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SECTION |

, GENERAL INFCORMATION

; e
1-1. ' DESCR:PTION

1-2 This power 'supply, Figuer- 1-1, 15 completely
transistorized and sultablp for etther bench or relay
tack opemtlown. It is a sonpact, well-regulated,
Caonstant VoltageyConstant Current supply that will
furnish full rated output voltage at the maximum
rated output current or can be continuously adjusted
throughout the output range. The front pancl CUR-
RENT control can be used to cstablish tue output
current limit {overload or short circult) when the
supply is used as a constant voltage source ang the
VOLTAGE controls can be used to establish the voit-
age limit (ceiling) when the supply s used as a
constant current source. The supply will automa-
tically crossover from constant voitage to constant
current operation and vice versa if the output cur-

ront or voltage exceeds these praset limits.
J

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

-4 A single mcter i3 used o measure either out-
pv voltage or output current in one of two ranges.
The voltbge a1 curtent ranges ate sclected by a
METER switch on the front panel.

1-5 The progrumming terminals located at the
rear of the unit allow easa in adapting to the many
operational capabilities of the power supply. A
brief descrwiptlon of these capabilities 1s given
below* !

a. hemote Programming. The power supply
output voltaje or current may be proyrammed {rom
a remate location by means of an exturnal voltage
source or resistance. ‘

b. Remote Sensing. Tha degradation in regu-
\ation which occurs at the load bécause of the volt-
age drop in the load leads can be reduced by using
the power supply in the remote sensing made of
operation.

c. Series and Auto-Serles Operation. Power
supplies may be used in series when a higher out-
put voltage is required in the constant voltage mode
of operation or when greater voltage compliance 1s
required in the constant current mode of operation.
Auto-Scries operation permits one knob conh ol of
the total output voltage from a "master” su;}piy.

d. Parallel and Auto-Parallel Operation. The
power supply may pe operated 1n parallel with a
similar unit when greater output current capability
is required. Auto-Parallal operation permits onc
knob control of the total outpnt current from a
"master” supply.

' e. Auto-Tracking. The power supply may be
used as a "master” supply, having control aver ane

'{or mdre) "slave" suppllies that furnish varicus volt-

ages for a system.

1-6 SPECIFICATIONS

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

1-8 CPTIONS

'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 options is included through-
out the manual.

Option No. Description

13 Three Digit Graduated Decadial
Voltage Ceatrol: Includes graduated
ten-turn control replacing standard
ten~-turn veltage control.

14 Three Digit Graduated Decadial
Current Control; Includes graduated
ten~turn control replacing standard
current control.

28 Rewire for 230V, Single Phase Input:
Supply a5 normally shipped is wired
for115V ac input, and must be inter-
nally reconnected for 230V ac opera-
tion. '

1-10 ACCESSQRIES

1-11 The accassories listed in the following chart
may be ordered with the power supnly or separately
from your local Hewlett-Packard Sales Office. (Ro-
for to list at rear of manual for addresses.) Addi-
tional information and illustrations on accessories
are given in Section L.
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& Part No.

Description

5(060-0797

Adapter Frame. — As 1llustrated In
Figure 1-2, Adapter Frame includes
all necessary hardware for mounting
one, two, or three supplies in a
standard 19" EA rack. The adapter
frame also axccepts Filler Panels and
Accessory Drawers.
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Figure 1-7. Rack Mounting Adapter Frame
5060-0793 Filler Panel. — Cne-third rack width
panel for blocking off unused portions
of the frame.
5060~0788 Accessory Drawer, = One-third rack

widti drawer for convenient storage
of leads, probes, etc.

%, Part No. Description

1052A

[}

Combining Case. — Can be, used for
a .pulti-instrument package that s
portable and easily rack mounted with
the hardware provided. The combining
case also accemts the Filler Panels
and Accessory Drawers mentioned
above,

To maintain proper ambient tempera-
ture, it is recommendea that Cooling
Kit 5060-0789 (1i5V, 50=ROHz) or
5060-0796 (230V, 50-6U Hz} be em-
ployed with 1052A Combining Cases
housing these suppiles.

f “—“ a‘“*/__:_“\ ﬁ z""J'“‘“j
5 glo, 8llc, ®
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Figure 1-3. Combining Case
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Specifications

INPUT:
105-125/210~-250VAC, single phasz, 5t

a. SAI 44W

CUTPUT:
0-25 volts & 0~1 amp or 0-50 volts € C 4.5 amps.

LOAD REGULATION:
Constant Voltage - Less than 0.01% plus 2mV for
a full load to no load c¢hange in output current
Constant Current = Less than 0.01% plus 2500
for a zero to maximum change in output voltage.

LINE REGULATION:
Constant Voltage - Less than G.01% plus 2mV for
any line voltage change within the Input rating.
Constant Curtent - Less than 6.01% plus 250pA
for any linc voltage change within the input rating.

RIPPLE AND NOISE:

Canstant Volta, e - Less than 200pVrms, lmV
p-p (dc to 20MHz).

Constant Current ~ Less than 300pArms, 200pA
p-p (dc to 20MHz).

TEMPERATURE RANGES:
Operating: 0-55‘50.

TEMPERATURE COLFFICIENT:

Constant Voltage - Less than 0.02% plus lmV
per degree Centigrade.

Constant Current - Less than 0.02% plus 0.5mA
per degrée Cenligrade in the 30V range and less
than 0.02% plys ImA per dedree Centigrade in the
25V range.

STABILITY:

Constant Voltage - Less than 0.1% plus 5mV to-
tal drift for 8 hours after an initial warm~up time
of 30 minutes at constant amblent, constant line
voltage, and constant load.

Constant Current - Less than 0.1% pius 2.5mA
(50V range) or SmA {25V range) total drift for 8
hours after an inftial wann-up time of 3¢ minutes
at constant ambient, constant line voltage, and
constant load.

INTERNAL IMPEDANCE AS A CONSTANT VOLTAGE
SOURCE
» Less than 0.01a from DC to lkHz.

Less than 0.05a from tkHz to 10kHz.

Less than 0.5a from 10kHz to 100kHz.

Lass than 5a from 100kHz to 1 MHaz.

TRANSIENT RECOVERY TIME:

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

100Hz,

Storage: -40 to +85°C.

METER;

The front panel meter can be used as atthor a
0-60V or 0-6V vsirmetgr or as a 0-1.2A or 0-0.12A
ammeter,

OQUTPUT CONTROLS:

Runge switch scacts desired operating made.
Ten-turn voltage and current controls., Meter
switch selects voltage or current range,

_OUTPUT TERMINALS:

Three "five-way" cutput posts are providea on
the front panel and an output termtnal strip is lo-
cated on the rear of tha chassis, All power sup-
ply output terminals are isolated from the chassis
and either the positive or negative terminal may
be connected to the, chassis through a separate
ground terminal located on the output terminal
strip.

ERROR SENSING:

Error sensing 1s normally accomplished at the
front termina‘s if the load is attached to the
or at the rear terminals 1f the load is attached to
the rear terminals. Also, provision is included
on the rear terminal strip for remote sensing.

REMOTE PROSGRAMMING:

Remciz programming of the supply output at ap-
proximately 200 ohms per velt in constant voltage
is made available at the rear terminals. In con-
stant current mcde of operation, the current can
be remote programmed at approximately 1600 ohms
per ampere in the 25V mode or at 2000 chms per
ampere in the 50V mode.

REMOTE PROGRAMMING SPEED: /

Time (T) required for X = 2.5V = SV
cutput voltage to U(T<1.3m8 (T2 5m8
change from zero volts |P [ X = 25mV [X = 50mv
to within () mV of the TZ68m8 T2 7mS
maximum rated output |D{X = 2.5mV.X = 5V
ot from maximum rated |JO|T 2 6.8mS T2 13.5m8
output to within (XYmV (Wi X = 25mV X = 50mV
of zero. NiIT<7.5m8 TZ 15m§

COOLING:
Convection cooling is employed. The sugply
has no moving parts.

SIZE:

6 “Hx1l" Dx5-1/8" W. Two of the units
can be mounted side by side in a standard 19"
relay rack.

WEIGHT: 16 lbs.
FINISH: Lightgray front panel withdark graycase.

net, 20 lbs. shipping.
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SECTION I1
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. As soon as the instrument is unpacked,
inspect for any damage that may have. occurred In
transit. Save all packing materials until the in-
spection is completed. If damage is found, proceed
as described in the Claim for Damage in Shipment
section of the warranty page a\ the rear of this
manual, '

2-3 MECHANICAL CHECK

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

2-5 ELECTRICAL CHECK

2-6 The tnstrument should be checkad against its
electrical specifications. Sectlon V includes an

"in-cabinet" performance chack to verify proper in-
strument operation.

2-7 INSTALLATION DATA

2-8 The instrument 1s shiped ready for bench
operation. It is necessary only to connect the In-
strument to a source of power and it is ready for
operation.

2-3  LOCATION

2-10 This instrument is air cooled. Sufficient
space should be allotted so that a free flow of cool-
ing air can reach the sides and rear of the instru-
ment when it is in cperation. It should be used In
an area where the ambient temperature does not ex-
ceed 309C.

2-11 QUTLINE DIAGRAM

2-12 Pigure 2-] illustrates the outline shape and
dimensions of Model 62208,
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Figure 2-1. Model 62208 Outline Diagram
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2-13 RACK MOQUNTING

2-14 This instrument may be rick mounted sepa-
rately or with one or two other urits that are the
sume size. The units are placed in the Adapter
Frame or Combining Cuse as sllustrated in Flgures
1-2 and 1-3: The Adapter Frame or Combuung Case
18 then fastened to the rack frame.

2-15 INPUT POWER REQUIREMENTS

2-16 This power supply may be operated cantisu-
ously from elther a nominal 115 volt or 230 volt
50-60 Hz power sourcr; Model 62208 can be oper-
ated at an input frecuency of 50-400 Hz. The unit,
as shipped from th: factory, is wired for 115 volt
cperation. The input power required when operated
from a 115 violt 60 Hz power source at full load is:

Madel L Watts Amps
62208 44 0.5
62918 164 1.8
62058, 164 1.8

2-17 CONNELCTIONS FOR 230 VOLT OPERATION
{Figure 2-2)

Z2-18 ‘Normally. the two primary windings of the
input transformer are connected in parallel for oper-
ation fron. 115 volt source. To convert the power
supply to operation from a 230 volt source, the
power transformer windings are connected in series
as follows:

a. Unplug the line cord and remeve the top
cover.

b. To obtain access to transformer T1, the
upper wiring circuit board must. be raised. Detach
electrolytic capacitor Cl4 by rcmoving the two
screws on the top surface of the board. Loo-~en the
two screws that hold the brackets ot the rear of the
board to the power supply frame. Pry the front of
the printed wiring board upward until 1t is released
from the two'plastic fastencrs.

c. Remove the jumpers between taps 4-2 and
3-1. Solder a jumper between taps 3-2 on the tnput
power transformer T, see Ficure 2-2.

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

e. Replace existing line cord plug with a
standard 230 volt plug.

TRANT 2RREZH DRIRARY

TEATVATORNMIE TRIMARY
CONNCUTED FOR ot LUTERYE
J1e=v il FLRATION e L O LRATE N

Fiqure 2-2. Input Powor Transformer Connections

2-19 POWER CABLE

2-20 To protect operating Fersonnel, the National
Electrical Manufacturers Association (NEMA) 12com
mends that the instrument panel and cabinet be
grounded. This instrument is cquipped with a three
conductar power cable, The third conductor is the
ground conductor and when the cable is plugged
into an appropriate receptacle, the instrument is
grounded. The offset pin on the power cable three-
prong connector is the ground connection.

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

2-22 REPACKAGING FOR SHIPMENT

2-23 To insure safc shipment of the instrument, it
is recommended that the package designed for the
instrument be used. The original packaging materia
is reusable. If it Is not available, contact your
local Hewlett-Packard field office to obtain the
materials. This office will also furnish the addres:
of the nearest service office to which the instru-
ment can be shipped. Be sure to attach a tag to the
instrument which'specifies the owner, model num-
ber, full serial number, and service required, or a
brief description of the trouble.



SECTION 111
OPERATING INSTRUCTIONS

3-1 TURN-ON CHECKOUT PROCEDURE

3-2 The following checkout procedure describes
. the use of the {-ont “anel controls and indicators
and ensures that the supply is operaticnal.
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Figure 3-;1'. Front Panel Controls and Indicators

a. Push ON/OFF switch-indicator (1);, indi-
cator should light.
v b. On Model 6220B only, set RANGE switch
. {2) to desired output voltage range. .

c. Set METER switch (2} to desired voltage
range.

d. Adjust 10-turn VOLTAGE control (3) until
desired putput voltage is Indicated on meter,

' @, Set METER switch to desired current range

and short circuit output terminals. ‘

f. Adjust CURRENT control {4) for desired

output urrent,
g. Remove short and connect load to output

terminals (front or rear).

3-3 OPERATING MODES

3-4 The power supFiy is designed so that its mode
of operation ¢can be szlected by making strapping
connections between particular terminals on the
termina} strip at'the rear of the power supply. The
terminal designations are stenciled tn white on the
power supply above their respective terminals., Al-
thougly the, strapping patterns illustrated in this

section show the positive terminal grounc2d, the
operator can ground either terminal or operate the
power supply up to 300Vdc off ground {floating).
The following paragrephs describe the procedures
for utilizing the varfous operational capabilitles of
the power supply. A more theoretical description
copcurning the operational features of this supply
is contained in Application Note 90, Power Supply
Handbook: availakble at no charge from your local
Hewlett-Packard sales office. Sales office ad-
dresses appear at the rear of the . anual.

3-5 NORMAL OPERATING MODE

3-6 The power supply is normally shipped with ts
rear terminal strapping connections arranged for
Constant Voltage/Constant Current, local sensing,
local programming, single unit mode of operation.
This strapping pattern is illustrated in Figure 3-2.

1 A3 At AS A6 A? AR -5 = GN +« +§ AlO
[eleleleleleloleleio
| WA W B W A W
, B,
Figure 3-2. Normal Strapping Pattern

The opecator selects either a constant voltage ar a
constant curtent output using the front pancl con-
trols (local programming, no stran,:ing changes are
necessary).

3-7 CONSTANT VOLTAGE
3-8 To select a constant voltage output, proceed
as follows:

a. Turn-on power supply and adjust VOLTAGE

control for desired output vt «ce {output terminals
open).

b. Short output terminals and adjust CUR-
RENT controls for maximum output current allowable
{current }imit), as determined by load conditions.
If a load change causes the current limit to be ex-
ceeded, the power supply will automatically cross~-

. over to constant current output at the preset current

3“1;

limit and the outpui voltage will drop proportionately.
In sctting the current }imit, allowance must be made
for high peak current which can cause unwanted
cross-over. (Refer to Paragragh 3-50).




3-9 CONSTANT CURRENT
3-10 To select a constant current cutput, proceed
as follows;

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

b Opeon output terminals and adjust VOLTAGE
controts for maximum output voltage allowable
(voitage limit), as detetminod by load conditions.
1f a load change causes the voltage limit to be ex-
ceeded, the power supply will automatically cross-
over to constant voltage output at the preset voltage
limit and tne output current witl drap proportionately.
In sctting the voltage limit, allowance must b made
for high peak voltages which can causa 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 seravate pairs of con-
necting wires. This will minimize mutual coupling
effects between loads and will retain full advantage
of the low output impedance of the power supply.
Each pair of connecting wires should be as short as
possible and twisted or shielded to reduce noise
pickup. {If shield is used, connect one end to
power supply ground terminal and leave the other
end unconnected. )

4-13 If load considerations require that the output
power distribution terminals be remotely located,
from the power supply, then the power supply out-
put terminals should be connected to the remote
distribution terminals via a paii of twisted or
shielded wires and each load separately connected
to the remote distribution terminals.  For this case,
remote sensing should be used (Parapraph 3-32).
3-14 OPEPRATION OF SUPPLY BEYOND RATED OUTPU'i.
3-15 The shaded area on the front panel meter face
indicates the amount of ocutput voltage or current
that is avallable 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 meet all of its performance specifica-
tious. However, if the line voltage is maintained
above 115Vac, the supply will probably operate
within tts specifications.

3-16 OPTIONAL OPERATING MODES

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. Either a resistance or voltage
source can be used for the programming device. The
wires connecting the programming terminals of the

supply to the remote programming device should be
twisted or shiclded to reduce noise pickup, The
VOLTAGE controls on the front panel are disabled
according to the following procedures.

3-19 Resistance Programmirg (Figure 3-3). in this
mode, the output voltage will vary at a rate deter-
mined by the programming coefficient {200 ohms per
voit). The output voltage will Increase I volt for
each 200 chms added in series with the programming
terminals. The programming coefficient is dgter-
mined by the programming current. This current is
factory adjusted to within 2% of SmA. If greater
programming accuracy is required, It may be
achieved by changing resistor R13 as discussed in
Paragraph 5-60,

Al Al A4 AS A6 A7 Ag -5 — GND + <5 AID

GG @IQI?IGIQ plal I@ue

PRCGRAMMING
KESISTOR

Remote Resistance Programming
(Constant Voltage)

Flgure 3-3.

3-20 The output voltage of the power supply
shculd be zero volts £20 millivolts when zero ohms
is sonnected across the programming terminals. If
a zero ohm voltage closer than this is required, it
may be achieved by changing resistor R6 or,R8 as
described in Paragraph 5-59.

3-21 To maintain the stability and temperature co-
efficient of the power suppiy, 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-hefore-break contacts to avold momen-
tarily opening the programming terminals during the
switching interval.

3-22 Voltage Programming (Fiqure 3-4). Employ the
strapping pattern shown on Figure 3-4 for voltage
programming. In this mode, the output voltage will
vary in a.1 to 1 ratio with che programming veoltage
(reference voltage) and the load on the programming
voltage source will not exceed 24 microamperes.

3-23 The immdance matching resistors (Ry) for the
programming voltage source should be approximately
1000 ohms to maintain the temperature and stability
epecifications of the power supply.
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Remote Vultage Programming

Figure 1-4.
', {Constant Yoltage)

3-24 Methods of voltage programniing with gain are
discussed In Appllcatlon Note 80, Power Supply
Handhook: available at ng charge from your local

Sales Office. , v
t i

3-25 REMOTE PROGRAMMING, CONSZ.-MT CURRENT
'

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

3-27 Resistance Programming {Fiqure 3-5). In this
mode, the output current varies at a rate determined
by the programming coeffictent as follows:

Model Programming Coetficient
62208 1000 ohms / amp (25Y Range)
62208 2000 ohms / amp {50V Range)
6224B 500 ohms / amp

62268 500 ochms / amp

The programming coefficient is determlned by the

Constant Current programmlng current as follows:
6220Bssrsrensesnsrere-+ImA
6224Bssesrssnsnrers-0,66mA
6226Beserorsrsnroses1,32mA

This current is adjustedto within 10% at the factory.

If greater programming accuracy is required, it may

be achieved by changing resistor R19 as cutlined

in Paragraph 5~63,

AL AL A4 AL A6 A7 AB -5 = GND + <5 AlD

@
@Iﬂfggﬂﬂﬁ Rl

Remote Resistance Programming
{Constant Current)

Figure 3-5.,

3-28 Use stable, low noise, low *emperature coef-
ficient (less than 30ppm/YC) progr smmirg resistors
to maintain the power supply temperature coeffi-

cient and stability specifications. A switch may be

aw ha |

O IR TE Y T [

uscd to set discrote values of sutput current, A
make-before-break type of switch should be used
since the output current will exceed the maximum
rating of the power supply 1f the switch contacts
open durtng the switching intewval,

CAUTION

If the programming terminals {Al and
AS5) should open at any time during
this mode, the output current will
rise to a value that may damage the
power supply and/or the load. To
avoid this possikility, connect are-
sistor across the programming tormi-
nals having the value listed below,
Like the programming resistor, this
tesistor should Lo of the low noise,

; low temperature cocfficient type.

2208 62248 62268
25V Range — IKn 1. 5K 7500
S0V Range — lKa
3-29 Voltage Programming (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 Yisstpation in the instrument and possible
damage.

Wdﬂﬂ@@@@@hlh@
. J

Ry

'nr
VOLIAGE
SQURCE

Remote Voltage Programming
(Constant Current)

Figure 3-6.

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-
amperes. The impedance matching resistor (Ry)
should be approximately 500 ohms if the temperature
coefficient and stability 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
9(1, Power Supply Handbcok; available at no charge

from your local 4 Sales Office.
3-32 REMOTE SENSING (Sce Figure 3-7)

3-33 Rem'ote sensing is used to maintain good reg-
ulation at the load and reduce the degradation of
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Flgure 4-7, Remote Sensing

regulation whi: +~ would accur due to the voltage
drop in the lsads betwecn the power supply and the
load. Remote se sing is accomplisheo by utilizing
the strapping pattern shown in Figure 3-7. The pow-
er supply should be turned c.f hefore changing
strapping patterns. The lads from the +S terminals
tc the load will carry less than 10 milliamperes of
current, and it is not required that these leads be
as heavy as the load leads. Hawever, they must

be twisted or shielded to minimize .oise pickup.

3-34 No.e that it is desirable to minimize the drop
in the load leads ond it is recammended that the
drop not exceed 1 volt per lead i{ the power supply
is to meet its DC specifications. If a larger drop
must be tolerated, please consulta Hewlett-Packard
sales enginecer.

NOTE

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

3-33 The procedure just described will result tn a
low DC output impedance at the load. If a low AC
impedanc= is required, it is recommended that the
f-'lowing precautions be taken:

a. Disconnect output capacitor C20 by dis~
connecting the strap betwecn Al0 and +8.

b. Connect a capacitor having similar char-
acteristics {approximately same capacitance, same
voltage rating or greater, and having geod high fre-
quency characteristics) across thz load using shor’r.
leads. T '

3-36 Although the strapping patte.ns shown in
Figures 3-3'through 3-6 emplo' tocal sensing, note
that it i5 possible to arcrzie a power supply simul-
taneously in the re note sensing and Constant Volt-
age/Constant Curreat remcte progromming modes.

3-37 SERIES OPERATION . '

3-38 Normal Series Connectlons (Fiqure 3-3;. Two

or more power 5upﬁﬁes can be operated in cerfes to

obtain a higher voltage than that available from'a

single supply. Whon this ¢onnectfon is used, the

output voltage is the sum of the volltages of the in-
. ' 1

1
o S

dividual supplles. Each of the individual supplies
must be adjusted i order to obtain the total output
voltage. The power supply containg a protective
diode connected internally across the output willch
protects the supply if ane power supply Is Ldrned off
while its series partner{s) is on.

'
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FlgureIB-B. Normal Seriss Connections

3-39 Auto-Series Connections (Figure 3-9), The
Auto-Sertes configuration is used when it is desir-
able to have the output voltage of cachof the series
connected supplies vary in accordance with the
sctting of a control unit. The control unit is called
the master; the controlled units are called slaves.
At maximum output voltage, the voltiige of the
slaves (s 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 is equal to
the lowest control setting. If any output CUPRENT
controls are set too low, 'automatic crossover Lo
constant current operation will occur and the out-
put voltage will drop. Remote sensing and pro-
aramming can be used; however, the strapping ar-
rangements shown in the applicable figures show
local sensing and programming.

2-40 In order to maintain the temperature coeffic-
tent and stability specifications of the power supply,
the external resistors (Ry) shown in Figure 3-9
should be 'stable, low noise, low temperature coef-
ficient (less than.30ppm per degree Centigrade) re-
sistors. The value of each resistor is dependant on
the maximum veltage rating of the " master" supply.
The value of Ry is thi: voltage divided by the volt-
age programming current of the slave supply {1/Kp
where Kp is the yoltage programming coefficient).
The voltage contribution of the slave is determined
by its voltage control setting.

3-41 When the center tap of an Auto-Series combi-
nation is grounded, coordinated positive and nega-
tive voltages result. This technique is commonly
referred to as “rubber-banding” and an external
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Figure 3-9.

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

3-42 PARALLEL OPERATION
343 Normal Parallel Connections (Fiqure 3-10).

T'wo or more power supplies can be connected in
parallel to obtain a total output currcent greater than

"
1

3-5

AL AY A A% Aw AT AR -8~ CHDY s a5 AlS

M@ﬁﬂ@ﬁf@LM[@@l

(W WA W)

By
p-AAA

A EEE

Al AY A4 RS AB AT 5 Al

A <5 = GhD ¢

Figure 3-10, Normal Parallel Conncctions

that available from one power supply. Thea total
output current |s the sum of the output currents of
the individual power supplies. The output CURRENT
controls o1 each power supply can be separately
set. T!.. output voltage controls «f one power sup-
ply should 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 voltage source;
the supply set to the higher output will act as a
constant current source, dropping its output voltage
unti! it equals that of the other supply. The con-
stant voltage sourc~ 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-Farallel operation of two power supplies are
shown in Figure 3-11. Auto-Parallel operation per-
mits equcl current sharing under all load conditions,
and allows complete control of cutput current from
one maste. power svpply. The output current of
each slave will be anproximately equal to tae mas-
tel's regardles: of thz load conditions. Becausethe
outpur urrent 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 setting ex-
ceeded the slave's.

3-45 Additional slave supplics may be added in
paraljel to the Master/Slave combination. All the
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connections between the Master and Slave #] are
duplicated between Slave #1 and the added Slave
supply. In addition, the strapping pattera of the
added Slave should be the same as Slave #1.

3-46 AUTO-TRACKING QPERATION (See Figura 3-12)

3247 The Auto-Tracking configuration is used when
it is necessary that several different voltages refer-
red to a common bus, vary in proportion to the set-
ting of a particular tnstrument (the control or mau=-
ter). A fraction of the master's output voltage 1s
fed to the comparison amplifier of the slava supply,
thus controlling the slave's output. The master
must have the largest output voltage of any power
supply in the group (must be the most positive sup-
ply in the example shown on Figure 3-12).

Al A} AL A5 A6 A7 AB -2 =~ GND & 45 A
e

olelelplzizle]

MASTER

1%} Q @ SLAVE

AL A3 AL A5 AB AT\ AE -3 - GKED '/'S Al

Al AY A4 AS AB AT A8 -5 ~ GHND & 3 Al%

[e[zlglolellolR]21|RIRlp]wsw

10]9]2] 2910w x.

| W N
Ry
Rp,

7] é é é é Q[blé 5[@[ éb SLAVE KG. 2
Al A} A4 A5 MG M'Qi -5 ~ GHND + J#i Al

I Figure 3-12. Auto-Tracking, Two and Three Units

| [ |

3~-48 The outpul voltage of the slave is a percent-
age of the master's output voltage, and 1s deter-

‘mined by the voltage divider consisting of Ry {or Ry

and Ry) and the voltage control »f 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 pragramming can be used; al-
though the strapping patterns for these modes show
only local sensing and programming. lu order to
maintain the temperature coefficient and stability
specifications of the power supply, the external
resistars should be stable, low noise, low temper-
ature coefficient (less than 30ppm per 9C) resistors.

3-49 SPECIAL OPERATING CONSIDERATIONS

3-50 PULSE LOADING

3-31 The power supply will automatically cross
over {ror constant voltage to constant current oper-
ation, cr the raverse, in response to an increase
{over the preset limit) in the output current or volt-
age, respectively. Although the presect limit may
be set higher than the average output current or
voltage, high peak currents or voltages (23 oceur
in pulse loading) may exceed the preset limit and
cause crossover to occur. If this crossover limit-
Ing is not desired, set the preset limit for the peak
requirement ar}d not the average.

3-52 OUTPUT CAPACITANCE

3-53 A. internal capacitor, connected across the
output term.nals of the power supply, helps to sup-
ply high-current pulses of short duration during
conrtant voltene operation. Any capacitance added
externally will improve the pulse current capability,
but will decrease the safety provided by the con-
stant current circuit. & high-current pulze may
damage load components before the aveiage output
current i5 large enough to cause he constant cur-
rent cirguit to operate.

3-54 The éffects of the output capacitor during
constant current operation are as follows:

a. The outout impedance of the power supply
decreases with ingcreasing frequency.

b. The recovery time of the output voltage is
longer for load resistance changes. )

¢. A large surge current causing a high pow-
er dissipation in the load occurs when the load res-
istance is reduced rapidly.

3-55 REVERSE VOLTAGE LOADING
3-56 A diode is connected across the output termi-

nals. Under normal operation conditions, the diode
is reverse biased {(anode connccied to negative ter~

| s L]
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mirall. M a roverse voltage Is applicd to the out-
pdat terminals {(pasitive voltage applied to negative
termial), the rad2 will conduct, shunting current
acruss the outp v werminals and himiting the voltage
to the forwaid voltage drop of the diode. This diede
protects the sertes transistors and 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 c2verse current o wme power
supply during a portion of 1ts aperating cycle, An
external source cannot be allowad to pump current
into the supply without loss of ragulation and pos-
sible damage to the output capacitor, To avoid
these effcc!s, it is necessary to preload the sup-
ply with a dummy load reststor so that the power
supply delivers current through the entire opera-
tion cycle cf the load device,
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o, Figure 4-1. Overail Block Diagram

applying it to the rectifier-filter, The rectifter-
filter converts the AC input to raw DG which is fed
to the positive terminal via the regulator and cur-
rent sampling resistor network, The regulatar,
part of the feedback loop, is made to alter its
-conduction to maintain a constant output voltage
or current. ‘The voltage developed 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
selocts the proper sampling resistor value so that
'voltages dropped across the network are the same

4-1

OVERALL BLOCK DIAGRAM DISCUSSION

4-7 'The power supply, as shown on the overall
block dlagram on Figure 4-1, consists of a power
transfor'mer:,‘ a rectifier and filter, 'a series requ-
lator, the mixer and error amplifiers,. an "OR"
gate, a constant voltage input circuit, a constant
current input clrcx it, areference regulator circuit,
a bias supply, and a metenng clrcuit,

4-3  The input line voltage passcs through' the
power transformer to the rectifier and filter. The

RANGE :section of the METBR~RANGE switch is usod
only in dual range Modal. 62208, This switch se~ "
lects the oparating mode of the SL'pply by picking
off an AQ voltage of the apwp}pr!ate_magrﬂ;ude and

for currents that are proportiontl in each vperating
mode, The constant voltage input circuit obtains

itd Input by sampling the output voltage of the sup-
_ply.
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Figure 4-2. Simplified Schematic
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4-4 Any changes in output voltage/current are
detacted in the constant voltage/constant current
input circult, amplified by the mixer and error am-
plifiers, and applied to the series requlator ln the
corrent phase and amplitude to counteract tha
change in output voltage/output current, The refer=
ence circuit provides stable reference voltages
which are used by the constant voltage/current in-
put circults for comparison purposes, The bias

supply furnishes voltages which are used through-,

out the instrument for biasing purposes. Thr} méter
circuit provides an indication of output vo lage cc il
current for both operating modes, i

4-5 SIMPLIFIED SCHEMATIC

4-6 A simplified schematic of the power isupply
is shown In Flgure 4-2, [t shows the operating
controls: the ON-off switch, the RANGE section of
the METER~RANGE switch (§2) for Model 62208
only, the voltage and current programming con-
trols R10 and R16, In Model 6220B only, the
METER section of the METER-RANGE switch, in-
cluded in the neter circuit block on Figqura 4-2,
allows the meter to read output veltage or current
in either of two ranges, Figure 4-2 also shows the
internal sources of bias and reference voltages and
their nominal magnitude¢s with an input of 115 VAG,

4-7 ' Switch §2 (Model 62208) selects the oper-
ating mode of the supply by applying the proper

AC voltage to the bridge rectifier {CR26 through

CR29), Capacitor Cl4 is the [ilter capacitor for
the main supply.

4-8 Diode CR34, connected across the output
terminats of the power supply, Is a protective de-
vice which prevents internal damage that might
occur if a reverse voltage were applied across the
output terminals, QOutput capacitor, C20, is also
connected across the output terminals when the
normal strapping pattern shown on Figure 4-2 is
employed, Note that this capacitor can be re-
moved If an increase in the programming speed {s
desired., Under these conditions, capacitor C19
sorves to insure loop stablility.

4-9 DETAILED CIRCUIT ANALYSIS (Refer to over-
all schematic diagram at rear of manual)

4-10 FEEDBACK LQOOP

4-11 The feedback laop functions continucusly to
keep the output voltage constant, during constant
voltage operation, and the output current constant,’
during constant currcnt operation, For purposes of
this discussion, assume that the unit is in con-
stant voltage operation and that the programming
resistors have been adjusted so that the supply is
yielding the desired output voltage. Further as-
sume that the output voltage instantaneously rises

4-3

{gues positive) dua to a variation in the external
toad circuit,

4-12 Note that the change may be in the form of a
siow rise in the output voltage or a positive going
AC signal, An AC signal ts coupled to summing
point A. through capacigor Cl and a DC voltage is
coupled to A6 through R10,

4-13 The rise in output voltage causes the voliage

.at As and thus the base of QIA to decrease (go
‘ negative}. QLA now decreases its conduction and

its collector voltage rises. The positive going
orror voltage is amplified and inverted by Q3 and
{od to the hases of serles transistors Q6 and Q7
via emitter followers Q% and Q4, The negative
going Input causes Q6 and Q7 to decrease their
conduction so that they drop more of the line volt~
age, and reduce the output voltages to its original
level,

4-14 If the external load resistance is decreased
to a certain crossover point, the output current in-
creases until transistor Q2A begins to conduct,
During this time, the output voltage has also de-
creased to a level so that the base of QlA Is ata
high positive potential, With Q1A in full conduc-
tion, its collector voltage decreases by the amount
necessary to back bias OR gate diode CR3 and the
supplr is now in the constant current mode of op-
eraticn, The crossover point at which constant

currr nt operation commences is determined by the
setting of CURRENT control Ri6, The operation of

the feedback loop during the constant current op-
erating mode is similar to that occuring during con-
stant voltage operation except that the input to the
differe atial amplifter comparison circuit is obtain~
ed from the current simpling resistornetwork,

4-15 SERIES REGULATOR

4-16 The series regulator consists of transistor
stages Q6 and Q7 (see schematic at rear of man-
ual). The transistors are connected in parallel so
that approximately half of the output current flov 5
through each one, The regulator serves as a
series control element by altering its conduction
5o that the output voltage or current is kept con-
stant. ne conduction of the transistors is con~
trolled by the feedback voltage abtained frem the
error amplifier. Diode CR11, connected across
the requlator circuit, protects the series transis-
tors against reverse veolrages that could develop
across them during parallel or auto-parallel op-
cration if one suppiy s tgrncd on before the other,

4-17 CONSTANT VOLTAGE INPUT CIRCUIT

4=18 The circult consists of the 10-turn program-
ming resistor (R10), and a differential awplifici
stage (Ql and associated components), Transistor
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Ql con;slsts of two transistors housed in a single
package, The transistors have mmatched character-

The error voltage changes the conduction of the

voltage drop across the current sampling resistor
RS54 {also RS5 in 62208 only), If a difference

voltage differences tn Q2. Instantancous changes

“-. istics minimizing differential voltages due to mis- exists, the differential amplifier produces an error

- matched stages, Morcaver, diift due to thermal voltage which is proportional to this difference,

:_s differentlals is minimized. since both transistors The rematning components in the feedback loop

-a oparate at essentinlly'the same temperature, {amplifiers and series regulator) function to main-~ ;

-2 o ' ' tain the drop across the current sampling resistors, .

,5 ' 4-19 The constant voltage input circuit continu- and consequently the output current, at a constant :

- ously campares a fixed reference voltage with a value, '
i portion of the output voltage and, if a difference :
= exists, produces an error voltage whose amplitude .24 Stace Q2B is connacted to a common (+5) -

= and phase is propertional to the difference. The potenti: 1 through impedance equalizing resistor, :

é error output is fed back to the serles regulator, R26. Resistors R25 and R28 are used to zcro blas :
- through an OR gate and the mixer/error amplifiers, the input stage, offsetting minor base-to-cmitter ;

il
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series regulator which, in turmm, alters the output
voltage so that the difference between the two in-
put voltages applied to the differential amp'ifier is
reduced to zero, The above action maintains the
output voltage constant.

4-20 Stage Q1B of the differential amplifier is
connected to a common (+5) porential through im-
pedance equalizing resistor R5, Resistors R6 and
R8 are used to zero blas the input stage, offsetting
minor base-to-emitter voltage differences in Ql.
The base of QlA is connected to 2 summing point at
the junction of the programming resistor and the
current pullout resistor, R12, Instantaneous
changes in output voltage result in an increase or
decrease In the summing point potential, QIlA is
then made to conduct morc or less, in accordance
with summing point voltage change, The resultant
ou‘put error voltage is fed back to the series reg-
ulator via OR-gate diode CR3 an4 the remaining
components of the feedback loop. Resistor Rl, in
serles with the base of QlA, limits the current
through the programming resistor during rapid volt-
age turn-down, Dlodes CRl and CR2 form a limit-
ing network which prevent excessive voltage ex-
curslons from over driving stage QlA. Capacitors
Cl and C2, shunting the programming resistors,
increase the high frequency gain of the input am-
plifier. Resistor R13, shunting pullout resistor
R12, serves as a trimming adjustment for the pro-
gramming current,

4-21 CONSTANT CURRENT INPUT CIRCUIT

4~22 This circuit ts similar in appearance and

in output current on the positive line are felt at the

current summing point and, hence, the base of Q2A,

Stage Q2A varies its conduction in accordance
with the polarity of the change at the summing
point, The change in Q2A's conduction also varies
the conduction of Q2B due to the coupling effects
of the common emitter resistor, R22, The error '
voltage is taken from the collector of Q2B and fed
back to the series regulator through OR-gate diode
CCR4 and the remaining components of the feedba k
locp, The error voltage then varies the conduction
of the regulator so that the output current is main-
tained at the proper level,

4-25 In Model 6220B, the RANGE sectlon of
switch $2 changes the resistance of the current
sampling network so that transistor stage Q2 re-
celves an equivalent voltage input for both opera-
ting modes, For example, if the supply is in the
25 volt mode the network resistance consists of
RS54 and R55 in parallel and has a total resistance
of one ohm, If the output current is the maximum
of 2 amperes, a certain voltage exists across R54
and R55 (about 1 volt) which is the input to the
constant current circuit, When the supply is in
the 40 volt operating mode, switch S2 removes R35
from its parallel position leaving only R54 at a
value of two ohms, At the maximum output current
of 500 ma the drop across 154 is again about 1 volt,

4-26 Resistor R20, in conjunction with R21 and C3
helps stabilize the feedback loop, Diode CRS
limits voltage excursions on the base of Q2A,
Resistor R19, shunting the pullout resistor, serves
as a trimming adjustment for the programming cur-
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A operation to the constant voltage input circuit, It rent flowing through R16.

= consists basically of the 10-turn current program-

- ming resistor (R16), and a differential amplifier 4-27 VOLTAGE CLAMP CIRCUIT

- stage (Q2 and associated components), Like

= transistor Q1 in the voltage input ¢ircuit, Q2 con- 4-28 During constant current operation the con-

= . sists’of two transistors, having matched charac- stant voltage programming resistors are a shunt

- " - teristics, that are housed in a single package, load across the output terminals of the power sup- -
=] ply. If the output voltage changed, the current -

4-23 The constant current input circuit cdntinu-
ously compares a fixed reference voltage with the

through these resistors would tend to change re-
sulting in an output curreni change, The clamp

-



circuit is a return path for the voltige programming
current, the current that normally flows through

the programming resistors, The circuit maintains
the current into the constant voltage summing point
(A6} constant, thus eliminating the error due to
shunting effects of the constant voltage program-
ming resistors,

n=29 The voltage divider, R31, RS2, and VR3,
back blases CR30 and Q10 during constant volt-
age operation, When the power supply goes into
constant current operation, CR30 becomes forward
biased by the collector voltage of QlA. This re-
sults in conduction of Q10 and the clamping of the
summing point at a potential only slightly more

negative than the normal constant voltage potential,

Clampine this voltage at approximately the same
potential that exists in constant voltage operation,
results in a constant veltage across, and conse-
quently a constant current through the pullout re-
sistor (R12),

4-30 MIXER AND ERROR AMPLIFIERS

4~31 The mixci and error amplifiers amplify the
error signal from the constant voltage or constant
current input circuit to a level sufficient to drive
the series requlator transistors, The emitter bias
potential for mixer amplifier Q3 is established by
the emitter followar, Transistor Q3 receivas the
error voltage input from either the constant voltage
or constant current circuit via the OR-gate diode
{CR3 or CR4) that is conducting at that time,
Diode CR3 is forward hiased, and CR4 reversed
biased, during constant voltage operation, The
reverse is true during constant current operation,

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 gain response in order to
stabilize the fecdback loop. Emitte: follower tran-
sistors Q4 and Q5 are the error ampl.. ers serving
as the driver and predriver elements, respectively,
for the series regulator, Transistor Q4, together
with diode CR17, provides a low resistance dis-
charge path for the cutput capacitance of the power
supply during rapid down programming,

4-33 REFERENCE GIRCUIT

4-34 The reference circuit is a feedback power
supply similar to the main supply. It provides
stable reference voltages which are used through-
out-the unit, The reference voltages are all de-
rived from smocthed DC obtained from the full
wave rectifier (CR22 and CR23) and filter capacitor
C10,.. The +6, 2 and -6, 2 voltages, which are used
in the constant voltage and current input circutts
for comparison purposes, are developad across
temperature compensated Zener diodes VRl and
VR2, Resistor R43 limits the current through 'the
Zener diodes to establish an optimum bias tevel,

4-5

4-35 The regulating circuit consists of series reg-
ulating transistor Q9 ard error amplifier Q8, Out-
put voltage changes ar detocted by QB whose base
is connected to the junction of a voltage divider
{R411, R12) connected directly across the supply,
Auy crror signals are amplified and inverted by Q8
and applied to the base of series transistor Q9,
The series rlement then alters its conduction in the
direction and by the amount necessary to maintain
the voltage across VR1 and VRZ constant, Resistor
R46, the emltter reslstor for €8, is connected in a
manner which minimizes changes in the reference
voltage caused by variations in the input tine,
Qutput capacitor C9 stabilizes the regulator loop,

4~36 METER CIRCUIT

4=37 The meter circuit provides continuous indica-
tions of output voltage or current on a single mui-
tiple range meter. The meter caa be used either as
a volimeter or an ammeter depending upon the pos~
ition of the METER section of switch S2 on the
front panel of the supply. This switch also selects
one of two meter ranges on cach scale, The meter
circuit consists basically of a selection circuit
{switch S2 and associated voltage dividers}, stable
differential amplifier stages (Qll, Q12, and Ql4},
and the meter movement,

4-38 The selection circuit determines which volt-
age divider is connected to the differential ampli-
fier input, When the METER section of S2 is in
one of the voltage positiors, the voltage across
divider R59, R60, and R61 (connected across the
output of the supply) is the input to the differential
amplifier,

4-39 When 52 is in one of the current positions
the voltage across divider R56, R57, and R58 (and
R78 in Model 6220B} is the input to the differential
amplifier, Note that this divider is connected
across the sampling resistor network., The ampli-
fied output of the differential amplifier is used to
déflect the meter.

4-40 The differential amplifier is a stable device
having a fixed gain of ten, Stage Q1B of the am-
plifier receives a negative voltage from the appli-
cable voltage di rider when S2 is one of the voltage
positions while ttage Ql1A is connected to the 45
{common) terminal, With 82 in-a current position,
stage Ql1A recetves a positive voltage from the
applicable voltage diviier while stage QI1B is

connected to the +S terminal, The differential out-
put of the amplificr is taken from the collectors of

Q12 and Ql4. Transistor Q15 is a constant current
source which sets up the proper btas cur.ant for
the amplifier, Potentiometer R63 permits zoroing
of the meter,

4-41 The meter amplifier contains an tnherent
current limiting feature which protects the meter
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movement against ovarioads, For example, (f
METER switch 52 is placed in the low current
range when the power supply is actually delivering
a higher ampere output, the differential amplifiers
are quickly driven into saturation limiting the cur-
rent through the meter to a safe value,

4-42 Figures 4-3 and 4-4 show the meter connec-
tions when the METER section of §2 is in the higher
voltage and current range positions, respectively,
For the sake of simplicity, some of the actual cir-
cuit components are not shown on these drawings,
With the METER switch in the higher voltage range,
position 2, the voltage drop across RS9 is the input
to ti.2 meter amplifier and the meter indicates the
output voltage across the +§ and -8§ terminals, For
low output voltages, S2 can he switched to the low
voltage position (i} resulting in the application of
a larger percentage of the output voltage (drop
across R59 and R6C) to the meter amplifier,

Figure 4-3. Voltmeter Connections,
Simplified Schematic

4-43 As illustrated in Figure 4-4 with the METER

4-5

switch in the high current position.(3) the voltage
drop across R58 is applied to the meter amplifier
and the meter indicates the output curreut which
flows through the sampling resistor network, For
low values of output current, the METER switch
can be set to position 4 and the voltage drop gerass
R57 and R$8 is applied tothe meter amplificr,
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Pigure 4-4. Ammeter Connections,
Simplified Schematic

4-44 In Model 6220B the RANGE section of §2
shorts out resistor R78 in the 25 volt operating
mode and the meter is allowed to read from 0 to

1, 2 amperes (full scale}, In the 50 volt mode, 52
connects R78 in series with the voltage divider
{R56, R57, and R58) dropping the input voltage to
the amnlifier by one-half, This, in turn, reduces
the maximum deflection range of the meter to half
scale, even though the voltages dropped across the
curren: sampling network are the same for both the
50 volt and 25 volt operating modes.
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5-2 Upon tecel ot of the power supply. the per-
formance chuck (Parajraph 5- -10} should be made.
This check 1s suitable for incoming inspection. If

_a fault is dntected in the power supply while making
the performance check or during normal oper tion,
‘proceed to the troubleshooting procedures {Para-
«graph 5~41). After: troubleshooting and repair (Para-
graph 5- 48), perforr any necessary adjustments
and calibrationa (Paragraph 5- -50), Before returning
the power supply 1o normal operation, repeat the

performance check. o ensure that the fault has been

properly corrected and the . no other faults exist.
Be:on, doing any maintenance checks. turn-on pow-

‘er supply. allow a half-hour warm-up, and read the
general information regardinc measuremant tech-
niques (Paragraph 5- K}

5-3 GENEPAL MEASUREMENT TECHNIQUES

5-4 The measuring device must be connected
across the sensing leads of the supply or as close
to the output terminals as possibie when measuring
the output impedance, transient response, regula-
tion, or riprle of the power supply in order to
achieve valid measurements. A measurement made
across the load fncludes the impedance of the leads
to the load and such lead lengths can easily have
an lmpedance sevaral orders of magnitude greater
than the supply impedance, thus invalidating the
measurament..

'5=5 The monitoring device should be connected
to the +S and -S 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 acrass the rear terminals.
Note that when measurements are made at the front
terminals, the monitaring leads are connected at A,
not B, as. stiown in Figure 5-1. Failure to connert
the measuring device at A will result in a meas.Jre=
ment thalt 'includes the resistance of the leads be-
tween the cutput terminals and the point of connec-
tion.

. ]

5-6 For output current measurements, the current
sampling resistor should be a four-terminal resis-
tor. The four terminals are connected as shown in
Figute 5-2, In addition, the resistor should be of
the low aoise, low temperature coefficient (less
than 10ppm/°C) type and should be used at no
more than 5% of its rated power so that its temper-
ature rise will be minimized,

GUTPUT TEEMINAL—— &

Q-

LoAD EAD-%

Tront Panel Terminal Connections

MONITOR HERE

Figure 5-1.

CCURRTKT SAMFLING TTRMINAG

EXTLRNAL
LOAD

O UNGROUNDED K'v j T GROUMDELD
TEAMINAL OF e} W*Q--——’ TLRAMINAL OF
PYNER SUPPLY f SAMPLING PYWER SUPPLY

JRESTITOR .-2-

I

LOAR
b TERRUNALS

Figure 5-2. OQutput Currer}t Measurement Techpique

5.7 When using an oscilioscope, ground one ter-
minal of the power supply and then ground the case
of the oscilloscope to this same point, Make cer-
tain that the case is not alsc grounded by some
other meanu {power line). Connect both oscitlo-
scope innut leads to the power supply ground termi-
nal and check that the oscilloscope Is not exhibi-

1 ng a ripple or transient due *n ground loops, pick-
v, or other means.

3-8 TEST EQUIPMENT REQU:NE

5-9 Table 5-1 lists the test equlpmcnt required to
perform the various procedures des zribed in this
Section.




Table 5-1. Test Equipment Required
Required Recommended

Type Characteristics Use Model
Differential Sensitlvity; 1mV full scale (min.). Measure DC voltages; 4 3420 (See Note)
Voltmeter Input impedance: 10 megohms (min.). calibration procedures
Variahle Range: 90-130 volts. Equipped with Vary AC input | mmeeee
Voltage voltmeter accurate within 1 volt.
Transformer

AC Voltmeter

Qscilloscope

Oscillator

DC Voltmeter

Repetitive
Load Switch

Resistive
Loads

Current
Sampling
Resistor
. Resistor

Resistor

Resistor
Resistor

Capacltor

Decade ' ;
Resistance
Box

Accuracy: 2%. Sensitivity: 1mV full
scole delloection {min.).

Sensitivity: 100pV/cm. [ifferential
fnput.

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

Accuracy: 1%. Input resistance:;
20,000 ohms/volt {min.}).

Rate: 60 -400 Hz, 2psec rise and
fall time.

Values: See Paragraph 5-14 and
Figure 5-4. x5%, 75 watts.

62208: two ~ww, 2a, £0.5%, Bw.
6224B: two - ww, 0.66n, £1%, 8w.
6226B: one - ww, 0.66a, £1%, Bw.
1Kn %1%, 2 watt non-inductive,

100 ohms, x5%, 10 watt.

Value: See Paragraph 5-59. #0.1%,
1/2 watt,

Value: See Paragraph 5-62. 0.1%,
1/2 watt.

500pf, 50 wVdc. -
Range: 6-500K. Accuracy: 0.1%

plus 1 ochm. Make-before~break
contacts. ’

Measure AC voltages and
ripple

Display transient response
waveforms

Impedance checks

Measure DC voltages
Measure transient
response

Power supply load resis-
tors

Measure current; calibrate
meter; cc ripple and noisc

Measure fmpedance
Measure impedance

Calibrate programming
current

Calibrate programming
current

Measure impedance

Measure programming
ceefficients

4 4038

¢ 1404 plus F400A
plug=in. 14024
plug-in for spike
measurements only.

& 200CD

#8 412A

Sece Figuse 5-8.

——————

Sce Parts List
6220B; R54 & R55
6224B: R54 & R35
b226B: R54

-

- —

-




NOTE

A satisfactory substitute for a differential voltnicter is to arrange
a reference voltage source and null detectar as shown in Figure

5-30

The reforence voltage source is adjusted so that the volt-

age difference hetween the supply being measured and the ref-

crence voltage will hat

thu required resolution for the measure-

ment being made., The voltage difference will be a function ot
the null detector that is used. Examples of satisfactory null de-
tectors are: ¥¢ 419A null detector, a DC coupled oscilloscope
utilizing differential input, or a 30mV mater movement with a 100

division scale.

For the latter, a 2mV chunge in voltage will re-

sult in a meter deflection of four divistons.

CAUTION

Care must be exercised when using an electronic null detector
in which one input terminal is grounded to avoid ground loops

and circulating currents.

POWER SUPPLY REFLRENCE
UKDER TLST YOLTAGE
SOURCE
- + -
X ¢ g0 3
__/l |\ |
WAD
KULL DETECTOR
apé
Figure 5-3, Differential Voltmeter Substitute,

Test Setup '

5-~10 PERFORMANCE TEST

5-11 The following testcanbeused as an incoming
inspection check and appropriate portions of the test
can pe repeated either to check the operation of the
instrument afier rapairs or for periodic maintenance
tests. The tests are performed using a 115Vac 60Hz,
single phase input power source. If the correct re-
sult is not obtained for a particular check, do not
adjust any controls; proceed to troubleshooting
{Paragraph 5-41).

5-12 CONSTANT VOLTAGE TESTS

5-13 Rated Oytput and Meter Accuracy.

5-14 Voltage. Proceed as follows:

a. Connect load resistor across rear gutput
terminals of supply. Resistor valuetobeas follows:
Model No. 6220B 62248 62268
Resistance (ohms) 100 B8 33.3

b. Connect differential voltmeter across +5
and -S terminals of supply observing correct polar=-
ity.

c. Set METER switch to highest veoltage range

and turn on supply.

d. On Model 6220B, set PANGE switch to 50V
range.

e, Adjust VOLTAGE control{s) until front
panel meter indicates exactly the maximum rated

output voltage.
f. Differential voltmeter should indicate

maximum rated output voltage within 2%,

5=-13 Current. Proceed as follows:
a. Connect test setup as shown in Figure 5-4

leaving switch S1 open.

MODLL RO, “tsl:;Tk-LL l'f)l':M.ﬂ
\ ¥
FOWER SUTTLY Tiion = e
UNDER TEST civin o,
< 210F 2tk | 22a
- -
1O O
Ry DIFFERENTIAL
LOAD VOLTMETER
RESISTOR
CURRENT ° ‘li;
SAMPLING

RESISTOR

SR S —" Y .
By

Qutput Current, Test Setup

Figure 5-4.
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;. Turn CURRENT controls fully clockwiso.

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

d. On Modal 62008, sct RANGE switch to 25V
range, f

e. Adjust VOLTAGE control{s; until front
panel meter indicates exactly the maximum rated
output current.

f. Differential voltmeter should read 1.0 £
0.02 Vdc.

5-16 Load Requlation. To check constant voltage
load regulation, proceed as follows:
3. Connect testsetupasshowninFigure 5-5.

POWER SUPPLY
UNDER TEST

LIS TAN OHMS
MODEL NG, & IFT St ¢ R )
Sy X ¥
p3se:] 1. 24
L2240 0, 33, L7
€28 [UR-L2N Ha
Ry

| ‘
i‘* I DIFFERENTIAL
YOLTMITER

| B

| ra

1 Regulation, Constant Voltage
Test Setup

!

Figure 5-5. Loe:

b. Turn CURRENT controls fully clockwise.

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

d. On Model 62208, set RANGE switch to
50V mode.

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

f. Read and record voltage tndicated on dif-
ferential volimeter.

g. Disconnect load resistors.

h. Reading on differential volimeter should
not vary from reading recorded in step f by more

than the following:
Model No. 62208 62248 6226B

Variation (mVdc) +7 £6.4 %7

5-17 Line Requlation. To check the line regulation,
proceed as follows:

a1, Connect variable auto transiormer between
input power source and power supply power input.

b, Turn CURRENT controls fully clockwise.

¢. Connect test setup shown in Figure 3-5.

d Adjust variable auto transformer for 105Vac
input,

¢, Sot METER switch to highest voltage range
and turn ot supply.

f. On Model 62208, set RANGE switch to 50V
mode.

g. Adjust VOLTAGE control(s) until front
panel meter dicates exactly the maximum rated
out put voltage.

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

i. Adjust vanable auto transformer for 125Vac
input,

1. Reading on differential voltmeter should
not vary from reading rocorded in step h by more
than tae following:

Modgel No. 6220B 62248 62268
Variation (mVdc) £3.25 22,65 £5.25

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

5-19 The amount of ripple and nolse thatis present
on the power supply output is measurcd cithet in
terms of the RM3 or {preferably) pecak-to-peak value.
The peak-~-to-peak measurcment is particularly im-
portant for applications where noisc spikes couid
be detrimental to a sensitive load, such as logic
circuitry. The RMS measurement is not an ideal
representation of the noise, since lairly high out-
put noise spikes of short duration chould be pre-
sent in the ripple and not apprectably increase the
RMS value.

5-20 The technique used to measure highfrequency
noise or "spikes™ an the output of a power supply
is more critical than the low frequency ripple and

noise measurement technique: therefore the former
is discussed separately in Paragraph 5-28.

5-21 Ripple and Noise AMecasurcements. 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. Any ground current
circulating in this loop as a result of the diffrrence
in potential E¢; between the two ground paint

causes an IR drop which is 1n series with the scope
input. This IR drop, normally having a 30Hz line




frequency fundamental, plus any ptckup on the un-
shielded leads ‘nterconnecting the power supply and
scope, appears on the face of the CRT. The magni-
tude of this resulting noise signal can casily be
much greater than the true rippie developed between
the plus and minus output terminis of the power
supply, and can completely invalidate the measure~-
ment.

POWER SUPPLY CASE OSCILLOSCOFE CASE

Sns s

| +O— {) VLRTICAL Ei

| - Q. INFUT {
.

! *q 7+ |

|

A. INCORRECT METHOD — GROUND CUHEENT 13 FRODUCES 3]
CYGLE DROP IN NEGATIVE LEAD WHICH ADDS 10 THE POWER
SUPPLY RIPPLE DISPLAYED ON SUOFL. '

QECILLOSCOFE CASE

AC
hCC
GND

WERTICAL E'

FOWER SUFPFLY CASE

AC
=Dh
GND -u.\ 3

TWISTE[ FAIR

+ O]
USE *+T0-2 S
ADAPTER 7O - INPUT
BREAK GND FATH N +

B, A CORRECT METHOD USING A SlNG'LE-E.'.ﬂJED SCOPE ¥-to-}
ADAPTER BREAKS GROUND CURRENT LOOP, TWISTED FAIR RIDUCES
STRAY PICKUP ON SCOPEL LEADS.

PO'WER BUPPLY CASE QICILLOSCQFE CASE

AC ’ AC
ACC :| 3 E F
GND SHIELDED Acc
3 TWO-WIRE I:_"" GHD
[ +O A— I VERTICAL —¢
' i - ) -~ INPUT
3T e

C. ACORRECT METHGD USING A DIFFERENTIAL SCOPE WITH
FLOATING INFUT, GROUND CURRENT PATH IS EROKEN; COM-
MON MODE REJECTION OF DIFFERENTIAL INPUT SCOFE
VIGNORES DIFFLRENCE IN GROUND POTENTIAL OF POWER 5UP~
PLY & SCOPE, SHIELDED TWO WIRE FURTHER REDUCES STRAY
FICK-UP ON S5GQFE LEAD.

Figu 2 5-6. CV Ripple and Noise Test Setup

5-22 The same ground current and pickup problems
can exist {f an RMS voltmeter is substituted in
place of the oscilloscope in Figure 5-6. However,
the oscilioscope display, unlike the true RMS meter
reading, tells the observer immediately whather the
fundamental period of the signal displayed is 9.3
milliseconds (1,/120 Hz) or 16,7 milllseconds {1/60
Hz). Since the fundamental ripple frequency pre-
sent on the output of an ¢ supply ts 120 Hz (due to
full-wave rectification}, an oscilloscope display
showing a 120 Hz fundamental component is indica-
tive of a "clean" measurement setup, while the

5-5
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presence of a 60 Hz fundamental usually means that
an improved setup will result in a more accurate
{and lower) value of measured ripple.

5-23 Figure 5-bB shows a correct method of mea-
suring the output ripple of a constant vcltage power
supply using a single-ended scope. The ground
loop path is broken with a 3 to 2 adapter in series
with the power supply's AC line plug. Notice, how-
ever, that the power supply case is stil} connected
to ground via the power supply output terminals,

the leads connecting these terminals to the scope
terminals, the scope case and the third wire of the
power supply cord.

5-24 Either a twisted pair or (preferably) a shielded
two-wire cable should be used to connect the out-
put terminals of the power supply to the vertical tn-
put terminals of the scope. When using a twisted
pair, care must be taken that one of the two wires
is connected both to the grounded terminal of the
power supply .nd the grounded input terminal of the
oscilloscope. When using shielded two-wire, it is
essential for the shield to be connelled 10 ground
at one end only so that no ground current will flow
throug': this shield, thus inducing a noise signal in
the shielded leads,

5-25 To verify that the oscilloscope is not dis-
~laying ripple that is induced in the leads or picked
up from the grounds, the (+) scope lead should be
shorted to the (<) scope lead at the power supply
terminals. The cipple value obtained when the
leads are shorted should be subtracted {rom the ac-
tual ripple measurement.

5-26 In most casr ‘hesingle-ended scope method
of Figure 5-6B wu. . ¢ adequate to eliminate non-
real components of ripple and nolse so0 that a satis-
factory measurement may be obtained. However, in
more stubborn cases, or in measurément situations,
where it is essential that both the power supply
case and the oscilloscope case be connected to
ground {e.g. if both are rack-mounted), it may be
necessary to use a differential scope with floating
input as shown in Figure 5-6C. If desired, two sin-
gle conductor shielded cables may be substituted in
place of the shielded two-wire cable with equal
succesz, Because of {ts common mode rejection, a
differential oscilloscope displays only the difference
in signal between its two vertical input terminals,
thus ignoring the effects of any common mode signal
introduced because of the difference in the AC po-
tential between the power supply case and scope
case. Beforeusing adifferential input scope in this
manner, however, it is imperative that the common
mode rejection capability of the scope be verified
by shorting together its two input leads at the pow-
er supply and observing the trace on the CRT. If
this trace is a straight line, the scope is properly
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ignoring any common made signal present.  [f this
trace i3 not a strafght line, then the scope is not
rejecting the ground signal and must be realigned in
dccordance with the manufacturer's instructions un-
til propei common mode rejection 1o attained.

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

a. Connect the oscilloscope or RMS volt-

eter @s shown in Figures 5-6B or 5-6C.

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

¢, The observed ripple and noise should be
less than 200V RMS and ImV p-p,

3-28 Noise Spike Measurement, When a high fre-
quency spike measurement is being made, an 1r-
strument of sufficient bandwicth must be used: an
ascilloscope with a bandwidth of 20 MHz or more is
adequate. Measuring noise with an Instrument that
has {nsufficient bandwidth may canceal high fre-
quency spikes detrimental to the load.

5-29 The test setups illustrated in Figures 5-6A
and 5-6B are generally not acceptable for measur-
ing spikes; adlfferential oscllloscope is necessary.
Furthermore, the measurement concept of Figure
5-6C must be modified If accurate spike measure~
ment is to be achieved:

i
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Figure 5-7. CV Noise Spike Test Sctup

1. As shown in Figure 5-7, two coax cables,
must be substituted for the shieldsd two-wire cable,
; 2, Impedance matching resistors must be in-
" dluded o eliminate standing waves and cable ring-
ing, and the capacitors must be connzcted 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 connecte directly from
the inner conductor of the cabte to the power supply
terminals.

lali . |71 [~

4. Notice that the shields of the power sup-
ply end of the two coax cables are not connected to
the power supply graund, since such a connection
would glve riso to a ground current path through the
coax shield resulting in an erroncous measurcment.

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

6. The noise spikcs observed on the oscillio-
scope should be less than 0,5mV p-p.

5-30 The circuit aof Figure 3-7 can also be used for
the narmal measurement of low frequency ripple and
noise; stmply 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 Figure 5~6C.

5=31 Transient Recovery Time. To check the
transient recovery time proceed as follows:
a. Connect test setup shown in Figure 5-8.
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Figure 5-8. Transient Response, Test Setup

b. Turn CURRENT controls fully clockwise.

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

d. Adjust VOLTAGE control{s) until front
panel meter indicates exactly the maximum rated
output voitage.
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e. Close line switch on repetitive load
switch setup.

f. Adjust 25K potentiometei until a stable
display is obtatned on oscilloscope. Waveform
should be within the tolerances shown tnFigure 5-9
{output should return to within 16mV of original val-
ue in less than 50 microseconds).
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Figure 5-9. Transient Resporse, Waveforms

3=32 Programming Speed. This measurement 1s
made by monitoring the output voltage with an as-
cilloscope while rapidly changing the remote pro-
gramming resistance. For up-programming, the re-
mote resistance is varied from zero ohms 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
outmut voltage to zero ohms. To check the up-pro-
gramming speed, make the connections indicated 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 conditlons for the supply to
reach the programmed voltage.: Refor to Application
Note 90, Power Supply Handbook for further details
on remote programming-speed. To check the pro-
grammine speed, proceed as follows:

1. Restrap the rear barrier strip as indicated
in Figure 5-10. Note that the jumper between +5
and AlO is removed. This disconnects the output
capacitor G20 to increase the programming speed.

A mintmum amount of output capacitance (C19) is
permanently wired to the output and 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 {s removed.

2. Connect the relay, oscilloscope, and pro-

. gramming resistor Rp as illustrated in Figure 5-10.

“y

'Select the value of the programming resistor .hat
will produce maximum cutput voltage of the supply.
This value is obtained by multiplying the program-
ming coefficient {200 ohmsvolt) by the maximum
rated output voltage of the supply.
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Figure 5-10. Constant Voltage Programming Speed,
Test Setup

3. A mercury-wetted relay is employed to
rapidly switch the programming resistance from zero
to maximum a¢ a 60 Hz rate, Other automatic
switching devices can be used; however, a hand-
operated switch connected across the programming
resistor is not adequate, because the resulting one-
shot displays are difficult to observe on most os-
cilloscopes.

4. The time (T) required for the output volt-
age to change from zero volts to within (X mV of the
the maximum rated output or from maximum rated
output to within (X) mV of zero is as follows:

62208 | 6224B 62268 |
Un-Programmin X=50mV] X=24mV [X=50mV |
p-Tog 9 [rz7ms | T20.6ms|Tz2.4m3
X =50mV| X=24mV | X=50raV
Dow-Programaing| gz 15mg| T227mS | T2 15m$ |

5-37 OQutput Impedance. To check the output im-
pedance, proceed as follows:

a. Connect test setup as shown in Figure
3=11.

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

¢. Adjust VOLTAGE control(s) until front
panel meter reads 20 volits.

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

2. Record voltage across output terminals of
the power supply {Eo) as indicated on AC voitmeter.

f. Calculate the output impedance by the
following formula: Zgyt ™ (EgR})/(Ejn - Eg)

Eo =rms voltage across power supply output
terminals.

R =1000.

Ein=10 volts.

T iiiii‘ iir';j'”
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g, The output impaedance (Zout) should be
lass than 0, 01 ohm,

h, Using formula of stepf, calculate output
impedance at frequencies of 10kHz, 100kHz, and
1MHz, Values should be less than 0, 05 ohm,

0.5 ohm, and 5 ohms, respecti rely.
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INDICATES F, IBDICATES I,
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hats
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Figure 5-11. Qutput Impedance, Test Setup

5-34 CONSTANT CURRENT TESTS

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

a. Connect test setupas showninFigure 5-4.

b, Turn VOLTAGE control(s) fully clockwise.

c. Set METER switch to hict.~st current range
and turn on supply.

d. On Model 6220B, set RANGE switch to 25V
pasition. |

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

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

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

h. Reading on differential voltmeter should
not vary from read...g' recorded in step e by more
than the following:
Model No.
Varfation (mvdc)

5226B
20,27

62248
+0.18

6220B
+0.35

§5-36 Line Requlation. To check the line requlation
procead as follows:
‘ a. Utilize test setup shown in Figure 5-4
leaving switch S]1 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 range

5-8

and turn on supply.
f. On Model 62208, sct RANGE switch to

25V posttion.

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

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

1. Adjust variable auto transformer for 125

Vac input.
. Reading on differential voltmeter should
not vary from reading recorded in step g by more
than the following:
Model No.
Variation (mVdc)

6226B
+0. 27

62248
£}, 18

62208
0. 35

5-137 Ripple and Noise. Most of the instructions
pertaining to the ground loop and pickup problems
assaclated with constant voltage ripple and noise
measurement also apply to the measurement of con-
stant current ripple and roise. Figure 5-12 illus-
trates the most important precautions to be observed
when measuring the ripple and nouse of 2 constant
current supply. The presence of a 120 cycle wave-
form on the oscilloscope is normally indicative of a
correct measurement method. A waveshape having
60 Hz as its funuamental component is typically as-
sociated with an incorrect measurament sctup.

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

a. Connect the oscilloscope or RMS volt-
meter as shown in Figures 5-12B or 5-12C.

b. Rotate the VOLTAGE contro!l fully clock-
wise.

c. Set METER swich to highest current range
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
current.

f. The ripple and noise indication should be

less than the following:

Ripple and Noise
Model  =ovis | P-p
62208 200V 1lmV
62248 664V { 0.33mY
62268 132pV 0. 6bmVY

%-39 Nolse Spike Measurement. Asin the constant
voltage noise spike measurement, the basic meas-
ring instrument is a differential oscilloscope. The
mueasurement of CC notise spikes is similar to CV
noise spikes as discussed in Paragraph 5-28 oxcept
that an appropriate load resistor Ry and current
monitoring resistor Ry must be included as illustra-
ted in Figure 5-12.
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Figure 5-12. CC Ripple and Noise Test Setup

5-40 To check the output neise spikes, proceed as

follows:
a.
ahove.
b.
wise.
C.
and turn on supply.
d.
position.

T VU U

Connect the'oscilloscope as discussed
[Rotate the VOLTAGE cortrol fully clock-
 Set METER switch to highest current range

On Model 62208, set RANGE switchto 25V

5-9

e. Adjust CURRENT control unti] front panel
meter reads exactly the maxtmum rated output cur-

rent.
f. The noisc spike indicated should be less
than the following:

Medel £220B | 6224B 62268

P-P Nojse Spikes 0.5mV 0.33mV

0.16mV

5-41 TROUBLESHOOTING

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

5-43 TROUBLE ANALYSIS

5-44 General. Befare attempting to troubleshoot
this instrument, 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 ic determined that the power supplyis
at fault, check for obvious troubles such as open
fuse, a defective power cable, or an input power
failure. 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 procedurc outlined in suc-
ceeding paragraphs. Cnce the defective component
has been located (by r.eans of visual inspection or
trouble analvsis) correct it and re-conduct the per-
formance test. If 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 the principles of op-
eration is a helpful ald in troubleshooting, and it
is recommended that the reader review Section IV of |
the manual before attempting to ‘roubleshoot the
unit in detail. Once the principles of operation are
understood, logical application of this knowledge
used in conjunction with the normal voltage read-
ings 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 {identiiied by encircled num-
hers on the schematic and printed wiring boards).
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5-47 Table 5-1! includes the symptoms and prob-
able causes of many possible troubles. [f cither

collector) 1n the feedback loop should be measured
and compared to the normal voltages given on the

cverall schematic diagram at the rear of the manual.
This mathod of troubleshooting a feedback loop s

simpliffed procedure that involves only measuring not always conclusive; ¢ better method is describod

voltages; the second is a more thorough approach in (2).

requiring that transistor stages bo opened of shor- 2. First, measure the reference. bias, and

ted. Both methods are described as follows: filtered de voltages as given Ln Table 5~3. Then.
1. First, the reference, bilas, and filtered de drive cach stage in the feedback loop into conduc-

voltages as g'ven in Table 5-3 should be checked. tion or cutoff by either shorting or opening the pre-

Then the voltagze levels at critical points (base and vious stage as indicated in Tables 5-4 or 5-5.

high or low outlput voltage 1s a symptom, there are
B two methads ot isolating the fault. The first is a

Table 5-2. Common Troubles

Symptom Probable Cause

Low output or no output voltage kafer to Table 5-3, then 5-4.

Hiah output voltage R:fer to Table 3-3, then 5-5.

High ripple a Check operating setup for ground-refer to Paragraph 5-18.

b. If output floating, connect lpf capacitor between output
and ground.

c. Check for excessive internal ripple; refer to Table 5-3,

d. Ensure that supply is not in constant-current operation

under loaded conditions. To prevent this condition turn
CURRENT control fully clockwise.

e. Check for low voltage across Cl14,Cl12, or Cl10.

Poor line regulation a. Improper measuring technique; refer to Paragraph 5-3.

b. Check reference circuit voltage: , Table 5-3.

c. Check reference circuit adjustr.ent, Paragraph 5-64.

Poor load regulation ‘ ' a. Improper measuring technique; refer to Paragraph 5-3.

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

¢. Ensure that supply is not in constant-current operation
under loaded conditions. To prevent this condition turn
CURRENT control fully clockwise.

Poor load regulation a. Improper measuring technique; refer to Paragraph 5-3.

tant t
(Constant Current) b. Check reference circuit voltages (Table 5-3) and refer-

ence circuit ¢djustment (Paragrapk 5-64,.
c. Cl19, C20, and CR34 leaky.

d. Check clamp circuit, Ql0, CR30, VR3, and CR32.

e. Ensure that supply is not crossing over into constant
voltage operation. To peevent this condition. load the
supply and turn the VOLTAGE contrel fully clockwise.

Check C5 open. Adjustrﬁent of R30; refer to Paragraph
5-31.

b. Check R21 and C3 in current input circuit.

Oscilliates a.




m

' rable 5-2. Commor Troubles (Continuecd)

Probable Causc

Symptom
Poor stability (Constant Voltage) a. Chack +6.2Vdc reference voltage {Table 5-3).
b. Noisy programming resistor R10Q.
¢, CRIl, CR2 leaky.
d. Check Rl, R12, R13, and C2 for noise or drift.
o. Stage Ql defective.
Poor stability (Constant Current) a. Check -6.2Vdc referen~e voltage {Table 5-3).

b. Noisy programming resistor R16G.
e. CRS, CR34, Cl19, C3 leaky.

d. Check R18, R19, R20, R21, R54, and R535 for noise or
drift.

e. Stage Q2 defective.

Check R30 arnd C5. Refer to adjustment procedure

Poor transicnt recovery a.
Paragraph 5-31.

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

Meter Meter *Normal *Normal Probable
Common Positive Vdc Ripple {P-P) Cause-
31 S 6.2 0.5mV VR2
+S5 33 6.2 0.5mvV VR1
+5 37 12.4 5V Q8,Q9
C10,CR22,
34 37 24 1.4V CcR23,T1
4] 23 4.4 20mV VR4
CR24,CR25,T1
(upper 60V (62268) 0.5V (6226B) Ccl4,Cl6,Cl17,
Cl4 () board) Cl4 () 60V (6220B) 0.5V {62720B) CR26,CR27,
{6224B) (62248} R49,Tl

* On Model 6220B, set RANGE switch ta 50Vdc.
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Tanle 5«4, Low Qutput Voltage Troubleshooting
Step Action Raosponse Probable Cause
1 Turn the VOLTAGE control fully
clockwise and disconnoct the
load
2 Remove CGR4 cathode or ancde a. Qutput (ncreases a. Stago Q2 defectivo
lead
b. Qutput remains low b. Reconnect CR4 and procced
to step 3
3 Cpen Q4 cemitter tead a. Qutput remains low a. Q6,Q7,CRII.R32,R27 R34
: defective
h. Qutput increases b. Ruconnect Q4 and proceead
to step 4
4 Open Q5 emitter lead a. QOutput remains low a. Q4,CR17,R38 defective
b. Qutput increases b. Reconnect Q5 and proceed
to step 5
5 Short Q3 emitter to collector a, Owput remains low | a. QS,R31,R84 defective
b. Qutput Increases b, Remove short acruss Q3 and
proceed to ston 6
6 Remove CR3J anode or cathoae a. Output remains low a. Stage Q3 o: Ql7 defective
lead b. Qutput increases b. Reconneot CR3 and procecd
to step 7
7 Remove CR3J anode or cathode a. Qutput increases a. Voliage clamp clrcult is de~-
lead fective
b. Qutput remains low b. Reconnect CR3I2 and proceed
to step B
8 Shoert diode CR2 a. Qutput remains low a. Stage Ql defective
b, Qutput increases b. Remove short across CR2,
: Check R10,C1 for short
and R12,R13 for open.
Table 5-5. High Output Voltage Troubleshooting
Step Action Response Probable Cause
1 Turn the VOLTAGE control fully |
counterclockwise and discon-
nect the load
2 Short Q4 emitter to collector a, Qutput remains high | a. ©6,Q7,CRI11,R23,R27,R34
defective
: b. Qutput decreases b. Remove short across Q4
and proceed to step 3
3 Short Q5 emitter to coliector QOutput remains high | a. Q4,CR17,R38 defective
b. Qutput decreases b. Remove short across Q5 and

proceed to step 4




Table 5-5. High Qutput Valtage Troubleshoodng {(Continued)
Step Action Response Probable Cause
4 Open Q3 callector lead . Dutput remains high | a. Q35,R31,R84 defective
b, Qutput decreases b. Reconnect Q3 and proceed
to step 5
5 .| Open QLA ccliector lead a., Output remains high 1. Stage Q3 or Q17 defective
b, Qutput decreasas b. Reconnect QlA and pruceed
ta step 6
6 Remove CRI2 anode or cathode a. Qutput decreases a. Voltage ctamp circu * it de-
fective
b, Output remains high | b. Reconnect CR32 and pro-
ceed to step 7
7 On rear toerminal board, short a. Output remains high | a. Stage Ql defective
A6 to (=) .
b, Qutput decreases b. Remove short across termi-
nals A6 and (-). Check
R10 for open and R12 R13
for short.

special characteristics of selected semiconductors,
if the device to be replaced is not listed in Table
5-6, the standard manufacturers part number listed
in Section Vi is applicable. After replacing a semi-
conductor device, refoer to Table 5-7 for checks and
adjustments that may be necessary.

5-48 REPAIR AND REPLACEMENT

5-49 Before: servicing a printed wiring board, refer
to Figure 5-13. Section VI of this manual contains
a list of replaceable parts., Before replacing a semi-
conductor device, refer to Table 5-6 which tists the

Table 5-6. Selected Semiconductor Characteristics
Reference - Suggested
De slgnator Characte-istics # Stock No. Replacement
Matched differential ampli-
fier, NPN Si Planar.
Q1,2,11 70 {min.) hFg ic = 1 ma. 1854-0229 2N2917 G.E.
VoE = 5. lgo 0.0lpa @
'c"cho = 5\1.
NPN Power. hpg = 35 (min.)
Q6, 7(16) @Ic = 47, VoE = 4V. 1854-0228 2ZN3055 R.C.A.
025‘3'219' Si. rectifier, 200ma, =70 prv 1901-0033 IN48SB Sylvania
VR3 Diode, zener, 4, 22V, 400mW 1902;3070 IN749 Motorola

5-13




Excessive heat or pressure can lift the copper strip from the' board, Avoid damage by using a
low power solderingiron {60 watts muximum) and following these instructions, Copper that lifts
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 solder when repairing etched' circuit boards. NEVER USE
PASTE FLUX. After soldering, clean off any excess flux and coat the repaired area witha
high quality electrical varnish or lacquer, g ‘ N

When replacing components with muitiple mounting pins suchastube scckets, electrolytic rapa-
citors, and potentiometers, it will be necessary to lift each pin slightly, working around the
components several times until it is free. (

WARNING: I the specific instractions outlinedinthe steps below regarding etched circuit bourds
without eyelets are not followed, extensive damage to the etched circuit board will result. )

1. Apply heat sparingly to lead of component 2. Reheat solderinw cant eyeletand quickly
‘tobe replaced. If leadofcomponent passes . insert a small awlto cleaninside of hole.

through an eyelet If hole does '

in the circuit not have an consqggTOR

board, apply eyelet, in-
heat on com- sert awl or
ponent side a #57 drill
of board, If L from con-
lead of com-~ ductor side
ponent does o L) : of board.
not pass through an -

eyelet, apply HMeat to conductor side of board.

‘ 4, Hold partagainst board (avoid overheating)
" 3, Bend clean tinned lead on new part and _and solder leads.

carefully insert - Apply heat to compo-
. through eyelets or nert leads op correct
holes in board. side of board
' as explained
in step 1.

In the event that éither the circuit boardhas been damaged or the conventional method isimprac~
tical, use method shown below. Thisis especially applicable for circuit boards without eyelets.

1. Clip lead as shown below. 2. Bend protruding lexds upward, Bend lead
i of new  APPLY

/ . / cLP component SOLDER

- v HERE around pro-

truding lead.

Apply soldey

using a pair

of long nose pliers as a heat sink.

FILEREP, . SFRGNBEBIFFIEERS LI L

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

|
'

Figure 5-13. Servicing Printed Wiring Boards

5-14

ATINNES N TRy # o on




Table 5-7. Checks and Adjustments Aftar Replacement of Semiconductor Devices

Reference Function Check Adjust
v I Constant voltage (CV)
Ql Constant voltage differential amplifier line and 'oad requlation,
Zero volt output, R6 or RB

Constant current (CC)

Q2 Constant current differential amplifter line and load reguiattion,
Zero current outpuat, R2S or R28
Q3 Mixer amplificr & ansvont rosponse, | nac
Q4, Q5 Error amplifiers and driver CV/CC load regulation,
Q6,07 Sories regulatof CV /CC load regul‘a'tlon.‘
Q8,Q9 Reference regulator ) f:;zﬁ?:g;.circult line RAG
Qlo0 Clamp circultl CC load regqulation,
.\ Mot ot o |
' CR1,GR2 'Limiting diodes CV load requlation,
CR3, CR4, éRE OR-gate diodes and limiting diode CV/CC load regulation,
N Voltage across éach
" GR8-CR10 Fo:wall'd bias regp!ator idiode 0,6 to 0,9 volts,
a ' Voltage across appro-
CR22-CR27 Rectificr diodes , pelate filter capacitor.
CR34 ' Pr.cr:éctlon dlqldfz' - | Output voltage '
| Positive eference

VR1 . Positive reference voltage
A ' vortes voltage (+6. 2V},

“ Negative reference
VRZ | Ne‘gatlve reference voltage . voltage (-6, 2V),

VR4 T Blas voltage ‘ 4.4V

T
. . ' |
Yy

b : Table 5-8. Callbration and Adjustment Summary

P
»

Adjustment br Paragraph Contro} Adjustmantor o Control
Callbration agrapn - " Pevice Calibration grap Device
R o ] . ; "
Meter.2e%0 ' 5-52° . | Pointer ’ "Current” Program-
Voltimeter Tracking 5-54 | R63 and R7? minq Current ' 5-63 R19
‘ ‘ Reference Circuit
A ter Tracking - 5-56 R56
mmete 9 \ | ' Line Voltage Ad-
“Zero" Volt Output 5~58 ‘R6 or RB justment \ =65 ‘| R46
*Voltage” Program- ‘ : Negative Reference
ming.Carrent o 5-60  |.R13 . | Load Adjustment 5-66 Replace VRZ
vZero” Current . 7 . Positive Roference |
Qutput 5-62 R25 or R28 ! Lcad Adjustment 5-67 Replace VRI

Transient Response 5-68 R30

]
N
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5-50 ADJUSTMENT AND CALIBRATION

5-51 " Adjustment and calibration may be required
alter performance testing, troubleshooting, or repair
and replacement. Perform only those adjustments
that affect the operation of the faulty circuit and no
ot.iers. Tabie 5-8 summarizes the adjustments and
calibrations contained in the following paragraphs.

'5-52 METER 2ERQ

5-53 The moter pointer must rest on the zoro cali-
bration mark on the meter scale when the instrument
is ot normal operating temperature, resting in [ts
normal opérating position, and the instrument is
turned off. To zero-set the meter proceed as
follows:

a, Turn on instrument and allow it to come
up to normal operating temperature (about 20

 minutes).

b. Turn the instrument off, Walt two minutes
for power supply capanitors to discharge completely.
c. Rotate adjustment screw on front of meter

"clockwiee until the meter pointer is to the left of

zero and further clockwise rotaticn will move the
pointer upscale towards zero.

' 'd. Turn the adjustment screw clockwise un-
tii the pointer i 2xactly over the zero mark on the
scale. If the screw is turned too far, repeat steps
c and d.

, e, 'Turn meter adjustment screw counter-
clockwise about 15 degrees to break contact ke-
tween adjustment screw and polnter mounting yoke,
but not far enough to move the pointer back down-

" gcale, If screw is turned too far, as shown by the

needle moving, repeat the procedure. The meter is
now zero-set for best accuracy and mechanical
stability.

5-54 VOLTMETER TRACKING

5-55 To calibrate voltmeter tracking, proceed as

follows:
a. To electrically zero meter, set METER

switch to highest current position and, with supply

"on and no load connected, adjust R63 until {ront

panel meter reads zero.
h. Connect differential voltmeter across sup-

ply, ¢cbserving correct polarity.

c. Set METER switch te highest voltage range
and turn on supply. Adjust VOLTAGE control until
differential voltmeter reads exactly the maximum
rated output voltage.

d. Adijust R72 until front pancl meter also in-
dicates maximum rated output voltage,

5-56 AMMETER TRACKING

5-57 To calibrate ammeter tracking proceed as
follows: '

Model No.

a. Connect st setup shown on Figure 5-4
feaving switch S1 open.

b. Turn VOLTAGE control fully clockwise and
set METER switch to highest current range.

c. Turn on supply and adjust CURRENT con-
trods until differential voltmeter reads 1.0Vde,

d. Adjust R5b until front panel meter indi-
cates exactly the maximum rated output current.

5-55 CONSTANT VOLTAGE PROGRAMMING CURRENT

5-59 To calibrate the zero volt programming accu-
racy, procecd os follows:

a. Conpect differential voltmeter between +8
and -8 terminals,

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

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

d. Obscrve rcading on differential voltmetor.

2, 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 is more negative than
0 volts, shunt resistor RB with the decade resist-
ance box.

h. Adjust decade resistance until differential
voltmeter reads zero then shunt R8 with resistance
value equal to that of the decade box.

5-60 To calibrate the constant voltage programming
current, procced as follows:

a. On Model 6220B, set RANGE switch to
S0V mode.

b. Connecta 0,1%, %watt resistor between
terminals -8 and A6 on rear barrier strip. Resistor
value to be as follows;
6220B 6224B 6226B
Resistance 10Kn 4, 8Kn 10kn

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

d. Connect a decade resistance in place of
Ri3.

e.. Connect a differential voltmoter between
+S and ~S and turn on supply.

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

Model No. 62208 6224B 6226B
Tolerance (Vdc) 0,25 20,12 30,25

g. Replace decade resistance with resistor
of appropriate value in R13 positicn.

5-61 CONSTANT CURRENT PROGRAMMING CURRENT

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




. a. Cannect differentlal volumeter betwoun +8
and -5 terminals.
b, Short out current controls by copnecting
jumper between terminals Al and AS.
.c. Rotate VOLTAGE control(s) fully clockwise
and turn on supply.

d. Ohserve'rcading on differential voltmeter.

e. If it is mdre positive than 0 voits, shunt
resistor R25 with a decade resistance box,

f. Adjust decade resistance until dlf(ucntial
voltmeter reads zevo, then shunt R25 with resist-
ance value 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
voltmoter reads zero, then shunt R28 with resistance
yalue equal to that of decade box.

5-63 To calibrate the constant current programming
current, proceced as follows:

a. On Model 62208, set RANGE switch to
S0V mode.

b. Connect power supply as shown {n Figure
5"‘4.

c. Remove strap between A3 and A4 (leaving
Ad and A5 jumpered).

d. Connecta 0, 1%. 3 watt resistor between
Al and AS5. Resistor value to be as follows:
Model No. 62208 62248 62268
Resistance 1Kn 1.5Kn 1.5Kn

e. Connect decade resistance box in place
of R19.

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

g. - ‘Adjust the decade resistance so that the

-t g T Py TR 1 Crs Y e

differential voltmeter indicates 1,0 £ 0.01 Vde.
h. Replace decade reststance with appro-
priate value cesistar in R19 pasition.

5-64 REFERENCE CIRCUIT ADJUSTMENTS

3=65 Line Regulation. To adjust the line regulation
capabilities of the instrument proceed as follows:

a. Connect the difforential voltmeter between
+8 {common) and 33 {positive).

b. - Connect variable voltege transformer be-
tween supply and input power source.

¢. Adjust line to 105 Vac.

d. Conncctdecade resistance in place of R46,

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

[,  Adjust decade resistance so that voltage
indicated by differential voltmeter does not change
more than the following as input line voltage is
varied from 105 to 125Vac:

Model No. 62208 6224B 62268
Variation ( uwVdc) 0.87 1.8 0.87

g. Replace decade resistance with ippro-

priate value resistor in R46 position.

5-66 CONSTANT VOLTAGE TRAN S!ENT RESPONSE

5-67 To adjust the transient response, proceed as
follows:

a. Connect test setupas showninFigure 5-8.

b. Repeat steps a through e as outlined in
Paragraph 5-31.

c¢. Adjust R30 so that the transient response
is as shown in Figure 5-9.

R T g b e




. SECTION VI
" REPLACEABLE PARTS

6-1 INTROBUCTION ;
6-2 This section contalns infcrmaticn for oracering
replacement parts.

6-3 Table 6-4 listy partsin alpha-numeciical order
of the reference designators and provides the fol-
lowing informution:
a. Reference Deslgnators. For abbreviations,
refer to Table 6-1.
b, Description. Refer to Table 6-2 for abhre-
viations.
¢, Total Quantity (TQ} used in the instru-
ment; given only first time the part number is
listed.
d. lL.apufacturer's part numher,
. e. Manufacturer's code number, Refer to
Table 6-3 for manufacturer's name and address.
t. & Part Number,
g. Recommended spare party quantity (RS)
. for complete maintenance of cne instrument during
one year of isclated service,
h. Parts not identified Ly a reference deslig-
nator are listed at the end ol Table 6-4 under Mis-
cellaneous,

54 ORDERING INFORMATION

6-5 To order a replacement part, address order or
inquiry to your laocal Hewlett-Packard sales office
(see lists at rzar of this manual for addresses).
6-6 , Specify the following information for each
part; '

a. Meodel and complete serial number of
instrament.

b. Hewlett-Packard part number,

c. Circuit reference designator.

d. Description.

6-7 To order a part not listed in Table 6-4, give

a complete description of the part and include its
function and location. '

Tabte 6-1. RKeforence Designators
1

A = assembly CR = diode
B = motor DS = device,
C = cppacitor signaling (lamp)

6~

Table 6-1. Roferonce Destgnatars {Conlinued)
E = misc. elecirontc RT = thermistor
part S = switch
F = fuse T = transformer
] = jack V = vacuum tuhe,
K = rclay neon bulb,
L = ipductor phatocell, etc,
M = meter X = socket
P = plug XF : fuscholdey
Q = transistor ADS = lampholder
R = resistor Z = network
Table 6-2. Description ihbreviations
a = amwrneres chd = order by descrip- |
c = carbon tion
cer = ceramic p = peak
coef = coefficient pc = printed circuit
com = common board
comp = composition pf = picofarads =
conn = connection 10-12 farads
crt = cathode-ray po = peak-to-peak
tube ppm = parts per miltion
dep = depcsited pos = position(s)
clect = electrolytic poly s polystyrene
encap = encapsulated  pot = potentivueler
f = farads prv = peak reversc
fxud = fixed voltage
GE = germanium rect = rectifier
grd = ground(ed) fot = rotary
h = henries rms = rool-mean-square
Hy = mercuwy 5-b = slow-blow
impg = tmpregnated sect = section(s)
ins = insulation{ed) Si - silicon
k = kilo = 1000 sil = silver
itn = linear taper sl = slide
log = logartthmic td = time delay
taper .Ti02 = titanium dioxide
mA = milti= 10-3 tog = toggle
M = megohms tol = toierance
ma = milliamperes tric = trimmer
r = micro = 10~6 twt = traveling wave
mfr = manufacturer tube
mtg = mounting var = vanabhle
my = mylar w/ = with
NC = normally W= watls
clpsed w/u = without
Ne = neon cmo = cabinet mount
NO = normally cpen only




' Table 6-3, Code List of Manufacturers
('NOC[))L MANUFACTURLR ADDRESS ngﬂ MANUFACTURER ADDRESS
00629 | EBY Stles Co, New York, N. Y, 06812 | Torcington Mfg, Co,, West Div,
00656 | Aercvox Corp. Now Bedford, Mass, Van Nuvs, Calif,
00853 | Sangamo Electric Company, 07137 | Transistor Electronics Corp,
Ordill Division (Capacitors} Marlon, ILL, Minneapohis, Mthn,
01121 |Allen Bradley Co. Milwaukee, Wis, 07138 | Westinghouse Electric Corp,
U1255 | Litton Industries, inc, . Electronic Tubn Div, Elmira, N.Y,
‘ Baverly Hills, Caltf, 07263 | Falrchild Samiconductor Div, of
01281 | TRW Semlconductors, inc. Fairchild Camera and Instrumant Corp,
Lawndale, Callif, Mountain View, Caltf.
01295 | Texas Instruments, Inc, Semiconductor- 07387 | Birtcher Carp, , The Los Angeles, Caltf.
Components Division Dallas, Texas 07397 | Sylvania Electric Producis Inc,
01686 | RCL Electronics, Inc, Manchester, N. H. Mountain View Operations of
01930 | Amerock Corp, Rockio.d, UL, Sylvania Electronic Systems
02114| Perroxcube Corp, of America Mountain View, GCalif,
Saugerties, N. Y. 07716 | International Resistance Co,
02606 | Fenwal Laboratories Morton Grove, Ill, Burlington, lowa
02660 | Amphenol~Borg Electronics Corp. 07910 | Continental Davice Corp, Hawthorne, Calif,
' " Broadview, Il 07933 | Raytheon Mfg. Co., Semliconductor Div,
0273< | Radto Corp, of Amarica, Commercial Mountain View, Calif,
Receiving Tube and Semiconductar Div, (8530 | Reliance Mica Corp, Brookiyn, N.Y.
Somerville, N.J. 08717 | Sloan Company Sun Valiey, Calif,
03508 ] G, E, Semiconductor Products Dept, 08730 [ Vemaline Products Co, Franklin Lakes, N.J.
Syracuse, N.Y, 08863 | Nylomatic Corp. Morrisville, Pa.
037971 Eldema Corp, Compton, Calif, 19182 | Hewlett-Packard Co., Harrison Divislon
03877} Transitroh Electronic Corp. . Berkeley Helghts, N. J.
Wakefield, Mass, 09353 | C & K Components Newton, Mass.
03888} Pyrofilm Resistor Co,  Cedar Knolls, N,J. 112361 CTS of Berne, Inc, Berne, Ind.
04009 | Arrow, Hart and Hegeman Electric Co, 11237 ] Chicago Telephone of California, Inc,
; Hartford, Conn, So. Pasadena, Calif,
04072 ADC Electronics, Inc, Harbor City, Calif, 11711 | General Instrument Corp., Semiconductor
04213} Caddell-Burns Mfg, Co, Inc, Prod. Group, Rectifier Div, Newark, N.J.
: Mineola, N.Y, 12136| Philadelphia Handle Co. . Inc,
04404[ Dymec Division of Camden, N.].
Hewlett-Packard Co, Palo Alto, Calif, 12697 | Clarostat Mfg. Co. Dover, N.H.
04713| Motorcla, Inc,, Semiconductor 14493] Hewlett-Packard Co,,
Products Division Phoenix, Arizona .Loveland Division Loveland, Colo,
05277]| Westinghouse Electric Corp. 14655} Cornell-Dubilier Elec, Carp. Newark, N.J.
- Semi=-Conductor Dept. Youngwood, Pa, 14936] General Instrument Corp, , Semiconductor
05347 Ultronix, Inc, Grand Junction, Colo, Prod. Group, Semiconductor Div,
06486| North American Electronics, lrc. Hicksville, N.Y,
Lynn, Mass, 15909 | Daven Div. of Thos. Edison Industries,
06540} Amathom Electronic Hirdware Co.l. Inc, McGraw Edison Co. Livingston, N.J.
' New Rochelle, N.Y, 16299 | Corning Glass Works,
06555 | peede Electrical Instrument Co., Inc. Electronic Components Div.
: ! Penacook, N.H. Raleigh, N.C.
06666 | coneral Devices Co,, Inc. | 16758 | Delco Radio Div. of General Motors Carp.
Indianapolis, Ind) Kokomo, Ind.
06751 17545 Inc.

Nuclear Corp, of America, Inc.,

U.S. Semcor Div., Phoenix, Arizona

Atlantic Semiconductors,
‘ Asbury Park, N.].
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Table 6-3, Caode List of Mapufacturers (Continued)
C;E"([))b[‘ MANUFACTURER ADDRIESS tﬁg.[' MANUPACTURER ADDRESS
19315 | The Bendix Corp., Eclipse Pioncer Div, 73138 | Heltpot Div, of Beckman Instruments, Inc,
Teterboro, N,J, Fullerton, Calif,
19701 | Electra Mfg, Co, Indcp‘endence. Kan, 73233 [Hughes Components Division of Hughes
21520 | Fansteel Metallu. jical Corp, Alrcraft Co, Newport Beach, Calif,
No, Chicago, IilL, 73445 famperex Elactronic Co, , Div. of Neoth
22229 | Union Carbide Corp.. Linde Div., Arerican Phillips Co., Inc,
Kemet Dept, Mountain View, Calif, Hicksville, NY,
22767 | ITT Semiconductors, A Division of 73505 |Bradley Semiconductor Corp,
International Telephone & Telegraph New Haven, Conn,
Corp. Palo Alto, Calif, 73559 [Carling Electric, Inc, Hartford, Conn,
24446 | General Electric Co,  Scheugctauy, N Y, 73734 |Federal Screw Products, Ine, Chicago, I,
24455 | General Electric Co,, Lamp Division 73978 |Hardwick Hindle Co, ,
Nela Park, Cleveland, Ohig Memcor Components Div, Huntington, Ind,
24655 | General Radio Co, West Concord, Mass, 74193 | Heinemann Electric Co, Trenton, N,].
28480 | Hewlett=-Packard Co. Palo Alto, Calif, 74545 | Harvey Hubbel, Inc, Bridgaport, Conn,
28520 | Heyman Mig, Co, Kenilworth, N.J. 74868 | FXR Div, of Amphencl-Borg
33173 | G, E., Tube Dept, Owensboro, Ky, Electronics Corp. Danbury, Conn.
35434 | Lectrohm, Inc, Chicago, Ill, 75042 | International Resistance Co,
37942 ] P,R. Mallory & Co,,Inc, Indianapolis, Ind, Philadelphia, Pa.
42196 { Muter Co, Chicago, Il 75183 { Howard B, Jones Div, , of Cinch Mig, Corp,
44655 | Ohmite Manufacturing Co, Skokie, III, {Use 71785) New York, N.Y,
47904 | Polaroid Corporation Cambridge, Mass, 75382 t Kulka Electric Corp. Mt, Vernon, N.Y.
49956 | Raytheon Mfg. Co., Microwave and 75915 | Littlefuse, Inc, Des Plalnes, 111,
Power Tube Div, Waltham, Mass. 76493 {]. W. Miller Co, Los Angeles, Calif,
55026 | Simpson Electric Co. Chicago, I, 76851 | Oak Manufacturing Co, Crystal Lake, IIi,
56289 | Sprague Electric Co, North Adams, Mass. 77068 {Bendix Corp, , Hendix-Pacific Div,
58474 | Superior Electric Co, Bristol, Conn, No. Hollywood, Calif,
61637 } Union Carbide Corp. New York, N.Y. 77221 | Phaostrea Instrument and Electronic Co,
63743} Ward-Leonard Electric Co, Mt, Vernon, N.Y, South Pasadena, Calif,
70563 | Amperite Co,, Inc, Union City, N.J. 77252 | Philadelphia Steel and Wire Corp.
70903 | Belden Mfg. Co, Chicago, Il1. Philadelphia, Pa,
71218 Bud Radio, Inc, Willoughby, Ohio 77142 |American Machine and Foundry,
71400 ) Bussmann Mfg, Div, of Potter and Brumfield Div, Princeton, Ind,
" McGraw=~Edison Co, St. Louls, Mo, 77630 | TRW Electronics, Components Div,
71450 | CTS Corporation ' Elkhart, Ind, Camden, N.].
71468 | I, T. T. Cannon Electric Inc, 77764 | Resistance Products Co, Harrisburg, Pa.
Los Angeles, Calif 78189 | Shakeproof Div. of [llinois Tool Works
71590 | Centralab Div, of Globe Union, Inc. Elgin, [L.
- Milwauker, Wis, 78148 | Stackpole Carbon Co. St. Marys, Pa,
71700 | The Cornish Wire Co. New York, N.Y, 78526 | Stanwyck Winding Co., Inc.
71744 | Chicago Miniature Lamp Works . Newhurgh, N.Y.
Chicago, III, 74553 | Tinnerman Products, Inc. Cleveland, Ohio
71785 | Cinch Mfg, Co, Chicago, Il, 79307 | Whitehead Metal Products Co., Inc.
71984 | Dow Corning Corp. Midland, Mich. New York, N.Y.
72619 | Dialight Corporation Brooklyn, N.Y, 79727 { Continental-Wirt Electronics Corp.
72699 | General Instrument Corp. . Philadelphla, Pa.
, Capacltor Div, Newark, N.J. 80031 | Mepco Div. of Sessions Clock Co.
72765 | Drake Mig. Co, Chicago, Ill, . Morristown, N.J.
72982 | Erie Technological Products, Inc, Erie, Pa, 80294 | Bourns, Inc. Riverside, Calif.
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Tahle 6-3. Gode List of Manufacturers {Continued)

~4

CNOC';"E MANUFACTURER ADDRESS C’SSE MANUFACTURER ADDRESS
81042 | Howard Industries, Inc. Racine, Wis, BB8140} Cutler-Hammer, Inc. Lincoln, IIl.
81483 | International Rectifier Carp. 89473 | General Electric Distributing Corp.
Ll Sequndo, Celif, Schenectady, N.Y,
81751 | columbus Blectronics Corp.  Yonkers, N.Y. 91345 | Miller Dial an¢ Nameplate Co.
82099 | Goodyear Sundries & Mechanical Co., Inc. El Monte, Calif.
New York, N.Y. 91637 | Dale Electronics. Inc. Columbus, Neb.
82219 | sylvania Electric Products, Inc., 91662 | Elco Corp. Willow Grove, Po.
Electronic Tube Diviston Emporium, Pa. 91929 | Honeywell, Inc., Micro Switch Div.
82389 | switchcraft, Inc. Chicago, Iil. Freeport, Il
82647 1 Metals and Controls, Inc,, 95532 | Sylvania Electric Prod., Inc., Semlcon-
Spencer Products Attleboro, Maoss. ductor Prod. Div, Woburn, Mass.
82866 | Research Products Corp.  Madison, Wis. 93410 | Stevens Mfg. Co., Inc. Mansfield, Ohio
82877 | Rotron Mfg. Co., Inc. Woodstock, N.Y. a4144 | Raytheon Co., Components Diwv., Industrial
82893 | Vector Electronic Co. Glendale, Calif. Components Qperation Quincy, Mass.
83058 | Carr Fastener Co. Cambridge, Mass. 94154 | Tung-Sol Electric, inc. Newark, N.J.
83186 | Victory Engineering Corp. Springfield, N.J. 94310 | Tru~-Chm Froducts, Memcor
~1248 | Bendix Corp., Red Bank Div. Eatontown, N.J. Components Div., Huntington, Ind.
1,130 | E :rman H. Smith, Inc. Brooklyn, N.Y. 95263 | Leecraft Mfg. Co., Inc.
83385 ] ~entral Screw Co. Chicago, Ili. Long [sland City, N.Y.
83501 | Gavitt Wire and Cabl» Co., Div. of 95354 [ Methode Mfg. Co, Chicago, Iil.
Arrcerace Corp, Breokfield, Mass., 96791 | amphenol Controls Div. of Amphenol-
82508 | Graut Pulley and Hardware Cu. Borg Electronics Corp. Janesville, Wis.
West M rack, N.Y. 98291} j Sealectro Carp. Mamaroneck, N.Y.
83594 | Burroughs Corp., Electronic . 98978 | International Electronic Research Corp.
Components Div. Mainfield, N.JI.[. Burbank, Calif.
53877 | Yordeny Laboratories, Inc. New York, N.Y. 99334 { Renbrandt, Inc. Boston, Mass.
84171 { Arco Electronics, Inc. Greot Neck, N.Y.
84411 | TRW Capacitor Div. Qgatllala, Neb.
86684 | Radio Corporation of America, Electronic THE FOLLOWING H-P VENDQRS HAVE NO NUM-
Components & Devices Div. BERS ASSIGNED IN THE LATEST SUPPLEMENT TO
Harrison, N.]J. THE FEDERAL SUPPLY CODE FOFP MANUFAC-~
87034 | Marco Industries Co. Anahelm, Calif. TURERS HANDBOOK.
87216 | Philco Corp. (Lansdale Div.) Lansdale, Pa.
87585 ]| Stockwell Rubber Co., Inc. .
_ Philadelphla, Pa. 0000 |Cooltron Qakland, Calif.
87929 | B. M. Tower Co., Inc. Bridgeport, Conn. 00000 Brooklyn, N.Y.

Plastic Ware Co,




Reference Mifr. Part # MMILr. &
Designator  Tescr ption Quantity or Tvpe My, Cade Ctock No. RS
Cl fxd, clesc? Suf 63vde 1 n33684 HI AB 09182 t188-1836 1
C2.18 fxd, film .01pf 200vdc 2 192P1C192 orague 56289 0160-0161 1
1 fxd, film 0. 1pf 200vde 1 192P104' 2 Sprague 56289 0160-~-0168 1
C‘i) 6‘81113

13,15,17 NOT ASSIGNED - - - - - -
C5 fxd, film .00Lpf 200vd 1 192P102492 Spraguc 56289 0160-0153 1
C9 fxd, elect 4. 7pf ISvde 1 1500475890352 Sprague 56289 0180-0100 1
Clo fxd, elect 100uf S0vdc 1 HLAB 09182 0180-1852 i
Cl2 fxd, elect 325pf l5vde 1 HLAB 09182 0180-0332 i
Cl4 fxd, eiacct 1600pf 85vde 1 HLAB 09182 0l180-1986 1
Clé fxd, ceramic . 05uf 500vdc 1 33CI7A Sprague 56289 0150-0052 1
C19 fxd, elect 20pf 200vdc 1 HLAB 09182 0180-0367 l
C20 fxd, elect 490pf 65vdc 1 HLAB 09182 G180-1856 1
CRI‘S;ZO)

30,32 Rect. si. 200ma 200pry 250 mW 8 HLAB 09182 1901-0033 6
CR6-10,

12-16,18,

19,21,31,

33,35 NOT ASSIGNED - - - - - -
CR11,17,

22-29,34 Rect. si. 900ma 200prv 11 1N5059 G.E. 03508 1901-0327 7
Ds1 Lamp, neon part of s, ass'y Ref HLAB 09182 2140-0244 |
Fl Fuse cartridge 2A@ 250V 3AG ] 312002 Littlefuse 73915 2110-0002 5
Ql1,2,11 SS NPN Diff AMP si. 3 HLAB 09182 185-4-0229 K
Q3,5,8,10,

12,14,15 85 PNP s1. 7 MPS 6517 Maotorola 04713 1853-0099 6
Q4 PNP si. POWER 1 M] 2268 Motorola 04713 1853-0063 1
Q6,7 NPN si. POWER 2 ! _ HLAB 09182 1854-0228 2
Q9,17 S5 NPN si. 2 4JX16A1014 G.E. 03508 1854~00Q71 2
Q13,16 _ NOT ASSIGNED - - - - - -
Rl fxd, ww 1Ka 5% Jw 1 242E1025 Sprague 56289 0813-000} 1
R2,22,23,

86 fxd, met. film 6.2 x1%1/8w 4 : Type CEAT-O I.R.C. 07716 0698-5087 |
R3 fxd, met. film 15Kn21%1/Bw 1 Type CEA T-O I.R.C. 07716 0757-0446 1
R4,64,65 fxd, met. film 20Kn£1% /B w 3 Type CEA T-O I.R.C. 07716 0757-0449 1
R5,26,29,

76,77 fxd, met. film 1. 5K~21% 1/8w 5 Type CEA T-O 1.R.C. 07716 0757-0427 1
R6,25 fxd, comp 360Ka 5% 3w 2 EB-3645 A.B. 01121 0686-3545 1
R7,61 fxd, met. film 61, 9Kn 1% 1/8w2 Type CEA T-O I.R.C. 07716 0757-0460 1
R8,28 fxd, comp 560Kn £5% w 2 EB-5645 A.B. 01121 0686-5645 1
R9,11,

35-37,48,

53,79, .

81-83 NOT ASSIGNED - - - - - -
R10 var. ww 10Kn 10 TURN 1 HLAB 0s182 2100-1806 1
R12 fxd, ww 1. JKn £5% 3w 1 242E1325 Spraguc 56289 0811-1803 1
R13,19 fxd, comp SELECTED #5%%tw 2 Type EB A.B. 01121 1
R14 fxd, comp 3, dn £5% 1w 1 EB-0335 A. B, 011z1 0686-0335 1
R15,17 fxd, comp 200Ka 5% jw 2 EB-2045 A.B. g0l121 0686-2045 1
R16 var. ww 1Kn 10 TURN 1 HLAB 09182 2100-1864 1
R18 fxd, ww 6. 8Kn 5% 3w 1l 242E6825% Sprague 56289 0811-0960 1




St C A TR 1 e ¥ ITREE i B Lot
Reference Mfr. Part # Mfr. &
Designator _ Description Cuantity or Type Mir, Code Stock No, RS
R20 fxd, met, film 1K, £1% *}w 1 Type CEB T-O [.R.C. 07716 0757-0338 1
R21 fud, comp 39~ £5% %w 1 EB-3905 A B. gl1zl 0686-3905 1
R24 fxd, met, film 4, 75Ka k1% /8w 1 Type CEA T-O I.R.C. 07716 0757-0437 1
R27,32 fxd, ww .51 5% 2 Type BWH ILR.C, 07716 0sii-0929 1
R30 var, ww SKa (Modify) | Type 110-F4 C.T.58 11236 2100-1824 |
R31 fxd, comp l1Kn £5% *‘;—w 1 EB-1025 A, B, 01121 0686-1025 1
R33, 38 fxd, comp 10Ka 25% $w 2 EB-1035 A.B, 01121 0686-1035 1
R34 fxd, comp 150a 5% -}w 1 EB-1515 A, B, 01121 0686-1515 1
R39 fxd, met, film 1, 21Ka£1% /8w 1 Type CEA T-O I.R.C, 07716 0757-0274 1
R40,57, 60,

62 fxd, met. film 900, x1% /8w 4 Type CEA T-O ILR.C. 07716 0757-1099 1
R4I fxd, comp 12Ka iS%%w 1 EB-1235 A.B, 01121 0686-1235 1
R42 fxd, comp 6, 8Ka 25% }w 1 EB-6825 A.B. 01121 0686~6825 1
R43 fxd, met, film 422, £1% 3w 1 Type CEB T-O I.R.C 07716 0698-4590 1
R44 fxd, comp 47Ka 25% 1w 1 EB~4735 A.B, 01121 0686-4735 1
R45 fxd, comp 5. 1Kn £5% {-w 1 EB-5125 A.B, 61121 0686-5125 1
R46 fxd, comp 100K~ £5% %w 1 EB~1045 A B, 01121 0686-1045 1
R47 fxd, comp 470n £5% J.;w 1 EB-4715 A.B. 01121 0686-4715 1
R49 fxd, ww I, SK25% 5w 1 Type 5XM W. L. 63743 0811--1863 1
RS5O fxd, comp 10a £5% %w 1 EB-1005 A. B, 01121 0686-1005 1
R51 fxd, comp 30Kn 5% 4w 1 EB-3035 A.B. 01121 0686-3035 1
R52 fxd, comp 22Ka 25% $w 1 EB-2235 A.B. 01121 0686-2235 1
RS54, 55 fxd, ww 24 %, 5% Bw 2 Type T-7A R.C.L, 0l686 0811-2141 1
R56 var. ww 1K (Modify) 1 Type 110-F4 C.T.S. 11236 2100-0391 1
R58,59 fxd, met. film 100, £1% V8w 2 Type CEA T-O LR.C, 07716 0757-0401 1
R63 var, ww 10Ka 1 Type 110-F4 C.T.S. 11236 2100-0396 1
R66,67 fxd, met. film 3. 40K 21%3w 2 “Type CEB T-O I.R,C. 07716 0698-4642 1
RES, 69 fxd, met. film 365~ £1% $w 2 Type CEB T-O I.R.C. 07716 0757-0723 1l
R70,71,75,

85 fxd, met, film 3Fa £1% /8w 4 Type CEA T-O I.LR.C. 077106 0757-~1093 2
R72 var. ww 250, {Modify) 1 Type 110-F4 C.T.85. 112306 2100-0439 1
R73 ' fxd, met. film 750, 1% 1/Aw 1 Type CEA T-O I.R.C. 07716 0757-0420 1
R74 fxd, met, film 9, 09Kn21% L/Bw 1 Type CEA T-O I.R.C. 07716 0757-0288 1
R78 var. ww 3Kn (Modify) 1 Type 110-F4 C.T.5. 11236 2100-1823 1
R8O fxd, comp 33Kn 5% 1w 1 EB-3335 A.B, 01121 0686-3315 1
R84 fxd, comp 300 5% 4w i EB-3015 A.B. 01121 0686-3015 1
s1 Switch P, L. (red) ON/OFF

SPDT ‘ 1 .54-61681-26 AlH Oak 87034 3101-0100 1
s2 Switch {concentric shafts)
Meter, range rotary 1 HLAB 09182 3100-1912 l
T1 Power Transformer 1 HLAB 09182 9100-2174 1
VR1, 2 Diode, zener 6, 2V 2 1NB821 N.A, Elect, 06486 1902-0761 2
VR3 Diode, zener 4, 22V 400mW 1 HLAB 09182 1902-3070 |
VR4 Diode, zener 4, 3V 1 WATT 1 1N4731A Motorola 04713 1
]
Blank half panel -~ front
6X5 SM 1 HLAB 09182 5000-0725
Panel - front 1 HLAB 09182 5000~6137
Panel - rear 1 HLAB 09182 06220-00001
Heat 8ink K HLAB 09182 06220-20001
Bracket - P, C, Board 8 HLAB 09182 5000-6140
Bracke. - Transformer 2 HLAB 09182 5000-6139
Shield - Transformer 1 HLAB 09182 5000-6141

e I AR g v = o P
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Reference Mfr, Pait & Mir. ki
Designator  Description Quantity ur Type Mir, Codo Stock No, R3
Cover - sida . HLAB gulagz2 3N00-0703
Cover - hottom 1 HLAB 09182 5000-6163
Cover - top 1 HLAB 09182 5060-0712
Jumper 7 422-13-114013 Cinch 11785 0360-1274 2
Fastener 4 Co800-632 24B Tinnerman 78553 0580-0039 1
Fastener 6 C8091-632 248 Tinnerman 78553 0510-0275 2
5 Way binding post (maroon) 1 BF 21 HLAB 09182 1510-0040 1
5 Way binding post 2 DF 21 BC Superior 58474 1510-0039 i
Cable clamp 2 T4-4 Whitchead 79307 1400-0330 1
Line cord 74" plug PH151 1 KH~3096 Beldon 70903 B8120-0050 1
Strain reltef bushing 1 SR-5P-1 Heyco 28520 0400-0013 1
Knab - pointer 17/64 insert 1 HLAB 09182 0370-0101 1
Knob - 5/8 dia, 1 insert 2 HLAB 04182 0376-0137 1
Knob - bar 1/8 insert pointer 1 HLAB 09182 0370-0102 1
Fuse holder 1 342014 Littlefuse 759135 1400-0084 1
Lockwasher 1 1224-08 Shakeproof768189 2190-0037 }
Nut 1 903-12 Littlefuse 75915 2950 -0038 1
Washar - neoprene 1 901~2 HLAB 03182 1400-0090 1
Captive nut q CLA-632-2 PennEng 46384 (590-0393
Mica insulator 3 734 Reliance (8530 0340-0174 1
Insulator - transistor pin 6 HLAB 09182 0340-0166 2
Insulator 6 HLAB 09182 0340-0161 2
Standoff 4 8-32X1" LG. HLAB 09182 0380-0721 4
Barrier strip 7 TEFM, 1 Type 599 with
600V bent ltg  HLAB na1g2 -0360-1444 1
Barrier strip 6 TERM. 1 Type 599 with
600V S4 bent lug HLAB 09182 0360-1445 1
Meter 41" 0-60 volts
0-1.2 amps 1 HLAB 09182 1120-1343 1
OPTIONS
13 Voltage Decadial Control ! {Inciudes:)
Decadial Assembly I RD-411 IRC 07716 1140-0020 1
14 Current Decadial Control 1 {(Includes:) ‘
1 RD-411 IRC 07716 1140-0020 1

Decadial Assembly ‘
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MANUAL CHANGES
Madel 6220B DC Power Supply
Manual Serial Number Prefix 7A

Make all corrections tn the manual according to errata below, then check the following table for your power
supply seria] number and enter anc listed changels) in the manual,

SERIAL MAKL. In Table 1-1 (Specifications), on Page 1-1 change
CW\N(E!"S the specification for constant current ripple and !
Prefix Number -2 rotse 10: "Less than 300phems, 1mh pep (de to
A gr41 - 0190 ¥ 2OMHzZ)," :
A 0193 - up 1,2
ALL - Errata 4227270
CHANGE 1:

In the replaceable parts table, and on the sche-
matic, make the following changes:
Q6,Q7: Change to 1P Part No, 1854-0239,
RB84: Change to 3Ka, IW.

. CHANGE 2:

' In the replaceable parts table, make the following
<hanges:
R40: Delete resistor R40,
R62; Change to 750, }/8W, HP Part No, 0757-

0420,

R63: Change to 5Ka potentiometer, HP Part No,
2100-1824,

R64, R65: Change to 12Ka, 1/68W, HP Part No.
0698-5188,

VRS: Add new zener diode, VRS, (4.22V) HP Part
No. 1902-3070.

On the sclien.atic, delete reststor R4O In the meter
circuit and connect VRS in its place, Anode of
VRS to base of Q15 and cathode to +12,4V,

ERRATA:

Cn the component location diagram at the 1con oi
the manual, reverse ceolle¢tor {C) and emitter {E)
designationz for Q2A and Q2B. ! \

' Q3,5,8,10,12,14,15: Change o ZN2907A,
Sprague, 56289, hP Part No, 1853-1099,

On Figure 3~4, remove the strap betweoen AS a.nd
A7,

2n Figure 3-u, remove the strap between A4 and

AS. :
@ R31: Change to 200, £5% W, AB, HP Part No, !
0686-2015.
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