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FIG. 1-1 KEPCO ATE POWER SUPPLIES.

{From Top: Size A, B: Size C; Size D, Size E).

ATE A-E-2078 Vi -

www.valuetronics.com



www.valuetronics.com



1.1
12

1-3
14

15

1-6

1-7

SECTION | — INTRODUCTION

SCOPE OF MANUAL

This manual contains instructions for the installation, operation and maintenance of the "ATE" series of voltage
and current stabilized d-¢ power suppties, manufactured by Kepco, inc., Flushing, New York, U5 A,

GENERAL DESCRIPTION

The Kepco ATE with programmable overvoltage protector is a precision siabilized power supply which can
deliver either stabilized output voftage or current. The prevailing operating mode is indicated by LED mode
indicators at the front panel, Operating maode crossover is autematic and may be monitored remotely by means
of g flag signal, available at the rear programming connector. The power supply features "fult range” output
control by means of 10-turn, high resofution front panel potentiometers. A pair of front panel mseters con-
stantly monitor the output voltage and output current. This power supply has a Hnear and fully dissipative NPN
pass transistor section driven by high-gain, integrated circuit amplifiers, The output of the power supply is fully
programmable, All necessary input terminals are provided on a programming connector at the rear of the
chassis. Terminals are also provided for remote error sensing, as well as for the connection of the output capaci-
tor directly at the load.

The ATE power supply features user-selectable “stow’ or “fast” operating modes. Slow mode operation is
recommended for applications demanding a constant voitage source, Fast mode operation is best if the output
voltage must change rapidly, either in raesponse 1o an external programming signal or, if the ATE is used as a
current stabilizer, as a reaction 1o changing load resistance,

The ATE power supply is delivered for “slow mode’” operation. See Section {1, par. 2-4 for converting the ATE
power supply to ““fast mode” operation,

An overvoltage protection circuit, continuously adiustable as well as remotely programmable, is a built-in
feature. The trigger point of the overvoltage protecior may be set {or checked) under actual operating condi-
tions by the front panel accessible setup controis (refer to Section 1 of this manual}.

ATE power supplies are built in several mechanical sizes according to their approximate output power ratings:

SIZE PACKAGE APPROX. QUTPUT POWER

AT QUARTER-RACK MODELS S50 WATT
"B” QUARTER-RACK MODELS 100 WATT
e HALF-RACK MODELS 250 WATT
D" THREE-QUARTER RACK MODELS 500 WATT
“E" FULL-RACK MODELS 1000 WATT

Power transistors and drivers on all ATE designs are mounted onto highly efficient, patented heat sink assem-
blies which are cooled by low-ncise fans, The ATE main chassis assemblies, as well as the wrap-around covers,
are constructed from cold-rolled stell. The front panels are made from aluminum {refer to the “Mechanicat
Outtine Drawing’’, FIG. 1-2).

ATE A—E£-2078 11
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19 SPECIFICATION, ELECTRICAL

AC INPUT SOURCE CURRENT:
{Worst Case, ® 113V a-¢, 95— 113V a-¢ tap, Full Load)

at AC INPUT SOURCE YOLTAGE:

85 to V13V a-c or
105 10 125V ac or

Selectable,
See Section

190 to 226V ac ar | of this Manual ) _
210 to 250V a-c SIZE A SIZE B SIZEC SIZED SIZEE
1.4 A 24 A 5.0 A 11.0A 20.0 A
bl DCOUTPUT RATINGS: See Table 1-1,

Size A’ Quarter - Rack Models

oo QRTEUT CUTPUT i#APEDANCE VGLYAGE MODE CUTPET WAPEDANCE CURRENT MODE

MODEL AANGE. SERIES SESIES INDUCTANCE SHEENT SHUNT CAPAGITARCE

VOLTS AMPS RESISTANCE SLOW FAST RESISTANCE SLOW ST
ATE 6-5M 0-§ 0-H 24 401 05 uH £ uH 12 k@ 1,000 uF 1 oF
ATE 15-3M 0-15 | 0-3 100 50 ] 0.5 5 pH 30 kQ 450 yF 0.4 pF
ATE 25-2M 0-258 1 0-2 250 uf 1pH | 10 uH 50 kG 280 4F | 0.26 4F
ATE 36-1.5M 0-36 {1 0-15 480 40 TaH | 10 M 72 kil 200 uF 0.2 uF
ATE 55-1M 0-55 | -1 1imi 2pH ] 20 pH | 110 KR 150 uF ] 015 4F
ATE 75-0.7M 0-75 1 0-0.7 | 215 mQ 2 uH | 20 pH | 150 KD 110 pF 0.1 uF
ATE 100-0.5M § 0-100: 0-05 4 mQ A4 uH | 40 pH | 200 k@ 50 uF ¢+ 0.06 uF
ATE 160-0.3M | 0-150] 0-0.3 10 mi 4y | 40 pH | 300 KQ 58 uF | 002 4F

Size “B” Quarter —

Rack Maodels

o-c QUTFHT QUTFUT IMPEDANCE VOLTAGE MDDE SUTPUY IMPEDANCE CURAENT RM0OBE

MODEL RANGE SERIES SERIES INDUCTANCE SHUNT® SHUNT CAPACITANCE

VLTS AMPS AESICTANGE SLGW I FAST RESISTANCE LLOW FA5T
ATEB-10M | 0-6  C-10 12,0 05,.H | 5xH | 12k 1800 4F | 24F
RYE 156t | 0-15 | 0-8 50 | ObaH | B | 80k0 | 1000 pF | 08 4F
ATE 25-aM | G-2b |04 196 40 | 1aH | 1044 | B0 kD 500 oF | 05 uF
ATE 36-3M | U-86 | 0-3 540 gt | TaH | 1044 | 72 k2 350 4F | 0.4 4F
ATEBE-2M | 0-55 |0-2 | 0B6m@ | 24H | 204H | 110k 20C uF | 0.3 4F
ATE 75150 | 0-75 016 Tme | 2aH | 20 4H | 150 k2 110 oF | 0.2 aF
ATE 160-1M | 0-100 ] 0-1 2mR | 4 uH | 40 4H | 200 kO B0 4F | G4 4F
ATE 150-0.7M | 0-150 | 0-0.7 G | 8 pH | A0 aH | 300 ke 55 uF | 0,04 4F

Size “C” Half - Rack Models

o6 GHTPUT QuTPUT (MPEDANCE VOLTAGE MODE OUTRUT IMPEDANCE CURRENT MODE

MODEL RANGE SERIES OLUCTANCE SHINT® SHUNT LAPACITANGE

VOETS APg RESISTANCE FasT RES:STaNCE SEOW FAST
ATE6.25M  10-6  |0-25 48 40 SuH | 12k 11,000 4F | B
ATE 15-16M [ 0-15 | C-16 50 a0 5. | 30kt | 5800 4F | 2aF
ATE 2h-10M | 0-95 1G-10 500 | 1R | 104H | 50k | 2,000 4F |1.25 4F
ATE 36-8M | 0-36 | 0-8 5040 | 1aH |10 H | 7eke | 2400 4F | 1,F
ATE 55-6M | 0-85 10-5 | 022ma | 2 | 20 .4 | 110kQ | 1,400 oF 1075 F
ATE 75-3M  {0.75 1 0-3 G5 ma | 2aH | 20 zH | 150k 850 F | 05 uF
ATE 100-26M | 0100 | 0-55 | O mi | 4aH | 40 g { 200 k0 375 uF 025 uF
ATE 150-1.5M | 0-150 | 6-15 St 4 aH | 40 4H | 300 K0 275 GF | 04 aF

Size “D” Three~Q

uarter - Rack Models

d¢ QUIPET OUTPLT WIPEDANCE WOLVAGE MODE QUTPUT IMPECANGE CURRENT MGSE

WOBEL BANGE SERIES SEHIED INDUCTANCE SHENT® SHUNT CAPACITANCE

YOLIS AEPS RESISTANCE SLOW FAST RESISTANCE SLoW FALT
ATE6-50M | 0-6 |0-50 24,0 | 05 | BuH | 12KD 12,000 4F | 10 ,F
ATE 15-26M | 0-15 | 0-25 1540 |06 aH | BaH | s0ke | 6,000 4F | 4 4F
ATE 25-20M f0-25 | 0-20 S a0 | 1 | 100 | B0KG | 5800 4F | 28 ¢
ATEB6-15M | 6-36 | 0-15 28 .01 TaH | 100 | 7ok | 4900 4F | 2 4F
ATETE10M 088 [0-10 [ 011 mi | 2 uH | 2044 | 1102 | 2,800 4F | 1548
ATE 75-8M 075 0.8 | 019 mG | 2aH | 20 M | 160 ki1 | 1,200 pF 1aF
ATE 100-5M ] 0-100  G-5 Dama | 4 aH | 4040 | 200 &0 600 uF | 05 ,F
ATE 150-35M | 0-950 | 0-3.5 | 0.86 mi | 4 4H | 40 oM | 300ke 440 oF | 02 4F

SGize “E Full=- Rack Models

d-c QUTPUT SUTPUT EMPERANCE WOLTASE MODE OUTPUT PEDANCE CURRENT MCDE

RANGE RIES SERIES INDUCTANCE SHUNE® SHUNT CARPACITANCE

MEGDES, VLIS AMPS RESISTANGCE SLOW FRST RESISTANCE SLOW FAST
ATE 6-100M | 0.6 1 0-100] 12,0 105aH | 5.H { 12k0 122000 uF | 154F
ATE 16-50M | 0-16 | 0-50 6 a0 | GBaH | BuH | H0kE [12000F | 8 4F
ATE 26ma0m 1036 [0-40 | 1250 | 1,44 | 10aH | 50k [11,000 4F | 4 4F
ATE 36-30M | 0-36 | 0-30 T5 0| TaH | 100 | 72k | G000 gF | 3 4F
ATE BE-20M | 0-85 § 0-20 BB i | S uH | 20 7ML 110kn | 6,200 uF | 2.25 yF
ATE 7oo1eM 1078 [596 | 0 mi | 241 | 2040 [ 150ke | 3,400 4F | 15 4F
ATE 100-70mM T6-70010-90 | 02 miz| &, | 40z | 200k | 1,200 uF {075 4F
ATE 1669M T OS1E0 | 0-7 1 042 mil| 4 | 40 4H | 300 E | 1,080 4F | 03 oF

*Based on 0.5 mA lpad effect in FAST mode.

wWwW:valuetronies.CoryT RATINGS, ATE POWER SUPPLIES.
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QUTPUT EFFECTS, OFFSETS AND RIPPLE SPECIFICATIONS: See Table 1-2.

IKFLUENCE GUANTITY GHTPUT EFFECTS VOLTASE MODE GUTPUT EFFECTS CURRENT MODE QFFSETS
Typ. Max Typ. Max. e Aljg

SOURCE YOLTAGE {min.—max. ). <0.0005% £, max. | 0.001% Eymax. | <0.002% I, max. | 0.005% Iy max.| <1 V¥ <1 nA
LOAD {no load-full load}: <0.001% E; max. | 0.002% F, max, | <0.5 mAM 1 mA D <1 a¥ <1 nh
TIME (8-hour drift): <0.005% £, max. 0.01% E, max. <(.01% |, max. | 0.02% lg max, | <20 gV <inA
TEMPERATURE, per °C: <0.005% £y max, | 0.01% Eymax. | <0.01% | max. | 0.02% |, max. | <20 ¥ <2 A
RIPPLE and NOISE 2 rms: <0.1mv 0.3 my <0.01% |, max. | 0.03% |, max. — —

{Slow Mode) p-p; & <1 my 3 my <0.1% |, max. 0).3% |, max. - =
RIPPLE and NOISE® rms: <1my amv <0.01% |, max. | 0.03% |, max. - -

{Fast Mode} p-pl B <10 my 30 mV <0.1% 1, max. 0.3% 1, max. - -

(1) 0 slow mode, the leakage current through the butpul capacitor adds spproximately 0-8 mA to the current mode toad effsct.
£2) One terminatl must be grounded for this measurement, or connected so that commaon mode current does not flow through the load
or, in currant mode, through the current sensing resistor,

£8) poak 1o -peak rippie is measured over a 20 Hr 10 10 MHz bandwidth,

) preamplifier affsets, The preamplifier offsets are given for the caleulation of the output effects of the preampiitiers (A, B} if efther of
these amplifiers is used for operational programming, In this case, the value of the external fesdback and input resistors, the amplifer
affsers and the reference voltage variations are combined in the "'Error Equation’, which represents the “worst case’ output effects
for the application at hand:

AE, {preamp) T BB (RRY = A, (1 RYR) + L1y, Ry
where:

AN Eo {preamp) Total Preamp Ourput Velhtage Change.

Fal Eraf Change in the Voltage Reference.
A Eio Change in Offset Voliage,
FAY lin = Changs in Gffset Current,

External Feedback Resistor,
External tnput Resistor,

NOTE 1: Variations in the value of the feedback and input resistors are considerad secondary etfects in the error eguation,

NOTE 2- In the Volage Mode of aperation, the calculated preamp output effect, AEQ Lpreamp) - MUSt be muitinlied by the {Tixed) gain
of the ATE voitage channel 1o find the total output effect on the cutput voltage of the ATE power supply, The {fixed) gain of
the ATE voltage channel is given by © GAIN = £, max/10,where "B, max'" is the maximum rated cutput voltage of each ATE
modet,

In the Current Mode of aperation, the effect of the preamplifier offsers on the wtal output current May be exprassed as a
nereentages of I max by the sguation:
A g - DFotpreampl oo
a
1 Voh
TABLE 1-2 QUTPUT EFFECTS, OFFSET VARIATIONS AND RIPPLE SPECIFICATIONS.
3 ATE A—E-1079 1.
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d} OUTPUT RANGES: (See Table 1-1 for specific ratings of each rnodel}
1) VOLTAGE MODE: 0-100% of rated voltage.
2} CURRENT MODE: 0—100% of rated current. Useable range limited to approximately 1% to 100%,

The maximum current is factory set o 105% of the rated output current.

ol OPERATING TEMPERATURE RANGE: 0°C 1o 65°C. No derating 1o B5°C, derate 10% of listed maxi-
mum output current values in Table 1-1 for operation to 85°C ambient temperature.

f STORAGE TEMPERATURE RANGE: (-140°C 10 85°C.

gl COOLING: High efficiency, single bearing fans, permanently lubricated, with special low-noise non-
metalic biades.

i} ISOLATION: A maximum of 500 vohs {d-c or pp} can be connected between chassis and sither output
terminal. The commaon-made current from either output terminal to ground is less than BuA (rmsj or less
than BORA (p-ptat 116V a-c, 60Kz,

i DYNAMIC SPECIFICATIONS
1} VOLTAGE RECOVERY FOR A STEP-LOAD CURRENT:

The time recired for the stabilizad output voltage 10 recover to within 10mV of the output voitage
setting, for a 10 10 100% step in rated load current is typicaily less than BOusec., 100psec. maxi-
M,
2} CUBRENT RECOVERY FOR A STEP-L.OAD VOLTAGE:
The stabilized output current recovers from a step in load {compliance) voltage with an exponential
responss, the time constant of which is determined by the load resistance and the tabulated output
capacitance {See Table 1-1).
3H PROGRAMMING SPEED!
The spesd with which the power supply output responds to external programming signals is deter-
mined by:
1y The PROGRAMMING TIME CONSTANT, given in the “slow” maode by the load resistance
(R} and the value of the output capacitor (Cq, see Table 1-1h: 7= R Gy Inthe “fast”
mode, the PROGRAMMING TIME CONSTANT is given for the Voltage Control Channel by
the internal feedback capacitor (Cp = B00pF) and the internal, fixed feedback resistor (Rp =
1000 ohms per each volt of output ratingl: 7= Ry Cp. For the Current Control Channel, the
PROGRAMMING TIME CONSTANT is 15usec. typical, 30usec. maximum,
2} The MAXIMUM RATE OF CHANGE that the power supply output can respond o is given by
the setting of the power supply’s current contral setting (1 pg), divided by the ATE output
capacitor {Cy, see Table 1-1):

MAXIMUM RATE CF CHANGE = 1 /Co-

k) OVERVOLTAGE CROWBAR SPECIFICATIONS:
1) TRIGGERING TIME: < 50usec. slow made, < BOOusec. fast mode,
2} SETTING RANGE: 3V minimum t© 110% maximum rated output voltage.
3) THRESHOLD: Minimum 0.5 volts, or 2% E, max., whichever is greater.
4)  TEMPERATURE COEFFICIENT: <0.02% of E,, mex. per °C.

www.valuetronics.com ATE A—E-2078



1-10  MISCELLANEOUS FEATURES
al CONTROL/PROGRAMMING

1) VOLTAGE CHANNEL: Output voltage is controlled continuously throughout the range by a
panel-mounted, 10-turn rheostat. External control can be exercised by resistance or by a control
voitage {See Section [,

2} CURRENT CHANNEL [INTERNAL)Y: Qutput current is controlled continuously throughout the
range by a panel-mounted, 10-turn potentiometer. External control can be exarcised by resistance
or by a control voltage {See Section {1, When controiling the external current channet, the power
supply’s pansi-mounted current control serves as an adjustable maximum current limit.

3) CURRENT CHANNEL {EXTERNAL} Output current may be controlled by means of a separate
current channel, applying & 0 10 1V d-c control signal at the REAR PROGRAMMING CONNEC-
TCR, for control over the rated current range. This same channel, properly programmed, may
contral the output of the power supply responding to control and feedback voltages from tempera-
ture or prassure sensors, chemical reactions and the like {See Section 1),

4} OVERVOLTAGE PROTECTOR. The crowbar tevel may be controlied locally by the provided
CROWBAR LEVEL control at the front panel. Remote control of the crowbar level can he exer-
cised by connecting a 0—10 voit control source to the REAR FPROGRAMMING CONNECTOR.
Automatic tracking of the crowhar lavel with the outpyt voitage level may be achieved by means of
the simultaneous connection of the voltage channel programming source 1o the tracking input.

oy MODE FILLAG: A pair of panel LED indicators operate to indicate whether the voltage channel ar the
intarnatly-sensed current channels have control of the output in addition, an isolated flag signal is pro-
vided through an opto-isalator at the rear programming connactor.

c} REMOTE ERBOR SENSING: Separate voltage-sensing terminals parmit d-wire connections to a load,
Wil compensate Tor static load effects up to 0.BY per lead. An additional 1 volt ouput voltage, beyond
the nominal voltage rating of each ATE maodet, is provided for this purpose.

o) REFERENCE SUPPLIES: Two dual reference solurces are available at the REAR PROGRAMMING
CONNECTOR: 282V dc @ TmA and 216V d-c @ 10mA,

1-11  MECHANICAL SPECIFICATIONS
al Refer 10 the “Mechanical Cutline Drawing’’, FIG. 1-2,

1-12 ACCESSORIES

1-13  ATE power supplies are supplied with one Model PC—~12 Programming Connector, mounted and wired for front
panel output control, Additional connectors are optional and may be ordered as MODEL PC—12 {unwired},
ATE models smaller than full-rack size can be rack-mounted using one of several Kepco Rack Adapters:

NOTE: ALL KEPCO RACK ADAPTERS FIT STANDARD EIA RACK DIMENSIONS, THEY ARE DRILLED
FOR STANDARD CHASSIS SLIDES AND ARE PROVIDED WITH SLIDE SUPPORT BRACKETS.

a} RACK ADAPTER, KEPCO MODEL BA-24. For all Kepco guarter-rack, half-rack and thres auarter-rack
models, or a mixture of them. Fifler panals to cover empty slots, if the adapter is not used to its full
capacity, are available.

b} RACK ADAPTER, KEPCO MODEL RA-32. For {two} Kepco guarterrack modeis or lone} haifrack
madel. Has additional space for {three} onesixth rack modular Kepco units. Filler panels to cover empty
stots, if the adapter is not used 1o its full capacity, are available.

o RACK ADAPTER, KEPCO MODEL RA-37. For Kepco ATE models only. Accepts quarter-rack, hatf-
rack or three guarter-rack ATE maodels or 2 mixture of them. The model RA-37 can be used without
filler support brackets when Tully loaded.

ATE A~E-07-0780 1-5/1-6
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SECTION I — INSTALLATION

2-1 UNPACKING AND INSPECTION

2-2 This instrument has been thoroughly inspected and tested prior to packing and is ready for operation. After

- careful unpacking, inspect for shipping damage before attempting to operate. Perform the preliminary opera
I

tional check as outlined In paragraph 2-8 below, if any indication of damage is found, file an immediate clairr
with the responsible transport service.

2-3  TERMINATIONS

al FRONT PANEL: Refer to FIG, 2-7 and Table 2-2.
bi REAR: Refer to FIG. 2-3 and Table 2-3.
cl INTERNAL CONTROLS: Refer to FIG. 2-1 and Table 2-1.

REFERENCE
DESIGNATION CONTROL PURPOSE
R17 |O MAX Maximum Output Current
R24 Eo LAG Voltage Channel Stabiity Control
R32 E, ZERGC Voltage Channel Zera Control
R39 I, ZE RO Current Channel Zero Control
R62 PREAMP "B" ZERD Offset Zero Control for PREAMP “B”
R63 PREAMP "A" ZERO Offset Zero Control for PREAMP “A”
TABLE 2-1 INTERNAL CONTROLS AND THEIR FUNCTIONS.
RG62 PREAMP. "B" ZERO
R63 PREAMP. “A" ZERO
F
@ FIG. 2-1T LOCATION OF INTERNAL CONTROLS, ATE 1/4 RACK GROUP,

i ATE 1/4-2078
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(O KEPCO POWER SUPPLY
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FIG. 2-2 CONTROLS AND TERMINATIONS, ATE 1/4 RACK GRCOUP, FRONT.

NO.

CONTROL OR TERMINATION

FUNCTION

VOLTAGE CONTROL
A-C POWER SWITCH/
CIRCUIT BREAKER
VT MODE INDICATOR
VOLTMETER
AMMETER

I MODE INDICATOR
ULEVEL” CONTROL
CROWBAR INDICATOR
"DISARMT PUSH-BUTTON
CURRENT CONTROL

ADJUSTS OUTPUT VOLTAGE FROM ZERO TO &, max,
SERVES AS A-C POWER SWITCH AND TURNS A-C POWER
LINE "OFF” ON OVERLOAD

ENERGIZES IN VOLTAGE MCDE

MONITORS OUTPUT VOLTAGE O-E, max.

MONITORS OQUTPUT CURRENT O-1, max,

ENERGIZES IN CURRENT MODE

ADJUSTS TRIGGER LEVEL OF CROWBAR CIRCUIT
LIGHTS WHEN CROWBAR 1S TRIGGERED "ON"

PUSH TO SET CROWBAR TRIGGER LEVEL

ADJUSTS CURRENT FROM 0-100% 1, max,

22

TABLE 2-2 CONTROLS AND TERMINATIONS, ATE 1/4 RACK GROUP, FRONT.

www.valuetronics.com
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ATE {REAR VIEW)
FiG.2-3 TERMINATIONS, ATE 1/4 RACK GROUP, REAR,
NG, TERMINATICON FUNCTION
1. REAR MATING CONNECTOR {PC-12) FOR EXTERNAL PROGRAMMING SOURCE INPUT
AND ALL OTHER PROGRAMMING FUNCTIONS.
2. QUTPUT TERMINALS, TBZ01 13 () SENSING
2) (4 D-COUTPUT
3} GROUND {CHASSIS CONNECTION)
4} (+)D-C OUTPUT
5) {+) SENSING
3. A-C POWER INPUT ACCEPTS 3WIRE A-C INPUT CORD
(SUPPLIED)

TABLE 2-3 REAR TERMINATIONS, ATE 1/4 RACK GROUP, WITH PROGRAMMABLE VP, REAR.

ATE 1/4.2078 2-3
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24 A-C INPUT REQUIREMENTS

2-5 This power supply is narmelly supplied for cperation on a single phase, norninal 116V a-c line. For conversion
1o othar a-c source voltages, refer to FIG, 2-4. Select your nominal source voltage and change the links on the
barrier strip of T201 according to the table provided in FIG. 2-4. The circuit breaker (CB107) remains equally
effective at all input voltages,

AC CONNECT Teol
SOURCE LINKS @
04V (3)- (@), (1) -(8) e g
15 Y (4)-(5),(6)-(7)
208V (2)-(3),(8)-(9) e
230V (5)-(6) e
sl &
5 E et FRONT
4 | & 9
3l ®
2 @
Iy @
) y e —)
ATE ~ 1 /4 RACK, SIDE VIEW, COVER REMOVED \ j -
FIG. 2-4 A-C INPUT SOURCE VOLTAGE SELECTION, ATE 1/4 RACK GROUP,
2-6 COOLING
27 The power transistors and rectifiers in the ATE power supplies are maintained within their operating tempera-

ture range by means of special heat sink assemblies, cooled by internal fans, SIOE PANEL OPENINGS AND
THE TOP OF THE CASE MUST BE KEPT CLEAR FROM OBSTRUCTIONS TO INSURE PROPER AIR
CIRCULATION. Periodic cleaning of the intericr of the powar supply is recommended. 1T the power supply
is rack mounted, or installed into confined spaces, care must be taken that the ambient temperature {the tem-
perature immediately surrounding the power supply} doos not rise above the Timit specified (refer 10 Saction 1),

2-8 PRELIMINARY CHECK-OUT

29 A simple operating check after unpacking and before permanent instaliation is advisable 1o ascertain whether
the power supply has suffered damage resulting from shipment. Refer 10 FIG, 2-2 and 1o FIG. 2-3 Tor the
lacation of the operating controis and output terminals,

al Connect power supply to 118V a-c source or refer 10 par. 2.4 for other nput voltages, if required.
by Turn CURRENT CONTROL fully ciockwise. Turn VOLTAGE CONTROL fully counterclockwise.
ch Turn A-C POWER SWITCH/CIRCUIT BREAKER “on’. The VOLTAGE VIX indicator should be ener-
gized. Slowly twm VOLTAGE CONTROL clockwise and observe the graduzl increase of the output
voltage. The VOLTMETER should now read Tull scale,
di Check the overvoitage “orowbar” circuit as follows:
1) Turn the VOLTAGE CONTROL to about one-half of its range.
2) Depress the DISARM push button and turn the {recessed) LEVEL contral stowly counterclockwise
until the CROWBAR INDICATOR famp lights up.
3 Turn VOLTAGE CONTROL slightly counterciockwise and release DISARM button,
4} To reset the adjusted crawbar point, prass DISARM button again and advance VOLTAGE CON-

cantrol if necessary, by repeating step {2) and check again by repeating steps (3) and (41
5} Turn A-C POWER SWITCH/CIRCUIT BREAKER "off”,

e Place a shorl circuit across the ATE output terminals, Turn CURBENT CONTROL counterciockwise.
Turn the ATE “onr’. THE CURRENT MODE indicator shouid now be energized, Slowly turn CURBKENT
CONTROL clockwise and ohserve the gradual increase in output current. The AMMETER should now
read full scate,
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2-186  INSTALLATION {Refer to FIG. 1-3 ""Mechanical Qutline Drawing”)

2-11  The Power Supply may be rack-mournted or operated as a “bench-type” instrument. I the ATE is to rack-
mounted, the (4) bottom fest must be removed.,

212 For all installations into confined spaces, care must be taken that the temperature immediately surrounding the
unit does not exceed the maximum specified ambient temperature (85°C)

2-13  GROUNDING

a)

bl

FRONT ~— |

ATE 1/4-2078

A-C (SAFETY) GROUND. The powsr supply is equipped with a 3-wire safety line cord and polarized
plug. The third {green) wire in the line cord is connected o the chassis and the case of the unit, Hf a
2-terminal receptacle in combination with an adapter is usad, it is imperative that the chassis of the power
supply be returned o a-¢ ground with a separate fead. A grounding terminal is provided (al the rear barrier
strip} for this purpose.

ISOLATION FROM GROUND. The d-w oulput is isolated from the a-c source and from any direct con-
nection to chassis or ground, The maximurm output voltage that can be supported between either output
terminals and ground or chassis is BO0V {d-c or peak}, plus the maximumn output voltage of the power
supply. Either side of 1he output may be grounded,

A resistor/capacitor network {R59, C27), &5 connested from the negative ocutput terminal to the metal

chassis of the power supply {via QD-1). If the internal signal ground is not desired, the connection to the
chassis can be opened by changing the wire fug position from OD-1 1o OC-2 {See FIG. 2-5).

T20I

LAY AL /
/ WIRE "HARNESS ///
Lk Aodid b F

Al

CONTROL. ASS'Y.
(P.C. BOARD)

Q | o]
q :l I oo

B QD2
i ATE- 1/4 RACK

Fi1G. 256 LOCATION CF INTERNAL SIGNAL GROUND., SIGNAL GROUND NETWORK SHOWN
CONNECTED VIA QD-1. TO REMOVE SiIGNAL GROUND, PLACE WIRE LUG ONTO 0D-2.
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2-14 FAST MODE CONVERSION OF THE ATE POWER SUPPLY

2-15 Power supplies designed 1o operate in a voliage, as well as in a current stabilizing mode, often represent a com-
promise between the contlicting reqguirements of a good voltage.and a good current source. A good voliage
source must have Jow oufpul impedance, good output voltage stability and good dynamic stability in the
presence of loads with capacitive and/or inductive content. The power supply achieves these design goais by
relying to a great extent upon a large output capacitor having a very low ferminai impedance, farge energy stor-
ing abiiity and great resistance 1o rapid voitage changes, Unfortunately, the requirements for a good current
source are quite opposite to that of the voltage source described above. A current source should have kigh out-
put impedance and its terminal voltage must be able to assume rapidly any vaiue as may be neadad {0 keep the
output current at the predetermined level, white the load is'changing.

2-16 To satisfy these conflicting requirements, the ATE power sup'p!y was designed for guick manual change-over
from the "slow’" mode to the “iast”’ mode of operation. In the “sbw“ mode, the ATE power supply approaches
an ideal voliage source. Heavy output and feedback capacitors provide for low output noise, excelient voitage
stability and qgood transient response. In the “fast” mode, the output and main feedback capaciiors are com
pletety removed, thereby providing the characteristics of a wide-band amplifier, ideal for applications requiring
a current stabilizer or for high speed voltage or current programming.

2-17 MANUAL CHANGE-OVER, SLOW/FAST MODE. The ATE power sUppLy ts normally delivered for operation in the
“slow' mode. By changing jumper connections at the rear of the power supply, the user can quickly convert
from the “slow’ mode to the “'fast” mode or vice versa (See FIG. 2-6).

STEP 1: Remove Links {19}-(20) and

: (43}-(45) on PC-12. This removes

Y gg thae cutput capacitor (G,).

STEP 2: Remove jumper {45)-(47) on PC-12.
This removes the main feedback
capacitor (Cg)‘

~$ ~OUT GRD. +QUT +5

STEP 1
STEP 3:  Connect wire jumper on PC-12

. from {26) to {27}. This connects a
| e STEP 3 fag network.

STEP 4:  Refer to Section i, FIG 2-5 and
remove the internal grounding
network.

SYEP 5. Connect wire jumper from (39) to

4 | TSTERS ey g (48) on PC-12. This introduces a re-
ﬂ@fﬂ quired delfay in the crowbar circuit.
29 STEP 2 m mm
= E |y
r y AN 7
g |
ATE 174 RACK o N
NOTE: For fasf mode operation into a load interrupted by confac-
FIG. 2-6 REQUIRED STEPS FOR ATE tors or relays {“Arcing Load"} a small, high-frequency-type
capacitor may be required actoss the contacts of the interrupting
“EAST MODE™ CONVERSION. device, or the power supply outpul terminals, or directly across the

joad terminals. A ceramic disc capacitor (0.07uF) has been found
to be adequa!e"‘?v prevent spurious triggering of the overvoitage
circuit.

2-18 PRECAUTIONS. The output capacitor, and 1o a iesser extent, the feedback capacitor of a power supply, control
the programming speed and the current mode recovery time. The removal of these capacitors in the fast mode
results in greaily improved power supply performance in these -areas. The powser supply's dynamic stability.
however, is reduced, making the output sensitive 1o the load phase angle. For this reason, the lpad presented (o
the power supply in the fast mode must not contain excessive capacitance (limit 1000pF). Also, with the output
and main feedback capacitors removed, there will be an increase in the outpui noise, mainly high frequency
noise and pick-up, so that externzal shielding of programming leads and good grounding practices assume ad-
ded importance in the fast mode operation. See also note in FIG. 2-6.

2-19 LAG NETWORK ADJUSTMENT. The ATE power supply operating in the “fast” mode, is dynamically stabilized
by means of an internal lag network (E, LAG, R24, see FIG. 2-1 for location). This control should be adjusted, for
aach application, by monitoring the load with an oscilloscope and turning the LAG control for best outpul
response and maximum dynamic stability under all operating cenditions.

2-20 CROWBAR OPERATION, FAST MODE. The crowbar circuit in the ATE power supply is not complately removed
in the “fag!l” operating mode, but continues to offer protection against d-c voltage surges which may harm the
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3-1
32

3.3
34

37

3-8

38

3-10

SECTION I — CPERATION

GENERAL

Interconnections batween an a< power source and a stabilized power supply, and between the power supply
and its load are as oritical as the interface between other types of electronic equipment. if optimum perfor-
mance is expacted, cartain rules for the interconnection of source, power supply and load must be cbserved by
the user. These rutes are described in detall in the fotlowing paragraphs.

SAFETY GROUNDING

National and intemational safety rules dictate the grounding of the metal cover and case of any instrumeant
connectad 10 the a-¢ POWer source.

WARNING

KEEP INSTRUMENT GROUNDED WHILE 1T 1S CONNECTED TO THE A-C POWER SOURCE.

Kepco power supplies with flexible a-c power cord are equippes with a 3prong safety plug, which must be
connacted to a grounded a-c power outlet,

D.C {QUTPUT) GROUNDING

Connections between the power sunply and the toad (load and sensing connections!, ag well ag connections to
the power supply amplifiers {programming connsctions) may, despite all pracautions such as shielding, twisting
of wire-pairs, etc., “pick-up’ radiated noise of a wide frequency snectrum, To minimize these undesired effects,
one side of the oower supply cutput/ioad circuit should be grounded.

Successful d-c grounding depends on careful analysis of the individual situation and only general guide lines can
be provided here. One of the major points, however, is 1o avoid GROUND LOQOPS, Ground loops are craated
when two (or more} points are grounded along the oulput circuit. Due to the wire impedance between the
separated grounded points, a noise voliage is developad which subsequently is superimposed on the load. The
orly way 1o avoid ground inops is 1o investigate the cutput circuit (including the connected load) carefully by
means of an chmmeter for any resistance to ground. A single d-¢ ground point can be selected only if the
autput circuit is completely isolated, 3 single point is sefected along the power supply output/load circuit and
this point is returned to ground with a single wire. The exact location of this “best’” d-¢ ground-point is entirely
dependent on the application at hand. For single, isotated inads, the d-c ground-peint may be lecated directly
at one of the ouiput ferminals of the power supply which may be connected to ground. If error sensing is
ermploved, d-c ground can be established at the remote load. In case of an internally grounded ioad, the d-c
ground is automatically established directly at the load.

ATE Power Supnlies have one side of the output returned to the case over a resistor/capacitor combination
{refer 1o Section I, Par. 2-13). In those cases, therefore, where the foad is internally grounded, or where the
signal ground must be established eisewhere, the resistor/capacitor combination must be removed from the
aower supply case in order to avoid ground loop problems. |f there is a choice in selecting either the positive
or the negative output of the power supply for the d-c ground point, both sides should be tried, and preference
givan 1o the ground point producing the least noise. Output ripple specitications las measured at the output)
are, howver, egually valid for efther output side grounded. Care should be taken in measuring the ripple and
noise at the power supply cutput or at the load. Measuring devices which are a-c line operated often introduce
ripple and noise into the cirouit.

In the case where the load must be kept completely off ground {d-¢ isolated) or it must be operated above
ground potential, grounding can be accomplished by means of a suitable capacitor connected from either side
of the power supply output to the signal ground. The size of the capacitor should be carefully selected, A
value between 0.1 and 1 microfarad has been found to be successful in many cases.
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311 EBven simple remote control tasks, such as error sensing or resistance orogramming, require careful shietding
with 2.wire shieiding cable, with the shield (singte-ended) returned to the single d-¢ ground point. In cases where
extarnal programming sources are used, additional precautions are required. H all other grounding nroblems
have been solved and a single ground point has been assigned 1o the system, the Qrogramming seurce must be
evaluatad for systemn compatibility. Some of the older signal generators, for exampie, cannot be successfully
used for programming, since their cases are connected permanently 1o one of the output leads. Aside from these
initial problems, the power supply/toad system must have the carrect “'polarity” for voltage programing; e.g
the programming source common’ must be connected to the previousty grounded output side. 1 this Ts not
possible, because of polarity considerations, three choices are open: aither the programming source must be
“Hoated;” Le., it must operate above ground by an amount givenrs by the output veltage of the power supply, or
the seiected d-¢ ground point must be changed to the polarity coinciding with that of the programming source,
or the polarity of the programming source must be reversed by using the uncommitied preamplifiers of the
ATE, as descirbed in this section.

3-12 POWER SUPPLY/LOAD INTERFACE

313 The general function of a voliage or current stabilized power supply is 1o deliver the rated output guantities 1o
the connected load, The load may have any conceivable characteristic: 1t may be fixed or variable; it may have
predominantly resistive, capacitive, or inductive parameters; 1L may be located very close to the power supply
or it may be a considerable distance away. The power supply designer cannot anticipate every conceivable
application, iocation or nature of the foad. He must design his product for the widest possible application range
and specify the performance at the cutput terminals of the pewer supply. The aim of the fellowing paragraphs
is 1o ald the user in the final use of the product: The interface of the power supply and the load.

3-14  The perfect interface between a power source and its load would mean that the specified performance at the
output terminats would be transferred without impalrment 1o any {oad, regardiess of its characteristics, d;staﬂco
from the power supply or environment. To spproach this ideal, the power supniy must satisfy certain require-
ments, interconnecting rules must be closely followed and Chm's Law, as well as basic a-¢ theory must be
considered in selecting the interface wiring.

3-15 LOAD WIRE SELECTION. The stabilized d-c powar supply is definitely not an ideal voltage or current source
with zero output impedance (VOLTAGE MODE) or infinite output impedancs (CURRENT MODE) at all
frequencies: All voftage sources have some amount of impedance which increases with frequency and all current
sources have an output impedance which decreases with trequency (refer 1o FIG, 3-1).

VCLTAGE MODE IMPEDANCE

{INCREASING Zo DUE TO
GUTPUT CIRCUHIY INDUCTANCE)

[

O

=

<

I

|

ﬂ‘ﬁ

=0

™ M

—

pus

N AN

3

\CURREN? MODE IMPEDANCE

(DECREASING #o WITH FREQUENCY
DUE TO OUTPUT CAPACITOR)

FREQUENCY —=

FIG, 3-1 TYPICAL DUTPUT IMPEDANCE VS, FREQUENCY PLOT FOR STABILIZED D-C SOURCES.

NOTE: Load connections for application requiring sclely stabilized owtput current are not as critical as those requiring
stabilized output voltage:
al  D-C wire drops do not influence the current stabilizing action, but must be subtracted from the available
compliance voltage,
bl Wire inductance is “'swamped-out” by the action of the output capacity,
Emphasis in the following paragraphs is therefore placed on the power supply as a voltage source, rather than a
current source,

L

32 ATE 1/4-2078

www.valuetronics.com



A more realistic model for a voltage stebilized power supply must, for example, include s series resistance,
representing the small d-c and low frequency source impedance, in series with an inductance, representing the
source impedance at higher frequencies, L.oad wire selection should therefore proceed with those facts in mind.
The joad-wire size should not only be selected for minimum voitage drop {Error Sensing, as discusses helow,
witl take care of that}, but also the series inductance of the load wire must be kept as small as possible compared
1o the source inductance of the power supply (Error Sensing cannor compensate for this), These dynamic
considerations are especially important if:

1} The foad is constantly changing in value,
2} The load is switched "o’ and "off"”
3) The cutput of the power supply is step programmed.
4} The load has a primarily reactive characteristic,
)

[}

All other cases where the dynamic output response of the power supply {5 considered important.

3-16 L OAD CONNECTION, GENERAL

3-17  Kepco has provided a group of terminals on the programming connector PC-12 and on the barrier strip {TB210)
at the rear of the power supply, which permit maximum flexibility in power supply/load interface techniques.
Although all applications tend to exhibit thelr own problems, the basic interconnections described may be used
as a general guide in the interconnection between power supply and load.

3-18  (Refer to FIG, 3-2). The Kepoo power supply s shipped from the factory with several jumper links, connected
to the programming connecter (PC-12) and 1o the barrler strip {TB201). These links may be removed and
replaced at will, depending on the operating mode and application of the power supply. Positioned as shown in
FIG, 3-2, the links are connectad for front panel {local) conwrol of the output voltage, output current and VP
crowbar level with the power supply operating in the “stow” mode. Links remaining on the mating jack must be
soldered, links on the barrier strip must be tightened. LOOSE WIRES OR LINKS AT THE BARRIER STRIP
OR THE MATING JACK WILL CAUSE MALFUNCTION OF THE POWER SUPPLY.

ATE-REAR- (:) G§9 6§9 G%QIGED 6§9 (:)

PR ONNECTOR® ]2 5
-5 {~} GRD. (+) +%

PC~12

VENT- AREA

}
3 NOTE: Additions or deletions to
jis 15 and from the standard

jumper connections on
20 1o PC-12 will be listed on all

424 234:] application diagrams,

¢34 53¥ VENT- AREA

AC INPUT
O / =2

FiG. 3-2 STANDARD JUMPER LINK CONNECTIONS FOR LOCAL {FRONT PANEL}
CONTROL OF THE QUTPUT VOLTAGE, QUTPUT CURRENT AND VP CROWBAR LEVEL {5LOW MODE),
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3.19  LOAD COMMECTION, METHOD | (LOCAL ERROR SENSING!

320  (Refer 1o FIG. 3-3). The most basic power supply interconnection, 1o primarily resistive, relatively constant
loads, located close to the power supply, or for loads requiring stabilized current exclusively, consists of 2-wire
connection from the rear output terminals. Load wire is selected as described previously (refer to par. 3-15).
The load leads should be tightly twisted 1o reduce “pick-up’’ from stray magnetic fields, After the grounding
rules have been applied {refer 1o par. 3-3 to 3-11), the powsr supply can be connected to the a-¢ source and
gperation may commence,

{

PC-E2 ~§ ~QUT GRD. +OUT +§
§z i
I

Bo  od SIGNAL
GROUND
1e 134 -, {SEE NOTE 2)

i T8
1201

NOTES:

13 For Operator Safety all

connections to and from
L/ the power supply shouid
e made pefore a-C power
is applied,

2% Afternate signal ground
peints may be chosen:
132 316 refer 16 PAR, 36,

54 33 ,E.a ) ) .
36 358 31 Twist sl wire pairs, Use

438 57§ BEB shielding as indicated.

40 39

Eﬁsz % ?mmm TO AC IHPUT
44 43g SOURCE

4§

o LEEe)] /
i {

I ATE 1/4 RACK i

FIG. 3-3 LOAD CONNECTION METHOD i, LOCAL ERROR SENSING.

321 LOAD CONNECTION, METHGOD Il {(REMOTE ERROR SENSING)

3-27  To avoid excessive output effects at remote loads, error sensing must be used, A twisted, shielded pair of wire
from the sensing terminals directly 1o the load will compensate for oad wire voliage drops up to 0.5 volf per
wire {refer to FIG. 34). Observe polarities: The negative sensing wire must go 1o the negative load wire, and the
positive sensing wire goes 1o the posftive load wire.

NOTE: For long wire runs, twisting each sensing wire with its associated load wire may give improved results in some
CAses.

J PG-12 -5 -QUT GRE. +DUT 48

[y T [ T8
=

11| elelglelgle]el=
fs 51 L

::B s [ { Z—GFENA }
FiG.3-4 LOAD CONNECTION, METHOD II I EoLinks

USING REMOTE ERROR SENSING. :;; et
158
ti| 17y

25 19y
ATTENTION ¥z zit

¥za z3
When using remote error sensing with large capacitive loads and l:g zj:;]
long lnad and sensing wires, low freguency oscillations may he oy
shserved 3t the foad. To eliminate the problem the FEEDBACK i3z 314
CAPACITOR should be disconnected from the (— ) OUTPUT SEN- @‘g’ﬁ’i
SING terminal and reconnecied fo the (—) OUTPUT terminal. 438 371
Remove jumper (45) - {47) on the BEAR PROGRAMMING CON- Kwssi

NECTOR. Gonnect a shorl wire from pin 47 to the ( ~ )} CUTPUT faz “"‘g

i

TO AC INPUT
SOURCE

{
i\

A4 43

terminal on the rear barrigr-strip {TB201). 446 45
j48 47

$50 484

L_ATE 17% RACK ' |

3-23  This method of load interconnection is suitable for loads which do not require rapid changes in voltage or
current or for programming with gradually changing waveforms (sine wave, tiangular wave shapes, etc.). Sse
par. 3-24 for load connections suitable for rapid (step) changes in the load or in programming.
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3-24 LOAD CONNECTION, METHOD I

325 This method s suitable if step changes in the load are expected [f, for exampie, the load is rapidly changing in
vaiue, or if the power supply is programmed with step functions (sguare wave, pulse, etc.) and maximum
dynamic performance is expected directly at the lead terminals, in thase cases, the output capacitor is discon-
nected at the power supply and brought with a heavy, twisted-wire pair directly o the remote load {refer to
FIG. 34},

PC—t2 ~§ -QUT GRD. +0UT +§

T
201

OPEN JUMPERS: {4 131 SIGRAL
{19-20},(43-45) 16 (5] GROUND,

{18 17§

{20 9 m
22 21t
——— Y

26 25
28 27y

¥30 26% "
132 Bifd TWIST Ly

¥aa 334
35 35

I
i oo
Gﬁ'ﬂé PQ &g TO AC INPUT

44 438 SOURCE

445 45 U/
IR ¢

ATE 1/4 RACK ]

TWIST &
SHIELD

| OO +

- FiG. 35 LOAD CONNECTION, METHOD .

326 Since the output capacitor is now removed from the cutput terminals of the power supply and directly con-
nected to the load, it may be possible in some cases that it can no longer perform its bypass funciion as far as
the power supply is concerned, I oscillations are observed at the ocutput or at the load, Cy shouid be left
connacted in the power supply (by connacting (11-(3) and (B)(7) on TR201). The load should be decoupled
with another high quality capacitor of a value equal to or greater than Cp. Alternately, good results can some-
times be achieved by disconnecting the internal £ and operating with an externaly bypass capacitor across the
load exclusively, For pulsed loads which drop to zero current during the "“off' period, any external output
capacitor should be paralled with 2 "'bleeder'’ resistor. The value of this rosistor is determined by the value of
the external capacitor, the desired response and the amount of cutput current which can be sacrificed, As a
minimum, the RC time constant of the external output capacitor {C, exi) and the bleeded resistor (R, ext.)
should be comparable with the internal output capacitor (CO) and the bleeder resistor (RO), so that:

Ry ext. Cyext. < By Cg
NOTE:C, = C208 and Ry = R11in 1/2, 3/4 and fuli-rack ATE Power Supplies, Co=C8,R,=R203in 1/4 rack ATE
Power Supplies (SEE "MAIN SCHEMATIC, "SECTION VI, FIG. 8-3 FOR VALUES).

NOTE: There is, unfortunately, no “best” method for interconnecting the load and the powser supnly. Individual
applications, iocation and nature of the load require careful analysis in each case. Grounding a single point in
the output circuit is of great importance. |t is hoped that the preceeding paragraohs will be of some assistance in
most cases. For help In special applications or difficult problems, consuit dirgctly with Kepco's Application
Engineering Department,

3-27 VOLTAGE MODE OPERATION {(FRONT PANEL CONTROL)

3-28  Once the load is connected 1o the output terminals of the ATE Power Supply and safety, as well as grounding
rules have been applied as described (refer to par's. 3-1 through 3-28), power supply operation can procead:

1 Turn VOLTAGE CONTROL completely counterclockwise. Turn A-C POWER SWITCH/CIRCUIT
BREAKER "on” (The voltage mode VIX indicator should be “on"). Observe front panal VOLTMETER
and adjust VOLTAGE CONTRGL to the desired output voltage level, Turn a-¢ power ""off”,
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2} Turn the current control completely countarclockwise

3i Apply a short circuit across the output terminals of the ATE Power Supply. Turn A-C POWFR SWITCH/
CIRCUIT BREAKER “on” (the current mode VIX indicator should be “on’’).

4} Opserve front panel CURRENT METER and adjust CURRENT CONTROL 10 the required load current
valug, plus 2%. In voltage mode operation, this ss‘ttinq wilt determine the voltage/current “erossover”
point, Turn A-C POWER SWITCH/CIRCUIT BREAKER "off”

5) Remove the short circuit from the ouiput terminals, The power supply is now ready for operation,

3-22 CURRENT MODE OPERATION (FRONT PANEL CONTROL)
Note: Refer 1o Section |, par. 2-14 for fast mode conversion of the ATE.

3-20  Apply ali safety and output grounding rules as described in previcus paragraphs (refer 1o par's. 3-1 thraugh
3-18). Procesd as follows:

1 BEFORE connecting the load 1o the power supply output terminals: Turn A-C POWER SWITCH/
CIRCIHT BREAKER "on” {the voltage mode VIX indicator should be "an™), Observe the front pana
VOLTMETER and adjust the VOLTAGE control to the regquired compliance (output voliage) level,
Turn A-C POWER SWITCH/CIRCUIT BREAKER “off” and connect a short circuit to the output
terminals of the ATE.

2} Turn A-C POWER SWITCH/CIRCUIT BREAKER "on”. Observe. the front panel CURRENT METER
and adiust CURRENT control to the desired value. The current mode VIX indicator should go “on 1o
incicate that the power supply is truly in the current mode of operation, Turn A-C POWER SWITCH/

3} Hemove the short circuit, connect the load and turn A-C POWER SWITCH/CIRCUIT BREAKER "oan
if the ATE does not enter the current mode {as indicated by the front panet “VIX" indicator}, the load
resistance (R} is too high, Efther R | Must be decreased, or the VOLTAGE CONTROL setting must be
increased, or the CURRENT CONTROL setting must be decreased. The ATE is now ready for operation.

3-31 OVERVOLTAGE CROWBAR, SETUP AND CHECK

3-32  The overvoltage crowbar circuit protects the load from momentary or fong-term overvoltages. The crowbar
SCR conducts across the power supply cutput, and the A-C POWER SWITCH/CIRCUIT BREAKER is tripped
if such ovarvoltages occur, The setting of the front panal LEVEL control determines the “threshold” between
the actual operating voltage of the power supply and the level at which the crowbar circuit will be activatad.
The LEVEL controf can be set from 3 volts to 110% of the rated output voltage. The LEVEL control may be
adjusted very close the the cperating voltage {minimum threshold = 2% of rated output voltage or 4.5 voit,
whichever is greater). The operation of the crowbar circuit can be checked without actually triguering the
crowbar, All operating controls are accessible at the front panel {refer to FIG. 2.2, SECTION 11},

3-33  SETUP AND CHECK PROCEDURFE
1) Without connecting the load fo the power supply turn LEVEL control fufly clockwise,

2} Turn A-C POWER SWITCH/CIRCUIT BREAKER “on', chserve the front panel VOLTMETER, and set
VOLTAGE CONTROL to the desired value ar which the crowbar must trigger (NOT to the actual
operating voltage).

3 Depress the DISABLE button (and keep it depressed) while turning the LEVEL control counterclock-
wise, until the crowbar INDICATOR energizes {simulated crowhar action),

4} Turn VOLTAGE CONTROL stightly counterclockwise to the actual operating voltage. Releass the
DISABLE bution.

NOTE: This last adjustment esiablished the “threshold” ie,, the difference voltage between the output voltage and
the voltage at which the power supply will “orowbar”, For minimum “false triggering’’ use the largest threshold
yvour load can tolerate.

&) To cheack the adjusted crowbar trigger level, depress DISARM push bution and twrm VOLTAGE CON-
TROL clockwise. Chserv. front panel VOLIMETER and note the voltage at which the crowbar INDI-
CATOR lamp energizes. Correct LEVEL adjustment as described above if necessary. Reduce power
supply cutput voltage to its operating value,

MOTE: 1) Readjustment of the LEVEL control may be required after ioad and power suppl\/ have reached thermal
equitibrium,

NOTE:2) If an exact crowbar point at a remaote foad must De established, remote error sensing, as described in
par. 3-21 must be used.
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3-34
3-36

3-37
3-38

3-39

3-40

3-41
347

343

INTRCDUCTION TO REMOTE CONTROL OF THE ATE OUTPUT

GENERAL {REFER TO THE FOLD-OUT DRAWING AT THE END OF THIS SECTION. For local {front
panell control, the VOLTAGE CONTROL CHANNEL, the CURRENT CONTROL CHANNEL and the QVER-
VOLTAGE PROTECTOR of the ATE are locally adjusted by means of their respective front panel controls,
with the jumper connections on the REAR PROGRAMMING CONNECTOR as shown., The internal control
voltages for the VOLTAGE and CURRENT CONTROL CHANNELS are created by thelr individual control
amplifiers, while the OVERVOLTAGE PROTECTOR “crowbar ievel’” is adjusted by a potentiometer, connec-
ted across the (#1715 volt supply.

By disconnecting the internal contre! sources at the REAR PROGRAMMING CONNECTOR and substituting
remote control circuitry, the ATE VOLTAGE and CURRENT CONTROL CHANNELS, as welt as the OVER-
VOLTAGE PROTECTOR crowbar level, can be programmed externally. Control can be exercised individualtly
or simultanecusly on all three programming channels, atthough individua! programming will be iHustrated and
discussed in the following paragraghs,

PROGRAMMING THE VOLTAGE CONTROL CHANNEL

GENERAL. The ATE cutput veltage which is controlied by a front panel VOLTAGE CONTROL in the Locdt
control mede, can be remotely controlled by disconnegting the internal VOLTAGE CONTROL AMPL at the
REAR PROGRAMMING CONNECTOR (PC—12} and substituting an external control signal at the input of the
VOLTAGE COMPARISON AMPL with reference to the PROGRAMMING COMMON. For this “direct drive”
method of voltage controf, the conirol signal must be a positive going 610 valt d-¢ voltage sourde, able 1o
supply at least 1 mA of control current, An application, demonstrating this control method is described in
PAR. 3-41, and iHustrated in FIG. 3-6.

Since all terminals of two independent preamplitiers (PREAMP A", PREAMP "B"} are avaitable at the REAR
PROGRAMMING CONNECTOR, cutput voltage control can be exercised in many other ways. Each preampli-
fier can be used as an uncommitted operational amplifier using the applicable {ransfer functions. The static
offsets of each preamplifier can be zerped with the bullt-in ZERO controls. The effset variations for each
nreamplifier, versus the various influence guantities, are specified in Section | of this manual {Refer 1o Table
1-2).

Making use of the ATE preamplifiers ailows the user to accommodate a variety of programming sources. The
basic principle to keep in mind is that a 0 to 10 volts, 1 mA signal, presented at the VOLTAGE COMPARISON
AMPL input, will program the ATE output over its rated output voltage range. if the available programming
input source does not have the reguired amplitude, or if the required control current cannot be supplied, the
ATE preamplifiers can be used (o adapt most input sources and provide the required paramaters. The examples
presented in the following paragraph should sutfice to outline the wide variety of programming circuits which
are possibie with the ATE power suppiy.

QUTPUT VOLTAGE CONTROL WITH AN EXTERNAL 0—10 VOLT D-C CONTROL SIGNAL

An interesting example ot the direct drive method of voltage programming is the controi of the ATE output
voltage by means of a Kepco Digital Programmer. The |EEE 488 bus compatible Kepco SN—488 system for
example, responds 1o digital input daie and can be addressed either by a computer, or manually. The output
signal of the SN-—488 is a voitage from zero to 10 volts or zero 1o 1 volt and constitutes the input program
for the ATE. Since the SN--4B88 has two independent outputs (A, B}, only one output is needed for voitage
controb, while the other may be used 10 control the ATE output current {See par. 3-60).

PROCEDURE (VOLTAGE CONTROL WITH AN EXTERNAL O0-10 VOLT, 1 mA D-C CONTROL SIGNALI

1) Connect the EXT. CONTROL VOLTAGE, (SN—488 DIGITAL PROGRAMMER], the LOAD and the
PRECISION VOLTMETER (M1} 1o the ATE as showrn in FiG. 3-6.

2) With the SN—488 at zero, turn the ATE “on’’.

3] Vary the input voltage from the SN—488 from zero to 10 volts. The ATE output voltage, as read-out
on M1, should vary from approximately zero volts 1o its maximum rated output voitage, Return the
SN--488 output 1o zero volts.

1/4-2078 . 3-7
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344 CALIBRATION {Refer 1o Section {1, FI1G. 2-1 for the location of all internal controis},

13 Check the PRECISION VOLTMETER (M1} for
Eo ZERO control.

2} Set the MODEL SN-488 input to 10 volts. Observe M1 and calibrate the ATE output voitage to the
exact maximurm rated output voltage by means of the SN--488 calibration control.

3 Set the MODEL SN--488 output to "rera”™ again and check the previausly calibrated zero point on M1,
Correct with the ATE B4 ZERO control if required.

zero’’ reading and correct, if necessary, with the ATE

4) Set the ATE tront pansl CURRENT CONTROL according 1o your load requirements, following the
procedure given in PAR. 3-28 (2,345}, or use one of the cutput current programming circuits for
remacte controt of the output current as described in PAR s 3-60 or 3-64,

J PC-12 -5 ~0OUT GRD. +OUT +§

elol# ﬁ@ﬁi@ﬁ% ®|
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FHG. 36 OUTPUT VOLTAGE CONTROL WITH AN EXTERNAL (0-10V, 1 mA) D-C CONTROL SIGNAL.

345
3-46

VOLTAGE CONTROL WiTH A TWO.TERMINAL RESISTANCE

As mentioned previously {refer 1o PAR.s 3-39, 340} & wide variety of external programming sources can be
used to conirol the ATE voltage channel, By means of one or both of the ATE's uncommitted preamplifiers,
the external control potentiat can be ampbified, inverted and/or summed with an internal d-c signal, Alternately,
the preamplifier can be used to perform remote, two-terminal resistance programming of the ATE voltage
channel. As seen in FIG. 3-7, the INT. REFERENCE SOURCE {62V @ 1 mA} is connected to PREAMP A"
and the external input/feedback components are calculated 1o produce the required 0 to 10 volts control signal
from the preamptifier output,

A .

R1 EXT. PART OF:
G-I0KDL 1 voLTAGE o i R
CONT, 3 A ~
e et et et 33 4)
AN
! 34 o T =~ — P4 ke
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< < \- DRIVER

; | 10K CKT.

{axt )Ry i | )
57K {3 Now

{/ INV, IN

; | @ zere 0-tov VOLTAGE —y

§ | sreane, | (L@ ImA COMPARISOR AMPL,

(ext V@ | 22,24,28)
’ & -~ +
Ib CAL. <& _I_
% 37 =¥ INT. REF. SOURCE §/ Common

VA F. 6.2V (@ Ima

N~

FIG, 3-7 TWO-TERMINAL RESISTANCE PROGRAMMING OF THE VOLTAGE CHANNEL,
USING PREAMP A" AND THE INTERNAL REFERENCE SOURCE.
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, 347 (Refer to FIG. 37}, The preamplifier functions here in the inverting configuration, producing its output voltage
(Ep, which is made equal to the required coniroi voltage “E;") according to the equation:

Ep= %@i x He (Eg. 1) where: Ry = Ext Reference resistor
r ED = Preamplifier cutput voltage
equal to the required control
voltage {E;)
Eref = internal Reference Voltage 8.2V
By = Ext, Feedback Resistor

{Voltage Control}
Since the ratio Epo¢/R; may be expressed as a control current {Eo¢/R = 1.}, Eq. 1 can be simplified to read:
Ep = By (Preamplifier) = (yRy  (Eq, 2)

3-48 I is selected to be 1 mA for example (Control Currents from approximatelty 0.1 10 1 mA ¢an be selected), a
0 10 10K ohm reostat, decade or other varishle resistance wiil produce the required 0—10 volt control potential
and thereby control the ATE output voltage from rero 1o its maximum rated vatue, If a 0—10K chm voltage
control resistance is not available, the control current {1} can be changed 1o accommaedate the avallable resis-
tance valus, making use of the preamplifier cutput equation (Eq. 2). H, for example, a 15K chm precision
potentiometer is available, the control current (I} must ber TOV/1BKE = 0.66 mA. Since the built-in (NT.
REF. SOURCE is a {nominal) 6.2 volt, the external B, must be: 6.2V/0.66 mA &= 9.4KS2, which can be made
up from a 8K fixed, and 8 2K£ trim resistor Ly, CALLL

3-49  PROCEDURE, VOLTAGE CONTROL WITH A TWO-TERMINAL RESISTANCE

13 Connect the exiernal components, the LOAD and the PRECISION VOLTMETER (M1} 1o the ATE as
shown in FIG, 3-8.

2} With the EXT VOLTAGE CONTROL at zero ohms, turn the ATE “"on'’.

3) Vary the EXT. VOLTAGE CONTROL fram zero ohms to its maximum resistance, The ATE output
voitage, as read out on M1, should vary from approximately zero volts 10 its rated maximum value.
Return the EXT, VOLTAGE CONTROL to its zero ohm position.,
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FIG. 38 CONNECTIONS FOR VOLTAGE CONTROL WITH A TWO-TERMINAL RESISTANCE.
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350 CALIBRATION (Refer to Section |1, FIG. 2-1 for the location of a/f internal controls},

1 Check the PRECISION VOLTMETER [M1) for “sero’” reading and correct, it necessary, with the
PREAMP A" ZERO control.

21 Set EXT. VOLTAGE CONTROL o its maximum resistance. Observe M1 and celibrate the ATE output
voltage 10 the exact maximurn rated value by adjusting the BXT, Iy, CAL, controf,

3} Set EXT VOLTAGE CONTROL 1o sero ohms again, re-check the previously calibrated zero point on
M1 and correct with the PREAMP “A” ZERQ control if required.

43 Set the ATE front panel CURRENT CONTROL according 1o the LOAD reguirements, following the
procedure given in PAR. 3-28 (2,345) or use one of the output current programming circuits for
remote control of the output current as described in PAR s 3-60 or 3-64. Set the overvoltage protector
as described in PAR. 3:31.

B} Operation can now procesd. Check the ATE power supply output, by means of an oscilloscone, for
dynamic stabifity and ouipui ripple amptitude, Refer to PAR. 3.6 0f high ripple is present. I the power
supply oulput is dynamically unstable {oscillations), review the paragraphs on powers supply/lcad inter-
tace and grounding (PAR.s. 3-8 through 3-26). Adjust the B4 LAG controlif the ATE s configurad for
fast mode operation.

351 VOLTAGE CONTROL WITH A HIGH IMPEDARNCE CONTROL SOURCE

352 External controf sources which cannot supply ai teast 100pA of contral current can be best accommaodated by
using one of the preamplifiers in the non-inverting configuration. The control source s connected (o the ATE as
shown in FiG. 38,

RI{EXT.}
{—— o ereame '—i
| PART PR.FA‘}.MP 33/ ~ W
QF: /\ /\4¥
pe-12| P4 e o e e e Rt
|7 v N
; NN [ |- TO ATE
i 34 [ o OK >’ DRIVER
uT CKT.
§ § G VYV
NGN
A PSS Ep
~ R
R2 | 55 i Dzere O8I0V lipRive VOLTAGE -
(EXT) I I £i=(® Im& | VOLTAGE} COMPARISON AMPL.
Bl
) | v ]
EXT. CONTROL NN
SOURCE 22,24,26 VCQMMQN

FiG. 38 USING PREAMP "A" TO GENERATE THE 010V @ 1 mA CONTROL
POTENTIAL FROM A HIGH IMPEDANCE SOURCE.

283 (Refer o FIG. 391, The preamplitier output voltage (ED) is made equai 10 the required drive voitage "B by
calculating the external resistors {R1, R2) for the reguired gain, using the equation:
E, =B =g M,, {Eqg. 37, whare: E‘.—."p = Preamplifier Qutput Voltage,
’ Rz

egual to the reguired drive
voltage {(E;)

e; = Available control sourge,
R1, R2Z = Cxternal feedback registors,

A4 U, for example, a 0 to 0.5 voll control source is available, the preamplifior gain, and therefore the ratio (R1 +
R2) over B2 must equal 10/05 = 20 so that R1, R2 can be 38K and 2K respectively, I only an impedance
match is needed . ie., if a 010 voil source is available, but cannot deliver 1 mA of control current, R1 can be
replaced by a short circuit and the preampiifier operates as a voltage-foltower.
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3865 PROCEDURE,VOLTAGE CONTROLWITH A HIGH IMPEDANCE CONTROL SCGURCE

Connect the external components, the LOAD and the PRECISION VOLTMETER (M1} to the ATE as
shown in FIG, 3-10.

With the EXT. CONTROL SOURCE at zero, turn the ATE “on’,

Vary the EXT. CONTROL SOURCE from zero to its maximum output level, The ATE output voltage,
as react out on M1, should vary from approximately zero voits to its rated maximum value, Return the
EXT.CONTROL SOURCE to its zero position.
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FIG. 3-10 CONNECTIONS FOR VOLTAGE CONTROL WITH A HIGH IMPEDANCE INPUT SOURCE.

366  CALIBRATION [Refer o Section 1, FIG. 2-1 for the location of a/f internal controls),

(3]

(&3]

ATE 1/4-2078

Check the PRECISION VOLTMETER (M1} for “zero” reading and correct, if necessary, with the

Set EXT. CONTROL SOURCE to maximum output, Observe M1 and caiibrate the ATE output vol-
tage to the exact maximum rated value by adjusting the Calibrating Control in the EXT. CONTROL
SOURCE,

Set EXT. CONTROL SOURCE to zero again, re-check the previously calibrated zero point on M1 and
correct with the PREAMP A" ZERO contro! if required.

Set the ATE front panel CURRENT CONTROL according to the LOAD requirements, foliowing the
procedure given in PAR. 3-28 {2345}, or use one of the output current programming circuits for
remote control of the cutput current as described in PAR.'s 3-60 or 3-64. Set the overvoliage protecior
as described In PAR. 3.31.

Operation can now proceed. Check the ATE power supply output, by means of an oscilloscops, for
dynarmic stability and output ripple amplitude. Refer to PAR. 3-8 If high ripple is prasent. I the power
supply output is dynamicaly unstable {oscilfations) review the paragraphs on power supply/load inter:
face and grounding (PAR.'s 3.6 through 3.28). Adjust the £, LAG controf, if the ATE is configured for
fast mode,

317
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369

3-60
361

312 -
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PROGRAMIMING THE CURRENT CONTROL CHANNEL

contrel mode, can be ramotely controlied by disconnecting the 15V bias from the non-inverting input of the
EXT. CURRENT COMPARISCN AMPL at the REAR PROGRAMMING CONNECTOR, and applyinga O to ]
volt external contro! signal with reference to the ATE COMMON terminal. Since the non-inverting input of the
EXT CURRENT COMPARISON AMPL is used, only the small amplifier bias current must be supplied by the
external control source. IN ALL CURRENT PROGRAMMING APPLICATIONS, THE FRONT PANEL CUR-
RENT CONTROL SETTING OF THE ATE ACTS AS A “BACK-UP" CURRENT LIMIT AND MUST BE SET
SLIGHTLY HIGHER THAN THE REQUIRED MAXIMUM CUTPUT CURRENT. An application, demonstrat-
ing this control method is described in PAR, 3-60 and iflustrated in F1G. 3-11,

It the available programming source does not have the required amplitude or polarity, one of the ATE's uncom-
mitted prearnplifiers may be used 1o scale the programming solrce to the required contro! potantial {0 1o
valt}, or provide the correct polarity. Typical examples of some possible appiications are provided in the follow-
ing paragraphs.

DUTPUT CURRENT CONTROL WITH AN EXTERNAL 0 TO 1V CONTROL SIGNAL

An interesting example of direct drive method is the controt of the ATE output current by maans of a Kepo
SN—488 Digital Programmer. The SN--488 responds 1o digital input signals, is 1EEE—488 bus compatible and
can be addressed either by a comnuter or manually by means of a keyboard. The attenutated output signal of
the SN—488 is a voltage from zero to 1 volt and constitutes the input program for the ATE current channel,
Since the SN-488 has two independant outputs (A, B} and only one is needed for current control, the other
output may be used to control the ATE output voltage {See par. 3-41),

PROCEDURE (CUTPUT CURRENT CONTROL WITH AN EXTERNAL 0-1 VOLT, D-C CONTROL SIGNAL)

1 Connect the EXT. CONTROL VOLTAGE, {(Model SN—488 Digital Programmer), the LOAD and the
PRECISION VOLTMETER (M1} to the ATE as shown in FIG, 311

Note: The output current vaiue can be measured directly by means of a suitable ammeter in series with
the load or, as indicated in FIG. 3-11, indirectly by means of the precision volimeter (M1} across a
current measuring resisior (Rys). Ry, should be selected such that a convenient range on the precision
voltmeter can be used, eg., for & 10 ampere output current, use a 0.1 ohm, resistor 1o produce a one
volt full scale resding. H an eleciranic volimetar is used, it should be batter-operasted 10 avoid ground

laops.
2} With the SN—488 output at zerc, turn the ATE "on"’,
3 Vary the input voltage from the SN—438 from zero to 1 volt, The ATE outpbut current, as read-out on

M1, shouid vary from approximately zero volts 1o its maximum rated value, Return the SN—488 output
10 zero volis.
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283 CALIBRATION (Refer to Section |1, F1G. 2-1 for the iocation of all internat controls).
1) Check the PRECISION VOLTMETER (M1} “zero” reading and correct, if necessary, with the ATE 1
ZERO control.
2] Sat the Mode! SN—488 output to 1 voit. Observe M1 and calibrate the ATE output current to the exact
maxirmum rated ouiput current by means of the SN—488 calibration control.
3} Setr the Model SN—488 output to “zero® again and check the previously calibrated zero point on M1,
Correct with the ATE 1, ZERO control if required.

=

Set the ATE front panel VOLTAGE CONTROL according to vour load reguirements, or use one of tha
cutput VOLTAGE programming circlits for remote control of the output VOLTAGE as described in
PAR’s 3-37 through 358,

364 OUTPUT CURRENT CONTROL WITH A TWO-TERMINAL RESISTANCE

365  In this control mode, one of the ATE's preamplifiers is used in conjunction with one of the ATE's reference
source, to produce the 0 to T volt control signal, The external fesdback resistor (R, serves as the two-tarminal
external current control.
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FIG. 3-12 TWO-TERMINAL RESISTANCE PROGRAMMING OF THE CURRENT CHANNEL
USING THE PREAMPL AND THE INTERNAL REFERENCE SOURCE.

386 (Refer to FIG, 3-12). The preamplifier functions here in the inverting configuration, producing s output
voltage (EO, which is made equal to the reguired voltage "'E;") according to the equation:

Ep= Ep :E_F;a‘_x Ry (Eg. 1), whare: R, = Ext Reference resistor
v Ep = Preamplifier output voltage
equal 1o the required drive
voitage (E;)
Eref = Internal Reference Voltage 6.2V
Ro, = Exi Feedback Resistor

{Current Control}

Since the ratio E,¢/R, may be expressed as a control current:
{Era¢/Ry = 1), Ea. 1 can be simptified 1o read:
Ei = ED - 3be {EQ 21

367 | is selected to be 1 mA for example {control current from approximately 0.1 to 1 mA can be seiected), a
0 to 1K ohm, rheostat, decade or other variable resistance will produce the required 0—1 vaolt control potential
and thereby control the ATE output current from zero to its maximum rated veluve. If a 0—1K ohm voliage
controj resistance is not available, the control current (1) can be changed to accommodate the available resis-
tanca value, making use of the preamplifier output equation (Eq. Z). I, for example, a 1.5K ohm precision
potentiometer is available, the control current {t},) must be: IV/1HKQ = 0.68 mA. Since the built-in INT.
REF. SOURCE isa (nominal} 6.2 volt, the extarnal R, must be: B.2V/0.68 mA ~9 4K which can be made up
from a 8K§2 fixed, and a 2K$2 trim resistor {li; CAL.).

ATE 1/4-2078 3-13
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368 PROCEDURE, ATE OUTPUT CURRENT CONTROL WITH A TWO-TERMINAL RESISTANCE.

1) Connect the external componenis, the LOAD and the PRECISION VOILTMETER (M1} to the ATE as
shown in FIG. 3-13. NOTE: The output current value can be measured directly by means of a suitable
ammeter in series with the load or, as indicated in FIG. 3-13, indirectly by means of the precision
voltmeter (M1) across a current measuring resistor (Rpgl. Rypg should be selected suich that a convenient
range on the precision voltmeter can be used, e.q., for a 10 ampere output current, use a 0.1 ohm resistor
to produce one volt full scale. I an electronic voltmeter is used, it should be battery operated to avoid
ground loops,

2} With the EXT. CURRENT CONTROL at zero ohms, furn the ATE “on”,

3} Vary the EXT. CURRENT CONTROL from zero ohms to its maximum resistance. The ATE output
current, as read out on M1, should vary from spproximately zerc to its maximum value, Return the

EXT. CURRENT CONTROL to its zero ohm pasition,
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FIG. 3-13 CONNECTIONS FOR ATE CUTPUT CURRENT CONTROL WiTH
A TWO-TERMINAL RESISTANCE.

389  CALIBRATION (Refer to Section I, FIG. 2-1 for the tocation of aff internat controls},

1 Check the PRECISION VOLTMETER (M1 for “zero' reading and correct, if necessary, with the
PREAMP "B” ZERQ CONTROL.

2} Set EXT, CURRENT CONTROL to its maximum resistance, Observe M1 and calibrate the ATE output
current to the exact maximum rated value by adjusting the £XT, 1y CAL. control.

3} Set EXT. CURRENT CONTROL te zero ohms again, re-check the previously calibrated zero point on
M1 and correct with the PREAMP “"B” ZERQ control if reguired,
4) Set the ATE front panel VOLTAGE CONTROL according to the LOAD requirements, or use ong of

the output Voltage programming circuits for remote control as described in PAR's 3-37 through 3-58,

5) Operation can now proceed. Check the output, by means of an oscilloscope across Ry, for dynamic
stability and output ripple amplitude. Refer 1o PAR, 3-6 if high ripple is present. IT the power supply
output is dynamically unstable {osciliations}, review the paragraghs on power supply/load interface and
grounding PAR's 35 through 3-28).

314 ATE 1/4-2078
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374

PROGRAMMING THE OVERVOLTAGE PROTECTOR

The ATE overvoltage protector “crowbar level'” is normally set by a front panel {screwdriver adjusted) control
{SET LEVEL]. This local operating mode has been previously described in PAR. 3-31, The crowbar level can
be independently remotely controlled by setting the internal crowbar level 1o zero, turning the front panel
SET LEVEL control compietely counterclockwise and applying an external control signal {0 to 10V d-c)
at the OVERVOLTAGE INPUT. in another programming mode, the crowbar level can be controlled in a
“tracking mode”’, ie,, the 0—10 volt cutput voltage programming signal can simuitaneously be applied o the
overvoltage protector, so that the crowbar level automatically “tracks” the output voltage level of the ATE.
Typical examples of these programming appiications are presented in the following paragraphs.

REMOTE CROWBAR LEVEL CONTROL WITH AN EXTERNAL (0—10 VOLT D-.C, 1 mA} SIGNAL

The ATE crowbar level can be remotely controlled by an external 0 1o 10 volt, T mA d-¢ control source. One
example of such a control source is the Kepco SN—488 Digital Programmer, which fesponds to digital input
signals and can be controlled by computer or manuaily. The output of the SN—488 s from zero to 10 volts or
0 to 1 volt per channel and serves gs the input to the ATE overvoltage protector,

PROCEDURE, CROWBAR LEVEL CONTROL WITH AN EXTERNAL SIGNAL
1 Turn front CROWBAR SET LEVEL completely counterclockwise.

2} Connect a substitute LOAD and the EXT, CONTROL SOURCE to the ATE as shown in FIG. 3-14, Set
the EXT. CONTROL SOURCE to its maximum value,

3) Turn the ATE “on” and adjust the front panel VOLTAGE CONTROL to the desired crowbar fevel, i e,
the level at which the ATE is to shut down, not 1o your load voltage level.
NOTE: Monitor the power supply voltage either by means of the front panel meter, or if required,
connect a precision voltmeter acrosy the load,

4) Slowly reduce the level of the EXT. CONTROL SOURCE and note if the ATE shuts down at the correct
crowbar level,
5) Turn the ATE front panel VOLTAGE CONTROL one turn counterclockwise and re-activate the ATE

circuit breaker.

5)] Test the previously set crowbar level again by turning the front panel VOLTAGE CONTROL slowly
counterclockwise and observing the voltmeter, [T the ATE does not shut down a1 the intended crowbar
tevel, correct the setting of the EXT. CONTROL SQURCE, turn front panel VOLTAGE CONTROL
one turn counterciockwise, re-activate the ATE circuit breaker and test again.

7} Turn the ATE front panel VOLTAGE CONTROL to the exact operaling voltage which the LOAD
recilires.

PC-12 =§ ~0UT GRD. +DUT 4§

ON PC 12! j14 134
REMOVE JUMPER: s 154
{26}~ {38) 18 1t

010V 128 271

* 35 5%
EXT. CONTROL [—438 Lt

SOURCE

TC AC PUT
SOURCE

{
\

46 47 -

=3
(=]
S

L ATE 1/9 RACK §

FIG. 3-14 REMOTE CROWBAR LEVEL CONTROL WITH AN EXTERNAL
0--10V D-C @ 1 mA) SIGNAL SOURCE,
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375 AUTOMATIC (TRACKING) CONTROL OF THE CROWBAR LEVEL

3-76 In this application, an ATE’s voltage cutput is remotely controliad by a G-10 volt external programming signal
which is simultaneously applied as a condrol signal to the overvoitage protector. As the ATE output voltage is
now programmed by the external programming source throughout the specified range of the ATE, the crowbar
level is “"tracking’' the ouiput voltage, i.e., it always remains higher than the instantanesous ATE output voitage,
thus providing automatic overvoltage protection throughout the range.

3-77 PROCEDURE, AUTOMATIC {TRACKING) CONTROL OF THE CROWBAR LEVEL, (ATE IN “SLOW™ MODED

1} Connect jumpers on the REAR PROGRAMMING CONNECTOR as indicated in FIG. 3-15 and connect
switch (51) as shown. Turn front panel CROWBAR LEVEL control fully counterciockwise.

2y Connect a substitute LOAD and the EXT. PROGRAMMING SOURCE as shown in FIG. 3-15,

3y To test the overvoltage protecior action, turn ATE “on’ and set output voltage by means of the EXT.
PROGRAMMING SOURCE to a nominal value. Switch S1 from position A to B. The overvoltage protac-
tor will crowbar the ATE cutput. The CROWBAR indicator will be “on” momentarily and the ATE circuit
breaker wil trip.

4y Remove $1, and connect a jumper batwesn (41)(50) of PC-12. Connect the actual LOAD, reactivate
the ATE circuit breaker and commence operation. Should erratic triggering occur in actual operation,
set front panel CROWBAR LEVEL control slightly clockwise. This will increase the 'threshold” voltage;
that is, the difference voltage between the crowbar level and the operating voltage.

ON PC-12: f
ADD JUMPER:
{36} -(49)

REMOVE JUMPERS:(24)-(50),
(26}-{36) AND (41}-{42)

it
(-
~g7
{4} 100K
o-i0V
PROGRAMMING
source [ 0 ACiNPUT
CLOSED L.§46 45 m;\ SCURCE
BOQ seesw& < Eu (9] 7
Y —450 43§ 7 {
A open L ATE t/4 RACK §

FIG. 3-15 CONNECTIONS FOR SIMULTANEQUSLY PROGRAMMING THE ATE
OUTPUT VOLTAGE AND THE CROWBAR LEVEL (AUTOMATIC TRACKING).

(1} It the ATE is operated in the “FAST" mode, the following connections to PC-12 must he changed:
1} Do not add jumper {36)-(49} 3 Connect 81-Commoen and 100K {o pin 36
2) Do not remove jumper {24)-(50) 4) In parragraph, 3-77 Step 4, connect pins (36} and {41)
Ali other descriptions are applicable for both, “FAST" and "SLOW™ operating mode.
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3.78 PROGRAMMING THE OUTPUT VOLTAGE AND THE CGUTPUT CURRENT SIMULTANECUSLY BY
MEANS OF EXTERNAL, REMOTE CONTROL VOLTAGES

379 The output veltage, and the output current of the ATE power supply can be controlled simultanecusly by
means of remotely located variable voitage sources, The control voltages required 1o drive the voltage and
currant channeals over the rated output range are O o 10 volt a1t 1 mA for the Voitage Channel and 0 1o 1 voit
for the Current Channel. An idsal prograrmming source is the Kepeo SN--488 Digital Programming System,
which provides two independent control voltages of the correct magnitude per programming card.

NOTE: FOR CONTROL SOURCES NOT WITHIN THE GIVEN SPECIFICATIONS, THE TWO FREAMPLI-

FIERS MAY BE USED, AS DESCRIBED IN PAR.S 345 TO 3-66 AND 364 TG 3689, TO SCALE
THE AVAILABLE CONTROL VOLTAGE UP OR DOWN AS REQUIRED.

MOLTS (Mi}
TO IEEE488 BUS O o I »
WOLTS {842}
REMOVE JUMPERS: LI
{a01-{a4} AND (41)~{42) {+} -
ON PC-t2 o0 0o
KEPCO H ~ T -
MODEL PC~12 ri QUT BRI, $OUT +8
SNR-488-4 ot
INTERFAGE e 31 ®§L g@
[ ’ ,
B 71 wﬁ‘éw :
fio o1 lﬁmovﬁ R 53] el
iz i LINKS —/ w-“-z
-~ He ot 5 LOAD |
OUTRUT ) e g ROV
__m.,..mJ (=~}
VOLTAGE ¥zo 199 A ?%;\m
QAR = -
— 24 2 .
2625;] ¥ Twizy
KEPCO Yoo 274 i
MODEL COM, 50 25%
SN488-8/D {32
PROGRAMMING ﬁ“%“a\i b
CARD 36 354 ;
o oog
40 39
Fant Foiun SR
g $aa 45% SOURGE
§4
ouTPUT j48 47 7
B 450 49§ o {
CURRENT =
~J CONTROL i_ATE 1/2 RACK o~
S1GNAL

FIG, 3-16 CONNECTIONS FOR CONTROL OF OUTPUT VOLYAGE AND QUTPUT CURRENT BY MEANS OF EXTERNAL,
VARIABLE CONTROL VOLTAGES, SUPPLIED BY THE KEPCO SMN-488 HGITAL PROGRAMMING BYSTEM.
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3-80 PROCEDURE, OUTPUT CONTROL WITH EXTERNAL CONTROL VOLTAGES, SUPPLIED BY THE KEPCO
SN—488

STEP 1: Connact external components, the LOAD, the PRECISION VOLTMETERS and the Ry as shown in
FIG. 3-16.

STEP 2: With the VOLTAGE CONTROL SIGNAL (Channel Al at some non-zero vaiue and the CURRENT
CONTROL SIGNAL (Channel B} at zero, turn power supply “on'’.

STEP 3: Close S1. Vary the CURRENT CONTROL SIGNAL from zero to its maximum value. The power
supply output current, as read-out on M2, should vary from approximately zero 1o the rated maximum
output current, Leave CURRENT CONTROL SIGNAL at Its maximum setting,

STEP 4: Open S1. Vary the VOLTAGE CONTROL SIGNAL from its initial setting to Tts maximurm value. The
output voltage, as read-out on M1, should vary from approximately zero 10 the rated maximum ouiput
voltage.

381 CALIBRATION, VOLTAGE CHANNEL
Refer to Section {, FIG. 2-1 for the focation of all internal power supply controlst,

{Refer to yvour SN—488 system manual for the location of the system calibration controls),

1} Open ST, Set VOLTAGE CONTROL SIGNAL to zero, Check the PRECISION VOLTMETER (M1} for
“zerc’' reading and correct, if necessary, with the “E ZERG” control.
2} Set VOLTAGE CONTROL SIGNAL to its maximum value. Observe M1 and calibrate the power supply

output voltage o the exact maximum rated value by adiusting the external control voltage (Channel A,
full-scate cal, control},

3 Set VOLTAGE CONTROL SIGNAL to zero again, re-check the previously calibrated zero point on M1
and correct with the power supply "B, ZERQ" control if required.
4) This conciudes the calibration of the voltage channel, Leave the VOLTAGE CONTROL SIGNAL at

approximately 1/3 its maximum setting.

3-82 CALIBRATION, CURRENT CHANNEL

Note: The output current value can be measured directly by means of a suitable ammeter in series with the load
or, as indicated in FIG. 3-16, indirectly by means of the precision voltmeter {M1) across a current measuring
resistar {Ry). Fiyy should be selected such that a convenient range on the precision valtmeter can be used, e.g.,
for one ampeére output current, use a 0.1 ohm resistor to produce 100mV full scale. {f an electronic voltmeter is
used, it should be battery-operated 1o avoid ground ioops.

1} Close S1. Set CURRENT CONTROL SIGNAL 1o zero. Check the PRECISION VOLTMETER (M2) for
“zero” reading and correct, If necessary, with the power supply i, ZERO" control.
2} Set CURRENT CONTROL SIGNAL 1o its maximum value. Observe M2 and calibrate the power supply

output current to the exact maximurm rated velue by adjusting the external control voltage (Channel B,
full-scale cal. control}.

3) Set CURRBENT CONTROL SIGNAL to rerc again, re-check the previously calibrated zero point on M2
and correct with the power supply "I, ZERO" control if required, Open 51,

3-83  Operation can now proceed. Check the ouiput, by means of an oscilloscope, for dynamic stability and output
ripple amplitude, Refer 1o PAR. 3-6 if high ripple is present. If the power supply output is dynamically unstable
{oscillations) review the paragraphs on power supply/load interface and grounding (PAR's 3-6 through 3-26),
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384 THE USE OF THE “EXT. CURRENT COMPARISON AMPLIFIER"” FOR GENERAL FEEDBACK CONTROL

3-85  The output of the ATE power supply is normally controlled either by the VOLTAGE COMPARISON, or by the
INT. CURRENT COMPARISON AMPLIFIER, depending on the prevailing operating mode. A glance at the
SIMPLIFIED SCHEMATIC DIAGRAM (See end of Section 111}, however, shows that a third control channel is
available, via the EXT. CURRENT COMPARISON AMPLIFIER, which is narmally “biased off”. The use of this
amplifier has previousty been shown in an application for external current control (See par.'s 3-67 to 3-63, Since
both inputs of the EXT. CURRENT COMPARISON AMPLIFIER areavallable at the REAR PROGRAMMING
CONNECTCR {PC—12), it can be used adavantageously to control the power supply output in réesponse to
feedback from such divers physical phenomena as light, temperature, pressure, chemical reactions and the tike.
Since the {open loop! gain of this third control channel is very high, only minute feedback signals in combina-
tion with an appropriaie external control are reguired,

386 The design of the required external circuitry is shown by means of the following example: A “targer” object
requires constant Hiumination, supplied by a lamp, which is connected at the power supply output. The feed-
back is supplied by a photo cell, the output of which is 0-100mV, depending on the Hght input. A "Brightness
Control’’ is required to adjust various Hlumination levels.

Note: Depending upon the characterisitics of both, lamp and photo-cel, fast mode operation of the ATE
might be advisable.

, Ree BRIGHTNESS 0-100 my ALTERNATE
BRiaH
; %'ﬂoon CONTROL . }f CONTROL FTREMOVE JUMPER 29-44)
]
e e e e e s | e vcommom

r i

| E = 29 £ o 40 44 o

L S e — il

. FROM VOLTAGE f

| | CHANNEL Ey

I
f ! [ preawe s EXT, guzngm mmmmmmm -
| | 2 N ttiae [ |

A . X
)
| i \i\ bl GATE | LAWP |
| : o ; t Ei o;f\“f?a ! \
| O | |
* Er | |
| N | . ‘
: ’“—_<E22'2j’26| i PHOTO
[ | | AN {7 | ATE VOLTAIS
| CONMON | CELL TARGET
| | INT. REF, FROM CURRENT | :
| Bl e e (e
| | i L 6.2V(@ ImA N7 1
! | = N B e 46 - - l I SN PR S
I v VY
— I b e = o o N P OAD. AND PHOTO CELL, THE e Ay’
had o PART OF PC-iz OPERATE BETTER IN FAST MODE. le—Eves out
O-1c0mv

FIG, 317 ILLUMINATION CONTROL CIRCUIT WITH THE ATE POWER SUPPLY,

387 {Refer to FIG. 3-17}. Assuming the ATE power supply is compatible with the reguirements of the lamp load,
the control circuit may be designed as shown with one of the ATE preamplifiers, or, an external control voltage
source can be connected as indicated with the dashed lines in FIG. 3-17, The external source should be adjust-
able in the range from 0 to 100mY if illumination control is desired, or it should have a means of calibration if
a Tixed external source is used for a constant illumination level,

388 In the example, the ATE internal preamplifier (PREAMPL "B} is used to develop the control signal [E; =
0—100mV ), which is compared with the phota-cell output at the input 1o the EXT, CURRENT COMPARISON
AMPLIFIER. The external reference resistor (R} and the control rheastat (R .} are selected o produce the
control signal, similar 10 the example described in a previous application (See par. 3-64).

318

www.valuétrénics.com



ON PCI12:
REMOVE JUMPERS:

§§§’,Z‘&°§-}‘_“°"“’” AND P ez «§ ~OUT GRD, +0UT +§

ADD JUMPER: tz

- [C-1
{29}-(44). e 8t

i 7§
b s
Fig ug

Ree B4 ssf

1000 pie 154
fle 74 LAKP

BRIGHTNESS #20 B
fos zity LENS‘E‘ARGET
Ry 26 #8HT 4
o [fen ey 1)
430 zod T
= a OUTRUT

f5e 31
Dia E@?:gzv -4 s

36 B Evg =100mY
Ib CAL. §40 23
oz A% Pmm Cl TO AC INPUT

T
ise 57h E Ej m
¥ 23y _— SOURCE

$ag 45@5
f48 47¢ {
450 423 \

I ATE 1/9 RACK . }

] TH
i 201

FiG. 3-18 CONNECTHIONS FOR ILLUMINATION CONTROL, USING THE £XT. CURRENT COMPARISON AMPL.,

3-89 PROCEDURE, 1L LUMINATION CONTROL
1 Connect the external componants 1o the ATE power supply as shown in FI1G. 3-18.

7} Adjust both, ATE fromt panel VOLTAGE and CURRENT CONTROLS approximately 10% beyond the
values required by the LAMP which represents the power supply load. Although the voltage or current
channel are not in control in this application, the setting of the front panel output controls close to the
lamp requirements serve as a “back-up’ voltage and current limit should feedback control from the
photo-celt be lost. )

3 Turn the external BRIGHTNESS CONTROL to its mid-range and turn the ATE power supply “on”,
Vary the BRIGHTNESS CONTROCL through its range and observe its effect on the LAMP. The lamp
brightness should vary from zero {dark} 1o the approximate maximum brightness.

390 CALIBRATION

Turn the BRIGHTNESS CONTROL (R} to its maximum clockwise position and adjust the external Iy, CAL.
control until the maximam desired brightness is measured.

3-891 MULTIPLE POWER SUPPLY AND SYSTEMS OPERATION

397  In applications where several power supplies are used it is often necessary 10 shut down aff power supplies if a
malfunction on a single supply forces its shut-down. Sometimes, a “"PANIC BUTTON" arrangemnent is desired,
where aff system power supplies can be shut-down with a single manual switch or a common signal from a
controtler, ATE power supplies are ideally suited for mult-unit poeration since all necessary crowbar control
circuit connections arg erminated at the rear PROGRAMMING CONNECTOR (PC—12}. The crowbar control
connections in a multi-unit application can be externally wired o form a closed loop fault-detection circuit as
shown in FIG, 3-19. Although only three ATE power suppliss are shown, the contrel foop may be extended to
include as many ATE power supplies as are required.

320 ATE 1/4-2078
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REFER TO PAR 3-11 AND FIG.3-3I
A

g
. . TO CROWBAR A
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- —25 mmmmm mi i" mmmmmmmmm arT T T T T 7
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| i’““’mm":}\”'E B F”/E\”""_T_”i Hl F"T“"”—T‘”l |
|<'4; ;ZS:H*:‘H 123 )1 14 ;23:§
! T ATE ?-} ;; é—: ATE i”:é\ t ATE -—§—> |
POWER POWER POWER
o, || suePLY s [ . || suppLY ;25 X . || suppLy ;25 {
NO. 1 NO. 2 NO, 3

FI1G. 3-19 MULTIPLE POWER SUPPLY FAULT DETECTION LOOP

393 In addition 1o the crowbar terminals, optically isclated flag signals are available at the PROGRAMMING CON-
NECTOR (PC-12} of each ATE power supply. These signals may be used to indicate the crowbar status and the

3-94 SERIES CONNECTION OF ATE POWER SUPPLIES

308 Kepco ATE power supplies may be connected in series for increased voitage output. Series connection of two
ATE units is described herg, but several units, up to an output voltage total of 500 volts may be inter-connected,
Two basic methods of series connection are cormmenly used: The "AUTOMATIC” and the "MASTER/SLAVE"
configuration, Tha choice between these two methods will depend on the application at hand, If individual power
supply control is desired, the "Automatic’’ series connection should be used. It the cutput of the interconnected
power supplies is 1o be controlled simultansously, the “MASTER/SLAVE' method is recommended. For efther
method, some general rules should be remembered:

1} Series - connect supplies onfy up 1o a total of BOO volts output voltage, this is the isolation voltage limit for
the ATE power supply.

21 Series - connect supplies onfy if they have similar current rating or, if the current control can be adjusted to
the same load current.

3} Use error-sensing, as shown in the diagram {See FIG. 3-20}, to compensate for load-wire drops,

NOTE: SENSING LEADS ARE NOT REQUIRED {F THE APPLICATION CALLS FOR CURRENT
MODE OPERATION EXCLUSIVELY.

4} The load-wires should be as short as practicable. Select the load-wires as heavy aspossible and twist the load-
wire pair tightly. Approximate egual lengths of load-wire between each pair of supplies is recommended.

5) Use the Fault Detection Loop, as described in par. 381,

8} All previousty described programming circuits may be used on the MASTER power supply, to program the
series connected system.

ATE 1/4-2078 3.21
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396 PROCEDURE, AUTOMATIC SERIES CONNECTION

1

FIG, 3-20 AUTOMATIC
SERIES CONNECTION

wwiv:valuetronics.com

Without connecting the power supplies to the load, turn a-c power “on’, and adjust the output voltage
on each supply to the reguired level {the sum of the output voltages will be the voltage applied to the
load),

Adjust the current contral on each power supply to s extreme counterclockwise position, Turn a-¢
power "off'’. Connect a short cireuit consisting of a short wire across the output terminals of sach power
supply. Turn a-c power “on' and adjust each ATE Current Control 1o the required load current. Turn
a-c power “off”". Remove shorting wires from output terminals,

Make all load connections as shown in the diagram (refer to FIG, 3-20).

Turn a-¢c power "on”, Observe output metering and front panel MODE indicators. The output current
shouid be identical on all series connected supplies and ali supplies should aperate in the voltage mode
(VOLTAGE MODE indicator “'on').

On those supplies not operating in the voltage mode, turn current control slightly clockwise untif the

I current mode operation is desired turn one front panei current control slightly counterciockwisa such
that the CURRENT MODE indicator is just energizing {the remaining supply {(supplies) should remain
in the voltage mode of operation).

Operation can now proceed,
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387 MASTER/SLAVE SERIES OPERATION. In this mode of operation the total output voltage of all supplies in
the series connection is controlied from a common "Master’' supply, while the voltage output of the “Slave”
supplies “follow" the output voltage of the "Master™.

308  As seen from the diagram {F1G. 3-21) in each SLAVE supply, the input to the VOLTAGE COMPARISON AMP

is disconnected from the output of the VOLTAGE CONTROL amplifier and an external drive signal is derived
from the output voliage of the MASTER supply {Enpy) and applied via a coupling resistor (Ry), to the SLAVE

supply.
TR R
AVAAY. =
Rf (int.)
Rifint.}
Rt 4 0K
AYAYAY, T << | NN B 4
i | 1b:0~lmA £20 GATE
! ! :
VOLTAGE
ORIVE |
SIGNAL o i COMPARISON AMPL
Eom(EbL) | !
| i PART OF ATE
f | SLAVE SUPPLY
[ 2 COMMON
A
!- Lot T

FIG. 321 DEVELOPING THE DRIVE FOR THE MASTER/SLAVE SERIES CONNECTION,
ATE POWER SUPPLIES WITH RATED OUTPUT VOLTAGE > BV.

389 The output voltage of each SLAVE supply (B will be from O to its maximum rated output voltage if the
input signal to its VOLTAGE COMPARISON AMP {E;} is proportioned 1o produce a control current {1,) of
1TmA_ Since the null junction voltags (E) equals zero at balance,

E Eqen - IpRj _ E

b= QM or, Ry = _0M° = fom R
TRy R Gint) - T b
: £
Since |, = TmA, R; = 10K ohm in all ATE power supplies, Ry (K ohms = ;OFAﬂ - 10K
m

For example, if a series connection of two ATE supplias with maximum output voltage of 36 and bb volts is

planned for an application requiring & voliage supply from 0 o 91 volts into a cormmon load, the coupling

resistor is selected as follows:

Let Egppy = 0-BEV (MASTER SUPPLY], then the SLAVE SUPPLY (Bl must vary from zerc 1o 36 volts, as the

MASTER suppiy is varied over its cutput voltage range. Cateulating the coupling resistor.

Ry = bhv
TmA

- 10K = 45K ohms, and connecting the system as shown in #1G, 3.22 will produce the desired result,

ATE 1/4-2078
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3100 PROCEDURE, MASTER/SLAVE SERIES OPERATION WITH TWO OR MORE ATE SUPPLIES

1} Connect esach individual ATE power supply, t0 be connected in series, 1o the a-c power line. Adjust the
front panel Current Control on each ATE completely counterclockwise, Connect a short-circuit, consis-
ting of a short wire length across the output terminals of each ATE supply.

2} Turn a-c power “on' and adjust each ATE Current Contrel to the required load-current plus 5%. Turn
a-¢c power "off” remove short circuit.

3} interconnect power supplies as shown in FIG. 3-22. Note: Only one SLAVE unit'is shown, but more can
be added. Turn MASTER supply VOLTAGE CONTROL to its maximum counterclockwise position,

4} Turn a-¢ power "“on’’. Observe front pane! MODE INDICATORS. All "WVOLTAGE MODE" indicators
should be “on' and all front panel meters should read approximately zero,

S} Slowly, turn MASTER voltage control clockwise, untit the desired output voltage level is reached. The
load voltage is the sum of the MASTER and all SLAVE output voltage as read out on each front pane!
outout voltage meter. AH output current meters should read the identical load current,

8) Set the output current limilt point by turning the current conirol on all series connected supplies coun-
terclockwise, until each supply just transfers into the current mode CURRENT MODE indicator “on”,
then turn each slightly clockwise again, untif each VOLTAGE MODE indicator energizes again.

7} f current mode operation is desired, leave the setting of the “Master” current controf such that the
CURRENT MODE indicator is energized. While the output current can now be controlied by the “Mas-
ter” supply, the “Slave” supply will still operate in the voltage mode (VOLTAGE MODE indicator “'on”
and deliver additional compliance voltage to the load}.
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3-101 MASTER/SLAVE SERIES OPERATION WITH ATE 8V POWER SUPPLIES
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F1G. 3-23 DEVELOPING THE DRIVE FOR THE MASTER/SLAVE SERIES CONNECTION FOR 6V ATE SUPPLIES,

3162 ATE power supplties with 6 volts maximum output voltage cannct be maester/siave connected as described in
par, 3-97. Instead, the MASTER output voitage {6V ) must first be amplified to 10 volts if the SLAVE supply is
to be driven through its full. output voltage range, As seen from FIG. 3-23, one of the preamplifiers of the slave
unit may be used to proportion the drive signal to the required level. For a O—1mA control current ) the
input voltage (E(} 10 the VOLTAGE COMPARISON AMP must be 0—10 volt. Therefore, the MASTER output
voltage (Eg ) is amplified, using PREAMP A", by selecting the value for the external resistors {R¢, R} accord-
ingly. The values for these resistors are caloulated on the basis of the aquation: Four {preamp) = E; = B x
(Rt + R{)/Rj. For the example of two 8 volt ATE supplies in series connection: £, = 8V, therefore (R¢ + R1/
R; (the closed loop gain of PREAMP A"} must be 6 x (R + Rj)/R; = 10 or (R + By/R; = 1.7, Letting Ry =
3K, 8, must be approximately 5K chms. R¢ may be selected 1o be a rheostat, so that a convenient gain control
is available for calibration.

3-103 PARALLEL OPERATION OF ATE POWER SUPPLIES

3-104 Normally, crowbar equipped power supplies can not be connected in parallel, since a triggered crowbar in one
supply, working in a paralle! configuration, would present a short circuit to all other suppties and would have to
absorb the total output current. In the ATE power supply, crowbar control circditry is provided, allowing the
setup of a fault-detection loop, which shuts off all power supplies in a parallel configuration if one power supply
is ""crowbared” for any reason.

3-105 As in the previously describad "series” connections, an "Automatic’ or a "Master/Slave” connaction method
can be chosen for paralleling ATE powsr supplies. The choice between the two methods will depend on the
application at hand. For constant loads or small load variations {ioad changes smaller than the maximum output
range of a single power supply}, the “Automatic” paralie! connection can be used, For load changes exceeding
the maximum rating of a single power supply, the “"Master/Slave” method is suitable. Both methaods aliow
operation in the voltage or current mode. For either method, some general rules should be observed:

1) Parallel onty supplies which can be adjustad to the same compliance {output) voitage.
2} Error sensing, as shown in the following diagrams, can be used to compensate for load wire voltage
drops.
3} Load wires should be as short as practicable. Select wire gauge as heavy as possible and twist wires
tightly. Approximately equal lengths of wire should be used.
4} Use the fault detection loop circuit, as described in par. 361,
ATE 1/4-2078 325
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NOTE: The diagram below (refer to FIG. 3-24) shows how the two power supplies operate in the automatic
parallel mode. As seen from FI1G. 3-24, load variations should be confined to the stabilization region of SUPPLY
#2 since there is an inital adjustment error (AEL) between the two supplies,
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FIG.3-24 "AUTOMATIC” PARALLEL OPERATION (TWOQ SUPPLIES}

3-106 11 stabilized output current {rather than stabilized output voltage) is desired, all previous comments are valid,
except that error sensing is not needed. For stabilized output current, the Current Control of the supply operat-
ing initially in the “'voltage’ mode (SUPPLY #2) is readjusted (counterclockwise) to such a value that SUPPLY
#2 just switches 10 the “current” mode [observe front panel MODE indicators,

3-107 PROCEDURE, AUTOMATIC PARALLEL CONNECTION

Note: The parallet cormection of two ATE power supplies is described, although more can be connected.

1) Without connecting the power supplies to the load or to gach other, turn a-¢ power “on'’, and adjust the
cutput voltage on each supply to the desired value.

2} Adjust both power supply current controls to their maximum (extreme clockwise) position. Turm a-<
power “off’".

3} Make all ioad interconnections as shown in the connection diagram (refer to FIG. 3-25),

4} Place the individual a-c power switches of the power supplies in the “on” position. Observe output

current meters and mode lights on both units. Since the initial output voltage adjustments wers not
identical, one of the power supplies {to be designated SUPPLY #1), will be at a slightiy higher output
voltage than the other {to be designated SUPPLY #2). Consequently, SUPPLY #1) will deliver its
maximum load current and will operate in the current mode, CURRENT MODE indicator “on'. The
rest of the load current is delivered by SUPPLY #2 which is operating in the voltage mode (VOLTAGE
MODE indicator “on™}.

5} The Current Controf of SUPPLY #1 can now be adjusted, as to equalize the total toad current between
SUPPLY #1 and SUPPLY #2, and operation can proceed.

3-26 ATE 1/42078
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3108 MASTER/SLAVE PARALLEL CONNECTION

3109 This method is especiaily convenient with ATE power supplies, since no external current sensing resistors are
required and all controf connections can be made via the ATE’s rear PROGRAMMING CONNECTOR. In the
MASTER/SLAVE paratlel mode, the EXT. CURRENT COMPARISON AMPL on each SLAVE unit is discon-
nected from its 18Y hias and is driven instead from the common MASTER CURRENT SENSING AMPL. As the
MASTER supply delivers load current from zerc to its rated maximum value, the signal from its CURRENT
SENSING AMPL changes from zero to T volt. Applied to each SLAVE unit, this signal programs the outplt
current of the SLAVE units from zero to the maximum value. While all Sjave units will operate in the current
mode, the MASTER unit can be operated in either the voltage or the current mode.

3110 PROCEDURE, MASTER/SLAVE PARALLEL CONNECTION

3! All power supplies 10 be paralleled must be able 1o deliver the required compliance (lcad) voitage. Before
paralleting, set each power supply voltage control to this voltage.

2} Make all load and sensing connections as shown in FIG, 3-26.

3 Turn all power supplies “on’". Observe from panel meters and MODE indicatoris). Adjust the MASTER
supply ouiput controls for either voltage or current mode operation, All CURRENT MCODE indicator{s]

i

on the SLAVE supplies should be “on'’,

3-28 ATE 1/4-2078
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3-111 REDUNDANT PARALLEL OPERATION

3112 Two ATE Power Supplies can be connected in paraltel 1o a load in such a way that if one of the power supplies
fails or is interrupred in any other manner, the other will continue to supply wninterrupted load current. The
two power supplies are isofated from each other by means of external diodes (D1, D2 in FIG, 3-28} which must
ke rated for the maximum load voltage and current of the ATE units used.

3113 The problem encountersd in operating power supplies with overvoltage detection circuits in a redundant paraliel
configuration is that the overvoltage sensing leads are ususally permanently wired to the error sensing feads. If
now an overvoliage ocours on either power supply, both supplies will shut down, defeating the purpose of the
redundant circuit. In the ATE powsr supplies, provisions are made on the control creuit P.C. card {Al}, 1o
disconnect the overvoliage sensing from the error sensing terminal, raconnect i1 o the output terminat and
rerove C26, thus successfully solving the problem described. (See FIG, 3-27).

REAR PROGR. CONN. PC-iZ

® czz -— @) a-UNSOLDER C22 MERE

{+) {-}
RECONNECT R47 HERE COMP, SIDE
UNSCLDER R47 HERE m
IC7 | ICe ICS | IC4 Ic2
C==0
FIG. 327 LOCATICN OF OVERVOLTAGE SENSING LEAD DISCONNECT,
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3-114 PROCEDURE, REDUNDANT PARALLEL OPERATION

1) Remove covers from both ATE power supplies, locate A-1 P.C. card and rewire overvoltage sensing as
described in par. 3-113 and as illustrated in FIG. 3-27. Remove capacitor C26 as described in par. 3-113
and as illustrated in FIG. 3-27.
2) Make all load and sensing connections as shown in FIG. 3-28.
3 Turn a-< power “on” and set both ATE supplies to the desired load voitage. One of the ATE supplies
(Supoly #1) will invariable be at a slightly higher output voltage than the other {Supply #2). Supply #1
witl conseauently e in control of the load, while Supply #2 will be cut-off. If Supply #2 is desired as
the controller, increase its output voltage stightiy, until it takes control of the load as evidenced by the
read-cut on its front panel meters. 11 is recommendead the loading be at least 10% of the rated maximum
ATE output current.
4) Test the redundant paraliel system by manually shutting off the a-¢ power on the controlling power
supply. The other supply should now deliver the power 1o the foad.
: D2
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3-115 PROGRAMMING WiTH REFERENCE TO THE NEGATIVE POWER SUPPLY OUTPUT

3-116 ATE power supplies may be used in many unigue applications. The two unicommitted ATE preamplifiers make
it possible to solve application problems which would require special circuitry or additional equipment with
standard power supplies. One example of such an application problem is the case i which the programming
common must be the negative output side of the power supply, rather than the positive side. With standard
power supplies, either the programming source would have 1o be completely isclated, or an isolating interface
wolld be required.

3-117 This problem is readily solved by the ATE power supply (See FIG. 3-29). PREAMP A" s used to perform as
a differential attenuator, permitting a level shift of the programming source, while PREAMP “B” brings the
programming signal back 10 the requied level (G-~10V ],

Ra Rb Ri{ext.} Rilaxt.}
4= ANA e AAA g
PROGRAMMING
SOURCE
Ep )
O-i0yv ﬁ.\\ z4 N 3% J/’\Q 29 e 4| emsseemeten G5 ;§m
Ri
10K
i Rf (-}
A )
gﬂo' [}
o VOLTAGE
PRE AMP "B : COMPARISON
35 4 AMPL. TO
Vo GATE AND
AN Y CRIVER
E:
P | Ep' £a Eb Ba
10V Max, o to {~) IV 0-iQV
28 ¥
S A ¥ ¥
<& ©)
i (+}
s L L.~ R '}
FIG. 3-28 PROGRAMMING WiTH REFERENCE TO THE NEGATIVE QUTPUT SIDE OF THE ATE,
Definition of Symbols in FIG, 3-26:
Eg = Power Supply Output Voltage
By = PREAMP "A™ Output Voltags
£, = PREAMP “B™ Qutput Voliage
ED’ = Common Mode Voltage Limit (10 Volts max.)
Ep = Programming Voltage
Ra= Ry -
Yobage Divider Network
Rp = Rp'
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3118 Component selection will depend on the parameters of the programming scurce and the ATE power supph
output voitage. AN EXAMPLE: An ATE modet with an output voltage of 0--100 Volt is programmed througl
ite fuli cutput voltage range by a programming source {ED) of 0-10 volt whigh can supply 0.TmA, The negativ
autput side of the ATE is grounded. Selecting the voliage divider (R, Ry, such that the commen mod.

RS € B 2 T i S

T Eg= E:D Ry/Rg=01 (-} 1 volt
Note: The eguation for the standard ditferential amplifier is derived in Burr-Brown's "Operational Amplifiers”

. 3-119 The next step is to select the input resistor (R; ext.)) and the feedback resistor {Rf ext) for PREAMP "B"

3 Since an input voltage {Ey) of 0 to 10 voits is requived 1o drive the VOLTAGE COMPARISON AMPL fan:

thereby the power supply outout voliage) over its rated range, the previousty derived signal from PREAMP A

! must be reversed and amplified with a gain of 10, PREAMP "B is used in the inverting configuration, for whic
the output equation is:

Ep, = (-} E5 Ry text}/B; (ext]

Selecting a 1K ohim resistor for R text.}), R {ext) must be 10K ohm to achieve the desired result.

S Note: The selected resistors should be high guality components with a tolerance of 1%, They should be wired a
close to the PROGRAMMING CONNECTOR terminals as possible.

T 3-120 PROCEDURE, PROGRAMMING WITH REFERENCE TO THE NEGATIVE FOWER SUPPLY OUTPU

s 1) Connecl the external components, the LOAD and the PRECISION VOLTMETER (M1) to the ATE a
shown in FI1G. 3-30.

2} With the EXT. CONTROL SOURCE at zero, turn ATE “on™.

3) Vary the EXT. CONTROL SCURCE from zero to 10 volts, The ATE output voltage, as read out on M1
= shauld vary approximately from zerc voltage to the rated value, Return the EXT. CONTROL SOURCH

10 7ero.
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F1G. 3-30 CONNECTIONS FOR PROGRAMMING WITH REFERENCE TO THE NEGATIVE POWER SUPPLY QUTPUT.
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3121 APPLICATION OF THE ISOLATED FLAG SIGNALS

3-122 Two opio-sclated flag signals are provided at the rear programming connector (PC—=12). One of them signals
the ATE operating made {Veltage or Current Mode}, the other one provides a signal to indicate that the ATE
crowbar has been tripped. Both flag signals consist of the Collecior/Emmitter terminals of a Photo-Transistor
Optical Isolator and change their impedance from high fo low if activated. The ATE flag signals may be con-
verted to TTL logic signals as indicated in FIG. 3-31. The photo transistors are capable of sinking at least one
(1) standard TTL load {1.6mA}. Since the crowbar flag signal is fellowed by the shut-down of the ATE power
supply, the flag signal is the form of a pulse, rather than a permanent level shift,
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FIG. 331 ISOLATED FLAG SIGNAL QUTPUTS.
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