remaining components of the feedback loop, Re-
sistor R1, in series with the base of QlA, limits
+he curreni through the programming re sistor during
rapid voltage turn—down. Diocdes CR1 and CR2
form a limifing network which prevent excessive
voltage excursions from over driving stage QlA. -
Capacitors C1 and C2, shunting the programming
resistors, increase the high frequency gain of the
input amplifier, Resistor R13, shunting pullout
resistor R12, serves as a trimming adjustment for
the programming current,

4-20 CONSTANT CURRENT INPUT CIRCUIT

4-21 This circuit is similar in appearance and op=
aration to the constant voltage input circuit, It
consists bagically of the current programming re-
sistors R1GA and B, and a differential amplifier
stage (Q2 and associated compenents), Like
sransistor Q1 in the voltage input circuit, Q2 con-
sists of two transistors, having matched charac-
teristics, that are housed in a single package.

4-22 The constant current input circuit continu-
ously compares a fixed reference voliage with the
voltage drop acress the current sampling resistors
R54 and R55. If a difference exists, the differen-
+ial amplifier produces an error voltage which is
proportional to this difference. The remaining
components in the feedback loop (amplifiers and
series regulator) function to maintain the drop
across the current sampling resistors, and conse-—
quently the output curreni, at a constant value.

4-23 Stage QZB is connected to a common (+8) po-
tential through impedance equalizing resistor R26.
Resisiors R25 and R2B are used to zero bias the in-
put stage, offsetting minor base -to-emitter voliage
differences in Q2. Instantaneous changes in out-
put current on the positive line are felt at the cur-
rent summing point and, hence, the base of Q2A,
Stage Q2A varies its ccnduction in acgordance
with the polarity of the change at the summing
point. The change in (2A's conduction also varies

“the conduction of Q2B due to the coupling effects

of the common emitier resistor, R22. The error
voliage is taken from the collector of Q2B and fed
back to the series regulator through OR-gate diode
CR4 and the remaining components of the feedback
loop. The error voltage then varies the conduction
of the regulater so that the output curreni is main—
tained at the proper level.

4-24 Resistor R20, in conjunction with R21 and C3
helps stabilize the feedback loop. Dicde CRS lim-
its voltage excursions on the base of Q2A, Resis-
tor R19, shuntingthe pullout resistor, serves as a
trimming adjustment for the programming current
flowing through R16.

4-25 VOLTAGE CLAMP CIRCUIT

4-26 During consiant current operation the con-
stant voltage programming resistors are a shunt
load across the outputterminals of the power sup-
ply. If the output voltage changed, the current
through these resistors would tend to change re-
sulting in an output current change. The clamp
circuit ig a return path for the voltage programming
current, the current thatnormally flows through the
programming resistors, The circuit maintains the
current into the constant voltage summing point
(AG) constant, thus eliminating the error due to
shunting effects of the constant voltage program-—
ming resistors.

4-27 The voltage divider, R51, R52, and VR3,
back biases CRR0 and Q10 during constant voltage
oparation., When the power supply goes into con-
stant current operation, CR30 becomes forward
biased by the collector voltage of QlA. This re-
sults in conducticn of Q10 andthe clamping of the
summing point at a potential only slightly more
negative than the normal constant voltage potential,
Clamping this voltage at approximately the same
potential that exisis in constant voltage operation,
results in a constant voltage across, and conse—
guently a constant current through the pullout re-
sistor {R12). .

4-28 MI{ER AND ERROR AMPLIFIERS

4-29 The mixer and error amplifiers amplify the
error signal from the ccnstant voltage or constant
current input circuit to a level sufficient to drive
the series regulator transisiors. The emitter bias
potential for mixer amplifier Q3 is established by
the emitter followar, Transistor Q3 receives the
error voltage input from either the constant voliage
or constant current circuit via the OR-gate diode
{CR3 or CR4) that is conducting at that time.
Diode GR3 is forward biased, and CR4 reversed
biased, during constant voliage operation. The
reverse is true during consiant current operation.

4-30 The RC network, composed of CS and R30, is
an equalizing netwerk which provides for high fre-
quency roll off inthe lcop gain response in order to
stabilize the feedback loop. Emitter follower tran-
sistors Q4 and Q5 are the error amplifiers serving
as the driver and predriver elements, respectively,
for the series regulator, Transistor Q4. together
with dicde CR17, providss a low resistance dis-
charge path for the output capacitance of the power
supply during rapid down programming.

4-31 REFERENCE CIRCUIT

"~ 4-32 The reference circuit is a feedback power

4-4



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 smoothed DC obtained from the full
wave rectifier {CR22 and CR23} andfilter capacitor
C10. The +6.2 and -6.2 voltages, which are used
in the constant voliage and current input circuits
for comparlson purposes, are developed across
temperature compensaied Zener diodes VR1 and
YR2. Resistor R43 limits the gurrent through the
Zener diocdes 10, establish an optimum bias level,

4-33 The requlating circuit congists of series reg-
ulating transistor Q9 and error amplifier Q8. Oul-
put voltage changes are detected by Q8 whose base
is connected to the junction of a voltage divider
(R41, R42) connected directly across the supply. Any
error signals are amplified and inverted by Q8 and
applied to the hase of series transistor Q9. The
series element then alters its conduction in the
direction and by the amount necessary to maintain
the voltage across VR and VR2 constant, Resistor
R46, ihe emitter resistor for Q8, is connected in a
manner which minimizes changes in the reference
voltage caused by variations in the input line.
Outpui capacitor 9 stabilizes the regulater loop.

4-34 METER CIRCUIT

4-35 The meter circuit provides continuous indica-
tions of ouiput voltage or current on a single multi-
ple range meter. The meter can be used either as a
voltmeter or an ammeter depending upon the position
of the METER switch 89 on the front panel of the
supply. This switch aiso selects one of two meter
ranges on each scale. The meier circuit consists
basically of & selection circuit (switch 32 and asso~
ciated voltage dividers), stable differential amplifier
stages (Q11, Q12, and Q14), and the meter move-
ment.

4-36 The selection circuit determines which volt-
age divider is connected to the differential ampli-
fier input. ‘When the METER section of 82 is in
one of the voltage positions, the voltage across
divider R59, R60, and RE1 (connected across the
output of the supply) is the input to ihe differen-
tial amplifier.

4-37 When 82 is in one of the current positions
the voltage across divider R56, R57, and R58 is
the input to the differential amplifier. Note that
this divider is connected across the sampling re-
gistor network. The amplified output of the differ-
ential amplifier is used to deflect the meter.

4-38 The differential amplifier is a stable device
having a fixed gain of ten., Stage Ql1B of the am-
plifier recelves a negative voltage from the appli-

cable voltage divider when S2 is in one of the
voltage positions while stage Q113 is connected
to the +83 {common) terminal. With 82 in a current
position, stage Q11A receives a positive voltage
from the applicable voltage divider while stage
Q11B is comnected to the +5 rerminal. The differ-
ential output of the amplifier is taken from the
collectors of Q12 and Ql4, Transistor QlS is a
constant current source which sets up the proper
bias current for the amplifier. Potentiometer R63

permits zeroing of the meter.

4-39 The meter amplifier contains an inherent
current limiting feature which protects the meter
movement against overloads. Tor example, if
METER swiich 52 is placed in the low current
range when the power supply is actually deliver~
ing a higher ampere output, the differential ampli-
fiers are quickly driven into saturation limiting the
current through the meter to & safe valua.
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Figure 4-3. Voltmeter Connections,
Simplified Schematic
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Pigure 4-4. Ammeter Connections,
Simplified Schematic

4-40 TFigures 4-3 and 4-4 show the meter connec-=
tions when the METER section of 852 is in the
higher voltage and currant range positions,respec-
tively. For the sake of simplicity, some of the



actual circuit components are not shown on these
drawings. With the METER swiich in the higher
voltage range, position 2, the voltage drop across
RS9 is the input to the meter amplifier and the
meter indicates the output voltage across the +8
and -S terminals. For low output voltages, 82 can
Le swiiched to the low voltage position (1) result-
ing in the application of & larger percentage of the
output voltage (drop across R59 and R60) to the
meter amplifier,

4-5

4-41 As illustrated in Figure 4-4 with the METER
switch in the high current position (3) the voliage
drop across R58 is applied to the meter amplifier
and the meter indicates the output current which
flows through the sampling resistor network. For
low values of output current, the METER switch
can be setto position 4and the voltage drop across
R57 and RSB is applied to the meter amplifier,



BECTION V
MAINTENANCE

5-1 INTRODUCTION

5-2 Upen receipt of the power supply, the per-
formance check {(Paragraph 5-10) should be made.
This check is suitable for incoming inspection, If
afault is detected inthe power supply while making
the performance check or during normal operation,
proceed to the troubleshooting procedures (Para-
graph 5-41), After troubleshooting and repair {(Para-
graph 5-46), perform any necessary adiustments
and calibrations (Paragraph 5-48), Before returning
the power supply to normal operation, repeat the
performance checkto énsure that the fault has been
properly corrected and that no other faults exist,
Before deing any maintenance checks, turn on pow-
er supply, allow a half-hourwarm-up, and read the
general information regarding measurement tech-
niques (Paragraph 5-3).

5-3 CGENERAL MEASUREMENT TECHNIQUES

5-4 The measuring device must be connected
across the sensingleads of the supply or as close
tothe outputterminals as possible when measuring
+he output impedance, transient response, regula-
tion, or ripple of the power supply in order to
achieve valid measurements, A measurement made
acrose the load includes the impedance of the leads
i5 the load and such lead lengths can easily have
an impedance several orders of magnitude greater
than the supply impedance, thus invalidating the
measurement,

5-5 The monitoring device should be connected
to the +8 and -8 terminals (see Figure 3-2) or as
shown in Figure 5-1. The performance .characteris—
tics should never be measured on the front terminals
if the load is connected across the rear terminals.
Note that when measurements are made atthe front
terminals, the monitoring leads are connected at A,
not B, as shown in Figure 5-1, Failure to connect
the measuring device atA willre sultin a measure-
ment that includes the resistance of the leads be-
tween the outputterminals andthe point of connec-
tion, ‘

5-6 For outpui current measurements, the current
sampling resistor should be a four-terminal resis-

OUTPUT TERMINAL
B

LOAD LEAD—'E

MONITOR HERE

Figure 5-1. TFront Panel Terminal Connections

ror, The four terminals are connected as shown in
Figure 5-2. In addition, the resistor should be of
the low ncise, low temperature coeificient {less
than 30ppm/CC) type and should be used at no
more than 5% of its rated power sothat its temper-
ature rise will be minimized.

CURRENT SAMPLING
TERMINALS

EXTERNAL
LDAD

TO UNGROUNDED
TERMINAL OF
POWER SURPPLY

T0O GROUNDED
TERMINAL OF

SAMPLING POWER SUPPLY
RESISTOR

L.OAD
TERMINALS

Figure 5-2. Output Current Mea surement Technique

5-7 When using an oscilloscope, ground one ter-
minal of the power supply and then ground the case
of the oscilloscope to this same poini. Make cer-
tain that the case is not also grounded by some
other means (Power line). Connect both oscillo-
scope input leads to the power supply ground termi-
nal and check that the oscilloscope is not exhibi-
ting aripple or transient due to ground loops, pick-
up, or other means,

5-8 TEST EQUIPMENT REQUIRED

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



Table 5-1. Test Equipment Required

i REQUIRED JSE RECOMMENDED
TYPE CHARACTERISTICS MODEL
Differential Sensitivity: 1mV full scale (min. ). Measure DC voltages; 3 3420 (See Note)
Voltmeter Input impedance: 10 megohms {min.).| calibration proceadures
Variable Range: 90-130 volts. Equipped with Vary AC input -
Voliage volimeter accurate within 1 volt.
Transformer

AC Volitmeter

Oscilloscope

Oscillator

DC Voltmeier

Repetitive
Load Switch

Resistive
Loads

Current
Sampling
Resistor

Resistor

Resistor

‘Resistor

Resistor

Capacitor

Decade
Resistance
Rox )

Accuracy: 2%, Sensitivity: 1mV full
ecale deflection {min.)."

Sensitivity: 100pv/cm, Differential
input.

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

Accuracy: 1%. . Input resistance:
20, 000 ohmse/volt (min, ).

Rate: 60-400 Hz, Zpsec rise and
fall time,

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

6253A, 6284A; 0,33~
6255A, 6289A: 0.66a
6281A: 0. 2
6254A: ln

1K +1%, 2 watlt non-inductive,
100 ohms, #£5%, 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: 0-500K. Accuracy: 0.1%
plus 1 ohm. Make-before-break
contacts.

Measure AC voltages and
ripple

Display transient response
waveforms

Impedance checks
Measure DC vcltages

Measura iransient
response

Power supply load resis-
tors '

Measure current; calibrate
meter; cc ripple and noise

Measure impedance
Measure impedance

Calibrate programming
current

Calibrate programming
current

Measure impedance

Measure programming
coefficients

@ 4038

@ 140A plus 14004
plug-in, 14024
plug~-in for spike
measurements only,

¢z 200 CD

¢ 4128

See Figure 5-B,

See Parts List
R54 (R55)

NOTE

A satisfactory substitute for a differential volimeter is to arrange a refarence voliage
source and null detector as shown in Figure 5-3. The reference voltage source is ad-
justed so that the voltage difference between the supply being measured and the refer-
ence voltage will have the required resolution for the measursment being made. The
voltage difference will be a function of the null detector that is used. Examples of sai-
isfactory null detectors are: @ 41 9A null detector, a d¢ coupled oscilloscope utilizing
differential input, or a 30mV meter movement with a 100 division scale. For the latter,
a 2mV change in voltage will result in a meter deflecticn of four divisions.

5-2




-CAUTION-

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

POWER SUPPLY REFERENCE
UNDER TEST VOLTAGE
SOURCE
_ s ﬁ}
0o P00
LOAD
NULL
DETECTOR
-+
0
Figure 5-3. Differential Voltmeter Substitute,

Test Setup

5-10 PERFORMANCE TEST

5-11 The following test can be used as an incom-
ing inspectioncheck and appropriate portions of the
testcan be repeated either tocheck the operation’of
the instrument after repairs or for periodic mainte-
nance tesis. Thetestsare performedusinga 115Vac
£0Hz, single phase inputl power source. If the cor—
rect result is not obtained for a particular check.
do not adjust any controls; proceed to trouble-~
shooting (Paragraph 5-41),

5-12 CONSTANT VOLTAGE TESTS

5-13 Rated Cutput and Meter ACCUracy.

5-14 Voltage. Proceed as follows:

, a. Connect lpad resistor across rear ouiput
werminals of supply. Resistor value to be as fol-
lows:

Model 52534 6255A 62B1A 6284A 62894 62344
Resistance 6n 26n 1.5 6n 26n €0a

. Connectdifferential voltmeter across +8
and ~Sterminals of supply observing correct polar-
ity.

o. Set METER swiich to highest voliage
range and turn on supply.

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

e. Differential voltmeter should indicate
maximum rated output voltage within =2%.

5-3

5-15 Current, Proceed as follows:

a. {onnect test setup as shown in Figure
5-4 lsaving switch 81 open,

b. Turn CURRENT controls fully clockwise,

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

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

e. Differential voltmeter should read 1. 0«
0, 02 Vdc.

POWER SUPPLY a1
UNDER TEST
+ =
QO O
LoaD DIFFERENTIAL
RESISTOR VOLTMETER
-+
CURRENT 2
SAMPLING oa
RESISTOR

MODEL NO. RES|STANCE [OHMS)
Rx Ry
£253A,6284A | 0.33 6
62554,6269A | 0.66 26
62Bla, 0.2 13
62944 Lo 59
Tigure 5-4. Output Current Test Setup

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

a. Connecttestsetup as shown inFigure 5-5.
b. Turn CURRENT controls fully clockwise.
c. Set METER switch to highest current

range and turn on supply.

4. Adjust VOLTAGE control{s} until front
panel meter indicates exactly the maximum rated
ouiput voliage.

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

f. Disconnect load resistors,

g. Reading on differential voltmeter should
not vary from reading recorded in stepe by more
than the following:

Model No, 6253A, 6284A B2Z55A, 6Z2B9A
Variation (mvdc) *6 +6
Model No. G281A 6294A
Variation {mvdc) £5 8

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




representation of the neise, since fairly high out-
put noise spikes of short duration could be present
in the ripple and not appreciably increase the RMS
value,

5-20 'The technigue usedtomeasure highfrequency
noise or "spikes" on the output of a power supply
is more critical than the low frequency ripple and
noisze measurement technique; therefore the former
is discussed separafely in Paragraph 5-28,

POWER SUPPLY
UNDER TEST
4 -
n° (
\ MoDEL NO.  |RESISTANCE(OHMS)
R Ry Ry
X 62534, 62844 | 0.33 &
6255A,62894 | D.66 26
o 6281A 0.2 13
¥ 62944 1,0 59

LOAD RESISTORS

DIFFERENTIAL
VOLTMETER

/

Figure 5-5. Load Regulation, Constant Voltage
Test Setup

a. Connect variable auto transfiormer between
input power source and power supply power input.
b. Turm CURRENT controls fully clockwise.
¢. Connect test setup shown in Figure 5-3.
d. Adjustvariable auto transformer for 105Vac
input.
i e. Set METER switch to highest voltage
range and turn on supply.

f, Adjust VOLTAGE control{s) until front
panel meter indicates exacily the maximum rated
output voltage.

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

h. Adjustvariable auto transformer for 125Vac
input.

i. Reading on differential voltmeter should
not vary from reading recorded in step g by more
than the following:

Model No. 6253A, 62B4A G255A, 62B0A
Variation {(mVdc) +4 %5
Model No. 6281A £294A
Variation (mvde) +2.75 +8

5-18 Ripple and Noise. Ripple andnoise measure-
ment can be made at any input AC line voltage
combinedwith any DC output voltage and load current
within rating.

5-19 The amount of ripple and noise thatis present
on the power supply output is measured either in
terms of the RMS or (preferably} peak-to-peak value.
The peak-to-peak meagurement is particularly im-
portant for applications where nolise spikes could
be detrimental to a sensitive load, such as logic
circuitrv. The RMS measurement is not an ideal

5-4

POWER SUPPLY CASE OSCILLOSCOPE CASE
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A. INCORRECT METHOD-GROUND CURRENT Ig PRODUCES 60
CYGLE DROP IN NESATIVE LEAD WHICH ADDS TO THE POWER
SUPPLY RIPPLLE DISPLAYED ON SCOPE.
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POWER SUPPLY CASE 0SCILLOSGOPE CASE
AC R AC
AGS F Acc
BND BRD
=5 , 4
TR e D vERTIGAL
L &M __BREAK L INFUT
GND
PATH

B. A CORRECT METHOD USING A SINGLE-ENDED SCOI;‘E.
BUTPUT FLOATED TO BREAK GROUND CURRENT LOOR TWISTED
PAIR REDUGES STRAY PICKUP ON SGOPE LEADS.

POWER SUPPLY CASE 0SCILLOSCOPE CASE
AC AC
ACC % RL E—l: ACC
GND GND
Mg » =0
- - VERTICAL
= _(-fr%, INPUT

C. A CORRECT METHOD USING A DIFFERENTIAL SCOPE WITH
FLOATING INFUT GROUND CURRENT PATH IS BROKEN; COMMON
MODE REJESTION OF DIFFERENTIAL INPUT SCOPE IGNORES
DIFFERENCE . IN GROUND POTENTIAL OF POWER SUPPLY &
SGOPE: SHIELDED TWC WIRE FURTHER REDUCES STRAY
PICK-UP ON SCOPE LEADS.

Tigure 5-6. CV Ripple and Noise Test Setup

5-21 Ripple and Noise Measurements. Figure 5-6A
shows an incorrect method of measuring p-p ripple.
Note that a continuous ground loop exists from the
third wire of the input power cord of the supply 1o
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
nowsr supply and the vertical input of the scope,
and the grounded scope case. Any ground current



circulating in this loop as a re sult of the difierence
in potential Eq between the two ground points
causes an iR drop whichisin series with the scope
input. This IR drop, normally having a 60Hz line
frequency fundamental, plus any pickup on the un-
chielded leads interconnecting the power supply and
scope, appears on the face of the CRT. The magni-
sude of this resulting noise signal can easily be
much greater than the true ripple developed bestween
the plus and minus output terminals of the power
supply, and can completely invalidate the measure-
mernt.

£-22 The same ground currentand pickup problems
can exist if an RMS voltmeter is substituted in
place of the oscilloscope in Figure 5-6, However,
+he oscilloscope display, unlike the true RMS
meter reading, tells the observer immediately
whether the fundamental period of the signal dis-
played is 8. 3 milliseconds (1/120Hz) or 16. 7
milliseconds (1/60Hz}, Sincethe fundamenial rip-
ple fregquency present on the output of an @ supply
is 120 Hz (due to full-wave rectification), an os-—
cilloscope display showing a 120 Hz fundamental
component is indicative of a "clean" measurement
setup, while the presence of a 60 Hz fundamental
usually means that an improved setup will re sult
in a more accurate (and lower) value of measured
ripple.

5-23 Figure 5-6B shows a correct method of mea-
suring the outpui ripple of a constant voltage pow-
er supply using a single—ended scope. The ground
lcop path is broken by floating the supply output.
Note that to ensure that no potential difference
exists between the supply ané the oscilloscope, it
is recommended that whenever possible they both
be plugged into the same AC power buss. If the
same buss cannot be used, both AC grounds must
be at sarth ground potential.

5-24 Either a twisted pair or (preferably) a shield-
ad two-wire cable should be used to connect the
cutput terminals of the power supply to the vertical
input terminals of the scope. When using a twist—
ed pair, care must be taken that one of the two
wires is connected to the grounded input terminal
of the oscilloscope. When using shielded two-
wire, it is essential for the shield to be connected
to ground at one end only so that no ground current
will flow through this shield, thus inducing a
noise signal in the shielded leads.

5-25 To verify that the oscilloscops is not dis-
playing 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
tarminalg, The ripple value obtained when the
leads are shorted should be subtracted from the
actual ripple measurement,

5-5

5-26 In most cases, ihe single-ended scope
method of Figure 5-6B will be adeguate to elimi-
nate non-real compenents of ripple and noise sc
that a satisfactory measurement may be obtained.
However, in more stubborn cases it may he nec-
essary to use a differential scope with floating in-
put as shown in Figure &-6C. If desired, two
single conductor shielded cables may be substi-
tuted in place of the shielded two-wire cable with
equal success. Because of its common mode re-
jection, a differential oscilloscope displays only
the difference in signal betwaen its two vertical
input terminals, thus ignoring the effects of any
cemmon mode signal introduced because of the
difference in the AC potential between the power
supply case and sCOpe case. Refore using a dif-
fereniial input scope in this manner, however, it
is imperative that the commecn mode rejection ca-
pability of the scope be verified by shorting to-
gether its two input leads at the power supply and
observing the trace on the CRT. If this trace is a
straight line, the scopes is properly ignoring any
commoen mode signal present. If this trace is not
a straight linz, then the scope is not rejecting the

“ground signal and must be realigned in accordance

with the manufacturer's insiructions until proper
common mode rejection is attained.

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

a. Conne.: the oscilloscope or RMS volt-
meter as shown in Figures 5-6B or 5-6C,

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

¢. The cbhserved ripple and noise should be
less than 200pV RMS and 1lmV p~-p.

5-28 Noise Spike Measurement. When a high fre-
guency spike measurement is being made, an in-
strument of sufficient bandwidth must be used; an
oscilloscope with a bandwidth of 20 MZiz ormore is
adequate. Measuring noise with an ifistrument that
has insufficient bandwidth may conceal high fre~
guency spikes detrimental to the load.

5-29 The test serups illustrated in Figures 5-6A
and 5-6B are generally netacceptable for measur-
ing spikes; a differential oscillescope is necessary.
Purthermore, the measurement concept of Figure
5-6C mustbe modifiedif accuraie spike measure-
ment ig to be achieved:

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

2. Impedance matching resistors must be
included to eliminate standing waves and cable
ringing, and the capacitors must be connected to
block the DC current path.
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Tigure 5-7. CV Noise Spike Test Setup

3. The length of the test leads outside the
coaxiscritical and mustbe keptas shortas possi-
ble: the blocking capaciior and the impedance
matching resistor should be conrected directly from
the inner conducter of the cable to the power supply
terminals. ‘

4. Notice that the shields of the power sup-
ply end of the two coax cables are notesonnected to
the power supply ground, since such a connection
would giverise to a ground cwrent path through the
coax shield, resulting in an erroneous measurement,

5. The measured noise spike values must be
doubled, since the impedance matching resistors
constituie a 2-to-1 atienuator,

6. The noise spikes observed on the oscillo-
scope should be less than 0. SmV p~p.

5-30 The circuitof Figure 5~7 can also be used for
the normal measurement of low frequencyripple and
noise: simply remove the four terminating resistors
and the blocking capacitors and substitute a higher
gain vertical plug-inin place of the wide-band plug-
in required for spike measuremenis. 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
rransient recovery time proceed as follows:

a. Connect test setup shown in Figure 5-8.

b. Turn CURRENT controls fully clockwise,

c. 8et METER switch to highest current
range and turn on supply.

d. Adjust VOLTAGE conirol(s) until front
panel meter indicates exactly the maximum rated
ouiput veltage.

e. Close line switch on repetitive load
switch setup.

f. Adjusi 25K potentiometer until a stable
display is obrained on oscilloscope. Wawveform
should be within the tolerances shown in Figure
5-9 (output should return to within 15mV of original
value in less than 50 microseconds).
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Tigure 5-8. Transient Response, Test Setup
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Pigui’e 5-9, Transient Response, Waveforms

5-32 Programming Speed. This measurement is
made by monitoring the output veltage with an os-
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, theremote resistance is var-
ied from the value that will produce maximum output
voltage to zero ohms. To check the up-programming
speed, make the connections indicated in Figure
5-10; for down-programming, simply remove R
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FPigure 5-10.

The load resistance is included for up-programming
and removed for down-programming to present the
worst possible conditions for the supply to reach
the programmed voliage. Refer to Application Note
90, Power Supply Handbook for further details on
remote programming speed. To check the program-—
ming speed, proceed as follows:

1. Restraptherear barrier stripas indicated
in Figure 5-10. Noie that the jumper between +8
and A10 is removed. This disconnects the cutput
capacitor G20 to increase the programming gpeed.
A minimum amount of output capacitance {C19) ig
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 afactor of from 10 to 100 when the out- .

pui capacitor C20 is removed.

2. Connecttherelay, oscilloscope, and pro-
grammingresistor Rpas illustrated in Figure 5-10.
Select the value of the programming resistor that
will produce maximum output voltage of the supply.
This value is obtained by multiplying the program-
ming coefficient (200 ohms/volt, 300 chms,/volt
for Model 5294A) by the maximum rated ouiput
voliage of the supply. ‘

3. A mercury-wetted relay is employed to
rapidly switch the programming resistance from zero
to maximum at a 60 Hz rate. Other antomatic
switching devices can be used; however, a hand-
operated switch connected across the programming

resistor is notadequate, because the resulting one-

shot displays are difficuli to observe on most 08—
cilloscopes.

4, The time (T) required for the output voli-
age to change from zero velts to maximum rated out-
put or from maximum rated output to zerc should be
iess than 10 milliseconds.

5-33 Qutpui Impedance. To check the output im-
pedance, proceed as follows:
a. Connect test setupas showninTigure 5-11L

VOLTMETER VOLTMETER
hp403B hp403B
INDICATES Eo INDICATES Ein

[sleq o) QO

POWER SUPPLY
UNEER TEST

OSCILLATOR
hp 200 CD

A% 2

1K 500 MFD
=1+
100 OHM
Figure 5-11. Qutput Impedance. Test Setup

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

¢, Adjust VOLTAGE control(s) until front
panel meter reads 20 volts,

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

e. Record voltage across ouiput terminals of
the power supply {Eo) as indicated on AC voltmeler,

f. Calculate the output impedance by the
following formula: Zout = (EoR)/(Ein - Eo)

E, = rmg voltage across power supply output
terminals.
1000,
in = 10 volts,

g. The output impedance (Zout} should be
less than 0, 01 ohm,

h. Using formula of stepi, calculate ocutput
impedance at frequencies of 10kHz, 100kHz, and
1MHEz., Values should be less than 0, 05 ohm,

0,5 ohm, and 5 ohms, respectively.
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R
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i

5-34 CONSTANT CURRENT TESTS

5-35 Load Regulation. To check the constant cur-
rent load regulation, proceed as follows:
a, Connecttestsetupas shown in Figure 5-4,
b. Turn VOLTAGE control{s) fully clockwise.
c¢. Seti METER switchto highestcurrent range



