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;‘ | SEGTION I
I GENERAL INFORMATION
A -

[ :
1-1 - Dssr;fumom

S
1=2 Thls power supply, Pigure 1-1, Is completely
Lrahslstorlzed and sultable for either bench or relay
rack oporatlon. It'is a compact, well—r@gulated.
Constant Voltnge/Constant Current supply that will
furnish [ull rated output voltage at the maximum
rated output current or can be continuously adjusted
throughout the output range. The front panel CUR-
RENT contro! can be used to cstablish the output
current 1imit {overlcad or short circuit) when the -
supply is used as 3 ‘constant voltage source and the
VOLTAGE controls nan be used to establish the volt-
age limit (cefling) when the supply is used as a
constant current source. The supply will automa-
tically crossover from constant yoltage to constant
current operation and vice versa if the output cur-
rent t‘;r voltage exceeds these preset limits.

1-3 The power supply has both front and rear
terminals. EitHer the positive or negative output
terminal may be grounded or the power supply can
be operated floating at up to a maximum of 300
volts off ground.

1-4 A single meter is used to measure either out-
put voltage or output current in'one of two ranges.
The voltage or current ranges are se)ected by a
MB’I‘ER swl ich on the front panel,

1-5 The programming terminals located at the
rear of .the unit allow ease in adapting to the many
operational capabilities of the power supply. A
brief description of these capabilities ts given
below:

a. Remote Programming. The power supply
output voltage or current may be programmed from
a remote location by means of an external voltage
source or resistance,

b. Remote Sensing. The degradation in regu-
lation which cccurs at the load because of the volt-
age drop in the load leads can be reduced by using
the power supply in the remote sensing mode of
operation.

c. Serles and Auto-Series Operation. Power
supplies may be used in series wher a higher out-
put voltage is required in the constant voltage mode
cf operation or when greater voltage compliance is
required in the constant curre;.t mode of operation.
Auto-Series operation permn;fone knob control of
the total output voltage from a "mister” supply.

1-1

d. Parallel anr. Auto-Parallel Operation, The
power supply may br, operated in parallel with a ‘
simtlar unit when 4reater output current capability
is required. Auto-Parallel operation permits one
knob control of the total output current from a
"master" supply.

e. Auto-Tracking. The power supply may be
used as a "master” supply, having control over ore
(or more) "slave" supplies that furnish various volt-
ages for a system.

1-6 SPECIFICATIONS ,

1-7 Detailed specifications for the power supply
are given in Table 1-~1.

i-8 QPTIONS

1-9 Options are factory modifications of a stand-
are instrument that are requested by the customer.
The following options are available for the instru-
ment covered by this manual. Where necessary, de-
tailed coverage of the optionmis included through-
out the manual,

Option No. Description

13 Three Digit Graduatad Decadial
Voltage Control: Includes graduated
ten-turn control replacing standard
ten-turn voltage control.

lq Three Digit Graduated Decadial
Current Control: Includes graduated
ten-turn control replacing standard
current control.

28 Rewire for 230V, Single Phase Ir.put:
Supply as normally shipped is wired
for 115V ac input, and must be inter-
nally reconnected for 230V ac opera-
tion.

1-10 AGCESSORIES

1-11 The accessories listed in the following chart
may be ordered with the power supply or separately
from your local Hewlett-Packard Sales Office. {Re-
fer to list at rear of manual for addresses.} Addi-
tional information and illustrations on acqessories
are given in Section II.




{@ Part No.

Description

5060-0797

Adapter Frame. — As illustrated in
Figure 1-2, Adapter Frame includes
all necessary hardware for mounting
one, two, or three supplies in a
standard 19" EIA rack. The adapter
frame also accepts Filler Panels and
Accessory Drawers,
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5060~0788
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-2. Rack Mounting Adapter Frame

Filler Panel, — Qne-third rack width
panel for blocking off unused portions
of the frame.

Accessory Drawer, = Qne~third rack
width -rawer for convenient storige
of leads, probes, etc.

i-2

%5 Part No.

Description

10S2A

Combining Case. —Can be used for
a multi-instrument package that is
portable and easily rack mounted with
the hardware provided. The combining
case also accepts the Flller Panels
and Accensory Drawers mentioned
above. '

Tv maintain proper ambient tempera-
ture, it is reccommended that Cooling
Kit 5060-0789 {115V, 50-60 Hz) or
5060-~0796 (230V, 50-60 Hz) be em~-
ployed with 1052A Combining Cases
housing these supplies.
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Figure 1-3.

Combining Case




Table 1-1.

Specitications

INPUT:
105-125/210~-250VAC, single phase, 50-~60Hz,
1.8A, 164W.

QUTPUT:
0-24 volts @ 0-3 amps.

LOAD REGULATION:
Constant Voltage ~ Less than 0.01% plus 4mV for
a full load to no load change in ocutput current.
Constant Current - Less than 0.01% plus 2504A
for a zero tp maximum change on output voltage.

LINE REGULATION:
Constant Voltage - Less than 0,01% plus ZmV for
any line voltage chenge within the fnput rating.
Constant Current - Less than 0.01% plus 250pA
for any illne voltage change withinthe inputrating.

RIPPLE AND NOISE:

Constant Voltage - Less than 200pVrms, lmV p-p
{dc to 20MHz}.

Constant Current - Less than 200pArms. 1mA p-p
{dc to ZDMHZ)

TEMPERATURE RANGBS:
Operating: 0-559C. Storacge:

TEMPERATURE COEFFICIENT: \

Constant Voltage - Less than 0.02% plus 500}1‘!
per degree Centigrade.

Constant Current - Less tharn 0. 02% plus 1.5mA
per degree Centigrade.

STABILITY:

Constant Voltage - Less than 0.1% plus 2.5mV to-
tota} drift for B hours after an initial warm=-up time
of 30 minutes at constart ambient, constant line
voltage, and constant load.

Constant Current ~ Less than 0.1% plus 7.5mA
total drift for 8 hours after an initial warm-up time
of 30 minutes at constant ambient, constant line
voltage, and constant load.

INTERNAL IMPEDANGE AS A CONSTANT VOLTAGE
SQURCE:

Less than 0.0)a from DC to lkHz.

Less than 0.05a from 1kHz to 10kHz.

Less than 0.5n froi: 10kHz to 100kHz.

Less than 5a from 100kHz to 1 MHz.

TRANSIENT RECOVERY TIME:

Less than 50psec for output recovery to within
10mV following a full load current change in the
output.

OVERLOAD PROTECTION:

A continuously acting constant current circuic
protects the power supply for all overlouads in-
cluding a direct short placed across the terminals
in constant voltage operation. The constant volt-
age circuit limits the output voltage in the con-
stant current mode of operation.

-40 to +85°C.

§

i

METER:
The: front panel meter can be used as either a

“0-30 or 0-3.0 volt voltmeter or as a 0-4 or 0-0.4

amp ammeter.

CUTPUT CONTROLS:

Ten~-turn output voltage and current controls per-
mit continuous adjustment over entire output span.
Meter switch selects voltage or current range.

QUTPUT TERMINALS:

Three "five-way" output posts are provided on
the front panel and an output terminal strip is lo-
cated ¢n the rear of the chassis. All power supply
output terminals are isolated from the chassis end
elthér :he positive or negative terminal may be
cannected to the chassis through a separate ground
terminal located on the output terminal strip.

ERROR SENSING.

Error sensing is normally accomplished at the .
front terminals if the load is attached to the front
or at the rear terminals if the load is attached to
‘he rear terminals. Also, provision is included on
the rear terminal strip for remote sensing.

REMOTE PROGRAMMING:

Remote programming ol the supply vutput at ap-
proximately 200 ohms per volt in constant voltage
is made available at the rear terminals. In cen-
stant current mode of operation, the current can
be remotely programmed atapproximately 500 ohms
per ampere.

REMOTE PROGRAMMING SPEED (CV):
X=2.4v
Time (T) required for output Up T2 0.4m$S
voltage to change from zero X=24mv
volts to within (X) mV of the T 2 0.6.5
maximum rated output or from X=2.4v
maximum rated output to with- T < 20mS
in (X} mV or zero. . DOWN X = 24mv
T £ 27mS
COOLING: ‘
A "pancake” fanis mounted at therear of the unit,
SIZE:

64" Hx 11" D x 5-1/8" W. Two of the units
can be mounted side by side in a standard 19"
relay rack

WEIGHT:
16 ibs. net,

FINISH:
Light gray front panel with dark gray case.

POWER CORD:
A three-wire, five-foot power cord is provided
with each unit.

20 lbs. shipping.

1-3
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SECTION II
INSTALLATION

2-1 INITIAL INSPECTION

2-2 Before shipment, this instrument was Inspec-
ted and found to be free of mechanical and electri-
cal defects. Assconas the instrumentis unpacked,
inspect for any damage that may have occurred in
transit. Save all packing materfals until the iz~
spection is completed. If damage is found, proceed
as described 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 cabinei and
panel surfaces are free of dents and scracches, andg
that the meter is not scratched or cracked.

2~5 ELECTRICAL CHECK

2-6 The instrument should be checked against s
electrical specifications. Section V includes an

"in-cablnet" performance check to verify proper in-
strument operation.

2-7 INSTALLATION DATA

2~B The instrument is shipped ready for bench
operation. It is necescary only to connect the in-
strument to a source oi power and it {s ready for
operation. i

2-9 LOGCATION

2-10 This instrument is air cooled, Sufficizant
space should be allotted so that a free flow of cuol~
Ing air can reach the sides and rear of the instru-
ment when it is in operation. It should be used in

an area where the ambient temperatuce does not ey~

=eed 509C.
2-11 OUTLINE DIAGRAM

2-12 Fiyure 2~] {llustrates the outline shape and

. dimensions of Models 6224B and 6226B.
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2-13 RACK MOUNTING

2-14 This instrument may be rack mounted sepa-
ravely or with one or two other, units that are the
samn size. The units are placed in the Adapter
Frame or Combining Case as lllustrated in Figures
i-2 and 1-3; The Adapter Frame or Combining Case
is then fastened to the rack frame.

i 2-15 INPUT POWER REQUIREMENTS

2-16 This power supply may be operated continu-
ously from either a nominal 115 volt or 230 volt

50-60 Hz power source; Mcdal 6220B can be oper~ |

' ated at 2h Input frequency of 5/-400 Hz. The unit,
as shipped from the factory, is wired for 115 volt
operation. The input power required when operated

.from a 115 voit 60 Hz powe; sou}ce at full load is;

: Model: Watts Amps
6220R; 44 0.'s
. 6224 164 1.8
: 622hB 164 1.8

2-17 CONNECTIONS FOR 23G VOLT OPE;RATION
(Pigure 2-2)

'2-18 'Normzlly, the two primary windings of the
tnput transformer are connected in parallel for oper-
ation from 115 volt soiwrce. To convert the power
supply to operation from a 230 volt source, the
power transformer windings are connected in series
as follows: ‘

a. Uaplug the line cord and remove the top
cover, ‘

b. To obtain access to transformer T1, the
upper wiring clrcuit board must be raised. Detach
electrolytic capacitor C14 by removing the two
screws on the top surface of the board. Loosen the
t'vo srrews that hold the brackets at the rear of the
board to the power supply frame. Pry the front of
the printed -wiring board upward until it 15 released
from the two plastic fasteners.

¢. Remove the jumpers between taps 4-2 and
3~1. Holder a jumper between taps 3-2 on the input
power transformer T1, see Figure 2-2.

d. Replace existing fuse with a 1 ampere,
230 volt fuse, ‘

e. ' Replace exlsting line cord plug with a
standard 230 volt plug.

TRANSFORMER FRIMARY
“ONNEGTED FOR
V. ~WILT OPEPATION

TRANAGTORMEN PRIMARY
CONNECTED ¥R
M =UOLT DPLEATION

Figure 2-2. Input Power Transformer Connections

2-13 POWER CABLE

2-20 To protect operating perconnel, the National
Electrical Manufacturers Association (NEMA) recom-

‘mends that the instrument panel and cabinet be

grounded. This instrument is equipped with a three
conductor power cable. The thizd conductor s the
ground cqnductor and when the cable Is plugged
into an arpropﬂate receptacle, the instrument is

g 2undedl The offset pin on the power cable three-
wong connector 15 the ground connection.

2-21 To preserve the protection feature when oper-
ating the instrument from o two-contact outlet, use
a three~-prong to two-prong adapter and connect the
green lead on the adapter to ground.

2-22 REPACKAGING FOR SHIPMENT

2-23 To insure safe shipment of the instrument, ft
is recommended that the package designed for the
instrument be used. The original packaging material
i5 reusable. If it is rot available, contact your
local Hewlett-Packard ifeld office to obtain the
materials. This office will also furnish the address
of the nearest service office to which the instru-
ment can be shipped. Be sure to attach a tag to the
tnstrument which specifies the owner, model num-
ber, ful! serial number, and service required, or a
brief description of the trouble.




PP " ! " SECTION III
' o OPERATING INSTRUCTIONS

3-1 TURN-ON CHECKOUT PROGEDURE ‘ section show the positive terminal ¢ rounded, the

: -y _ Ny . ‘ operator can ground either lerminal or operate the
3-2 The fo'lowing checkout procedurs descrites power supply up to 300Vdc off ground (floating).
the use of the'front panel controls nd indicators Tha following paragraphs describe the procedures
and pnsures that the supply is aperational, - for utilizing the variouc operational capabilities of

U . S thé power supply.. A mare theoretical description

R : . concerning the operational features of this supply
i : ' is contained in Application Note 90, Power Supply

20 " 50> a0 . o Handbook; available at no charge from your local
o N\"’ Hewlett~Packard sales office. Sales office ad-
\7"/' 5 57 dresses appear at the rear ¢ the manual.
. AMPERES X} .
\ 3-5 NORMAL QPERATING MODE

LLLILE Y Q¢ PCAHIE LPLLY
\ o ;-uu.-.ane

' 3-6 The power supply is normally shipped with {ts

LML LUMBLNT
®\ _‘ .“\ /@ rear terminal strapping connections arranged for
!
O

2

Constant Voltage/Clonstant Current, local sensing,
local programming, single unit mode of operation.

“" - URTEA . : 5 _

A @ @ %’;/@ This strapping pattern i6 Llustiated in Figure 3-2, .
=5 = GND + 8 MO

v mm— olo]ole l@l@l @l@!@ ol . ..

o C (AW (¥ -
Figﬁre 3-1. Front Panel Controls, and Indicatovs b ‘ !

L

I

i

) I
a. Push ON/OFF switch-indicator (1); indi- o ‘
cator should light. ' :

Figure 3-2. Normal Strapping Pattern

b. ©On Model 6220B only, set RANGE swltch The operator sclects either a: cnnstant vohuge or a
(2) to desired output voltage range, constant current output using the front panel con-.

c. Set METER switch (2) to desired vnltage trols (local programming, no strapplng changes are .
range. necessary).

d. Adjust 10-turn VOLTAGE control (3) wutil .
desired output voitage is indicated on meter, 3-7 COMNSTANT VOLTAGE

e. Set METER switch to desired current range ' :
and short circuit output terminals. 3-8 To select a constant voltage output, proceed

f. Adjust CURRENT control {4) for desired as follows: .
output current, a. Turn-on power supply and adjust VOLTAGE
‘ g. kemove short and cornect load to output control for desired output voltage {output terminals
terminals (front or rear). open). ,
: b. Short output terminals and adjust CUR-.
3~-3 OPERATING MODES : ' RENT controls for maximum output current allowable

. {current limit), as determined by load conditions.
3-4 The power supply is designed so that 115 'made If a load change causes the current limit to be ox-

of operation can be selected by making strapping caeded, the power supply will automatically cross-
connections detween patticular terminals on the over to constant current output at the preset current
terminal strip at the rear of the power supply. The limit and the output voltage will drop proportionately.
terminal designations are stenciled in white on the In setting the current limit, allowance must bn made
power supply above their respective terminals. Al- for high peak current which can cause unwanted
though the strapping patterns illustrated in this cross~over. {Refer to Paragraph 3-50).



3-9  CONSTANT CURRBNT

3 10 To selecta constant current output, proceed
as follows:

a. Shori output terminals and adjust CUR-
RENT controls for desired output current,

b. Open output terminals and adjust VOLTAGE
controls for maximum output voltage allowable
{voltage limit), as determined by load conditions.

If a load change causes the voltage limit to be ca-
ceeded, ‘the power supply will automaticallv cross-
over to constant voltage output at the preset voltage
limit and the output current will drop proportionately.
In setting the voltage limit, allowance must be made
for high peak voltages which can cause unwanted
crossover. {Refer to Paragraph 3-50). '

3-11 CONNECTING LOAD

3-12 Each load should be connected to the power
supply output terminals using separate pairs of con-
necting wires: This will minimize mutual coupling
effects between loads and will retain fuil advantage
of the low output impedance of the power supply.
Zach pair of zonnecting wires should be as short as
possible and twisted or shielded to reduce noise
pickup. - {If shield is used, connect oné eng to
power Supply ground terminal and leave the other

end uncohnected. )
1

3-13 If load conslnerauons requlre tha! 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 twisted or -
shielded wires and each load aeparately connected
‘to the remote distribution teymtinals. For this case,
remote sersing should b? used (Paragraph 3-32).

' ) !
3-14 OFERATION OF SUPPLY BEYOND RATED OUTPUT

3-15 The shaded area on .he front panel meter face
indicates the amount of output voltage or current
that is available in excess of the normal rated out-
put. Although the supply can be operated in this
shaded region without being damaged, it cannot be
guaranteed to meel-all of its performance specifica-
tions. However, if the line voltage is maintained
above 115Vvac, the supply will probably operate
within its specifications.

3-16 OPTIONAL OPERATING MODES
i

3-17 . REMOTE PROGRAMMING, CONSTANT VOLTAGE

3-18 The constant voltage output of the power sup-~-
ply can be programmed. (controlled) from a remote
location If required.  Efther a resistance or voltage
source can be used for the programming device. The
wires connecting the programming terminals of the

supply ‘o the remote programming device should be
twizced or shielded to reduce nolse pickup. The
VOLTAGE controls on the front panel are disabled
according to the follpwing procedures.

3-19 Resistance Programming (Figure 3-3}. In th:s
made, the output voltage will vary at a rate deter-
mined by the programming coefficient {200 ohms per
volt}. The output voltage will increase 1 volt for
each 200 ohms added tn series with the programming
terminals. The programming coefflcient is deter~
minec by the programming current. This current is
factory adjusted to within 2% of 5mA. If greater
programming accuracy is required, it may be ,
achieved by changing resistor R13 as discussed in
Paragraph 5-60,
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Remote Reslstance Programming
(Constant Voltage)

Figure 3-3.

3-20 The outpué voltage of the power supply
should be zero voits 20 millivolts 'when zero ohms
is connected across the programming terminals. It
a zero ohm voltage closer than this is required, it
may be achieved by changing resistor R6 or R8 ?s
described in Paragraph 5-‘59.-

3-21 To matntain the stability and temperature’ co-
efficient of the power supply, use programming re- .
sistors that have stable, low noise, and low temp-
erature (less than 30ppm per degree Centigrade)
characteristics. A switch can be used in conjunc-
tion with various resistance values in order to ob-
tain discrete output voltages. The switch should
have make-before-break contacts to avold momen~
tarily opening the programming terminals ducing the
switching interval.

3-22 Voltage Programming (Figure 3-4).

Employ the

"strapping pattern shown on Figure 3-4 for voltage

programming. 1In this mode, the output voltage will
vary in a 1 to 1 ratio with the proegramming voltage
(reference voltage) and the load on the programming
voltaae source will not exceed 24 microamperes,

3-23 The impedance matching resistors (Ry) for the
programmlng voltage source should be approxiniately
1000 ohms to maintain the temperature and stability
specifications of the power supply.
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3-24 Methods of voltage programming with gain are
discussed in Application Note 90, Power Supply

Handbook; avallable at nc:'p *nanqe z'rom your local @

Sales Ofﬂce. , \ y

3-25 REMOTE PROGRAMMING.’CONSTANT CURRENT

3-26 Either a resistance or a voltage source can be
used to control the constant current output of the
supply. The CURRENT controls on the front panel
are disabled according to the following procedures.

3-27 Resistance Programming (F.gure 3-5). In this

mode, the output current varies at a rate determined
by the programming coefficient as follows:

Model Prugramming Coefficient
62208 1000 ohms / amp (25V Range®
62208 ‘2000 ohms / amp {50V Range)
6224B 500 ohms / amp

6226B 500 chms / amp

The programming coefficient is determined by the
Constant Current programming current as follows:
62203-----'“"--------lmA

6224Bvssasssssrsecr0.66mA |
6226Bcsssrsensossansl,32mA
This current 15 adjusted to within 10% at the factory.
If greater programming accuracy is required, it may

be achieved by changing reslstor R19 as outlined
in Paragraph 5-63.
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Figure 3-5. Remote Resistance Programming
{Constant Current)

'3-28 Use stable, low noise, low temperature coef-

ficient {less than 30ppm/°C) programming resistors
to maintain the power supply temperature coeffi-
cient and stability specifications. A switch may ke

3-3

used to set discrete vaiues of output current. A
make-before-break type of switch should be used
since the outpuc current witl exceed the maxime-s
rating of the power supply if the switch contacts
npen during the switching interval,

CAUTION

If the programming terminals (Al and
A5) should open at any time during
this mcde, the output current will
rise to a value that may damage the
power supply and/or the load. To
avold this possibility, connect a re-
sistol across the programming termi-
nals having the value listed helow.
Like the programming resistor, this
t resistor should be of the low noise,
) low temperature coefficlent type.

6220B 62248 62268
25V Range —1Kna 1.5K 750n
50V Rang. — lKn

3-29 Voltage Programining (Figure 3-6}. In this
mode, the output current will vary linearly with
changes in the programming voltage. The program-
ming voltage should not exceed 1.5 volts. Voltage
in excess of 1.5 volts will result in excessive pow~

er dissipation in the instrument and possible
damage,

Al A1 A4 AL AS AT AR -5 - GND + « ALD
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Figure 3-6. Remote Voltage Programming
{Constant Current)

3-30 The output current will be the programming
voltage divided by 1 ohm. The current required

from the voltage source will be less than 25 micro-
emperes. The impedance matching resistor (Ry)
should be approximately 500 ohms if the temperature
coefficient and stabllity specifications of the pow-
er supply are to be maintained.

3-31 Methods used to voltage program a power
supply with gain are discussed in Application Note
90, Power Supply Handback; available at no charge
from your local ¢ Sales Office.

3-32 REMOTE SENSING (See Figure 3-7)

3-33 Remote sensing is used to maintain good reg-
ulation at the load and reduce the degradation of
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Figure 3-7. Remote Sensing

reguviation which would occur due to the voltage
drop n the leads between the power supply and the
load. Remote sensing 15 accomplished by utilizing
the strapping patcern shown In Figure 3-7. The pow-
er supply should be turned off before.changing
strapping patterns. The leads from the +S terminale
to the load will carry less.than 10 milliamperes of
current, and it is not required that these leads be
as heavy as the load lerds. However, they st
he twisted or shielded to minimize noise pickup.

3~34 Note that it {5 desirable to minimize the drop
in the load leads and it is recommended that the
drop not exceed i volt per lead if the power supply
is to meat its DC specifications. If a lerger drop
must be tolerated, please consult 8 Hewlett-Packard
sales enaineer.

NOTE ,

Due to the voltage drop in the load
leads, it may be necessary to re-
adjust the current limit in the re-
mote sensing mode,

3-35 The procedure just described will result in a
low DC output impedance at the load. If a ivw AC
impedance is required, it is recommended that the
following precautions be taken:

-a. Disconnect output capacitor C20 by diz~
connecting the strap between Al0 and +8. ,

b. Connect a capacitor having similar char-
acteristics (approximately same capacitante, same
voltage rating or greater, and having good high fre~
quency characteristics) acrass the loaa" using short
leads.

3-36 hlthouqh the atrapping patterns shown in
Figures 3-3 through 3-6 employ local sensing, note
that it {5 passibleto operate a power supply simul-
taneously in the. remote sensing and Constant Volt-
age/Constan: vurrent remote prooramming modes.

3-37 SER]ES OPEPATION

i

, ;

3-38 Normal Series Connections (Figure 3-8). Two

or more power supplies can be operated in series to

obtaln a higher voltage than that av:ilable from a

single supply Whm this connectlon is,used, the

output voltage is the sum of the voltages of the in-
N ¥

' 3-39 Auto-Series Connections {Figure 3-9).

dividual supplies. Each of the individual sipplies
must be adjusted in order to obtain the total output
voltage. The power supply contains a protcctive
dlode connected internally across the output which
pretects the supply if one power supply is turned off
while its series partner(s) ts on.
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Flgure' 3-8. Normal Series Connections

The
Auto~Series configuration is used when it is desir-
able to have the output voltage of eachof the series
cannected supplies vary in accordance with the
setting of a control unit. The control unit is called
the master; the controlled units are called slaves.
At maximum output voltage, the voltage of the
slaves ts determined by the setting of the front
panel VOLTAGE control on the master. The master
supply must be the most positive supply of the
series.  The output CURRENT controls of all series
units are operative and the current limit {s equal tg
the lowest control setting. If any output CURRENT
controls are set 00 low, automatic crossover to
constant current operation will occur and the out-
put voltage will drop. Remote sensing and pro-
gramming can be used; however, the strapping ar-
rangements shown in the applicable figures show
local sensing and programming.

3-40 In order to maintain the temperature coeffic-
fent ang stability specifications of the power supply,
the eaternal resistors (Ry) shown in Figure 3-9
should be stable, low noise, low temperature cocf-
ficient (less than 30ppm per degree Centigrade) re~
sistors. The value of each resistor is dependant on
the maximu'n voltage rating of the "master” supply.
The value of Ry is this voltage divided by the volt-

‘age programming current of the slave supply (l/K

where Kp is the voltage programming coefficient).
The v ltage contribution of the slave is determined
by its voltage control setting.

3-41 When the center tap of an Auto-Series combi-
natlon is grounded, coordinated positive and nega-
tve voltages resutt. This technique is commonly
referred to as "rubber-banding” and an external
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 Figure 3-9, Auto-3eries, Two and Three Units

reference source may be employed if desired. Any
change of the internal or external reference source
(e.g. drift, ripple) will cause an equal percentags: |
change in the outputs of both the master and slave
supplies. This feature cun be of considerable use
in analogue computer and other applications, where
the load requires & positive and a negative power
supply and is less susceptible to an output voltage
change occurring simultaneously in both supplies
than to a change in aither supply alone.

3-42 PARALLEL OPERATION

3-43 Normal Parallel Connections (Figure 3~10), '
Two or more power supplies can be connected in
parallel to obtain a tota; output current greater than

b

3-5
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Pigure 3-10. Normal Parallel Connections

that available from one power supply. The total
output current is the sum of the outpit currents of
the individual power supplies, The output CURRENT
controls of each power supply can be separately
set. The,output voltage controls of one power sup-
ply shouid be set to the desired output voltage; the
other power supply should be set for a slightly lar-
ger output voltage. The supply set to the lower out-
put voltage will act as a constant voltag: source;
the supply set to the higher output wili oct as a
constant current source, dropping its output voltage
until it equels that of the other supply. The con-
stant voltage source will deliver only that fraction
of its total rated output current which is necessary
to fulfill the total current demand.
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Figure 3-11. Auto-Parallel, Two Units

3-44 Auto-~Parallel. The strapping patterns for
Auto-Parallel operation of two power supplies are
shown in Figure 3-11. Auto-Parallel operation per-
mits equa! current sharing under all toad conditions,
and allowe complete control of output current from
ona masic: power supply. ‘I‘hq output current of
each slave wiil be approximately equal to the mas-
ter's regardle 35 of the load conditions. Becausethe
output current controls of each slave are operative,
they should be set to maximum to avoid having the
slave revert to constant current operation; this
would occur if the master output current setiing ex-
ceeded the slave's.

3-45 Additional slave supplies may be ‘added in
parallel to the Mcster/Slave combination. All the

1




cuhnections be.ween the Master and Slave #1 are
duplicated between Slave #1 and the added Slave
supply.  In addition, the strapping pattern of the
added Slave should be the same as Slave #1.

3-46 AUTO-TRACKING OFERNTION (See Figure 3~12)

3-47 ').He Auto-~Trackalg configuration is used when

it is necessary that neveral different voltages refer-

red to 2 common hus, vary in proportion to the set-
ting of a particular instrursent {the contrel or mas-
ter). A fraction of the master's output voltage is
fed to the comparison amplifier of the slave supply,
thus controlling th= slave's output, The master
must have the laryest output voliage of any power
supply in the group (must be the most positive sup-
ply in the example shown on Figure 3-12).
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3-6

3-48 The output voltage of the slave is a percent~
age of the master's output voltage, and is deter-
mined by the voltage divider consisting of Ry (or Ry
and Ry) and the voltage control of the slave supply,
Rp, where Eg= Rp/Ry + Rp. Turn-on and turn-off of
the power supplies is controlled by the master. Re-
mote sensing and progiamming can be used; al-
though the stravping patterns for these modes show
only local sen=sing and programming. In order to
maintain the temperature coeffici mt and stability
specifications of the power supply, the external
resistors should be_st'able. low noise, low temper-
ature coefficient {less than 30ppm per 9C) resistors.

3-49 SPECIAL OPERATING CONSIT.ERATIONS

3-50 PULSE LOADING

3-51 The power supply will automatically cross
ove: from constant voltage to constant current opei-
ation, or the reverse, in response to an lncrease
{over the preset limit) in the output current or volt-
age, raspectively. Although the ~-aset limit may
be set higher than the average wu. put current or
voltage, high peak currents or voitages {os ocaour '
in pulse loading) may exceed the preset limit and
cause crossover to occur. If this crossover timlt-
ing {5 not desired, set the preset timit for the peak
requirement and not the average.

3-52 OUTPUT CAPACITANCE

3-53 An internal capacitor, connected across the
output terminats nf the power supply, helps to sup-
ply high-current pulses of short duration during
constant voltage operation. Any capacitance added
externally will improve the pulse current capability,
but will decrease the safety provided by the con-
stant current circuit. A high-current pulLe may
damage toad components before the average output
current is large enough to cause the constant cur-
tent circult to gperate. '

3-54 The effects of the output capacitor during
constant curient operation are as follows:

a. The output impedapce of the power suvpply
decreases it} increasing frequency.

b, The recovery time of the output voltage is
longer for load resistance zhanges.

c. A large surge cunent causing a high pow-
er dissipation in the lcad occurs when the load res-
Istance is reduced rap-dly.

3-55 REVERSE VGLTAGE LOADING

3-56 A diode is connected across the output termi-
nals. Under normal aperation conditions, the diode
is reverse biased (anode connecled to negative ter-




minal). If a reverse voltage is applied to the out-
put terminals (positive voltage applied to negative
teyminal), the diode will conduct,, shunting current
across the output terminals and limiting the voltage .
to the forward yoltage drop »f the diode. This diod=
protects the series translstors end the output elec-,
trolytic capacitor.

3-57 REVERSE CURRENT LOADING

3~58 Active loads connected to the power supply

3-7

may actually deliver a reverse current to the power
supply during a portron of [ts operating cycle, An
external source cannot be allowed to pump current
into the supply without loss of regulation and pos-
sible damage to the output capacitor, To avold
these effects, {* is necessary to preload the sup-
ply with a du,, y load resisior ) that the power
supply delivers current through w:e entire opera-
tion cycle of the load duvice.
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SECTION IV ;
PRINCIPLES OF OPERATION
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Figure 4-1. Overall Bl °

4-1 OVERALL BLOCK DIAGRAM DISCUSSION

4=-2 The-power supply, as shown on the overall

block diagram on Figure 4-1, consists of a vower,

transformer, a rectifier and filter, a series regu-
lator, the mixer and error amplifiers, an "OR"
gate, a constant voltuge fnput circuit, a constant
surrent input circuit, a referencae requlator clreult,
a blas supply, and a metering circuit,

4-3 The input line voltage passes through the
power transformer to the rectifier and filter, The

RANGE section of the METER-RANGE switch is used

only in dual range Mddel 6220B, This switch se-
lects the operating mode of the supply by picking
off an AC voltage of the appropriate magnitude and

[N S PR S L T e

4-1

Diagram

applying it to the rectifier-filter. The rectifier-
filter converts the AC input to raw DC which is fed
to the positive terminal via the regulator and cur-
rent sampling resistor network. The requlator,
part of the feedback loop, 1s made to alter its
conduction to maintain a constan: cutput voltage
or current, The voltage doveloped across the cur-
rent sampling resistor network is the input to the
constant current input circuit, In Model 62208,
the RANGE section of the METER-RANGE switch
selects the proper sampling resistor value so that
voltages dropped across the network are the same
for currents that are proportional in each operating
mode. The constant voltage input circuit obtains

its input by sampling the output voltage of the sup-

ply.
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Simplified Schematic
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_ " plifisrs, and applied to the sarfes regulator i1 the 4=12 Note that the change may e In the form ofnp ! 1
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- acurrnnt for both operaung mades. - its co!lertor voltzge rises,. The positive going P
;; S ' ermr voltage 1s amplified and inverted by Q3and -
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:g-:é trols REO and R16, - In Model 62208 an'y, the 4-14 If the external load resistance 1s dacreased | =
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;- 1 age tum-down.

Q1 consisis of two transistors housed in a single
pockage, The transistors haver matched character-
istics minimizing dilferential voltages dée to mis~
matched stages, Moraover, drift due to thermal
differentials is miniinized, since both.transistors
operate at essgentially the same ;emperamrc '

4-19 'The constant vdltage Input clrcuit contlnu-
ously compares a fixed referpncc \voltaqc with a
portion of the output voltage and, If a difference
exists, produces an error voltage whose amplitude
and phase 1s proportional to the difference, The
error output 1s fed back to the serles requlator,
through an OR gate and the mixer/error amplifiers,

' The error voltage changes the conduction of the

serles regulator which, in tum, alte:s the output.
voltage so that the difference between the two in-
put voltages applied to the dilferential amplifinr is
reduced to zero. The awuve action malntains the
output voltage constant,

4~20 Stage G1B of the differential amplifier is
connected to a common (+8) potential through Im-
pedance eauallzing resistor RS, Reslstors R6 and
RB are used to zero bias the input stage, offsetting
mincr base~-to-emitter voltage differences ta Q1.
The base of QlA is connected 10 a summing point at
the jurction of the programining resistor and the
currant pullout resisto:, R12, Instantancous
changes in output voltage result in an Increase or
decrease In the summing point potential, QIA is
then made to conduct more or Iess, In accordance
with summing point voltage change, ‘The resultant
outpul errdr voltage is fed back to the serics reg-
slatnr via bR-gate diode CRs and the remalning
componen!s of the feedback loop. Resistor Rl, in
series with thd base of QIA, limits the cumrent
/througn the programming resistor during rapid volt—
Diodeg CRI1 and CR2 form a Iimit-
Ing.network which prevent excessive voltage ex~
cursions from over driving stage QlA, Capacltors
€1 and C2, hhunnnq the programming resistors,

' increase (ha high frequency gain of the input am-
plifijer, Resfistor R13, shunting pullout resistor
R12, servesz as a trimming adjustment for the pro-
gramming current.

421 CON‘%‘MNT CURRENT INPUT CIRCUIT

L 4- 22 This clrcult Is similar in appearance and
opf-mtion to the ¢anstant voltage input circuit, 1t
conslsls basically of the 10-turn current program-

, ming rﬂsiswr (R16), and a differential amplifier
"'stage (Qz and assoclated components),
transistor Q1 In the voltage input clrcult, Q2 con-

Like

slrists of'two transistors, having matched charac-
lerlsu)cs, that are housed In a single package.

4-2"| The constant currunt input circuit continu~
‘ously compares a lixed reference voltage with the

'

voltage drop across the current sampling resistor
RS4 (also RSS in 62208 only), If a ditference
exists, the differential amplifier produces an error
voltage which iz proportional to this difference,
The remaining components in the feedback loop

{amptifiers and series regulator) functlon to main~ |
taln the drop across the current sampling resls:ors,i

and consequently the output current,'at &, consmm
valae,

4-24 3tage Q2B 13 connected to a common (33)
potential lhrough lmpedancc equalizing reslstor,
R26. Reslstors 25 and R23 are used to, zero blas
the i{nput stage, offsetting minor base-to-emittar .
voltage differences tn 07, Instantaneous change
In outpu! current on the positive line are felt at the
current summing point and, hence, thas base of Q2A,
Stage Q:A vartes its conduction in accordance
with the polarity of the change at the summing
point. The change in Q2A's conduction also vagles
the conduction of Q2B due to the <oupling effects
of the common emitter resistor, R22. ‘the error i
voltage 1s taken from the collector of Q28 and fed
back o the serles requlator through OR-gate dlode
CR4 and the remalning components of. the feedback |
loop. The error voltage then varles the conduction
of the regulator so that the output current §2 main-
talied at the proper level,

.
4-25 [In Model 62208, the RANGE section of
switch 32 changes the resistance of the current
sampling network so that trangistor stage Q2 re- |
ceives an equivalent voltage input for both opera-
ting modes, For exampie, if the aupply is In the
25 volt mode the network resistance consists of
R54 and R55 In paratlel and has a tntal resistance
of one ohm, I the out.ut current is the maximum
of 2 amperes, a certaln voltage exists across R54
and R35 {about 1 volt) which ts the input to the
constant current clrcult, When the supply is In
the 40 volt operating mode, swiich 82 removes #55
from its parallel position leaving only R54 ar 4
value of iwo ohms, At the maximum outpul current
of 500 ma the drop across RS54 is agalp ahout 1 volt,

4-26 Reslstor R20, in conjunction with R21and C3
helps stabilize the feedback looy, Diode CRS
Hmits voltage excursions on ther base of Q2A,
Restotor R19, shunting the puilout resistor, serves
as a trimmina adjustment for the programming cur-
rent {lowing through R16,

4-27 VOLTAGE CLAMP CIRCUIT

4-28 Duriny censtant current operation the con-
stant voltage programming resistors are a shuni
load across the output terminals of the power sup~
ply. If the output voltage changed, the cumrent
through these resistors would rend to change re-
sulting in an output current change, The clamp

s




clrcult is a retum path for the voltage programming
current; the current f2»* normally flows through

tite programming resistxs, The clrcuit maintains
the current into the cohstant voltage summing gsoint
{A6) constant, thus ekiminating the error duss to
shunting efiects of the constant voltage r.rogram-
ming registors, ' !
4-29 The voltage divider, RS1, 252, and VR:, |
back blases CR3IO and Q10 durmng constant volt~ |
3g€ operation, When the g .. er sepply qoes tnto’
ronstant current oparation, CR30 becames forward
biased by the collector yultage of OIA, This re- ‘
sults tn conduction of 10 and clamping of the

. summing polnt at & s:.otentlal only slightly more

negative than the normal constant voltage potential,
Clamping this voltag~ at approximately the same
‘potentfal tha! exists in constant voltage cperatic Yy
résults 1n. constant voltage across, and conse~
quently 2. constant current through the pullout re-
sistor {R12), o

4-30 MIXER AND ERROR AMPLIFIERS

4-31 The mixer and error ampliflers amplify the.

error signal from the censtant voltage or constant

_cumrent input ciscuit to a level sufficient to drive
~ the sartes requlator transistors, he etitter bias

potential for mixer amplifier Q3 Ig established by
the emittar follower, Transistor Q3 raceives the

© error voltage Input from elther the constani voltage

or constant current clrcul! via the OR-gate diode
{CR3 or CR4) that i conducting at that time,
Diode CR3 I3 forward blzsed, and CR4 reversed
blased, during constant voltage operation, The
reverse is true durir 3 constant current oparation,

4-32 The RC network, composed of C5 and R30, is
an equalizing network which provides for high fre-
quency roll off in the loop galn response in order to
stabilize the feedback foop, Emitter followrar tran—~
sistors Q4 and Q5 are the error amplifiers serving
as the driver and predriver eloements, respectively,
{or the series requlator, Transistor Q4. together

~with diode CR17, provides a low reqistance dig~
“charge path for the output capacitance of the power

supply duzing rapid dewn programming,
4-33 ‘REFERENCE CIRCUIT

4-34 1The reference circult is a feedback power
supply similar to the main supply. It provides y
stabiy reference voltages which are used through~
out the unit, The reference voitages are all de-
rived from smooted DC obtalned from the full
wave rectifter (CR22 and CR23) and filter capacitor
C10. T.e 36,2 ang =%, 2 voltages, which are used
in the constant voltar,~ and current input citcuits
for comparison purcures, are daveloped across
temperature compensated Zener diodes YR ynd
VR2, Resistor R43 limits the current through the
Zener diodes to establish an optimum Bias lavel, . !

4-35 The reqgulating clrcult conslsts of series rag-

ulating transistor Q9 arid error ampliffar Qe, Out-
put voltage changas are detected by QB whose base
4 connected to the function of & voltage divider
(R41, R42) connected directly across the supply,

, Any arror siqnals are amplified and inverted by 08
and applied to the base of series transistor Q9.
The serles eloment then alters its conduction in the
directlion and by the amount necessary to maintain
the voltage arvoss YR1 and YR?2 constant, HKesistor

'R46, the emitter resistor for Q8, Is connected ina
‘manner which minimizes chanqges in the reforence
voltage caused by varfations iy the Input line,
Output capacitor C9 stabilizes the requlator loop,

4-36 METER CIPCUIT

4=37 The meter qircpit provides continuous indica~
tions of output voltage or current on a single mol-
tiple range meter. The meter can be vsed efther sg
a voltmeter or an ammeter depending upon the pos=
itlon of the METIR section of awitch §2 on the
front panel of the supply, This swich also selects
one of two metdr ranges on each scale. The meter
Circuit consists basically of a se'ection circuit
{switch 52 and asseclated voltage dividers), stable
differential amp‘i‘lﬂer stages (Q11, Q12, and O14),

1 and tha meter lc“.'en-aem'.

" 4-38 The selec‘tlon clrcult determines which volt-
age dividss Is connected to the differential ampli-
fier {nput, thn the METER section of $2 is in
one of the voltage positions, he voltage across
divider R59, R60, and R61 (connected across the

output of the supply) Is the input to the differentiai

amplifier,

4-39 When $2 is in e of the current posttions.
the voltage across ¢ivider RS», R57, and R58 fand
R78 1iv Model 62208) 13 the input to the ditfarential
amplifier. Note that this divider Is connacted
across the sampling reststor network, The ampli~
fied output of the differential amplifier is wsed o

deflect the meter,

4-40 The differential amplifinr is a stable device
having a fixed qain of ten, Stage QIIB of the am-
plifier recelves a negative voltage from the appli-

cable voltage divider when 32 .3 one of the voltage -

pasitions while rtage QIIA is connected 1o the 48
{common) terminal. With S2 In a current position,
stage Q114 reneives a positive voltage from the
applicable voltage divider while stage Q1B is

connected to the 43 terminal, The differential out-
put of the amplifier fs taken from the collactors of

Q12 and Q14. Tranisister Q15 1s a constant current
source witich sets up the proper bias current jor
the amplifier, Potentiometer RE2 permits zerofng
of the meter, ‘ . '

4-41 The maper amphifler corﬂalns‘ an Inherent
cusrent Eimiting feature which protects the meter

. 4-3 P |
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movémcn# against overloads, For axample, §f
| MEYER stette 32 Is placed in the fow current
range when the power supply s actually delivering
a hlqher aﬁpere output, the dilferential amplifiers |
_ méd qt:v::rlfj d\'kven ‘Into saturatfon Hmitirg the cur~
‘ 'rémt thréug"r r‘w n’etcr to & mfc value,

-4,‘4 'F(guws 43 and 4—4ﬁshow the nister connec-
tions when the METER section of S2 {s fn the higher
voltage mdw cnrmm rasge positions, raspactively,
For the ankﬂ of simplicity, some of the actual cir-

" cuit componants are not shown on these drawings,
With the METER switch In thie higher voltags range,
position 2, the voltage drop: across RS9 s the fnput
try the iheter arplifler and the meter indicatas the

,‘output . voltage ‘cross the $8 and =S terminals, For
low ocutput vostagas, S$2 can be switched to the [ow
voltage position (1) resulting In the application of
a larger percentage of the: output voltage (drop
across RS9 and R60): to the meter amplifier,

Pigure 4-3. Voltmeter Connections,
Simplified Schematic

4-43 As Hlustrated in Pigure 4-4 with the METER

4=6

switch in the high cur. -t position (3) the voltage
drop across R58 §s applied to the meter amplifiar
and the meter indicates the output current which
flows through the sampling resistor netwesk, For
low values of oulput current, *he METER switch
can be sat to position 4 and the voltage drop across
RS7 and 58 is applfed tothe mater amplifier,

Mllzrﬁw
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Figure 4=4. Ammere” Connections.
Simplified Schematic

4-44 In Model 62208 the RANGE section of 52
shorts out rasistor R78 §n the 25 volt operating
riode and the mater {3 alfowed to read ftom 0 to
1.2 amperes (full scala), In the 50 volt mode, $2
connects R78 {n serios with the voltage divider
{RS6, RS7, and R58) dropping the input voltage to
the amplifier by one=half, This, tn turn, reduces
the maximum deflection range ¢f the meter o half
scale, evan thovih the voltages drovpad across the
current sampling network ara the sama for both the
50 volt and 25 volt operating modes,
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; - SECTION V.

5-1 INTRODUCTION

5-2 Upon receipt of the power supply, the per-
formance check (Paragraph 5-10) should .2 made,
This check Is suitable for incoming fnspection. If
a fault is detected in the power supply whtle making
the performence check or during normal operation,
proceed to the troubleshooting procedures (Para-,
graph 5~41). After troubleshoating and repair (Para-
graph 5-48), perform any necessary adjustments
and callbrations (Pazagraph 5-50), Before returning
the power supply to normal operatiun,repeat the
performance check to ensure that the fault has been
properly corrected and that no other faults exist.
Before doing any maintenance checks, turn-on pow-
er supply, allow a half-hour warm-up, and read the
general information regarding measurement tech-
niques {Paragraph 5~3).

5-3 GENERAL MEASUREMENT TECHNIQUES

5-4 The measuring device must be corrected
across the sensing leads of the supply or as close
to the output terminals as possible vhen measuring
the output Impedance, transient resgense, regula-
tion, or ripple of the power supply in ordar to
ac‘ueve valid measurements. A measure nent made
across the load includes the impedance of the leads
to the load and such lead lengths can easily have
an impedance several orders of magnitude greater
taan the supply impedance, thus invalidating the
measurement.

5~5 The monitoring device should be connected

to the +8 and -8 terminals (see Figure 3-2) or as
shown in Figure 5-1. The performance characteris-
tics should never be measured on the front terminals
if the load is connected ac/oss the rear terminals.
Note that when measurements are made at the front
terminals, the monitoring leads are connected at A,
not B, as shown in Figure 5-1. Failure to connect
the measuring device at A will result in a measure-
ment that includes the resistance of the leads be-

tween the output terminals and the point of connec-

t!on.

" other means {(power linc},

_ ~ MAINTENANCE

5-6 For output current measurements, the current
sampling resistor should be a four-terminal resls-
tor, The four terminals are connected as shown in
Figure 5-2, In addition, the resistor should be of
the low noise, low temperature coefficient (less
than 30ppm/OC} type and should be used at no
more than 5% of its rated power so that its tempar-
ature rise will be minimized,

OUTPUT TERMINAL
LOAD mn—% [

MONITOR HERE

Figure 5-1. Front Panel Terminal Connections

CURRFRT SAMPLING 1LRMINALS
[XTERNAL

TO URGROUNDED
TERMINAL OF
POWER SUPPLY

T GROUNDBED
= TEAMINAL OF

SAMI’UNTS POWER SUFPPLY

R[.sh‘l‘ﬂR
LIAD
TERMINALS

Figure 5-2. Output Current Measurement Technique

5~7  When using an oscilloscope, ground one ter-
minai of the power supply and then ground the case
of the oscilloscope to this same point. Make cer~
tain that the case is not also grounded by some
Connect both uscillo-
scope input lcads to the power supply ground termi-
nal and check that the oscllloscope is not exhibi-
ting a ripple or transient due to ground loops, pick-
up, or other means.

5-8 TEST EQUIPMENT REQUIRED

5-9 Table 5~1 lists the test equipment required to
perform the various procedures described in this
Section.




Takle 5-1. '1ost Equipment Required

Required Recommended
:rype Characteristics Use Model]
Differential Sensitivity: 1mV full scale (min.). Measure DC voltages; @ 3420 [See Note)
Voltmeter Input impedance: 10 mggohms (min.). | calibration procedures
Variable Range: 90-130 volts. . Equipped with Very AGilnput =~ | =meee-
Voltage voltmeter accurate within 1 volt. :
Transformer

AC Voltmeter

Oscillqscope

QOsctllator

DC Voltmeter

Repetitive
Load Switch

Resistive
Loads

Current
Sampling
Resistor
Resistor

Re-istor

Resistor
Resistor

Capacitor

Decade
Resistance
Box

" 500pf, 50wVdc.

Accuracy: 2%. Sensitivity: 1mV full
scale deflection (min.).

Sensitivity; 100pV/cm. Differential
input.

1
Py
:

Range: 5Hz to 600 kHz. Accuracy:
2%, Qutput: 10Vrms.

Accuracy: 1%. Input resistance;
20, 00 ohms/volt {min.).

Raté: 60 - 400 Hz, 2psec rise and
fa!l time.

4
|

Values: See-Paragraph 5~14 and
Figure 5-4. £5%, 75 watts.

6220B: two - ww, 2n, £0.5%, 8w.
6224B: two - ww, 0.66n, 1%, Bw.
6226B; one - ww, 0.66n, 1%, Bw.

1Kn #£1%, 2 watt non-Inductive.

100 ohms, 5%, 10 watt.

Value: See Paragraph 5-59. &'0.1%3
1/2 watt, i

Value: See Paragraph 5-62, +0,1%,

1/2 watt,

i

b

" Range; 0~500K. ‘Accuracy":'o.l%

plus 1 ohm. Make-before-break
contacts. !

Measure AC voltages and
ripple

Display transient respunse
waveforms

Impedance checks |

Measure DC vbltages'

1
[

!
3
Measure transient

response

B
Power supply load resis-
tors '

/) .
Measute current; ca:iibrate
meter; cc ripple and rojse

i

. Measure 1mpedance )
1] .

Measure impadance

b . 1 I\
Calibrate programming
current

Callbrate programming

current J

M_erasurp fmpedance’ f
. ,

]
} easure programming
coefficients j !
"

¢ 403B

@ 140A plus 1400A
plug-in., 1402A
plug- n for spike
measurements only.

& 20cCD

@ 4127

Vo
'

See Figure 5-8,

See Parts List
6220B; R54 & R35
6224B: R54 & RS
-6226B; R54

3

e




., NUTE

t

' A satisfactory substitute for a differential voltmeter is to arrange

! : a'reference voltage source and null detector as shown in Figure :
The reference voltage source is adjusted so that the volt- '

l' ' ‘ 5‘3.

age difference betwean the supply being measured and the vef-
erence voltage will have the required resolutior.'for the measure-

ment being made. The'volmge difference will be a function of

the null dete%or that is used. ' Examples of satisfactory null de-

tectors are:

‘41 9A null detector, a DC coupled oscilloscope
R utilizing dlfferqn.ial input, or a 50mV meter movement with a 100

division scale. ,For'the latter, a 2mv change: In voltage will re~

\ i sult in a meter: deflection of four

divisions.

| CAUTION

Care muit be wrercised when using an alectronic null detector
fn which one Input terminal is grounded to avoid ground loops

and clrculating cdrrents.

FOWER BURPLY | | i FEITRENCE
UNDIR TI5T : VOLTAGE
SOQUACE
- & \l + -
o ¢ 903
— . J
" LoAD ! !
! ‘ S0 [wut percton
' -:1 , | ‘_{_9 # o I
. Y :| ' , I
. ) } ! 1 ) oy . :
Figure'5-3. Differential Voltmeter Substitute,
. | ] ) '

Test Setup

!

5:10 PERFORMANCE TEST |

! ' } ;
5-11 The following test canbeused as an tncoming
thspection check and appropriate portions of the test
can be repeated either to check'the operation of the
lnstmment after repalrs or for perzodic maintenance
tests. 'The tas*s are performed using a l15Vac 60Hz,
single phase input power source. If the correct re-
sult is not obtatned for a particular check, do not
adjust any cor:trols, proceed to troubleshooting
{Paragraph 5- -41).

o) \ .
5-12 lCONSTANT VOLTAGE TESTS .

5-13 Rated Qutput and Meter Auéuraéy'. !

L ,
5+14 Voltage. Proceed as follows: ;

a. Connect load resistor across rear output
terminals of supply. Resistor value tobeas follows:
Model No. 62208 6224B 62268

Resistance (ohms)' 100 B 33.3
+b. Connect differential voltmeter across 45

and -S terminals of supply observing correct polar-
ity. _ i ‘

c. Set METER switch to highest voltage range
anc turn on supply.

d.” On Model 6220B, set RANGE switch to 50V
range. ‘ ‘ ‘
e. Adjust VOLTAGE control{s) until front
panel meter indicates exactly the maximum rate-
output voltage.

f. Differential voltneter should 1ndicate
maximum rated output voltage within 2%,
Current. Proceed as follows:
a.. Connect test setup as shown in Figure 5-4
leaving switch 81 'open. |

5-15

1]
1

1
MODEL NO, m..-s:anrmcz {OHMS)
X Ry
POWLR SUPPLY Ll 2208 ta ! o
UNDER TEST w114B 0, 93 s
: E21EB 0, 66, L}
[ -
. Y c o
Ry RIFFERENTIAL
LOAD VOLTMETER
‘ RESLSTOR .
CURRLNT - "i_;
SAMPLING
HESISTOR ‘
e - O
hx

Figure 5-4. OQutput Current, Test Setup
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_ b Turn CURRENT gontrols fully clockwise,

" & Set MBTER switch to highest current range
and turn’ on sunqu. j
Y d. On'Model 62008, set RANGE switch to 25V
réhgc. C
! Adjust VOLTAGB control(s) until front
panel meter indicates exactly the maximum rated
output current. .
R A ‘Pliferential voltmeter should raad 1.0 &
0.02Vde.

5-16 Load Requlation. To check constant voltage
loa#d regulation, proceed as follows:

r, ' @. Connect testsetupas showninFigure s-5.
POWER SUPPLY \“
UNDER TEST

205

MODEL NO, RESISTANCE ;m;us:
Ry . Rx Y
62308 1a 245
62248 0,33, Ba
6228 0, b6 i,
Ry

DIFFERENTIAL
VOLTMETER

/

1

Pigure 5-5. Load Regulation, Constant Voltage

Test Setup

b. Turn CURRENT controls fully clockwise.

¢. Set METER switch to highest current range
and turn on supply.

d. On Model 6220B, set RANGE switch to
50V mode.

e. Adjust VOLTAGE control(s) until front
panel meter indicates exactly the maximum rated
output voltage.

f. Read and record voltage indicated on dif~-
ferential voltmeter, _

g. Disconuect ioad resistors.

h. Reading on differential voltmeter shouid
not vary from reading recorded in step £ by more
than the following: ‘
Model No. 62208
Variation {mVdc) %7

62248 6226B
£6.4 37

5-17 Line Regulation. To check the line reguiation,

proceed as follows:

9-4

a. Connect variable auto transformer between
input power source and power supply power input.

b. Turn CURRENT controls fully clockwise.

c. Connect test setup shown in Figure 5-5. ‘

d. Adjust variable auto transformer for 105Vac
input,

e. Set METER switch to h!qherr. voltage range
and turn on supply.

f. On .odel 6220B, set RANGE switch to 50V
mode. .

g. Adiust VOLTAGE control(s) until front
panel meter indicates exactly the maximum rated
output voltage. :

h. Read and record voltage indicated on dif-
ferential voltmeter.

i. Adjust variahle auto transformer for 125Vac
input. ;
j» Reading on differential voltmeter should
not vary from reading recorded in step h by more
than the following:
Model No. 62208

6224B 62268

Variation {mVdc) +5.25 2,65 +5.25

5~18 Ripple and Noise. Ripple and noise measure-
ment can be made at any input AC line -oltage
combined with any DC output voltage and load cur-
rent within rating.

5-19 The amount of ripple and noise thatis present
on the power supply output is measured &ither in
terms of the RMS or {preferably) peak-to-peak value.
The peak-to-peak measurement is particularly im-
portant for applications where noise spikes could
be detrimental to a sensitive load, such as logic
circuitry. The RME measurement i5 not an ideal
representation of the noise, since fairly high out-
put noise spikes of shoi* Juration chould be pre-
sent in the ritple and not appreciably increase the
RMS value.

5-20 The technique used to measure high frequency
nolse or "splkes" on the output of a power supply
is more critical than the low fraquency ripple and'
nolse measurement technique; therefore the former
Is discussed separately in Paragraph 5-28.

5-21 Ripple and Nolse Measurements, Figure 5-6A
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 oscil-
loscope via the grounded power supply case, the
wire between the negative output terminal of the
power supply and the vertical input of the scope,
and the grounded scope case. Anv ground current
circulating in this loop as a result of the difference
in potential Eg between the two ground point

couses an IR drop which is in series with the scope
input. This IR drop, normally having a 60Hz line




fréquency fundamental, plus any pickup on the un-

shielded leads interconnecting the power supply and,

scope, appears on the face of the CRT. The magni-
tude of this resuiting nolse signal can easily be
much greater than the true ripple developed hetween
the plus and minus output terminals of the power
supply, and can completely invalidate the measure-
ment. .

PQWER SUPPL' CASE OSCILLOSCORE CASE

AC -3 AC
ACC +S Act
aDintiyts {rﬁm
u * }n
L .
N v:n'rlcm.

}

|

l
1]

|
Eg a R I

L

A. INACCURATE METHOD USING SINCLE-ENDED SCOPE.
GROUND CURRENT Ig PRODUCES €0 HERTZ .DROP IN
NEGATIVE LEAD WHICK ADDS TO THE POWER SUPPLY
RIPPLE DISPLAYED QN SCOPE, METHQD MAY BE ADEQUATE

, UNDER CERTAIN CONDITIONS, SEE TEXT.

i
Q3CILLOSMOPE CASE

POWER SUFPLY CASE
AC n— 1D AC
.u:cﬂ}—lj [ To EF ﬂ acL
one s anD
. 3&_ ﬁ E '

' B, RECOMMENOED METHOD USING A DIFFERENTIAL SCOPE WITH FLOATING
INPUT, GROUND CURRENT! PATH 15 BROKEN; CONMON MODE
REJECTION OF DIFFERENTIAL INPUT SCOPE JGNORES DIFFERENCE
IN GROUND POTENTIAL OF POWER SUPPL' AND SCOPE, ANG:
SI;IELD!D TWO-WIRE FURTHER REDUCTS 3TPAY PICKUP ON SCOPE
LEADS

o

VERTICAL
INPUT

oo
i

7 | MODEL KO. | Ry v '
° 62208 L :
62248 80
62268 32N |

1 L

Figure 5-6, CV Rlpple and Noise Test Setup

5-22 The same ground current and pickup probiems
can exist if an RMS voltmeter is substituted in
place of the oscilloscope in Figure 5-6. However,
the oscilloscope display, unlike the true RMS meter
reading, tells the observer immediately whether the
fundamental period of the signal digplayed is 8.3
milliseconds (1/120 Hz) oz 16.7 milliseconds (1/60
Hz). Since the fundamental ripple frequency pre-
sent on the output of an @ supply is 120Hz {due to
full-wave rectification), an oscilloscope display
showing a 120 Hz fundamental component is indica-
tive of a "clean” measurement setup, while the

H

5-5

presence of A 60 Hz fundamental usually means that
an improved setup will result in a more accurate !
{and lower) salue of measured ripple.

5-23 Although the method shown in Figure 5-6A is
not recommendod for ripple measurements, it may
prove satisfactory in some Instances provided
certain precautionary measures are taken, One
method of minimizing the effects of ground current
flow (Tg) Is to ensure that both the supply and the
test instrument are plugged into the same ac pow-
er buss,

5-24 To mintmizz pick up, a twisted pair or (pref-

.crably) a shlelded two-wire cable should be used.

to connect the output terminals of the power supply
to the vertieal Input terminals of the scope, When

* using @ twisted pair, care must be taken that one

of the two wires Is connected both to the grounded
terminal of the power supply and the grounded in-
put terminal of the oscilloscope, When using
shielded two-wire cable, It is essential for the
shield to be connected to ground at éne end only
to prevent any ground current flowing through this
shield from inducing a signal {n the shielded leads,

- 5=-25 Tb verify that the oscilloscope 1Is not dis-

playing ripple that is induced in the leads or plck-
ed up from the grounds, .he (+) scope lead should
be shorted to the {-) scope lead at the power sup-
ply terminals, The ripple value obtained when the
leads are shorted should be subtracted from the

'actual ripple measurement,

5-26 If the foregoing measuces are used, the sin-
gle-ended scope of Figure 5-6A may be adequate
to eliminate non-real components of ripple so that
a satisfactory measurement can be obtalned How-
ever, In stubbom cazes or in measurement situa- '
tions where it is essential that both the power
supply case and the oscilluscope case be connect-
ed to ground {e, g. 1f both are rack-mounted), it
may be necessary te use a differential scope with
floating input as shown in Figure 5-6B, If desired,
two single~conductor’ shielded cables may be sub-
stituted in place of the s’helded two-wire cable
with equal success. Because of its.common mode
rejection, a differential oscilloscope displays only
the difference in signal betweon its two vertical
input terminals, ihuq ignoring the effects of any
common mode signal Introduced because of th:' dif~
ference in the AGC potentlal between the power sup-
ply case and scope case, Before using a differen-
tial input scope tn this manner, however, it is im-
perative that the ccmmon mode rejection capability
of the scopa be verified by shorting together its
two'input leads at the power supply and observing
the trace on the CRT, If this trace is a straight
iine, the s-ope is proﬁperly ignoring any common




mode slgnal present, If this trace is not a gtralght
line, then the scrpe is not rejecting the ground
signal and.must be realigned in accordance with
the manufacturer's instructions until proper common
mode rejection is attained,

5~27 To check the ripple and noise output, pro-
ceed as follows:

_ a. Connect the oscilloscope or RMS volt-
meter as shown In Figures 5-6A or 5-6B,

b. Turn the CURRENT control fully clockwise
and adjust VOLTAGE control until front panel meter
indicates maximum rated output voltage.

¢. The observed ripple and noise should be
less than 200pV RMS and 1mV p-p.

5-28 Noise Spike Measurement. When a high Ire-
quency splke measurement is baing made, an in-
strument of sufficient bandwidth must be used; an
oscilloscope with a bandwidth of 20 MHz or more is
adequate., Measuring noise with an lnstrument that
has insufficient bandwidth may conceal high fre-
quency spikes detrimental to the load.

5~29 The test setup illustrated in Figure 5-6A is
generally not acceptable for measuring spikes; a
‘differential oscilloscope is necessary, Purther-
more, the measurement concept of Figure 5-6B
must be modified if accurate sptke measurement is
to be achieved:
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Figure 5-7. GV Noise Spike Test Setup

1. As shown in Figure 5-7, two coax cables,
must be substituted for the shielded two-wire cable.

2. Impedance matching resistors must oe in-
cluded to eliminate standing waves and cable ring- °
ing, and the capacitoers 'must be connected to block
the DC current path,

3. The length of the test leads outside the
coax is critical and must be kept as short as possi-
ble; the blocking capacitor and the impedance
matching resistor should be connected directly from
the inner conductor of the cable to the power supply
termidals.

5-6

4. Notice that the shields of the power sup-
ply end of the two coax cables are not connected to
the power supply ground, since such a connection
would give rise to a ground current path through the
coax shield, resulting In an erroneous measurement.

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

6. The noise spites ohserved on the oscillo-
scope should be less than 0.5mV p-p.

5-30 The cifcuit of Figure 5-7 can also be uted for

* the normal measurement of low frequency ripple and

noise; simply remove the four terminating resistors
and the blocking capacitors and substitute a higher
gain vertical plug~in in place of the wide-band plug~-
in required for spike measurements. Notice that
with these changes, Figure 5-7 becomes a two-
cable version of Pigure 5-6B,

5-31 Transient Recovery Time. To check the
transient recovery time proceed as follows:
. a, Connect iest setup shown i Figure 5-8,

POWER SUPPLY OSCILLOSCORE
UNDLR TEST & 140a
-t 4 . [+
(} 0 o ‘ 0
oL

CONKTACT PROICTION
NETWORK
bt Sa W
400y INOTE N

Ry

L NOTE%;
] 7L THIS DRAWING SHOWS
———---———-.3—-—t ] A SUGGESTED METHOD
‘ OF BUILDING A LOAD
SWITCH, HOWEVER,
QTHER METHODS COULD
BE USEL:; BUCH A% A

TRARSISTUR SWITCHING
l BETWORK, MAXIMUM

15w
£ CPS

LOAD RATINGS. OF LOAD
HINESWITCH  feote 2 | SWITCIl ARL: & AMDS.
o) SO0V, 250W (NOT 2300W).
I 2, USE MERGURY RELAY;
CLARE TYPE HG® 100} OR
| REPETITIVE ! W. L. TYPE 2'6B,
LOAD SWITCH (NOTEL) |
_——— == ). U'SC WIRE WOUKD RESISTOR,

MODEL NO, ILESI:TANCE lOI':MSi
X Y
w2 ip 1n FLIY
52248 0,334 LY
h2l68 0, 684 Wa:

'Figure 5-8. Transient Response, Test Setup

p. Turn CURRENT controls fully clockwise.

¢, Get METER switch to highest current range
and turn on supply.

d. Adjust VOLTAGE control{s) until front
panel meter indicates exactly the maximum rated
output voltage.

iy k28
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e. Clcse line switch on repetitive load.
switch setup,
f. Adjust 25K potentiometer wntil a stable

‘dis play is obtained on oscilloscope. Waveform

should be within the tolerances shown in Figure 5~9
(output should return to within 10mV of original val-
ue in less than 50 microseconds).

N o
oMy
N )

— B0 A
stcofios
) -1
Loy |

LOADsrd TRANSIENT |

10y
SLCONDS

UNLOADING TRAKSIENT

Figure 5-9, Transient Respon:e, Waveforms

5-32 Programming Speed. This measurement is
made by monltoring the output voltage with an os-
cilloscope while rapidly changing the remote pro-
gramming resistance. For up-programming, the re-
mote resistance is varied from zerd chms to the val-
ue that will produce maximum output voltage; and
for down-programming, the remote resistance is
varied from the value that will produce maximum
output voltage to zero ohms.. To check the up-pro-
gramining speed, make the connectior.s indiczted in
Figure 5-10; for down-programming, simply remove .
Rp,. The load resistance is included for up~program-
ming and removed for down-programming to present
the worst possible condltions for the supply to
reach the programmed voltage. Refer to Application
Note 90, Power Supply Handbook for further details
on remote programming speed. To check the pro-
gramming speed, proceed as follows:

1. Restrap the rear bamier strip as indicz .ed
in Figure 5-10. Note that the jumper between +5
and Al0 is removed. This disconnects the output

" capacitor G20 to increase the programming speed.

A minimum amount of output caracitance (Cl19) is
permanently wired to the output ang should not be
removed, because the supply could oscillate under
certain load conditions. The programming speed in-

' creases by a factor of from 10 to 100 when the out-

put capacitor C20 is removed.

2. Connect the relay, oscllloscope. and pro-
gramming resistor Rp as illustrated in Figure 5-10.
Select the value of the programming resistor that
will produce maximum output voltage of the supply.
This value is obtained by multiplying the program-
ming coefficient (200 ohms/volt} by the maximum
rated output voltage of the supply.

Al _AS AL A3 AE A7 A -1 = GND + 8 al0

21Q1R1PI]1pi? a 2|2
LW W) s
2
Rp P
A AN
L
1
LISV 5
80 12 3
T | mercury
WETTYD
RELLY

Figure 5-10. Constant Voltag : Programming Speed,
Test Setup

3. A mercury-wetted relay is employed to
rapidly switch the programming resistance from zero
to maximum at @ 0 Hz rate. Other automriic
switching du\{ces can be used; however, a hand~
operated swi-'ch <. nnected across the pregramming
resistor is not acequate, because the rrisulting one-
shot displays are difficult to of serve 0a most os-
cillascopes.

4. The time (T, required for the output volt~
ageto change froin zero volts to within (X} mV of the
the maximum rated output or from maximum rated
output to within {X) mV nf zero is as follows:

62208 | 62248 | 62268

X=50mV| X=24mV | X=50mV

Up-Progranming o508 | 120.6ms|T22.4ms

X=50mV|{ X=24mV [X=50mV
Down-Programming{ ¢z y5ms | 72 27ms [ T215ms

'

5-33 Qutput Impedance, To check the output im-
pedance, proceed as follows:

a. Connect test setup as shown in Figure
5-11.

b. Set METER switch to 'highest voltage range
and turn CURRENT controls fully clockwise, and turn
on'supply.

. c. Adjust VOLTAGE control{s) until front
pane’;meter reads 20 volis.

d. Set AMPLITUDE control on Oscillator to
10 volts {Ejn), and FREQUENCY control to 1 kHz.

' Record voltage across output terminals of
the power supply (Eg) as indicated on AC voltmeter.

f. Calculate the output impedance by the
following formula: 2gyt = (EqR}/(E;p, - Eg)

Eo =rms voltage across power supply output
[ terminals.

R =1000.

Ein'* ] O volts,

||h1




Y VRN ] il h‘-

g. The output impedance (Zoyt) should be
less than 0.01 ohm,

h., Using formula of stepf, calculate output
impedance at frequencies of 10kHz, 100kHz, and
IMHz, Values should be less than 0, 05 chm,

0.5 ohm, anc 5 ohms, rcspectivelv,

VOLTMETIR VOLTMETER
UIETI N . LEECEN ]
INDICATLS £, IRGICATLS [,
000 a4 0
FOWER SUPPLY N {CILLATAR
UNDER TEST R mco
oo o =g
I 9
LK 500 MFD
--—--A-M-—-—-—.jhr——-—’

190 ORM

Figure 5-11. OGutput Impedance, Test Setup '

£-34 CONSTANT CURRENT TESTS

5-35 Load Requlation. To check the constant cur-
rent load regulation, proceed as follows:

a. Connect testsetupas shown inFigure 5-4.

b. Turn VOLTAGE control(s) fully clockwise.

c. Set METER switch to highest current rance
and turn on' supply.

d. On Model 62208, set RANGE.switch to 25V
position. .

e. Adjust CURRENT control until front panel
meter reads exactly the maximum rated output cur-
rent.

f. Read and record voltage indicated on dit-
ferential voltmeter.

g. Short out load resistor (Ry} by closing
switch 81.

h. Reading on differential ‘roltmeter should
not vary from reading recorded in step e by more
than the following:

Model No. 6220B 6224B 6226B

Varfation (mVdc) ' £0.35 20.18  0.27

5-36 Line Requlation. To check the lHne requlation

proceed as follows:
a. Utilize test setup shown in Figure 5-4
leaving switch 51 open throughout test. !
b. Connect variable auto transformer between
input power source and power supply power input.
c. Adjust auto transformer for 105Vac input.
d. Turn VOLTAGE control(s) fully clockwise.
e. Set METER switch to highest current ranqge

5-8

B
3
F13

'wise.

and turn on supply.

f. On Model 6220B, set RANGE swlfch to
25V position.

) g. Adjust CURRENT controls until front panel
meter reads exactly the maximum rated output cur-
rent.

h. Read and record voltage Indicated on dif-
ferential voltmeter.

1. Adjust variable auto transformer for 125
Vac input.

j» Reading on differertial voltmeter should
not vary from reading recorded in step g by more
than the [ollowing;

Maodel No. 6220B 6224B 6226B
Veriation {mVdc) £0.35 20.18 =%0,27

5=-37 Rinple and Noise. Most of the instructions
pertaining to the ground loop ard plckup problems

' associated with constant voltage ripple and noise

measurement also apply to the measurement of con-
stant current ripple and noise. Figure 5-12 illus-
trates the most important precautions to be observed
when measuring the ripple and noise of a constant
current supply. The presence of a 120 cycle wave-
form on the osciiloscope is normally indicative of a
correct medsurement method. A waveshape having
60 Hz as its fundamental component is typically as-
scziated with an incorrect measurement setup.

5-38 Ripple and Noise Measurement. To check the
ripple and noise, proceed as follows:

a, Connect the escilloscope or RMS volt-
meter as shown in Figures 5-12A or 5-12B,
b. Rotate thEVOLTAGE control fully clock-

c. Set METE
and turn on supply. 1

d. On Model 6220B, set RANGE switch to
25V position. _

e. Adjust GURRENT cantrol until front panel
meter reads exactly the maximum rated output
current,

f. The ripple and noise indication should be
V255 than the following:

switch to highest cunient range

Model Aipple and Noise

RMS | P-P
62208 | 200pV | Imv
6224B 66V | ©.33mv

62268 132pV | 0. 66mV

5-39 Noise Splke Measurement. Asin the constant
voltage noise spike measurement, the basic meas-
uring instrument is a differential oscilloscope. The
measurement of CC noise spikes is similar to CV
noise spikes as discussed in Paragraph 5-28 except
that an appropriate.load resistor Ry and current
monitr g resistor R must be included as illustra-
ted in Figure 5-12,

Iod

T

AL

A = “Ihlllr\ll-‘lqllT lun-uuluu‘-




: v . .
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A INACCURATE METHOD USING SINGLE -ENDED SCOPE, ,
GRQUND CURRENT Ig PRODUCES 60 HERTZ DROP IN
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e. Adjust CURRENT control until auvnt panel
meter reads exacﬂy the maximum rated out ut cur~
rent.

‘f. The nolse spike indicated should be less
than the .ollowlng.

Model 62208 | 6224B 62268

MODEL KO, AL Ry
€2208 in 240
62248 c.330 80
62260 0.660 320

Figure 5-<12. CC Ripple and Noise Test Setup

5-4¢ To check the output notse spikes, proceed as
follows:

a. Connect the oscllloscope as discussed
above. .

b. Rotate the VOLTAGE control fully clock-
wise,

Cc. Set METER switch to highest current range
and turn on supply.

d. On Model 62208. set RANGE switchto 25V
position.

( :

P~-P Noise Spikes 0.5mV | 0.16mV_| 0.35mV

5-41 TROUBLESHOOTING

5-42 Components within Hewlett-Packard power
supplies are conservatively operated to previde
maximum rellability. In spite of this, parts within
a supply may fail. Usually the instrument must be
immediately repaired with a minimum of "down time"
and a systematic approach as outlined In succeeding
paragraphs can greatly simplify and speed up the
repalr.,

5-43 TROVBLE ANALYSIS

5-44 General. Before attempting to troubleshoot
this instrur ent, ensure that the fault is with the
instrument and not with an associated circuit. The
performance test (Paragraph 5-10) enables this to be
determined without having to remove the Instrument
from the cabinet. |

5-45 Once it is determined th: t the power supplyis
at fault, check for obvious troubles such as open
fuse, a defective power cable, or an input power
fatlure. Next, remove the top and bottom covers
(each held by four retaining screws) and inspect for
open connections, charred components, etc. If the
trouble source cannot be detected by visual inspec-
tion, follow the detailed procedure outlined in suc-
ceeding paragraphs. Once the defective component
has been located {by means of visua: !nspection or
trouble analysis) correct it and re-conduct the per-
formance test. 1f a component is replaced, refer to

~ the repair and replacement and adjustment and cali-

bration paragraphs in this section.

5+46 A good understanding of lhe principles of op-
eration is a helpful ald in nouuleshoot:ng. and 1t
1s recommended that the reader review Section IV of
the manual before attempting to troubleshoot the
unit in detall, Once the principles of operation are
understood, logical application of this knowledge
used in conjunction with the normal voltage read-
irgs shown on the schematic and the additional
procedures given in the [ollowing paragraphs should
suffice-to Isolate a fault to a component or small
group of components. The normal voltages shown
on the schematic are positioned adjacent to the
applicable test points (identified by encircled num-
bers on the schematic and printed wiring boards).
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5~47 Table 5-2 ircludes the symptoms and prop-
able causes of many possible trolbles, If efther
high or low output voltage Is a symptom, there are
two methods of lsolating the fault. The first (32
simplified procedure that involves only measuring
voltages; the second fs a more thorough approach
requiring that transistor sthges be bpuned or shor-
ted. Both methods are described as follows: -

1. Pirst, the reference, bias, and filtered dc
voltages as given in Table 5-3 should be checked.
Then the voltage levels at critical points (base and

coliecmr) in the feedback Qoop should be measured
and compared to the normsl voltages given on the
overall schematic dlagram at the rear of the manual.

i

- This method of troublesheoting a feedback loop ig

not always conclusive; a better method Is described

in {2). '/

2. First, measure the reference, blas, and
filtered dc voltages as given in Table 5-3. Then,
drive each stage in the {feedhack loop into conduc-
tion or cutoff by either shorting cr opening the pre-
vious stage as indicated in Tables 5-4 or 5-5.

Table 5-2. Common Troubles

Probable Cause

Refer to Table 5-3, then 5-4.

Refer to Table 5-3, then 5-5.

1

Check operating aetup for ground-refer to Paragraph 5-18.

If output floating, connect 1pf capacitor between output

Check [or excessive internal ripple; refer to Table 5-3,

Ensure that supply 1s not in constant-current operation
under loaded condlitions. To prevent this condition turn
CURRENT control {fully clockwise.

Check for low voltage across Cl14,C12, or Cl0,

Improper measuring technique; refer to Paragraph 5-3.
Check reference circuit voltages, Table 5-3.

Check reference clrcult adjustment, Paragrapl 53-64,

Improper measuring technique; refer to Paragrapls 5-3.

Check reference circuit voltages (Table 5-3) and refer-
ence circuit adjustment (Paragraph 5-64).

Ensure that supply ls not in constant-current operation
under loaded conditions. To prevent this condition turn
CURRENT cuntrol fully clockwise,

Improper measuring technlque: reer to Paragraph 5-3.

Theck reference circult voltagss {Table 5-3) and refer-
ence circult adjustment {Par7,graph 5-64).

Cl19, €20, and CR34 leaky.
Check clamp circuit, €10, CR30, VR3, and CR32,

Ensure that supply ir. not crossing over into constant
‘roltage operation. o pre«<ent this condition, load the
supply and turn the VOLYAGE control fully clockwise.

Check C5 opein. Adjustment of R30; refer to Paragzaph

Symptom
Low output or no output voitage
High output voltage
High ripple a.
b.
and ground.
c.
d.
e,
Poor line regulation a.
b.
c.
Poor load regulation a.
(Constant Voltage) b
c.
Poor load regulation a.
(C9nstant Current) b
1 v
c.
d.
e.
Oscillates a.
5~31.

b.

Check R2' and C3 in current input circuit.

.

e Tk

S e o




Table 5-2, Coramon Troubles (Continued)

Symptom

Probable Cause

Poor stability (Constant Voltage}

. Poor stability (Constant Current)

Poor transient recovery

2. Check +6.2Vdc reference voltage (Table 5-3}.

b. Noisy programming resistor R 6.

c. CRl, CR2Z leaky. .

d. Check Ri, R12, Ri3, and C2 for nolse or drift, 1

¢, Stage Ql defective,

3. Check -6.2Vdc reference voltage (Table 5-3).
b. Nolsy programming resistor R16,
¢. CR5, CR34, Cl19, C3 jeaky.

d. Check R18, R19, R20, R2l, RS54, and RSS for noise or
drift.

e, Stage Q2 defective.

a. Check R30 and C5. Refer to adjustment procedure
Paragraph 5-31.

Table 5-3. Reference, Btas, and Filtered DC Troubleshooting

Meter Meter *Normal *Normal Probable
Common Positive Vde Rippie (P-P) Cause
o 5 6.2 ¢.5mV YR2
43 33 6.2 0.5my VRI
5 37 12.4 SmY 08,08
: Clg,CR22,
34 37 24‘ 1.4V CR23,71
41 23 4.4 ' 20mY VR4
41 18 13 1.av Cc7,C8,Cl2,
CR24,CR25, T}
. (upper e0v {(62268) 0.5V {6226B) Ci4,Cl6,CH7,
Cl4 (<) board) Cl4 (+} 60Y (62208B) 0. 5V (6220R}) CR26,CR27,
{62248) (62248) R49,T1

* On Model 6220B, set RANGE switch to 50Vdc.

5-11




Table 5-4. "Ir‘?w Output Voltage Troubleshooting
— ,

Step | Action ) | Response S Probabile Cause :
1 Y Turn the VOLTAGE control fully | .
iclockwise and disconnect the ; ‘ !
‘foad }
2 IRemove CR4 cathode or anode 3. Output incréases a. Btage Qi defectiva
! Hea oo : ‘ . :
4 b, Qutput remains low b, Recornect. CR4 and proceed
[ 5 o tep 3
3 | Open Q4 emitter tead ., Output remains tow | 4. Q6,07.CRIIR32,R27 R34
g defective .
b, Qutput increases b. Recomnect Q4 and procead
. - o step 4
4 Open Q5 emftter lead a.  Cutput remains low | a. Q4,CR17,R33 defective
b. ' Output increases b. Reconnect Q5 and proceed
- o oatep 5
5 Short Q3 emitter to collector a. Output remains low | a. Q6,R31,RA4 defective |
b, Output increases b. Remove short across O3 and
- proceed to step 6
6 Remove CR3 arode or cathode 3. Oﬁtﬁua remains fow | a. Stage Q3 or Q17 defective
tead b. Output increases b. Reconnect CR3 and proceed
to step 7
7 Remove CR32 anode or cathod.. 3. Oulpu't’_ increases d. Voltage clamp circuit is de-
leac fective
b. Output remains low | b. Reconnect CR3Z aid proceed
e to step 8
8 Short diode CR2 a. Output remains low | a. Stage QI defective
' b. Output ircreases b. Remove short across CR2.
. Check RI0,C] for short
- and RI2,Ri2 for open.
Takle 5-5. High Output Voltage Troubleshooting
Step Action Response Probable Cause
1 Turn the YOLTAGE control fully ,
counterclockwise and discon-
nect the load
2 Short Q4 emitter to collector a. Output remains high }a. Q6,Q7,CRI1,R23,R27 R34
defective
b. Output decrezn«s b, Remowve short across Q4
angd proceed to step 3
3 Short Q5 emitter to collector a. Qutput rematns high | a. Oé.GRl?’I.Rw defective
h. Qutput decreases b. Remaove shor! across Q5 and

proceed to step 4

5-i2




. T.ble 5-5. High Output Voltage Troublesheoting (Continued)

Step Action Response Probable Cause
4 '| Open Q3 collector tead a. Output remains high | a. Q5,k3) .Réé defactiva
b. OQutput decreases b. Reconnect Q3 and procead
to step 5
5 | Open QlA colluctor Jead a. Output remains high | a. Stage Q3 or Q37 defective
b. Qutput decreases b. Reconnect QIA and proceed
to itap 6
(3 Remove CR32? anode or cathods a.  Output decreases a., Voltage clamp circuit i3 de-
| , fective
b, Output remains high | b. Reconnect CR3Z and pro~
' ceed to stap 7
7 On rear terminal board, sheat a. Cutput remains high | a. Stage Qi dafective
A6 o (+) :
b. OCutput decreases b. Remowe short across termi-
! nals A6 and (-), Check
P10 for open and RI2,R13
for sidrt.

$-48 REPAIR AND REPLACEMENT

o~33 Before servicing a printed wiring board, refer
to Pigure 5-13. Sectlon VT of this manual contains
a st of replaceable parts. Before replacing a semi-
corductor device, refer to Table 5-6 which lists the

Table 5-6,

special characteristics of salactad semiconductors,

If the device to be repiaced is not Jisted in Table

5-6, the standard manufacturers part number listed

In Section VT is applicable. After raplacing a sami-

conductor device, refer to Toble 5-7 faor checks and
, adjustments that may be nocessary. '

Selectied Samiconductor Characteristics

Reference . Suggasted

Des*gnator Charactaris:ics‘ &4 Stock No, Replacement
Matched differantial ampli-- '

o fier. NPN $i Flanar, '

Q1,2,11 70-(min.) hpE ic = 1 ma, 1854-022% 2N2917 G.E.
Vep = 5V, o 0,0lua @ ‘
vaO = SVr

“ NPN Power, hpg = 35 (min.)
Q6,7(16)‘ @Tg= 1A, Vop = 4V, 1\854-0228 2N3055 R.C.A,
szl)-g,zm. 31, rectifier, 200 ma, 200prv 1301-0033 IN485B Sylvanla
14
YR3 Diode, zener, 4,22V, 40Lm'W 1902-3070 ' 1N749 Motorola

5-13
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Exceasive heat or pressure can lift the copper strip from the board, Avoid damage by using a
low power soldering iron (50 watts maximum) and following these instructions, Copper thatlifts
- off the board should be cemented in place with a quick drying acetate base cement having good

- . electrical insulating properties,

A break In the copper should be repaired by soldering a short length of tinned copper wire
across the break,

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

When replacing components with multiple mounting pins suchastube sockets, electrolytic capa-
cltors, and potentiometers, it will be necessary to lift each pin slightly, working around the
components several times until it is free, |

WARNING: If the specific instractions outlined inthe steps below regardingetched circuit boards
without eyelets are not followed, extensive damnage to the etched circuit buard will result.

1. Apply heat sparingly to lead of component 2. Reheat solder invacant eyeletand quickly

tobe replaced, Ifleadofcomponent passes insert a small awlto cleaninside of hole,
through an eyelet o If hole does
In the circuit S o | not have an CONDUCTOR
board, apply eyelet, in- SIDE

sert awl or
a #87 d_1ill
from con-

ductor side
of board.

heat on com-
ponent side
of board, If ¥
lead of com- **
ponent does
, hot pass through an

eyelet, apply Heat to conductor side of board,

- 4. Hold partagainstboard (avold overiieating)

3. Bend.clean tinned lead on new part and ard solder leads, ¢
carefully insert — Apply heat to compo- : /
through eyeiets or RN, nent leads on correct
holes In board. side of board

as explained se joeeer b
Yoz | () in step 1. . - :

In the event that either the circuit board has been damaged or the convenuonal method isimprac-
tica.l use method shown below. Thisis especially applicable for circuit boards witho .t eyclets.

1, CliL lead as shown below. : 2, Beud protruding leads upward. Bend lead
' of new  APPLY

cLwp component SOL DE!}
HERE around pro-
truding lead,

Apply solder

using a pair

of long nose pliers ag a heat sink,

I N I I T AT Y]

This procedure is used in the field only as an alternate means of repair. It Is not used within
the factory.

Figure 5-13. Servicing Printed Wiring Boards

BRI 5-14 ]
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Table 5-7, Checks and Adjustments After Replacement of Semiconductor Devicas
Reference Functlon Check Adjust
- Constant voltage (CV)
Ql Constant voltage differential amplifier line and load regulation,
: Zero volt output, R6 or RS
Constant current {CGC)
Q2 Constant current differential amplifier line and load regulation,
‘ Zero current output, R25 or R2R
CV/CC load regulation, ’
Q3 Mixer amplli er - CV translent response, R30
Q4,Q5 Error amplifiers and driver CV/CC load requlation,
Q6,Q7 Series regulator CV /CC load regulation,
Reference circuit line
Q8,Q9 Reference regulator reguiation, R46
Ql0 Clamp citcuit CC load regulation,
Meter zerd, Voltmeter/ ‘R63,172,
Ql1-Q15 Meter Circuit ammeter tracking, R56
CR1, CR2 Limiting diodes CV'load regulation,
CR3,CR4, CRS | OR-gate diodes and }miting diode CV/CC load regulation,
Voltage across each
CR8-CR10 Forward btas rogulator diode 0,6 to 0,9 volts,
Voltage across apprb-
CR22-CR27 Rectifier diodes priate filter capacitor.
CR34 Protection dlode Output vo.tage
VR1 Positive reference voltage ' Positive reference E
voltage {+6, 2V), -
, Negative reference
VRZ Negative feference voltage voltage (~6. 2V),
I
VR4‘ Bias voltage 4.4y
Table 5-B. Calibration and Adjustment Summary
1
Adjustment or Paragrach Control Adjustment or Paragrach Control
Calibration grap Device “Calibration grap Device
IMeter Zero 5-52 Pointer “Current” Program-
=63
Voltmeter Tracking 5-54 R63 and R72 ~ming Current > R19
Reference Circuit
T 5-56 6 ’
Ammeter Tracking 5 RS Line Voltage Ad-
"Zero” Volt Output 5-58 R6 or RB justment 5-65 R46
"Voltage" !"rogram- Negative Reference
ming Current 5~-60 R13 Load Adjustrment 5-66 Replace VR2
*Zero” Current Positive Reference
Cutput 5-62 R25 or R28 Load Adjustment 5-67 Replace VRI
Transient Response 5~-68 K




5-50 ADJUSTMENT AND CALIBRATION

5-51 Adjustment and calibration may be required
after performance testing, troubleshooting, or tepair
and replacement. Férform only those adjustments
that affact the operation of the faulty circuit and no
others. Table 5-8 summarizes the adjustments and
calibrations contained in the lollowing paragraphs.

5-52 METER ZEROQ
5-53 The meter pointer must rest on the 2ero cali-
bration mark on the meter scale when'the instrument
is at normal operating temperature, resting in ils
normal operating position, and the instrument is
turned off. To zero-set the meter grocewd as
follows: ! P
a. Twn on instrument and allow it to come
up to normal operating temperature {about 20
minutes).
b. Tutn the instrument off. Wail .wa mivutes
for power supply r*apacuors tn discharge completely,
"G Rotatmadjustment screw on front of meter
clockwlsn until the metge pointer is to the left of
.zero and fur‘het cleckwisa rotation will move the
pointer upscale towards Zero, | by
) d. Turp the adjustment screw clockwise un-
til the poirtar id cexactly over the zero mark on the
scale. If the scraw)is turned too far, repeat steps
cendd, ,
¢+ @ Turn meter adjustment screw counter-:
clockwise about 15 degrees to break contact be-
tween adjus{ment sctew and pointer mounting yoke,
but not far enough to move the pointer back down-
scale. If screw is turned too far, as shown by the
‘needle moving, repeat the procedure. The meter is
now zero-set {or hest accuracy and mechanical
stability. P

5-54 ' VOLTMETER TRACKING

5-55 To calibrate voltmeter tracklng, proceed a6
follows:

a. To electrically zero meter, set METER
switch to highest current position and, with supply
on and no load connected, adjust R63 until l'ront
panel meter reads zero.

b. Connect differential voltmeter across sup-

ply, observing correct polarity.

¢. Set METER switch to highest voltage range
and turn on supply. Adjust VOLTAGE control unti]
differential voltmeter reads exactly the maximum
rated output voltage.

d. Adjust R72 until fron: panel metet also in-
dicates maximum rated output voltage, .

5-56 AMMETER TRACKING;

5-57 To calibrate ammeter tracking proceed as
follows:

a, Connect test setup shown on Figure 54
leaving switch S1 open.

“b.  Turn, VOLTAGE control] fully clockwise and
set METER switch to highest current renge.

c. Turn on supply and adjust CURRENT con-
trole until ¢ {fferential voltmeter reads 1.0Vdc.

d, Adjust R56 until front panel meter indli~
cates exactly tne maximum rated cutput current.

5-58 CONSTANT VOLTAGE PROGRAMMING CURRENT

5-59 To calibrate the zero volt progromming accu-
racy, proceed as follaws:

8.1 Ccanect differential voltmeter between +5§
and -8 tern tnals.

b, Short out voltage controls by connecting
jumper between terminals A6 and -S.

c. Rotate CURRENT controls fully ciockwise
and turn on supply.

d. Observe reading on differantial voltmeter.

e. If it is more positive than 0 volts, shunt -
resistor R6 with decade resistance box.

f.  Adjust decade resistance until differential
voltmeter reads zero, then shunt R6 with resistance
value equal to that of the decade resistance.

g, If reading of step d {5 more negative than
0 volts, shunt resistor RB with the decade resist-
ance box.

h. Adjust decade res‘stance unttl ditferential
volimeter reads zero then shun' R with resistance
value equal to that of the decade box.

5-60 To calibrate the constant voltags programming
‘current, proceed as follows:

a. On Model 6220B, set RANGE switch to
50V mode.

b. Connect a 0.1%, 3 watt resistor between
terininals -8 and A6 on rear barrier strip. Resistor
value to be as {ollows:

Model No. =~ 6220B , 62248 622€B
Resistance 10Kn 4. BKn 10Kn

c. Disconnect jumper between 46 and AB
{leaving A6 and A7 jumpered) on rear terminal bar-
rier strip.

d. Connect a decade resistance in place of
R13.

e. Connect a differential voltmeter between
+5 and -5 and turn on supply.

f. Adjust decade resistance box so that dif-
ferential voltineter indicates maximum rated output
voltage within the following tolerances:

Model No. 6220B 6224B 6226B
Tolerance {(Vdec) 0.25 £0.12 10,25

9. Replace decade resistance with resistor
of appropriate value in R13 position. -

5-61 CONSTANT CURRENT PROGRAMMING CURRENT

5-62 To calibrate the zero current programming ac-
curacy, proceed as follows:




8, Connect differantial voltmeter betwnen +5
and -5 terminals,

b, Short out current controls by connectinq
jumper betwean terminals Al and AS.

c, Rotate VOLTAGE control(s) fuily clockwise
and turn on uupply.

d. Observe readlng on differential vollmeter.

n If it g more positive than 0 volts, shunt
resistor R25 with a.decade resistance box.

f. /Adjust decade resistance untii “:fferantial
voltmeter reads zero, then shunt R25 with resist-
ance valjie equal to that of decade resistance,

‘ g.( If reading of step d is more negative than
0 volts,shunt resistor R28 with decade resistance.

h.: Adjust decade resistance until differential
voltmeter reads zero, then shunt RZ8 with resistance
value eqial to that of ddcade box.

' | i
5-53 To Galibrate the constant current pragramming
current, proceed as follows:

a. On Model 62208, set RANGE switch to
50V mcde. ' .

b. Connect power supply as shown in Figure
5-4.

c. Remove strap between A3 and A4 (leavlng
A4 and A5 tung ered),

: d. Conr.uc.. 3 0.1%, + watt resistor between
Al and AS.

Resistor value to ke as follows:
Model No. ' 62208 6224B ' 6226B
Resistance JKn 1.5Kn 1 5Kn’

e. Connect'ducade resistance box in plpce
of Ri%. .

f. Set METER switch to highes! current range
and turn on supply.

g. Adjust the decade resistance so that the

1

'5-67 To adjust the transient response, proceed as

is as zhown in Pigure 5-9. '

differsntial voltmeter indicates 1.0 + 0,01 Vdc,
h. Replace decade resistance with appro-
priate value resistor in R19 pos.tion.

5-64 REFERENCE GIRCUIT ADJUSTMENTS | Lo

5-65 Line Requlation. To adjust the line regulation
capabil\tles of the instrument proceed as follows: .

3, Connact the differential voltmeter between !
+S {common) and 33 (positive),

k. Connent variable voltage transformer be-
twean supply and input power source,

1 € Adjust line to 105 Vac. ,

d. Connectdecade resistance In place of R46,

e. Turn on supply and adjust VOLTAGE con-
trol{s) for maximum rated output voltage.

f. Adjust decade resistance so that voltage
fndicated by differential voltuieter dors rot change
more than the following as input line voltage s
veried from J9S to 125 Vac;

Modet No. 62208 62z4B ! 6226B '
Variation {inVrc) 0.87 1.8 0.87

g. Replace decade resistance with appm-

priate value resistor: in R46 position.

5-66 CONSTANT VOLTAGE TRANSIENT RES PONSE

follows:
3, Connect test setupas siiowninFigure 5=-8,
b. Repeat steps a through e as outlined in
Paragraph 5-31.
¢. Adjust'R30 so that tha transient response

b
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. SECVION VI
REPLACEABLE PARTS

6-1 INTRODUCTION

6-2 This section contains information for ordering
replacement parts, Table 6-4 lists parts In alpha=
numeric ordar by reference deslignators and provides
the following Information:

a, Reference Designaiors, Refer to Table 6-1,

b, Description. FKefer to Table 6-2 for ab-
breviations,

c. Total Quantity {TQ), Given only the [first
time the part number Is listed except in instrur.2nts
containing many sub-meodular assemblles, in which
case the TQ appears the first time the part nvmber
is listed in each assembly,

d. Manufacturer's Part Number or Type,

e. Manufacturer's Federal Supply Code Num~-
ber, Raofer to Tavle 6-3 {or manufacturer's name and
address,

f, Hewlett-Packard Part Number,

g. Recommended Spare Parts Quantity (RS)
for complete maintenance of one instrumen® 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 Miscellaneous, ThL. former consists
of parts belonging to and grouped by individual as-
semblies; the latter consists of all parts not im-
mediately associated with an assembly,

6-3 ORDERING INFORMATION

6~4 To order a replacement part, address order or
inquiry to your local Hewlett-Packard sales office
(see lists at rear of this manual for addresses),
Specify the following Information for each part:
Model, complete sertal number, and any Optlon or
special modification ) numbers of the instrument;
Hewlett-Packerd part number; clrcuit reference des-
ignator; and description, To order a part not listed
in Table 6-4, give a complete descri~tion of the
part, its function, and its location,

Table 6-1, Reference Deslignators
A = assembly E = miscellaneous
B = blower {fan) electronic part
C = capacitor F = fuse
CB = circuilt breaker |1 = jack, jumper
CR = diode K = relay
DS = device, signal-| L = inductor

ing (lamp) M = meter

Table &-1,

Reference Deslgnators (Continued)

P =plug v = yacuum tube'.

Q = transistor neon bulb,

R = resistor photocell, etc,

S = switch VR = zener dicde

T = transformer X = socket

B = terminal block | 2 c integrated cir- |

TS = thermal switch cuit or netwgrk

Table 6-2, Description Abbreviations

A = ampere =wfr = manufacturer

ac = alternating mod, = modular or
current modified

assy. = assembly mtg = mounting.

bd = board n = nano = 10-9

bkt = bracket NC' = normally closed

oG = degree NQO = normally open
Centlgrade NP = nickel-plate

cd = card N = ohm :

coef = coefficient obd = order by

comp = composition v Jescripilon

CRT = cathode-ray Qv = outside
tube diameter

CT = center-tapped. | p = pico = 10-12

dc . = direct current P.C, = printed circuit

DPDT = double pole, pot, = potentiometer
double throw p-p = peak-to-peek

DPST = doubie pole, ppm = parts per
single throw mitlion

elect = electrolytic pvr = peak reverse

encap = encapsulated voltage

F = farad rcnt = rectifior

OF = degree rms = root mear
Farenheit ~quare

fxd = flxed Si = silicon

Ge = germanium SPDT = sinyie pole,

H = Henry double throw

Hz = Hertz SPST = single pole,

IC = integrated single throw
clrcuit SS = small signal

ID = inside diameter | T = slow-blow

incnd = incandescent tan, = tantulum

k = kilo = 103 Ti = titanium

m = milli = 10-3 v = volt

M = mega = 106 var = variable

n = micro = 10~6 ww = wirewound

met, = metal w = Watt *




Tible 6-3, Code List of Manufacturers

GUDE
NQ.

MANUFAGTURER

ADDRESS

On629
00E56
00853

01121

01255

01281
i

01295

01686

01930
02107
02114
02606
02660
02735

1
63508

03797
03877

)
03888
0400?

04072
04213

04404

04713
05277
05347
05820
06001
06004
06486
06540
06555
06666
06751

06776
06812

07137

EBY batés £e.) Inc,
Acrovox Corp. _
Sangame Electric Co,,
;5. Carolina Dlv,
Allen Bradley Co,
Lition Industries. Tne,

TRW Semiconductors,

Jamaica, N.Y,
New Bedford, Mass,

' Pickens, 5.G,

Milwaukee, Wis,

1

Beverly Hills, Callf,
Ine,

Lawndale, Callf,

Texas Instruments, Inc,
Semiconductor-Components Diy,

RCL Electronics, Inc,
Amnmck Corp,

ﬂparta Mfg, Co,
Fesroxcuke Corp,
Fanwal Laboratorles
Amphrnol Corp,

Dailas, Texas
Manchester, N, H,
. Rockford, Ill,
Dover, OChlo
Saugerties, N.Y,
Morton Grove, I,

Broadview, Ill,

Radio Corp, of America, Solid State
. and Receiving Tube Div, Somerville, N,J
G. E. semiconduetor Products Dept,

Eldema (.,.nrp.

Syracuse, ', Y,
Conypton, Callf,

Transitron’ Electronic Corp,

Wakefleld - Mass,

Pyrof!lm Resistor Co, Inc, )

Cedar Knolls, N.).

Arrow. Hart and Hegeman Electric Co,

J
|

ADC Eiectronlcs, Inc,
Caddell & Bumns Mfg,

*Hewlett-Packard Co,

Motorola Sewlconductor Prod, Inc,

Westinghouse Electric
Semlconductor Dept,

Rartford, Conn,
Harbor City, Calilf,
Co, Inc,

© Minzola, N.Y.
Palo Alto Div,

Palo Alto, Calif,

Phuenix, Arizomla
Corp.

Youngwood, Pa,

Ultronix, Inc, Grand Junction, Colo,

Wakefield Engr, Inc,

Wealkelleld, Mass,

General Elect. Co, Electronic
Capacitor & Battery Dept.  Irmo, 5.C.
Basslk Div, Stewart~Wamer Corp,

IRC Div, of TRW Inc.
Semiconductor Plant
Amatom Electronic Har

Bridgepcrt, Conn,

Lynn, Mas%.
dware Co, Inc, '
New Rochetle, N.Y,

Beede Electrlcal Instrumcnt Co,

Fenacnok, N, H.

General Devices Co. Inc.

Indianapolis, Ind,

Semcor Dlv, Components, Inc,

. 1
Robinson Nugent, Inc,
Torrington Mifg, Co,,

Transistor Electronics

Phoentx, Arizona

New Albany, Ind,
West Div,

Van Nuys, Calif,
Corp,
Minneapolis, Minn,

*lise Code 28480 assigned to Hewlett-Packard Co, , Palo Alto,  California ‘ p

coDr
NO,

MANUFACTURER ADDRESS

07138
07263
07387
07397
07716
97910
07933
08484
08530
03717
08730
08805
08863
08919
09021
09182
09213
09214

09353
08922
11115

11236
11237

11502
1171}
12136
12615
12717
12697
13103
14493

14655

)
14936

15301
16239

Westinghouse, Elentric Corp,

Electronic Tuke Div, Elmira, N. Y.
Fairchild Camera and Instrument

Corp, Semiconductor Div,

Mountain View, Callf,
Birtcher Corp, , The Los Angeles, Calif,
'Sylvanin Electric Prod, Inc,

Sylvania Electrontc Systems

Western Div, Mountain View, Callf,
IRC Dlv. of TRW Inc, Burlington Plant

Burl .gton, 'Towa
‘Continental Devl"c Corp,
Hawthorne, Callf
Raytheon Co, Components Div,
Semiconductor Qperation
Mountain View, Callf,
Breeze Corporations, Inc, Unfon, N.}.
Rellance Mica Corp, Brooklyn, N.Y,
Sloan Gompany, The:  Sun Valley, Callf,
Vemaline Productd Co, Inc, Wyckoff, N.J,
General Elect, Co, Minia-"' ‘

ture Lamp Dept, Cleveland, Ohlo
Nyloma!lc Corp. . Norrisville, Pa,
RCH'Supply Co. Vernon, Callf,
Alrco Speer Electronic Components

‘Bradford, Pa,
*Hewleti~-Packard Co, New Jersey Div,
' Berkeley Heights. N.T.
General Elect, Co, Semiconductor

Prod, Dept, Buffalo, ' N, 1,
Gereral Elect, Co, Semiconducter |

Pred. Dept, ' Aubumm, N,Y.
C & K Components Inc, Newton, Mass,
Bumdy Comp, Norwalk, Conn,
Wagner Electric Comp,

Tung-~Sol Div, Bloonfield, §.].
CTS of Bewme, Inn, Befne, Ind,
Chicago Telephone of Cal, Ino .

So, Pasadena, Calif,
IRC Div, of TRW Inc. Boone Plant
Boane, N,C.
General Instrument Corp

Rectifier Div, . Newark, N,],
Philadelphia Handle Go, Inc, . '
. , Camden, N.).
1], 8. Terminals, Inc, Clinclnnati, Qhio
Himlin Inc, . Lake Mills, Wisconsin
Clarostat l\){t’g. Co, Inc, Dover, N, H,
Thermalloy Ceo,  Dallas, Texos
*Hewlett-Packard Co, Loveland Div, '

Loveland, Colo,
Cornell-Dubilicr Electronics Div.

'Federal Paclfic Electric Co,

Newark, N.J.
General Instrument Corp, Semicon-~

ductor Prod, Group .  Hicksviile, N.Y,
Fenwal Ele¢t, Framingham, Mass,
Coming Glags Works, Electronic

Componcents Div, "~ Raletgh, N,C.




! Table 6-3,

CODLC
Hﬁo.

MANUPACTURBR

ADDRESS |

16758
17545

17803
i
17870

18324
19315

19701
21520
22229
22753

23936
24446

24455

24655
24F8])

26932
270:4

i

284£0,

28520
28875

31514

31827
35173
35434
37942

42190
43334

44655
46384

47904
49956

55026

56269
58474
58849

59730,

‘61637
£3743

Delco ‘Radio Div, of General Motors Corp,

wKokomo. Ind,

Atlnntlc Semironductors. Inc, :

,  hAsbury Park, N.I.

Falrchild Camera and Instrument Corp
Semicanductor Div, Transducer Plant

Mountain Vlew, Calif,

Daven Div, Thomas A, Edison Industries
McGraw=-Edison Ca, ‘Orange, N.J.

Signetics Corp, Sunnyvale, GCalif,

Bendix Corp, The Navigation and
Control Div, Teterboro, N.J.

Electra/Midiand Corp,

Minaral Wells, Texas

Fanstanl Metallurgical Com.

No. Chicago, I,

Unlon Carbide Corp, Electronics Div,.

Mountain View, Caltf,

UID Electronics Corp, Hollywood, Fla,

Pamotor, Inc,: .

Geaneral r'lectric Co, Schenectady, N.Y,

General Electric Co, Lamp Div, of Con~
sumer Prod. Group

Nela Park, Cleveland, Qhlo

Gereral Radlo Co,

LTV Electrosystems Inc Memccr/Com-
ponuﬁts Operations Huntington, Ind,

Dynacool Mig., Co. Inc, Sangertles, N.Y.

Nattonal Semiconductor Corp,

1 Santa Clara, Callf
Hewlatt-Packard Co, Palo Alto, Calif,
Heyman Mfg, Co,
IMC Magnetlcs Corp, )

Now Hampshire Dlv, Rochester, W, H.

SAE Advance Packagiag, Inc.

Santa Ana, C:h[
Ramona, Calif,
Owensboro, Ky.

Chicage, I,

Budwig Mfg. Co.

G, E, Co, Tube Pept.
secttonm, Inc, - ‘
P, R, Mallory & Co, Inn, s
Indianapo'ts, Ind,
Muter Co, . Chicago, I,

New Deperture~Hyatt Bearings Div,

General Motors Corp, Sandusky, Ohio
Ohmite Manufacturing Co,
Penn Engr, and »lfg, Corp,
‘Doylestown. Pa,
Polaroid Corp, Cambridge, Mass,
Raytheon Co, Lexington, Mass,

Simpson Electric Co. Div, of American
Gage and Machine Co, Chlcagoe, IlI,
Spraque Electric Co, North Adams, Mass.
Superiar Electric Co, Bristol, Conn,
Syntron Duv, of FMC Corp.
! Homer City, Pa,
Philadelphia, Pa,
New York, N.Y.

Thomas and Betts Co,

Union Carbide Corp.

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

Pampa, Texas.

West Concord, Mass,

Kenllworth, N.J..

Skokie, Il |

Code List of Manufacturers {Continued}

GODE
No,

MANUFACTURER ADDRESS

70563
70901
70803
71218
71279

71400

71450
71468

71590
71700

711707
7174

71785

715984
72136

72619
72699
‘72765
72962

712982
73096

73138,

73168

| 73203

73445
73506

73558
73734
' .

74193
74545
74868

74970
75042
75183

75376
75382
75915
76381

75385
76487

76493

Federal Screw Products, Inc,

Unlon City, N.J..
Fart Washingtcn, Pa,
Belden Gorp, ' Chicago, 11,
Bud Radio,’ Inc, Wllloughby. Ohio
Cnmbr!dge Thermionic Corp. g

' Cambrldge, Mass,
Bussmann Mfg. Div. of McGraw &

Edison Co, - 8t, Louis, Mo,
CTS Corp. Elkhart, Ind,
LT.T. Cnnnon Electric hac, ‘

Los Angeles. Callf,

Amperite Co, Inec, .
Beemer Engrg, Co,

Globe-Union Fc. ,

Centralab Div, Milw'aukee. Wis,
General Cable Corp, Corn’sh

Wire Co, Div, Williamstown, Mass,
Coto Coll Co, Inc, | Providence, R 1.
Chlicago Minfature Lamp Workn

| g Chicago, II1,
Cinch Mfg,, Co. and Howard ‘

B. Jones Dlv, ' Chicago,' I,
Dow Corning Corp, Midland, Mich,
Electro Motive Mfg, Co, Inc,

Willimantlc, Conn,
Dialight Corp, Brooklyn, N.Y.
General Instrument Corp, Newark, N,]J.
Drake Mfg, Co, Harwoaod Hetghts, 1L,
Elastic Stop Nut Div, of

‘Amerace Esna Corp, Union, N.T.
Erle Technological Prodqcts Inc, LCrie, Pa,
Hart Mig, Co, Hartford, Conn,
Beckman Instruments Inc,

Helipot Div, ! Fullerton, Ca.if,
Fenwal, Inc. Ashland, Mass,
Hughes Alrcraft Co, Eladtron

Dynamics Div, Totrance, Callf,
Amperex Electronic Corp,

Hicksville, N, Y.
Bradley Semiconductor Corp.
New Haven, Conn,
Carling Electric, Inc, Hartford, Conn,
. ‘ Chicago, Ill,
Heinemann Electric Co, Trenton, N.].
Hubbell Harvey Inc, Bridgeport, Conn,
Amphewl Corp, Amphenol RF Div,
' Danktury, Conn,
L, F. Johnson Co, Waseca, Minn,
IRC Div, of TRW, Inc, Philadelphia, Pa.
*Howard B, Jones Div, of Clnch

Mig, Corp. New York, N, Y.
Kurz and Kasch, Inc, Dayton, Ohio
Kilka Electric Corp. Mt, Vernen, N, Y.
Littlefuse, Inc, ' Des Plaines, Il1,
Muinesota Mining and Mfg, Co,

St, Paui, Minn,

Miror Rubber Co, Inc, Bloomfield, N.]J.

James Millen Mfg, Co. Inc,

Maldan, Mass,

J. W. Miiier Co, Compton, Catif,

*Use Gode 71785 asstgned to Cinch Mfg, Co,, Chicago, I,




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

CODE
NO,

MANUFACTURER ADDRESS

76530
76854

77068

77122
77147
77221

77252
77342
77630

77764
78189

78452
78488
78526

78553
78584
79136
79307
79727

79963
80031

80294
81042

81073

81483

81751
82039

82142

82219

82389

82647

82866
82877
82893
83058
83186

83298
83330

83385
43501

"Glnch

City of Industry, Calif,
Qak Mfg. Co, Div, of Qak
Zlectro/Netics Corp, Crystal Lake, Ill,
Bendix Corp, , Electrodynamics Dlv,
' No, Hollywood, Calif,
Palnut Co, Mountainside, N,J.
Patton-MacGuyer Go, ' Providence, R, I,
Phaaostron Instrument and Electronic Co,
South Pasadena, Callf,
Philadelphla Steel and Wire Corp,
‘ Philad2lphla, Pa,
American Machine and Foundry Co, |
Potter and Brumfield Div, Princeton; Ind,
TRW Electronic Components Dlv, .
Camden, N,
Re‘sist.ancc Products Co, Harrisburg, Fa,
[1inots Tool Works Inc, Shakeproof Lilv,
Elgin, 11,
Eve:lock Chicago, Inc, Chicago, III,
Stackpole Carbon Co, St, Mayys, Pa,
Stanwyck Winding Div, San Fernando
Flectile Mfg, Co, Inc, Newburgh, N.Y.
Tinnerman Products, Ine, Cleveland, Chic
Stewart Stamping Corp, Yonkere, N, Y.
Waldes Kohinoor, Inc, L. LC., N.Y,
‘Whitehead Metals Inc, New York, N.Y.
Contlnental-Wirt Electronics Corp,
Phlladelp-hla, Pa,

Zierick Mfg. Co, Mt, Kiszo, N,Y,

-Mepco Div, of Sesslons Clock Co.

Morristown, N.J.
Bourns, Ing, Riverside, Calif,
Howard Industries Div, of Msl Ind, Inc.
Racine, Wisc,
Grayhill, Inc, La Grange:,‘ll\.
International Rectifter Corp. .
El Segundo, Calif,
Columbus Electronics Corp, Yonkers, N, Y,
Goedyear Sundrles & Mechanical Go, Inc,
New York, N.Y.
Afrco Speer Electronic Components
Du. Bois, Pa,
Sylvania Electric Products Inc.
Elecrronic Tube Div, Receiving
Tube Operations' Emporium, Pa,
Switcheraft, Inc, Chicago, Ill,
Metals and Controls Inc, Control
Products Group Attleboro, Mass,
Research Products Corp. Madison, Wis.
Rotron Inc. Woadstock, N, Y.
Vector Electronic Co, Glendale, /Calif,
Carr Fastener Co. Cambridge, Mass.
Victory Engineering Corp. :
[ Springfield, N.]J.
Bendix Corp, Electric Power Div,
Eatontown, N, T,
Herman H, Smith, Inc, Brooklyn, N.Y.
Central Screw Co, Chicago, TIll,
Gavitt Wire and Cable Div, of
Amerace Esna Corp,  Brookfield, Mass,

CQDE
NO, MANUFACTURER ADDRESS
B3508 | Grant Pulley and Hardware Go,
: West Nyack, N.Y.
83594 | Burroughs Corp, Electronic
Components Div, Plainficld, N.J.
B83835| U.S, Radium Curp, Marristown, N.J.
83877 | Yardeny Laboratories, Inc,
‘ New York, N.Y.
841711 Arco Electronics, Inc, Great Neck, N.Y,
84411 | TRW Capacitor Div,: Cgallala, Neb.
B6684 | RCA Corp, Electronic Components
Harrison, N.]J.
86838 ] Rummel Fibre Co, Newark, N.J.
B7034| Marco & Qak Industries a Div, of Qak
Electro/notics Corp, Anaheim, Calif,
87216 | Philco Corp, Lansdale Div, Lansdale, Pa,
87585 Stockwell Rubber Co, Inc,
Philadelphla, Pa,
879298 | Tower-Olschan Corp, Bridgeport, Conn.
88140] Cutler-Hammer Inc, Power Distribution
and Control Div, Lincoln Flant
Lincoln, Ili,
88245 | Litton Precision Products Inc, USECO
Div, Litton Industries Van Nuys, Calif,
90634 | Gulton Industries Inc, Metuchen, N.J.
90763 | Unlted-Car Inc, Chicago, Ill,
91345{ Miller Dial and Nameplate Co,
El Monte, Callf,
91418} Radio Materiailz Co, Chicago, IlI,
91506 | Augat, Inc, Attleboro, Mass,
91637 | Dale Electronics, Inc. Columbus, Neb,
91662 | Elco Corp, Willow Grove, Pa,
91929 Honeywell Inc, Div, Micro Switch
Freeport, Ill,
92825] Whitso, Inc, Schiller Pk,, 11,
93332] Sylvania Electric Prod, Inc, Semi-
conductor Prod. Div, Woburmn, Mass,
93410] Essex Wire Corp, Stemco
Controls Div, Mansflield, Ohio
34144| Ra, 1eon Co, Compont. ..s Div,
Ind, Components Qper. Quincy, Mass,
941541 Waaner Electric Corp,

" Tung-Sol Div, Livingston, N,]J.
94222| Southco Inc, Lester, Pa.
95263| Leecraft Mfg, Co. Ine, L.ILC., N.Y.
95354| Mothode Mfg, Co. Rolling Meadows, [l
957121 Bendix Corp. Microwave ‘

Devices Div, Frankiin, Ind,
95987 | Weckesser Co, Inc. Chicago, Il
96791 ] Amphenol Corp., Amphenol
Controls Div, Janesville, Wis,
97464 | Industrial Retaining Ring Co.
Irvington, N,]J.
977021 IMC Magnetics Corp. Eastern Div,
Westhury, N, Y.
98291} Secalectro Lurp. Mamaroneck, N, Y.
98410} ETC Inc, Cleveland, Ohio
98978 International Electronic Research Corp,
Burbank, Callf,
92934 | Renbrandt, Inc. Boston, Mass,




Reference Mfr, Part # Mfr, &

. Designator Description Quantity  or Type Mir, Code Stoc': No, RS
chL 9 fxd, elect 4, 7pf 35 vde 2 150D 475X9035B2 Sprague 56288 0180-0100 1
c2,18 fxd, film , 0lpf 200vde 2 192P10392 Sprague 56289 0160-0161 1
C3 fxd, ‘I'm 0, 1pf 200vdec 1 192P10492 Sprague 56289 0160~-0168 1
C4,11,13,

15 NOT ASSIGNED - - - - -

C5 fxd, film , 001 pf 200vdc 1 192P10292 Sprague 56289 0160~0153
C7,8,16,

17 fxd, ceramic . 05uf 500vdc 4 33C17A Sprague 56289 0150-0052 |
Cl10 fxd, elect 100pf 50vde 1 D32218 HLAB 03182 0180-1852 1
Cl2 fxd, elect 325uf 35vdc 1 D34656 HLAB 09182 0180-0332 1
Cl4 fxd, elect 4500uf 55*.erc 1 D45312 HLAB 09182 0180-2098 1
C19 fxd, elect 40xf SOvdc 1 D30491 HLAB 09182 0180-1849 1
C20 fxd, elect 490uf 65vdc 1 D32872 HLAB 09182 0180-~1856 1
CR1-5, 189, _

-20, 30,32 Rect, si, 200ma 200prv 9 HLAB 09182 1901-0033 6
CR6-10, '

12~16, 21,

28, 29, 31,

33 NOT ASSIGNED - - - - - -
CR11, 26,

27,34 Rect, si, 3A 200prv 4 MR10328 Motorola (4713 1901-0416 4
CR17,22-25 Rect, si. 900ma 200prv 5 1N5059 G.E, (3508 1901-0327 5
CR18 Rect, si, 12 amp 100prv 1 1N1200A G.E. 03508 1901-0002 1
DSl Lamp, neon part of S1 ass'y Ref HLAB 09182 2140~-0244 1
Fl1 Fuse cartridge 2A@250V3AG 1 312002 Littlefuse 75915 2110-0002 5
QL,2,11 SS NPN diff, amp, si, 3 HLAB 09182 1854~-0229 3
03I 5! BI 103

12,14,15 SS PNP si, 7 2N2907A Sprague 56289 1853-0099 6
Q4 Power PNP si, 1 MJ2268 Motorola 04713 1853-0063 1
Q6,7 Power NPN si, 2 HLAB 09182 1854-0225 2
Q9,6 S5 NPN si, 2 4JX16A1014 G.E. 03508 1854~0071 2
Ql3 NOT ASSIGNED - - - - - -
R1 fxd, ww 1K %5% 3w 20ppm 1 242E1025 Sprague 56289 0813-0001 |
Rz, 22, 23,

86 fxd, met, film 6,2K £1% /6w 4 Type CEA T-O I.R.C. 07716 0698-5087 1
R3 fxd, me!, film 15Ka £1% 18w 1 Type CEA T-O LLR.C, 07716 0757-0446 1

-R4,64,685  fxd, met, film 20Ka 1% 1/Bw 3 Type CEA T-O LLR.C, 07716 0757-0449 1
RS, 26, 29,

76,77 fxd, met, film 1,5Kn £}% /8w 5 Type CEA T-0O ILK.C. 07716 0757-0427 1
R6, 25 fxd, comp 360Ka £5% iw 2 EB-3645 A.B. 01121 0686~3645 1
R7 txd, met, film 61.9K, %1% 1/Bw 1 Type CEA T-O LLR.C, 07716 0757-0460 1
RB, 28 fxd, comp 560Ka £5% iw 2 EB-5645 A.B, 01121 0686-5645 1
R9, 11,17,

27,32,37,

48,78 NOT ASSIGNED - - - - - -
R10 var, ww 5K &5% 10 Turn 2w 1 HLAB . 09182 2100-1865 1
R12 fxd, ww 1,3K, £5% 3w 20ppm i 242E1325 Sprague 56289 0811-1863 1
R13, 19 fxd, comp SELECTED 25% iw 2 Type EB A.B. 01121 1
P14 fxd, comp 3. 3n 5% iw 1 Er-033% A.B. 01121 (0686-~0335 1
R1S fxd, comp 270Ka £5% 3w 1 EB-2745 A_B. 01121 0686-2745 1
R16 var. ww 2K 25% 10 Turn 2w 1 HLAB 09182 2100-2029 1
R18 fxd, wer 10KA 25% 3w 20ppm 1 242E1035 Sprague 562869 0811-181h 1

6-5
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Reference . Mfr, Part # Mir. &
Designator  Description Quantity or Type Mir, Code Stock No, RS
R20 fxd, met. film 1Kn 1% {w 1 Type CEB T-0 I.R.C. 07716 0757-033¢€ 1
R21 fxd, comp 39 5% iw 1 £B-2905 A.B. 01121 0686-3905 1
R24 fxd, met, fllm 4,75Ka %1% 1/8w 1 Type CEA T-O LLR.C, 07716 0757-0437 1
R30Q var, ww 5. (Modify) 1 Type 110-F4 C.T.S. 11236 2100-1824 1
31 fxd, comp 5% Iw 1 EB=-1025 A. B, 01121 0686-1025 1
R33, 38 fxd, comp 10X, 5% iw 2 EB-1035 A B, 01121 0686-1035 1
R34 txd, comp 180n £5% $w 1 EB-1815 A.B, 01121 0686-1815 1
R3S fxd, comp 22 5% 3w | EB-2205 A.B. 01121 0686-2205 1
R36 fxd, ww 135, 25% 5w 1 Type 2432 Sprague 56289 0812-0098 1
R3% fxd, met, film 1.2IK 1% /8w 1 Type CEA T-O I.LR.C. 07716 0757-0274 1
R40,57, 60,

62 fxd, met, film 900, £1% V/8w 4 Type CEA T-O ILR.C. 07716 0757-1099 1
R41 fxd, comp 12Ka 25% 4w 1 EB-1235 A, B, 01121 0686~1235 1
R42 fxd, comp 6.8K £5% iw 1 EB-6825 A.B. 01121 0686-6B25 1
R43 ' fxd, met, film 4224 1% 1w 1 Type CEB T-O I.R.C. 07716 0698-4590 1
R44 fxd, comp 47K 25% iw 1 EB-4735 A, B, 01121 0686-4735 1
R45 fxd, comp 5.1Ka +5% dw 1 EB-5125 A. B. 01121 0686-5125 1
R46 fxd, comp 100K~ £5% dw 1 EB-1045 A.B. 01121 0686-1045 1
R47 fxd, comp 430 £5% iw 1 EB~4315 A B, 01121 0686-4315 1
R49 fxd, ww 500, £5% 10w 1 10XM W.L. 63743 0811-1909 1
R50 fxd, comp 10, 5% 4w 1 EB-1005 A.B. 01121 0686-1005 1
R51 fxd, comp 30K~ 5% dw 1 EB=-3035 A.B. 01121 0686-3035 1
R52 fxd, comp 22Ka 5% 4w 1 EB-2235 A.B. 01121 0686-2235 1
R53 fxd, comp 1504 25% 4w 1 EB~-1515 A.B, 01121 0686~1515 1
R54, 55 fxd, ww ,66n £1% Bw 2 Type T-7A R.C.L. 01686 0811-2465 1
R56 var, ww 1K, (Modify) 1 Type 110-F4 C.T.S8. 11236 2100-0361 1
RSB, 59 fxd, met, film 1004 1% V/Bw 2 Type CEA T-0O LR C. 07716 0757-0401 1
R61 fxd, met. film 27.4Ka £1% }/Bw 1 Type CEA T-0 ILR.C. 07716 0757-0452 1
R63 var, ww 10Kn 1 Type 110-F4 C.T.S. 11236 2100-0396 1
R66, 67 fxd, met. film 3.40Ks 21% tw 2 Type CEB T-0 I.R.C. 07716 0698-4642 1
R68, 69 fxd, met, film 365, £1% }w 2 Type CEB T-0 I.R.C. 07716 0757-0723 1
R70, 71,75,

BS fxd, met, film 3K, £1% }/Bw 4 Type CEA T-O I.LR.C, 07716 0757~1093
R72 var, ww 250, (Modify} 1 Type 110-F4 C.T.S. 11236 2100-1439
R73 fxd, met, film 750a 1% L/Bw 1 Type CEA T-0O ILR.C, 07716 0757-0420
R74 fxd, met, film 9,09KA £1% L/8w]l Type CEA T-O I.R.C. 07716 0757-0288
R79 fxd, met. fllm 11XA 1% L/Bw 1 Type CEA T-0O LR.C, 07716 0757-0443
R80 fxd, met. film 33Ka 25% 1w 1 EB-3335 LR.C. 07716 0686~3335
R81-84 fxd, ww 40, 4£5% 40w 4 Type 817 MTG Dale 31637 0811-1865
sl Switch, P1, Lt, (red) ON/OFF

SPDT ' 1 54-61681 - 26 AlH Oak 87034 3101-0100 1

52 Meter switch, wafer 1 HLAB 09182 3100-1910 1
Tl Power transformer 1 HLAB 04182 3100-2143 1
VR1, 2 Diode, zener 6,2V 2 1NB21 N.A. Elect, 06486 1902-0761 2
VR3 Diode-zener 4,22V 400mw 1 HLAB 069182 1902-3070 1
VR4, 5 Diode-zener 4,3V 1 watt 2 1N4731A Motorola 04713 1902-0797 2

Blank-Half Panel-front

6 x55M 1 HLAB 09182 5000-0725
Panel-front 1 HILAB 09182 5000-6137
Panel-rear 1 HLAB 09182 5000-6138
Heat Sink 1 HLAB 09182 5020-5573
Bracket~P, C, Board 8 HLAB 09182 5000-6140
Bracket-Transformer 2 HLAB 09182 5000-6139




Reference Mfr. Part # Mfr. )
Designator__Description Quantity or Tyne Mir, Code Stock No, RS
Shield-Transformer 1 HLAB 09182 5000-6141
Cover-side 2 HLAB 09182 5000-6162
Cover-bottom 1 HLAB 09182 5000-€163
Cover~top 1 HLAB 091iB2 5000-6151
Jumper 7 422-13-11 013  Cinch 11785 0360-1142 2
-Fastener 4 C6800-632 24B  Tinnerman 78553 0590-0039 1
Fastener 6 CB091-632 24B  Tlnnerman 78553 0510-0275 1
§ Way Binding Post 1 DF21 Maroon HLAB 09182 1510-0040 1
5 Way Binding Post 2 DF21BC Superior 58474 -1510-0039 1
Cable Clamp T4d-4 Whitehead 79307 1400-0330 1
Line Cord /3 ft. Plug PH151 1 KH=4096 Beldon 70903 8120-0050 1
Strain relief bushing 1 SR-5P ‘1 Heyco 29520 0400-0013 1
Knob - ¥/8 dia, } insert polnterl HLAB 09182 0370-0084 1
Knob - §/8 dia, { insert 2 HLAB 09182 0370-0137 1
Fan - sprite 1 SP2A2 Rotron B2877 3160-0088 1
; . Fuse Holder 1 342014 Littlefuse 75915 1400-0084 1
' Lockwasher 1 1224-08 Shakeproof78189 2190-0037 1
Na, 1 903-12 Littlefuse 75915 2950-0038 1
Mica insulator 3 734 Reliance 08530 0340-0174 1
- Insulator transistor pin 6 HLAB 09182 0340-0166 2
) Insulator 6 HLAB 09182 0340-0168 2
Standoff 4 8-32x5/8 H. H, Smith 83330 0380-0719 4
Barrier strip 1 HLAB 09182 0360-1444
Barrier strip 1 100310-6 HLAB 09182 0360-1445
Meter 41" 0-30 volts
0-4 amps 1 HLAB 09182 1120-1323 1
Insulating fastener 2 Type 102A Wakefield 05820 NONE
Insulating washer 2 Type 102N Wakefie'd 05820 NONE
OPTIQONS
13 Voltage Decadial Control 1 (Includes:) )
Decadial Assembly 1 RD-411 IRC 07716 1140-0020 1
14 Current Decadial Control 1 {Includes:)
Decadial Assembly 1 RD-411 IRC 07716 1140-0020 1
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T

K o MANUAL CHANGES

. Model 62248 DC Power Sdpply-
Manual HP Part No, 06224-90001

Make all corrections in the manual according te errata below, ‘then chec’ the followling table for your power

uupply serial number and enter any listed change(s) in the manual,

f |

- w— SERIL MAKE
Prefix Number CHMNGES
. 8M ) 0251 - 030U 1
- 6M | 0301 - 0440 1,2
~~6M - | 0441 - 0530 | 1,2,3
-6M | 0531 - 0890 | 1,2,3,4
-0L - | 0891 - 0945 1 thru §
~1102A | 0946 - 01145 1 thru 6
ALL - - Errata
1102A  |01146 - 01645 “1thm 7 .
"1502a1 101646 - 01820 1 thru 8:
- 16274 | }01821.:2135] 1 thru 9.
-1917A0 | 213¢-2315] ~ - 1thru 10
-1 . 1917A 2316-2340; . 1 thru 11
2022A¢ "3{l=up 1 thru 11

*CHANGB Lo

-In the replaceable parts tabla. make the fotlowing

changes; - -

~CR18; Change to MRIDSZB. HP Purt No, 1"01-

. 0416, ~=-m= o

~R63: Change to Skn potentlometer. HP Part No,
-2100-1824, -~ -

CHANGE 2:

“In'the replaceable parts table, make the fallowlnq
cl'anqes:
-R40: Delete resistor R40,

R62- Change to 750, 1%, 1/8W, HP Part No,
"0757-042¢, &
“R64,65; ‘Change to 12ka, 1/8W, HP Part No.

T 0690-5088,
VRB' Add new Zener dlode.
No. 1902-3070

On the schematic, delete reslstor R40 in the meter
circult and connect VR6 in its place, Ancde of VRG
to b nse of le and cathode te +12,4V.

CHANGE KH

On the replaceable parts table and on the schematic
diagram, make the following changes:

Change R15 to 300kn, EB-3045, 01121, HP Part

. No, 0686-304S,

Chanqe Qll to 2N4045,: HP Part No, 18%4-0221,

[TV, -

L CHANGE 4

In lhe replaceable parts table, make the following
changes- )
R3], 2004 25%, W, HP Part No, 0686-2015,
Insulating fastener, Type 102A, Wakefield, HP
Part No, 0360-1444,
Insulating washer, Type 120N, Wakefield, HP
Part Mo, 0360-1445,

VR6, 4,22V, HP Pan o

¥

' CHANGE 5: '
In the replaceable pnrts table, make the' fol!owlng

" changes:

DSi: Add separate pilot light, HP Part No,
1450-0419, o .
51t Change from pushbutton type to toggle switch
.+ HP Part No, 3101-1525,
Panel-Front: Change to HP Part No, 5000-9303,

' CHANGE 6:

In the replaceable parts table make the following
changes- '
Added terminal strip behind rear panel, HP Part
No, 0360-0417,
Change serial tag to HP Part No, 7120-1311,
 ERRATA:
Q3,5,8,10,12,14,15: Change to 2N2907A, Sprague,
56289, HP Part No, 1853-0099,

R81, RB2, RB3, RB4: Change to HP Part No, 0811~
2655,

CHANGE 7:
In the replaceable parts table snd on the sche-
matic as applicable, make the following changes:
C5: Change C5 to .0022uF ZOUV, HP Part No,
0160-0154,

“'R31: Change R3] to 2Ka 25%, 1/2W HP Part No,

0686-2025. Delete two Brackets -P,C. Board HP
Part No, 5000-6140,

Add twe Bracket’ =P.C. Board HP Part No, 5000-
9388,

Add two shoulder washers, HP Pert No, 2190-0490,
The new Brackets and Shoulder washers lsolate
heat sink from chassis,

The standard colors for this instrument ate now
mint gray (for front and rear panels) and olive gray
{for all top, bottem, ~'de, and other external
surfaces). Optlon X95 designates use of the
former color scheme of light gray and blue gray.
Optlon ABS designates use of a light gray front
ponel with olive gray used for sll other external
surfaces. New part numbers are shown on next
page.
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o Manual Cr.anges/Model 62248
- Manudl HP Nart No. 06224-90001

. yor Page 2
‘g K I ! . v
= T o | HP PART NO, - o
o L ' DESCRIPTION — _
- S - . STANDARD OPTION ABS OPTION X95
I > " ————

- . Front Panel, lsttered 6224-60004 1 §224~60003 -—
- oo Cover, top _ 5000-9433 e ‘

= . Cover, side (2) §000-9434 P S — Bee o
) wo..| Cover,bottom  _ __ . §000-9435 | - Manual . |
= . iy | ‘Tronsformer Bracket 2) _ 5000-9472 | = Ports .

. — _| 'Teensformer Shield 50n)-%473 L Liat

= , oo “" o

; T T ERRATA: L LT .' SRRATA:

v . .In partu 1ist and on acbematlc change R12 to._
. =1, 4K 5%, 3w, 30ppm 0811-1604.

In “Tabla 5-4 make the followlnq changes.u_- )
. Btep 6 _Under Probable Cause, change step

T e el ,,n to read "Stage Q3 or Qlb dafective, *_

- _.Step 7; _Change Actlon column to read:
- " "Remova CR32 mnode or cathode lead,”

} . ‘ i
- In Table 1-1 change the INTERNAL IMPED! 95
- ) - AS A CONSTANT VOLTAGE SOURCE {Output lmpe-
= . dance) specification to read:
.. .-OUTPUT IMPEDANCE (TYPICAL): Approximated
.—-by a8 5 milliohm resistance In serles witha 1
-..microhenry (nductance.

. | CHANGE 8;

- At necessary to add a jumper, HP Part No. Bl5~
- 0013, between the amitter of Q5 and the base of
— Q4 in the space marked "R90" on the board. Add
= — lumpar RLD to the lchomatic and to the partu Ilst.

J The printed circult board has been revised, making

- . - »BRRATA. T-'-_-.----- -
. In tho roplacaable parta table‘ chnnqe the HP Part
No. of pilot lamp DS1 to 1450 0566, The new pllot
lamp is more rellable because its leads are crimped
instead of baing spot waldad, . .o

- s b e 8w b e -

- - GHANGE 9'

In the pam liat. chunge the part number of the
fan to 3160-0286. The new fan has wire leads
Anstead of solder lugs but is a direct replacement
for the old one.

Effective January 1at, 1877, Options 013 (decadial
for voltage control) and 014 (decadial for current
control) are no longer avallabje indtvidually, but
they arc available combined into a single new
optlon designated Option 015, Make thase
changes wheraver Option 013 or 014 s mentioned
in the manual.

CiHANGE 10:
On page 8-7, change the HP part numbers for the
front panel + and — binding posts to: 16100081,
red, gty 2. Change the HP part number for the front
panel GND binding post to1610 0107, black, gty
1. Add the HP part number for nylon nuts:
2850-0144, qry 3.

ERRATA:

For alt instruments delivered on or after July 1,
1978, change the HP Part No. for fuseholder from
1400-0084 to fuseholder body 2100-0564 end fuse-
“holder carrier 21000585, Charge the HP Part No.
for fuseholder nut from 2650-0038 to 21100845, :
It old fuseholder must be raplaced for any resson,
replace complete Fuseholder and nut with new
fuseholder parts. Do not replace nevi parts with
old parts,

On Figure 3-4, the line from the "'+ side of the VOLTAGE
SOURCE shoutd be connected to A instead of A7, Connect s
strap batwesn A7 and +5,

On Figure 3-8, connecl &1108p betwaen Ad anct 45,
P The firat sentence of paragraph 3-30 should
"ber The output current will be the programming
voltage' divided by 0,33 chm.
$ CHANGE 11:-

: In the replaceable parts list, page 6-7, changn
the HP Part No. for knchs as follows:

fr..m 0370-0084 to 0370-1099,
f.om 0370-0137 to 0370-1091,

6-20~80
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