
14

Ql

fxd, elect luf 35vde

fxd, film 0, 1pf 200vde

fxd, film 0, 033pf 200vde

fxd, film paper glass case,
0, Inf 4, 000vdc

fxd, film 0, 022uf 200vde

fxd, elect 0. 0047kf 200vdc

fxd, elect 0, 068pf 200vde

fxd, film 0, 22uf B0vde

fxd, elect 20pf 15vde

fxd, film 0, Q0luf 200vde

NOT ASSIGNED

fxd, elect 20pf 50vde

fxd, elect 325af 35vde

fxd, elect 10uf 450vda

fxd, elect ZOpf 200vdc

txd, film 0, 0022pf 200vde

fxcd, elect 1uf 4000vde

fxd, ceramic 0, 02pf 600vds

fxd, paper luf 2000vde

Rect. si.
Digdea
Rect, zi, V¢= 2. 4V@100MA

200ma 180prv

Rect, =i, 500ma 200prv

NQT ASSIGNED

Rect, si, 400ma 800prv
SCR 50prv 50fbvy

Rect. si, 900ma 400prv
SCR 150pri 150fbv
Voltage Doubler si,

Lamp - neon part of =i, ass'y
Puse cartridge 2A @ 250v 3AG
STRAF

oil
Line inductor
Inductor pair

Diff. Amp, NEN (oven assg'y)
85 NPN zi, (oven ass'y)
NOT ASSIGNED

58 NPN =i,

58 PNP =i,

85 NPN si.

MP NPN si,

28 PNP si,

Unil Junection si.

1

Lo

B H O R b e by e | 2 e

1

150D105X9035A2

192P10492
192p23392

268P10
19zp22392
192FP47292
192P68392
192P2249R8
D28708
192P10292

30p206G050DC4

D34656
D3iB2e7

34D206Fr200FT4

192p22292
P49991
ED~, 02
264P90

IN485
1N4828
1N483B

1N3253

1N3256
CG6F
IN5080
C60G

312002

635492

2N4045
4TX16A1014

ZN3301
MP56517
2N3417
40422
40362
2N2646

Sprague

Sprague
Sprague

Eprague
Sprague
Sprague
Sprague
Sprague
Sprague
Sprague
Spragua
Sprague
Sprague
Sprague
Sprague
Eprague
Erie

Sprague

Sylvania
G.E.
. E.

R.C.A,

Littlefuse

HLAR
HLAB
HLABE

Union Carbide

93332
03508
03508

02735

02735
03508
03508
03508
09182

09182

73915

0o182
(%182
02182

22229
03508

03508
04713
03508
Q2735
02735
03508

0180-0291

0160-0168
0160-0163

0160-2596
0160-0162
0le0-0157
0160-0166
0160-2453
0180=-0300
01600153

0180-0049
Q0180=-0332
0180-1944
0180-~0367
0160=0154
0160-2580
0150-0024
0160=2483

1901~-0033
1901-0461
1801-0460

1901-0385

1901-0388
1884-0033
1901-0328
18384-0038
1901-0084

2140-0244

2110=-0002

§1006-1854
9100-1813
9100-1814

1854=-0221
1854-0071

1854-0071
1853-0099
1854-0087
1854-0253
1853-0041
1855=0010

L e e T R I e o T [ T R Sy S i Ry SO




Referance
Designator

Description

Quantity

Mir, Part #
or Type

Mir,

%

Gtock No,

RS

Rl, 2
R3

R4
R, &
R7,8

R9

R10-12, 42,
30,91

R13,15

Rl4,16

R17

R1B

R1%9

R20,56

R21

R22

RZ2

RZ4

RZ5, 67

R28

R27, 29, 33,
62.63,70,
7%

R28,32, 43

R30

R31

R34

R35

R36

R37

R38

R3¢

R40

Rdl, 52, 61,
74

R44

R43

R46

R47, 48

R49

R53, 60

R54

fxd,
fued,

ww lEn £5% 3w
met, film 221K~£3% 1/ 8w

{foven ass'y)

fxd,

met. film 27,48 +1% 1/8w

(oven ass'y)

fxd,

met, film £32Ka %1% 1/Bw

(oven ass'y)

ixd,

met. film 43K~+1% LEw

{oven ass'y)

fxd,

NGT
fxd,
Var.
fxd,

comp 30 5% W

ASSIGNED

film 1 MEGa £1% 4w

ww 15Ka®5% 1W @509C
ww 287 #1% 2w TC 20ppm

fxd, ww 4,95 21% £5ppm/OC

fxd,
ixd,
fxd,
Ixd,
fxd,
fad,
var,

ixd,

fxd,
Ixd,
fxd,-
fxd,
fad,
fxd,
fxd,
fxd,
fxd,
fxd,
fxd,

fxd,
fxd,
faed,
fxd,
fxd,
fxd,

ww 1Kn £1% 3w Sppm
comp SELECTED +5% 2w
comp 31 MEG 10% 4w
met, film 562K £1% 1/8w
mat. film 143, £1% 4w
gomp B2K 5% %W

ww 100K~

comp 220Kn £5% 4w

comp 1Kn £5% 2w
comp 10Kn +5% $w
comp 5. 1Ka %5% 3w
comp 3, 9Kn £5% 3w
comp 7. 5K 5% 1w
somp 15K~ £5% tw
comp 100K =5% dw
comp 10a £5% 3w
comp 3Kn 5% $w
met. ox 3004 £5% 2w
ww 30K~ £5% 10w

comp 200n 5% %W

comp 4. 3Kn £5% 3w
comp 1. 5Ka £5% 3w
aotp 2, 7Ka~ 25% 3w

met, film1,5K,+1% 1/Bw
ww 714, +1% 3w TC 20ppm

fxd, comp 510n £5% 3w
fxd, comp 100Ka 5% 1w

2

I e i el

T i i R 1

242E1025

Type CEA T-O
Typa CEA T=0O
Type CEA T-O

Type CEA T=-0O

EB-3008

Type MFEC T-0O

Model 100

Type E20
Tvpe EB
Type EFQ
MP5C T=0O
MF6C T=0
EB-8235
Serles 70
EB-Z2245

EB=1025
EB-1035
EB=-5125
EB-3225
EB=-7525
EB-1535
EB=-1045
EB~1005
EB-3025
Type C425
Type 10XM

EB-2015
EE-4325
EB=-1525
EB=2725
MFSC T=-0O

EB~5115
GB~10435

Sprague
I.R.C,

LRC.

LR.C.
AR

Electra
I. R. C.
HLAR
HLAR
R.C.L,
A B,
R.F.C.
Elegtra
Electra
A B,
C.T.5.
AR,

+
-

H

OPPEEEEPEP
2
=
wt

Z
-~

o m o

tp e
2wt

L=
o
1]

0813=0001
07570473
(0757-0452
0757=0480

0698-50390
0686-3005

07570344
2100-0896
0811=-1929
0811-1942
0611-19746

0698-5680
0757-0483
0757-0167
0686-8235
2100=0095
0686-2245

0656-1025
0686~1035
0686-5125
06863925
0686-7523
0686-1535
0686=1045
0686=1005
0686=3025
0698-3630
0gll1-1918

0686=2015
N686-432%
0B86-1525
D686-2725
0757=0427
0811-1935
06855115
DEB9=1045

e bl b e e B R R |

[ S S e ik e ")

Jd el pad Bed o e P

Pl i<
ww b

EB-3335 QEBE=3335

B B3 RO ke bl kel

R85, 72 fxd, comp 33Ka 5% 3w
R57 Thermistor 100K£10%
(oven ass'y)
RSB fxd, comp ZKa £3% %W
R59 fxd, comp 680, =5% tw
RE4 fxd, comp 3.6 MEG £5% +w
RES var, ww LK~ (Modify}
REE fxd, met. film 7.50K~+1% /8w
RESB fxd, met. film 390KA£1% 1/8w
RES, 78 {fud, ww 530, £5% 5w
R71 var, ww 25Kn

0837=-0026
0686-2025
0686-8815
. 0686-3645
2100=0391
0757=0440
0658-5093
0811-1854
2100-1534

51TG4

EE-2025
EB=6813
EB=-3643

Type 110-F4
Tvpe MFSC T-O
Type MFSC T-O
Type SXM
Zeries 70

PP
W w S
=
S

S

LCLTL 8,
Electra
Electra
W, L,

C,T. 5.

I I S R SR S A A ol
I = B S = S R e S ]




Reference

Pesignator

Description

Cuantity

Mfr, Part #
or Type

Mir,
Code

®

Stock No,

RS

R7
R7
R7

51
52
53

3 fxd, comp 51Ka £5% tw
B fxd, comp 8. ZKn %5% 4w
fxd, comp 200Kn £5% 3w

7,78

Switch, pilot lt. {red) COMBE.

Switch = Rotary
Thumbwheel Assembly
*High Voltage Board
#*231-234
fxd, ww 500K~ . 1% S ppm/°C

*P, (o, Beoard Ass'y. No. 2
{L to R)
*R231-R229
fxd, ww 100K~ £. 1% 5 ppm/9C

*p. G, Board Ass'y., No, 3
{LtoR
*R211-R2149
fxd, ww 10Ka . 1% 5 ppm/CC

*P O, Board Ass'y. No, 4
(L ta R)
*R201-R209
txd, ww 1Ka %, 1% 5 ppm/9C

*Pot, Board Ass'y,
{Deck No, 5, LtoR)

Power Transformer
Bias Transformer

Fener 6,2V £5% 250MW
(oven ass'y)

Diode zener 9.4V 500MW

Naon

Front Panel

Side chasgsig right - ass'y

Side chassis right

Side chassis left - ags'y

Side chassis left

Rear chagsis - ass'y

Capacitor clamp

Print ¢ircuit board bracket

Trim strip

Heat Sink "U" type

Cover

Asgsembly P. . Bd,

Board, printed circuit

Meter 23" DUAL SCALE
0-3, 5KV 0=7 MIL. AMP,

Spring

Bezal 1/6 MOD

Logk washer

Knob & insert pointer

Heat Sink

I gt Fer

I T T I N T e o

LS I o5 T Y O

EB-5135
EB-8225
EE-2045

01121
01121
01121
54=-61681-26A1H 87034
0alg2

06B6-5133
0686-8225
0686-2045

3101=-0100
3100-1908

See parts listed below marked with an * 06110-60001

HIAE 09182

3104 Ultronik 05347

HLAE 09182

RC.L, Qlede

HIAB 02182

R.C.L, 01686

1NB25
INZ2163A
NE76

03877
06731
03508

Transitron
Semcor
G.E.

HLAB
HLAB
HLAB
HLAB
HLAR
HLAR,
HLAB
HLAB
HLAR
HLAB
HLAR
HLAB
HLAB

fgl1az
0%18z2
(49182
09182
Q9182
nols2
no18z2
09182
09182
09182
0olez
09182
091482
HLAB 09182

HIAB "~ 09182

HLAB 09162
1520-02-00-2480 Shakeproof 78189

HLAB 09182

NF=-207 Wakefield 05820

06110~60003
0811-1981

5060=-6107

0811-1997

5060-6106

0811-19%4

0811-1976

06110=-60002

9100-1811
9100-~1812

1902-1221
1902-0763
2140-0019

06110~-00001
5060-6103
5000-6020
5060-6102
5000-6021
5000=-6022
5000-6023
5000-6024
5000-60286
5000-6025
5000=-6027

06110-60020

06110-20020

1120-1126
1460-0720
4040-0295
2190-0016
0370-0084
1205-0033




Reference
Designator

Desgription

Quantity

Mfr, Part #
or Tvpe

Mir.

Mir,
Code

@

Stock No,

v
w

Line cord plug PH151 74!
Strain relief bushing
BENC=HV Cable Plug (Body
Assembly Only)
Center Contact
Clamp Nut
Clamp Wasgher
Clamp Gasket
Flat Washer
Lockwashar
Nut
Rubber bumper
Rubber bumper

[ )

KH-409%
SR-5P-1

12651-1
1-026-9
834-32
83z-2
833-13
2053-6
1224-08
903-12
4072
MBS0

Beldon
Heyco

Dage
Dage
Dage
Dage
Dage
Dage
Shakeproof
Littlefuse
Stockwell
Btockwell

70903
28520

95712

93712
95712
95712
95712
95712
78189
75815
87575
87575

8120~0050
0400-0013

1250-0741
1250-0742
1250-0}42
1250-0143
1250-0143
1250-0146
2190~-0037
2250-0038
0403-0088
0403-0088

[N o

Tinnerman 89032
Tinnerman 89032
Whitehead 78307
Tinnerman 89032

CB091=-632-24B
CB8022-632-4
T4-4
C=-B0B2=-832-1

Fastenar
Fastener
Cable Clamp
Fastener

0510-0275

1400-0330

R R N i N R e e e
[T S Sl o T i Sl S el o B

OPTION 05

L3

QPTION
L3
R53
Tl
T2

Line-Inductor

18

Ling Inductor

ixd, comp 120¥~ 5% TW
Power Transformer

Bias Transformer

QPFTICONE 05 AND 18

13
Ro3
Tl
T2

Line Inductor

fxd, comp 120K £5% Lw
Power Transformer

Bias Transformer

HLAE

09182

0912
01121
03182
09132

9100-2148

9100-2149
0686=-1245
9100-2138
9100=-2139

9100-2140
06861245
5100-2138
9100-2140

APPENDIX I
MANUAL BACKDATING CHANGES

Manual backdating changes describe changes necessary to sdapt this manual to earlier instruments. To
adapt the manual to serial numbers prior to 6E0183, make the following changes:

CHANGE 1: On the schematic, réemove CR29 and center tap connection at terminal 13 in the secondary of

T2 and add new resistor and zener dicdes as shown on the sketch below.

DIODES
IN4746

2.4k, aw 100V




HIGH VOLTAGE CONTROL CIRCUIT WAVEFORMS

NORMAL WAVEFORMS

140Y—
SCR -~
FIRING

100Y—

GOV—

MUST BE .
>0V
N

OV—T*“

TR TO (+) NSVAC INPUT TP} TO (+) 1I5VAC INPYT TRUN TO () IISVAC INPUT
20V/CM S000V/EMA OUTPUT  20V/CM 1B00V/EMA QUTPLT IOV/CM 0v/OMA DUTPUT
10M5 /€M OMS/CM 1GMS /CM

10Qy=-

"’°"'k

TR{38) TO (+) HISvAS INFUT TP{38) TO (+} HBVAC INPUT TRIZE) TO (+) I1SVAC INPUT
2QV/CM J000V/AGMA QUTPUT  Z0V/CM 1500WEMA QUTPRUT BOV/CM OV/OMA QUTPUT
IOMS/CM 10MS/CM IOMS/CM

TR{EG) To {+) IO5vAL INFUT TF(38} TD {+) I0SVAC INPUT
SV/CM Ov/0MA QUTFUT 5Y/CM SOOV/ZMA QUTRUT
HOMS/CM 10MS5 /CM

TYPICAL TROUBLES

ov—

TR TO {+) ISVAC INPUT TR(36} TO (+) IISVAC INPUT
2OV/CM 3000v/6 MA OUTPUT 20V/CM F000V/EMA QUTPLUT
IOMS/CM 1GMS/7CM

\.
WAVEFORM INDICATES MISADJUSTMENT OF PROTECTION WAVEFORM INDICATES ONE SCR (CRT QR CR40Q)
CIRCUIT, NOTE THAY NEGATIVE PEAK |5 TOUCHING NOT FIRING. NOTE POSITIVE PEAKS TOUCH OV
OV BASE LINE. BASE LINE.

NOTE: ALL WAVEFORMS ARE DC COUPLED.




<
§E

[BIAS SUPPLY |

W

[OVEN CONTEOL CIRCUIT

i cELT
ol
»

5o W |

IB‘

24y

®

ﬂ

®,

9 i+

bl
CE320

204
200v I

**P. v

187V
£54
100K
W

36

[PleGYBACK SUPPLY]

J [LOW VOLTAGE OFFSET|

-]

43

cte
cesd 10 ,%
400¥

l [

+

L

| [AIGH VOLTAGE DOUBLER]

DRIVER &
EREOR

|AMPLIFIER

i

CONTROL
WINDING

R7e
82K

R0
510~ CR3

%

rTQOTEc;Tlou ClRCUIT]

9

&L




A
- — TS

1
[OVEN CONTROL CIRCUIT!

PAET OF
T2 REFERE
+2.1v
HEATER )
3na

52

for Al é
= .08348
Zoay

¢

+21v

CIRCUIT
42,1y JEMITTER

‘_J FOLLOWER

23

L % , VOLTAGE INPUT
Qo
)

Afp—
R3g
3K

R3%
3oown
iw

DRIVER &
ERROR
AMPLIFIER

©

mROTECTIO‘N CIBLUIT] _1

NOTES ¢

798¢ 1. ALL BeEmiaToRs AREZ Vaw. 57 UNLESS OTHE
@ ‘ 2. Aol

Vew 4 Yaw BESISToR ARE ¥p IN TOLEZAM
271 -—
25K 3.

DENATES VOLTAGE FEEDRBACK i
4. = DENOTES CUBRENT FEEDBACK D!
D.C. voLTAGES WEEE MEASURZED UNDER THE
A. BIMPsoN MODEL 200 O ZaUiVALENT -
B, 1IBVAC INPUT.
C. VOLTAGE= EBEFERENCED TO +5 UNLESS

D. VOLTAGES ARE TyPicAL l“: 0%,
o OVvEN ABSSEMBLY

OVERVOLTAGE

=3

c
UNLESS C7
COMPONENTS ARE I1DPENT




[REFEEENCE REGULATOR ]

®

€49
4
IT, Www

Cls .L" v

2o0.8 T
S5ov

N

[CURRENT LIMIT)
+i24y -9.4v

-9.4¥
+12.4v

R4 Rzo
B8zKk

I

R23

CUBEENT
SAMPLING
RESISTOR

143
| V4w

@Tﬁ;

VOLTAGE

VOLTAGE CONTROL
CIRCUIT ! o |

+12.4v

IN Puﬂ1

RlG
15K, IM

VOLTAG
CoNTROL

CAL _oay

Vaw

1 I R6k CURBENT CAL. sz

YV 2ra) _2as

VOITS | AMPS

7.5k Re5
, VoW K

+ -

225 &
RzZ E67
I o ook o o ook
Vaw [ CURRENT ZE2o VoLT,

o3 CAL.
I -9 4y }METEE CIRCUIT

RG6bB ]
=21 4

Yaw ,

R2I

3M
107,
4w/ l

LV 7 8y v R201- 700
1K 17, SPPM

Beui-ze
10K 1T,
BPPM
+8ov 800V 00NR2214 229
[[=la]'4 .l'l’a
SPEM

SooK: (T, SPPM

W, 5% UNLESS OTHERwWISE
ARE (75 IN TOLEBANCE.
PLTAGE FEEDBACK SIGNAL.
BEEENT FEEDBACK <SlaNAL,
ASLUEED UNDER THE FOLLOW ING CONDITIONS,

20 O FQUIVALENT.

NOTED,

EC TO +5 UNLESS CTHERW I SE NOTED,
CAL T, UNLESS OTHER w)=E NOTED.
OMNENT S ARE 1DENTIFIED By SHADED

Model 61104, Schematic Diagram




