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SAFETY INSTRUCTIONS

1. Installation, Operation and Service Precautions
This product is designed for use in accordance with EN 61010-1 and UL 3101 for Instaliation Category 2,

product should never be operated with the cover removed unless equivalent protection of the operator
from accidental contact with hazardous internal voltages is provided:

> > B

2. Grounding

There are no operator serviceable parts or adjustments within the product enclosure,
Refer all servicing to trained service technician.

Source power must be removed from the praduct prior to performing any servicing.

This product is factory-wired for the nominal a-c mains voltage indicated on the rat-
ing nameplate located adjacent to the source power connection on the product's rear
panel. To reconfigure the product input for other nominal mains voltages as listed
herein, the product must be modified by a trained service technician.,

This product is a Class 1 device which utilizes protective earthing to ensure operator safety,

L CY

The PROTECTIVE EARTHING CONDUCTOR TERMINAL must be properly con-
nected prior to application of source power to the product (see instructions on instal-
lation herein) In order to ensure safety from electric shock.

PROTECTIVE EARTHING CONDUCTOR TERMINAL - This symbol indicates the
point on the product to which the protective earthing conductor must be attached,

EARTH (GROUND) TERMINAL - This symbol is used to indicate a point which is
connected to the PROTECTIVE EARTHING TERMINAL. The component instalier/
assembler must ensure that this point is connected to the PROTECTIVE EARTH-
ING TERMINAL.

CHASSIS TERMINAL -This symbol indicates frame {chassis} connection, which is
supplied as a point of convenience for performance purposes (see instructions on
grounding herein). This is not to be confused with the protective earthing point, and
may not be used in place of it.

3. Electric Shock Hazards

This product outputs hazardous voltage and energy levels as a function of normal operation. Operators
must be trained in its use and exercise caution as welf as common sense during use to prevent accidental

shock,

I\
VN

This symbol appears adjacent to any external terminais at which hazardous voltage
levels as high as 500V d-¢ may exist in the course of normal or single fault condi-
tions.

This symbol appears adjacent to any external terminals at which hazardous voltage
levels in excess of 500V d-c may exist in the course of normal or single fault condi-
tions,

228-1352 SAFETY - (COVER REMOVAL) 062399 /D BLANKY






Declaration of Conformity

Application of Council directives: 73/23/EEC (LVD)
93/68/EEC (CE mark)

Standard to which Conformity is dedared:

EN61010-1:1993  (Safety requirements for electrical equipment for measurement,
control and laboratory use)

Manufacturer's Name and Address: KEPCO INC.
131-38 SANFORD AVENUE
FLUS‘HING, N.Y. 11352 USA

importer's Name and Address:

Type of Equipment; Component Power Supply
Model No.; ‘ [PRODUCT MODEL NUMBER)
Year of Manufacture:

l, the undersigned, declare that the product specified above, when used in conjunction with the condi-
tions of conformance set forth in the product instruction manual, complies with the requirements of the
Low Voltage Directive 73/23/EEC, which forms the basis for application of the CE Mark to this product.

Place: KEPCO Inc.
131-38 Sanford Ave.
Flushing, N.Y. 11352 USA

(Full Name)
Date; MNP OF SALES

{position)

228-1348 DC-COMP/NST 0621399



Conditions of Conformance

When this product is used in applications governed by the requirements of the EEC, the following restric-
tions and conditions apply: _

1.

For European applications, requiring compliance to the Low Voitage Directive, 73/23/EEC, this power
supply is considered a component product, designed for "built in* applications. Because it is incom-
plete in construction, the end product enclosure must provide for compliance to any remaining electri-
cal safety requirements and act as a fire enclosure. (EN61010-1 CL. 6, Cl. 7, C1.8, Cl. 8 and EN61010-
1 annex F)

This power supply is designed for stationary installation, with mains power applied via a detachable
power supply cord or via direct wiring to the source power terminal block.

This power supply is considered a Class 1 (earthed) product, and as such depends upon proper con-
nection to protective earth for safety from electric shock. (EN61010-1 C1. 6.5.4)

This power supply is intended for use as part of equipment meant for test, measurement and labora-
tory use, and is designed to operate from single phase, three wire power systems. This equipment
must be installed within a suitably wired equipment rack, utilizing a three wire (grounded) mains con-
nection. See wiring section of this manual for complete electrical wiring instructions. (EN61010-1 CI.
6.5.4 and C1.6.10.1)

This power supply has secondary output circuits that are considered hazardous, and which exceed
240 VA at a potential of 2V or more. -

The output wiring terminals of this power supply has not been evaluated for field wiring and, therefore,
must be properly configured by the end product manufacturer prior o use.

This power supply employs a supplementary circuit protector in the form of a circuit breaker mounted

‘on the front panel. This circuit breaker protects the power supply itself from damage in the event of a

fault condition. For complete circuit protection of the end product, as well as the building wiring, it is
required that a primary circuit protection device be fitted to the branch circuit wiring. (EN61010-1 ClI.
9.6.2)

Hazardous voitages are present within this power supply during normal operation. All operator adjust-
ments to the product are made via externally accessible switches, controls and signal lines as speci-
fied within the product operating instructions. There are no user or operator serviceable parts within
the product enclosurs. Refer all servicing to qualified and trained Kepco service technicians,

228-1357 COND/CONFORM 062398



INSTRUCTION MANUAL CORRECTION

\Q%;% KE pc0® KEPCO MODELS:

BOP 100W, BOP 200w, BOP 400W
== THE POWER SUPPLIER™

LOAD REACTANCE, PARAGRAPH 1-10D, add the following:
There are two additional means of sta bilizing the current loop operating with inductive loads:

1. Add capacitance in parallel with the output (inductive load). The value of capacitor can be
from 0.1 uF to 1.0 uF depending on the value of the load inductance.

2. Add a series-connected resistor capacitor network in parallel with the output (inductive load).
The value of resistor should be in the range of 100 to 500 Ohms and the value of capacitor
should be 0.1 uF to 0.5 uF, depending on the load inductance value.

The second option is recommended when the BOP is used only for DC operation or very low
frequency output modulation into inductive loads.

AFTER PAR. 3-3J) EXTERNAL LEADS add the following:

K) EXTERNAL VOLTAGE MONITOR. Use signal Eo Monitor Output at pin 20 of the PC12 pro-
gramming connector (see Figure 4-5) for external voltage monitoring. Caution should be exer-
cised in handling this signal: use a series 5K resistor in combination with a high impedance
monitoring device, or an external high impedance buffer between the BOP and the monitoring
device. This signal is buffered by OPAMP IC23 (see Figure 6-4) which functions as a repeater
for the signal coming from the RN3 matched pair divider connected at the output. There is no
overvoltage protection. This stage is protected against short-circuit by the intrinsic protection of
the OPAMP generating this signal. This signal is used by the BIT card if it is installed.

L) EXTERNAL CURRENT MONITOR. Use signal lo Sensing Output at pin 10 of the PC12 pro-
gramming connector (see Figure 4-5) for external current monitoring. This signal is not buff-
ered. Use a series 5K resistor in combination with a high impedance monitoring device, or an
external high impedance buffer between the BOP and the monitoring device. CAUTION: An
accidental short-circuit at this terminal while the unit is in Current mode or Current limit
mode will damage the BOP power stage. There is no overvoltage protection. This stage is
protected against short-circuit by the intrinsic protection of the OPAMP generating this signal.
This signal is used by the BIT card if it is installed.

BOP/042307

KEPCO, INC. ® 131-38 SANFORD AVENUE » FLUSHING, NY. 11355 U.S.A. @ TEL (718) 461-7000 ® FAX (718) 767-1102
email; hg@kepcopower.com ® World Wide Web: http://www. kepcopower.com



DIGITAL CONTROL OF BOP POWER SUPPLIES, PARAGRAPH 3-46 add the following:

The SN and SNR Programmers and the BIT 488 cards described in this manual are older meth-
ods of controlling BOP power supplies via digital means. Although these products still function
as described, the recommended method of digital control is now the use of Kepco's BIT 4886
16-bit plug-in card with resolution of 1/278, This plug-in card provides talk-listen support for the
IEEE 488.2 bus using SCPI commands. The BIT 4886 card allows a BOP to communicate as a
stand-alone instrument, directly on the GPIB. The BIT 4886 card also allows the BOP to be pro-
grammed over the RS232C bus using either SCP! or ClIL commands via either an RS232-C
terminal, or from a PC using a terminal emulation program with a baud rate of 9600, no parity,
eight data bits and one stop bit. The downloadable BIT 4886 driver supports digital calibration
{no manual pots) and multiple control and read-back ranges, For more information refer to:
www.kepcopower.com/bit. htm.

PERIODIC MAINTENANCE, PARAGRAPH 5-8, add the following:

To clean the unit, proceed as follows:
1. Disconnect the unit from mains power.
2. Using a damp, lint-free cloth, wipe the exterior of the unit to remove accumulated dirt.
3. Reconnect AC power to the unit.
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1.8

SECTICON | ~ INTRODUCTION

SCOPE OF MANUAL

This manual contains instructions for the instafiation, operation and malntenance of the BOP serles of
Bipolar, operational power supplies, manufactured by Kepco Inc., Flushing, New York, U.S.A.

GENERAL DESCRIPTION

The Kepco serles BOP Bipolar Power Supplies are fully dissipative, linear stabilizers for laboratory and
systems applications. The BOP is an all solid-state design, featuring IC operational amplifiers in the
control clrcuit section and silicon power transistors mounted on special fan-coolad heat sinks in tha
complementary power stage.

The BOP has two bipolar control channels (voitage or current mode), selectable and individually con-
trollable elther from their front panel controtls, or by remote signals. Each of the principal control channels
ts protected by bipotar limit circuits. in these limit clrcuits the positive and negative current or voltage
limit points can be manually set or remotely programmed simultaneously or individually. Automatic
crossover between each principal control channel and its associated limit channel Is provided.

All control and limit channels are connected to the complementary output stage via an “EXCLUSIVE
OR" gate, so that only one channel Is in control of the BOP output at any one time. The BOP output can
be programmed over its full output range by a = 10 volt signal applied to efther one of the inputs to the
voltage or the current channel. The limit control channals can be remotely controlied by a0to + 10 volt
signal applied to their respective Inputs. Two uncommitted preamplifiers, with both, Inverting and non-
inverting Inputs available at the rear programming connector, can scale any programming source to the
required Input levels, Zero adjustments for both amplifiers are provided.

The BOP is a fast programmable power supply with considerable bandwidth and thereby sensitive to
reactive loads. The dynamic specifications, given in Table 1-3, are valid for resistive loads only.

ELECTRICAL SPECIFICATIONS, GENERAL

A} INPUT BOURCE REQUIREMENTS: 85 to 113V a-¢ or 105 to 125V a.¢ or 190 {0 226V a-¢ or 210 to 250V
a-c, 50 to 85 Hz, selectable (refer to Section Ii, FIG. 2-3). The primary circuit Is protected by a circuit
breaker, effective at all input voltages, Input current and power are Jisted in the table below.

B) OPERATING TEMPERATURE RANGE: 0°Cto +565°C.

C) BTORAGE TEMPERATURE RANGE: ~40°C to + 85°C.

D) COOLING: By built-in, sealed bearing fans, exhausting to the rear of the BOP.

E) 1SOLATION FROM GROUND: The BOP circuilry, its output and programming terminals have no d-c
connection to the chassis. The COMMON terminal of the BOP can be operated up to 500 volts {d-c
or peak) off a-c ground. The common mode current (leakage from outpui to ground) Is less than 50
sA {rms) or 5 mA {p-p) at 115Y a.c power input, 6G Hz.

CUTPUT MAX, INPUT MAX. INPUT

MODEL POWER CURRENT POWER PACKAGE
BOP 20-5M 100W 2.9A 270w 34 Rack
BOP &50-2M . 100W 2.9A 270W ¥4 Rack
BOP 100-1M 100W 2.8A 270W ¥4 Rack
BOP 20-10M 200W 5.5A 540W Y4 Rack
BOP 36-6M 200W 5.1A 490W ¥4 Rack
BOP §0-4M 200w 4.8A 450w ¥ Rack
BOP 72-3M 200W 5.1A 470W ¥4 Rack
BOP 100-2M 200w 4.8A 450W ¥4 Rack
BOP 200-1M 200W 5.5 450W Full Rack
BOP 20-20M 400w 11.2A T115W Full Rack
BOP 36-12M 400w 10.7A 1050W Full Rack
BOP 50-8M 400W 8.64 1000w Full Rack
BOP 72-6M 400w 10.8A T085W Fuli Rack
BOP 100-4M 400W 9.2A 885W Full Rack

. Approximate maximum Input current and power at 125V a-c, 60Hz.

BOP-10-1457 1.1



1.9 ELECTRICAL SPECIFICATIONS, PERFORMANCE
A) OUTPUT RANGES: See Table 1-1

CLOSED LOOP GAIN
QUTPUT IMPEDANCE
d¢c QUTPUT VOLTAGE | CURRENT
MODEL, RANGE CHANNEL | CHANNEL VOLTAGE MODE CURRENT MODE
Es max, lo max. Gy G SERIESR | SERIESL | SHUNTR | SHUNTC
(V) (A}

100 WATT
BOP 20-5M + 20V + BA 2.0 0.5 B0uQ 20uH 40kQ | 0.054F
BOP 50-2M + 50V + 2A 5.0 0.2 0.5mQ | 100uH 50kQ | 0.05mF
BOP 100-1M 100V + 1A 10.0 0.1 20mQ | 200uH 100kQ | 0.05mF
200 WATT :
BOP 20-10M + 20V +10A 2.0 1.0 40uQ 50uH 20kQ | 0.1mF
BOP 36.-6M + 36V + BA 3.6 0.6 120p0 50pH KO | 0.1mF
BOP 50-4M + 50V £ 4A 5.0 0.4 0.25mQ | 100uH 50kQ | 0.05mF
BOP 72-3M + 72V + 3A 7.2 0.3 0.48mQ | 200uH 72kQ | 0.05mF
BOP 100-2M +100V + 2A 10.0 0.2 1.0mQ | 200uH 100kQ | 0.05mF
BOP 200- 1M | 1000V + 1A 20.0 0.1 40mQ | 1.2mH | 200kW | 0.03mF
400 WATT
BOP 20-20M + 20V +20A 2.0 2.0 200 50uH 20kQ | 0.2mF
BOP 36-12M + 38V +12A 36 1.2 e 50uH ‘KO | 0.2mF
BOP 50-8M + 50V + 8A 5.0 0.8 125000 | 100uH 50kQ | 0.15mF
BOP 72-6M + 72V + BA 7.2 0.6 240p0 | 200uH 72kQ | 01mF
BOP 100-4M +100V + 4A 10.0 0.4 5000 | 200uH 100k | O.1mF

(M Same size as 400W models

TABLE 1-1 OUTPUT RANGE AND QUTPUT IMPEDANCE

B) OUTPUT EFFECTS: See Table 1.2,

STATIC SPECIFICATIONS

OUTPUT EFFECTSIY FPREAMPLIFIER®
INFLUENCE QUANTITY VOLTAGE MODE CURRENT MODE OFFSETS REFERENCE
TYPICAL | MAXIMUM TYPICAL | MAXIMUM AE;O aljo = 10V
SOURCE VOLTAGE (min-max): | <0.0005%] 0.001% |<0.002% | 0.005% | <54V | <inA | <0.0005%
LOAD (No Load-full loady: <0.001% [0.002% |<05mA 1mA — — | <00005%
TIME (8-hour drifty <0.005% | 0.01% [<001% [ 002% | <204V | <1nA | <0.005%
TEMPERATURE, per *C: <0005% | 0.01% {<D01% | 0.02% | <20aV | <1nA | <0.005%
RIPPLE and NOISE(® | rms | <tmv | 3mvw  |<001% | 0.03% - - —
Fppo | <tomv |aomvid |<o1% | 0.3% — — —

{% Qutput sffects, expressed as a percentage, are referred 1o the maximum rated output voltage or current,

{2 Measured with the common terminal grounded so that the common mods current does not flow through tha load.

{3) Peak-ta-peak ripple Is measured over a 20 Hz to 10 MHz bandwidth,

{4) For BOP 200-1M the maximum ripple and noise 1s 5mV rms and 50mV p-p.

"(_5} To]perri\i!t calculation of the effect of non-standard contral current (less than the normal 1 maA)j or non-standard
galn ratios.

TABLE 1.2 QUTPUT EFFECTS, OFFSETS AND REFERENGE SPECIFICATIONS.

1.2 . BOP-10-1497



C) The BOP output effects, in response {o the tabulated varlations in the INFLUENGE QUANTITIES,
are given in Table 1-2 for the bullt-in input and feedback resistor values of the voltage and current
channel preamplifiers. The tabulated OFFSET VALUES {see Table 1-2) may be used to calculata the
BOP output effects if the BOP voltage or current channel Is remotely programmed and different
values for the feedback resistors (R and the input resistors (R,) are used. In this case, the tabulated
preamplifiers offsets and the values of the feedback and Input resistors are combined in an “Error
Equation™, which represents the “Worst Case" output effect for the application at hand:

VOLTAGE MODE: ' AE, = Gy [ AE;o (1 +Ry/R) %A Ly Ry AE]

CURRENT MODE: AID = Gl [+ AE]O {1 + H,J’H,) +A IIO Hfi’ AErBf]

Where: Al
Gy
Gy

AE,
AEref
aE;,
Aly,

Ry
R

E) PEAK POWER; * (E, max) (I, max), Where: E; max. =
l, max., =

= Total Output Current Change.

NOTE: Variatlons In the value of
the fesdback and input re-
sistors are consldered sac.

Closed Loop Gain, Voltage Mode, {see Table 1-1).

Closed Loop Gain, Current Mode, (see Table 1-1),

HI T

Total Output Voltage Change,
Change in the Voltage Reference.
Change in Offset Voltage.
Change in Qffset Current.
External Feedback Resistor.
External Input Resistor.

ondary effects In the Error
Equation. See Saction 1V of
this manual for the derlva-
tion of the Error Equation,

Maximum rated BOF output voltage.
Maximum rated BOP output current.

F) DYNAMICS: The typical dynamic responses of the BOP output are tabulated in Table 1-3 in both the
time domain (Output response o a step program) and in the frequency domain {bandwidth) for large
and small signals,

BANDWIDTH RISE & FALL LARGE SIGNAL SLEWING RATE RECOVERY
{D-C tof.aam) TIME 10%-80% : FREQUENCE (min) {minirmum) STEP LOAD
MODEL KHz (minimum) | psec (maximum) | RESPONSE, KHz psec {maximum)
Mode Mode Mode Mode Mode

\4 | 1 i v | v i v |
100 WATT
BOP 20-5M 18 12 20 30 17 13 SViusec | 0.15A/usec 25 10
BOP 50-2M 18 12 20 30 17 13 SViusec 1 0.15AMsec] . 25 .10,
BOP 100-1M 18 11 17 22 18 11 11Viusec | 70mAfusec 40 25
200 WATT .
BOP 20-10M 18 6 20 60 17 7 2Viusec | 0.4Afusec 80 20 -
BOP 36-6M 16 13 20 27 15 14 3Vipsec | 0.5A/usec 50 38 [
BOP 50-4M 23 14 14 25 18 11 4.5V/usec | 0.25A/sec 40 301
BOP 72-3M 20 15 18 26 17 12 10V/usec | 0.15A/usec 30 30
BOP 100-2M 22 15 18 26 17 12 10V/usec | 0.15A/ usec 30 30
BOP 200-1M 4.0 2.5 110 150 4.0 25 SVipsee | 15mAJusec| 150 120
400 WATT
BOP 20-20M 9.5 10 35 35 8 10 1Vipsec | 1.25MAdusec| 100 75
BOP 38-12M 20 10 16 30 18 10 4Viusec | 0.75A/usec 50 30
BOP 50-8M 24 10 14 35 24 i1 7.5V/usec | 0.5A/usec 40 30
BOP 72-6M 18 9.5 18 40 20 11 SVipsec | 0.4A/usec 50 20
BOP 100-4M 18 14 22 30 16 10 10V/usec | 0.25A/usec 40 30

TABLE 1-3 DYNAMIC SPECIFICATIONS, BOP 100W, BOP 200 AND BOP 400W MODELS
BOP-10-1497 1.3



1-10 MISCELLANEOUS FEATURES

A) OUTPUT RANGE: The BOP can be locally {front panel} adjusted, or remotely programmed, from
{—~)100% to {+)}100% of its specified d-c voltage and current range. The Class A bipolar output
stage permits operation as either a SOURCE or a SINK. (See FIG. 1-2).

I *E

I
17X pavs g 1805 + B max, —en
/m BD“\// ¢
e/
%ox 4 75%
ol
[, 1100% Duty Cycle) SOURCE + 1, max.
SINK T3¢ {100% Duty Cycte)
(See Note 1)
+75%
Y ; + + + + ~+ +,
100%  75% 50% 25% 25 B0 75% I1G0%
¥ 25%
SDURCE SINK
- 4, max, + 505
° {£00% Duty Cyciel 50%  (Soe Note 1) /
0%
e ﬂ’
15% 100% //’W‘/
7
b« £ MK, W L 5%
T € v

FIG. 1.2 BOP OUTPUT CHARACTERISTIC

NOTE: The values for =E, ;. an0 =1, ya
are listed in the model table.

NOTE: The duty cycle of [he BOP operating in the SINK mode must be deraled as shown on the graph.

Note: The BOP is operating as a SOURCE if the direction of its output voltage is the same as the direction of
its output current. The BOP is operating as a SINK if the direction of Its ocutput voltage Is opposite that of its
output current, An illustrative case is shown in FIG. 1-3, where the BOP is programmed to deliver a sine wave
output and where the load produces a phase shift beiween the output voltage and current.
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B) REAR PROGRAMMING CONNECTORS (See Table 2-2, items 22 and 23)

1) The external rear programming connector, called “PC-12" throughout thiz manual, 1s an un-
wired 50-pin edge connector, providing access to all circult features. The BOP is deliverdd with -
ons(1) PC-12 connector, with jumpers wired for local {front-panel) operation, Spare connectors
may be purchased from Kepco under the model number “PC-12" for the unwired connector and
"PC-15" for a connector wired for local operation. The pin-cut for the rear programming con.

nector or (PC-12) Is shown below.

PIN FUNCTION DESCRIPTION
1 CURRENT LIMIT BIAS Sectlon 1, paragraph 3-31
3 VOLTAGE LIMIT BIAS Section i, paragraph 3-34
1 AA T 10K
g VWV PREAMP “A" Sectlon Hi, paragraph 3-11
7 for example
9 ———AA e 10K
st AAA S -
"g PREAMP "B" fSectlc‘n H1, paragraph 3.28
p or example
& +Eg LIMIT INPUT Section I, paragraph 3.34
8 + Iy LIMIT INPUT Section Hil, paragraph 3-31
a2 — Eg LIMIT INPUT Section I, paragraph 3.34
34 —ig LIMIT INPUT Section iHl, paragraph 3-31
10 CURRENT SENSING AMP. OUTPUT Analog output valtage (0 to + 10V, TmA max.) pro-
portionai to the prevaliing BOP output cument for
remots metering or monltoring.
20 VOLTAGE MONITOR AMP. OUTRUT Analeg output voltage (0 to =+ 10V, 1 mA max.) pro-
portional to the prevaliing BOP output voltage.
21,43,
44,4546 NOT USED
12,14 RESERVED (NOT TO BE USED)
16,18 CUHRRENT MODE COM?ENSATING TERMINALS Sectlon 1, paragraph 1-10D
26,36 TURN-OFF SIGNAL QUTPUT Section IV, paragraph 4-25
24 CKT BREAKER CONTROL Sectlon IV, paragraph 4-25
41 NON-ISQLATED TURN-OFF SIGNAL INPUT Sectlon IV, paragraph 4-25
47148,
49/50 OPTICALLY ISOLATED TURN-OFF SIGNAL INPUT Section IV, paragraph 425
17 VOLTAGE COMPARISON AMP. INPUT An analog input voitage of 0 to + 10V will produce
19 CURRENT COMPARISON AMP. INPUT 010 = full cutput voltage or current. '
22 — 10V REFERENCE VOLTAGE, 4mA MAX, Sectlon lil, paragraph 3-11
28 + 10V REFERENCE VOLTAGE, 4mA, MAX. for exampia
23
25
gg SENSING COMMON ————
31
33
30 VOLTAGE MODE COMMAND Section |, paragraph 1-10L
35 LOCAL/REMOTE OUTPUT FLAG Section 1V, paragraph 4-30
a7 +5v Bullt In TTL loglc supply, 5V @ 40mA max.
38 s LIMIT FLAQG Section IV, paragraph 4-30
39 Ep LIMIT FLAG Section IV, paragraph 4-30
40 E, MODE FLAG Section IV, paragraph 4-30
42 ls MODE FLAG Sectlon 1V, paragraph 4-30

BOP-—071400
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D)

E}

G)

H)

3

2) AUXILIARY (OPTIONAL) PROGRAMMING CONNECTOR.
For standard BOP modetls, the space for this connector is covered, i the BOP contalns ag-
cessory cards for digital programming, the cover Is removed and access to the Interface card Is
provided. The method of termination depends on the interface model. Refer to Section 1,
paragraphs 3-46 through 3-82.

3) Remote turn-off of the BOP by a contact closure, or by an optically Isolated input signal.

4)  Circuit breaker shut down prevention clrcuit.

5) REFERENCES: Two reference/blas sources {= 10V at 4 mA MAX.) are provided for controi and
biasing purposes. These reference sources are avallable at the rear programming connector
{with reference to the “COMMON" terminal). Thelr specifications are tabylated In Tabls 1-2.

OFFSET NULLING: Controls are provided to zero the initial offsets {E,, 1) of the voltage and cur-
rent control preampiifiers and the MAIN AMPLIFIERS.

LOAD REACTANCE: To realize the fuil high speed potentlal of the BOP, the load characteristics
should be malnly resistive. Load capacitance and inductance up t0 0.2 4F and 0.5 mHy respectively
can be tolerated without performance deterloration. The BOP phase-gain versus frequency
characteristic is determined by the corner frequency of the response curve {t5qp breakpoint), as In-
dicated In the Dynamic Specification Table (Table 1-3), and the Closed Loop Gain (G,-Voltage Mode,
G;-Current Mode), as shown in Tabie 1-1

At unity gain crossover frequency, thers is a substancial phase margin which assures stabllity into
resistive loads. Additional phase shift is introduced, however, by reactive loads (RC-in voltage
mode, RL-in current mods), which will reduce the phase margin at the unity gain crossover frequen-
cy and wili cause peaking in the BOP's dynamic response.

If the load's corner frequency is bejow the BOP's, the system wiil be stable, but the frequency
response will be governed by the load. When operating with inductive loads greater than 0.5
mHenry in the Current Mode, a compensating capacitor may be required across the Gurrent Com-
parison Amplitier. Two terminals have been provided for this purposes at the Rear Programming
Connector (PC-12, pins 16,18).

SERIES OR PARALLEL OPERATION: See Section Ili of this manual.

VOLTAGE CONTROL CHANNEL: (Refer to Section il - FIG. 3-1A). The BIPOLAR VOLTAGE
AMPLIFIER, with a fixed gain (See Table 1-1 for gain value) Is connected, via the MODE switch, to
the (unity gain) VOLTAGE PREAMPLIFIER. If the VOLTAGE CONTROL switch Is “on”, the BOP out-
put voitage can be locally controlled by means of the (front panel) (£ ) 10 volts bias source, from {—)
100% (through zero) to (+) 100% of the rated value. The VOLTAGE PREAMPLIFIER is provided with
a ZERO control and all its terminals are avallable at the rear programming connector for remote
control of tha output voltage. Control methods are described in Section IIl of this manual.

MODE SWITCH: The BOP Is equipped with a front panel mounted MODE SWITCH, which selects
bipolar voltage or bipotar current control. See paragraph 1-10L for remote MODE control.

CURRENT CONTROL CHANNEL (Refer to Section II-FIG. 3-1B). The BIPOLAR CURHMENT
AMPLIFIER, with a fixed gain (see Table 1-1 for gain value), Is connected via the MODE switch to the
{unity gain) CURRENT PREAMPLIFIER. If the CURRENT CONTROI. switch Is “on", the BOP output
current can be locally (front panel) controlled (by means of the = 10 volt bias source) from (—}100%
{through zero) to {+)100% of the rated value. The CURRENT PREAMPLIFIER Is provided with a
ZERO control and all its terminals are available at the rear programming connector for remote con-
trol of the output current. Control methods are described in Section 1ii of this manual.

BOUNDING: (Refer to Sectlon Ili - FIG. 3-1C & D). The BOP has four output voltage/current limiting
circuits {—) Eo LIMIT, (+) E, LIMIT, (=) I, LIMIT, (+) |, LIMIT for overvoltage/overcurrent protection
In either operating mode. All limiting ¢ircuits can be screwdriver adjusted by means of four front
panel controls, In addition, all four limits can be remotely controlled by means of ¢ to 10 voit d-¢
control voltages. The four limits may be programmed Independently or the (+) voltage and () cur-
rent iimits can be controlied in palrs. The adjustable/programmabie {imit controls are backed-up by
front panel-adjustable limit circuits which define the four boundaries [(£ ) E, MAX and () o MAX.]
of the BOP, and provide protection against accidental overprogramming of the adjustable limits.

1-6 BOP—0501868



110 J) (Cont’d)

112

1-13

BOP-110104

The four boundary quantities (=) E,MAX.and (%}, MAX. as applied to the LIMIT CHANNEL, are ac-
tua_‘!ly about 10% greater than the rated values E,MAX. and 1,MAX. for each BOP model. Simitarly,
the quantities E, ZERO and l, ZERO are not really “zero", but approximately 0.2% of the rated E,
MAX, and Io MAX. values for each BOP model. (See graph below).

+%o + EGMAX LIMIT

V//ﬂ//////[///// Yo L
— 1,MAX l + EQMAX

7
2
- 7
Llfa};:?x“'g"‘mmo RATED é
7
f/ Eo/1oZERD ;,/
é / UM ,)'

;/: 7 ’/// +lo
" 77 V-

g £IGMAX ~ ? 1o MAX LIMIT
7 Z
/ %

— EgMAX
[ RATED

r

RN
NN

- BEgMAX LIMIT

K} MODE LIGHTS: Four (4) front panel (LED type) indicator lamps monitor the prevailing operating
mode of the BOP. For each operating condition (VOLTAGE MODE, CURRENT MODE, = £, LIMIT,
* 1, LIMIT) the corresponding indicator lamp energizes. Simultaneous TTL flags available on the
REAR PROGRAMMING CONNECTOR. See paragraph 1-108.

L) REMOTE OPERATING MODE SELECTION. The operating mode of the BOP, normally selected by
means of a manual switch on the front pane!, may be remotely selected by a remote switch or TTL
logic ievels. Proceed as follows:

1) Wire the REMOTE/LOCAL FLAG line on the REAR PROGRAMMING CONNECTOR (PC-12, term.
35) to SENSING COMMON. This will cause the front-panel REMOTE LED to light and the front
panel MODE switch will be disabled. ALL OTHER FRONT PANEL CONTROLS WILL STILL BE
FUNCTIONAL.

2} The operating mode of the BOP may now be controlled by means of terminal 30 on PC-12. With
an open teminal (or logic HIGH), the BOP will operate in the Voltage Mode, Returning terminal
30 to SENSING COMMON (or logic LOW) will change the operating mode to Current Mode.

M) STANDARDS: BOP models are designed and tesled in accordance with NEMA Standard for Stabi-
lized Power Supplies, d-c outpu!, Publication No. PY-1-19872.

MECHANICAL SPECIFICATIONS
A} DIMENSIONS: See "Mechanical Outling Drawing”. FIG. 1-4.
B} FINISH: See "Mechanical Qutline Drawing”. FIG.1-4.
C) FRONT PANEL METERS: Two (2} “zero center” meters, monitoring the * d-c output voltage and the
* d-c output current, are provided; 2% inches wide, recessed: Accuracy, *2% full scale.
DF SHIPPING WEIGHT: %-RACK BOP MODELS: 51 ibs.. 23 Kg, unpacked.
FULL RACK BOP MODELS: 75 Ibs., 34 Kg, unpacked.

ACCESSORIES, SUPPLIED

A} REAR PROGRAMMING CONNECTOR, Kepco Model PC-12, 50-terminal printed circuit connector for
all rear programming connections and flag-signat outputs, wired for local {front panel) control of the
BOP output. This connector may be ordered wired under Kepco Model PC-15 and unwired as the
Mode! PC-12.

B) (FULL-RACK BOP MODELS ONLY) MOUNTING FLANGES, for inslaliation of the BOP into a stan-
dard (18 inch) equipment rack. A PAIR INCLUDED WITH EACH BOP,

C) (FULL-RACK BOP MODELS ONLY) SIDE COVER PLATES, for bench top use, designed to finish the
two sides of the Instrument when the rack mounting-ears are not instalted. A PAIR INGLUDED WITH
EACH BOP,

ACCESSORIES, NOT SUPPLIED

A} REAR PROGRAMMING CONNECTOR, Kepco Madel PC-12, unwired,

B) RACK ADAPTER, Kepco Modeil RA-24; for %-rack BOP models and one Kepco %-rack model. Filler
panel avalable to cover the empty slot if Va-rack model is not instailed.

RACK ADAPTER, Kepco Modet RA-37; for 34-rack BOP models and one Kepco Va-rack model. Filler
panel availabie to cover empty slot if Ya-rack modsl is not installed.
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FIG. 1-4 MECHANICAL OUTLINE DRAWING.
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SECTION 2 - INSTALLATION

21 UNPACKING AND INSPECTION

This instrurent has been thoroughly inspected and tested prior to packing and is ready for
operation. After carefully unpacking, inspect for shipping damage before attempting to operate,
Perform the preliminary operation check as outlined in Paragraph 2-8.. If any indication of dam-
age is found, file an immediate claim with the responsible transport service.

2.2 TERMINATIONS

A) FRONT PANEL: Refer to FIG. 2-2A and Table 2-2.

B) REAR: Referto FIG, 2-2B and Table 2-2.

C) INTERNAL CALIBRATION CONTROLS: Refer to FIG. 2-1 and Table 2-1.

TABLE 2-1 INTERNAL CALIBRATION CONTROLS.

REFERENCE
DESIGNATION CONTROL NAME PURPOSE ADJUSTMENT PROCEDURE
R154 (1} OPTOCOUPLER LINEARITY | LC30t Oplocoupler Linearizalion Secl. V, Par. 5-8C
R31, 32 {£)10V CAL., Reference Voltage Calibration Secl. V, Par. 5-8A
R4 PREAMP “A" ZERO Uncommitied Amplifier "A" Zero Adjustment Sect, ill, Par. 3419
R42 PREAMP “B" ZERO Uncommitted Amplifier “B" Zero Adjustment Seact. I, Par, 330
RS0 AMMETER ZERO Sensing Amp. Offset Adjusiment Sect, V, Par. 5-8B
R81 Eg COMP AMP ZERD Voltage Channel Zero Adjusiment Sect. I, Par. 3.16
R83 lp COMP AMP ZERO Current Channel Zero Adjustrment Sect, I, Par. 3-30
R316 @) lo CAL. Full Scale Oulput Cumrent Calibration Sect. V, Par. 5-8D
(R314 on BOP 200.1} {2}
NOTES: (V' R18A for Model BOP 200-1M only.
& Rats (R314 on BOP 200-1M) applies only to {he foliowing Model Revision Numbers (or higher);
BOP 20-5M: REV. 4 BOP 20-10M: REV. 20 BOP 20-20M: REV. 17 BOP 36-6M: REV.20
BOP 36-12M: REV. 18 BOP &50-2M: REV., 23 BOP 50-4M: REV. 15 BOP 50-8M: REV. 13
BOP 72-3M: REV. 12 BOP 72-6M: REV.15 BOP 100-1M: REV, 26 BOP 100-2M: REV. 17
BOP 100-4M: REV., 16 BOP 200-1M REV. 16

Po-12
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las 23
26 25§
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fse 371
v 39]
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REAR PROGRAMMING CONNECTOR

$LE SECTION 1, PARACRAPH 1-10F
FOR COUPLETE PRN-OUT IRFDRAATOHN,

R50
RB3
RE!
R4

BCP, COVER ATTACHED,
TOP VIEW

R316
{R314 ON BOP Z0D-1M}

CCESSIBLE AFTER
COVER REMOVAL

ACCESSIBLE AFTER
COVER REMOVAL

3041138 FIGURE 2-1. LOCATION OF INTERNAL CALIBRATION CONTROLS
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NAME OF
NO. CONTROL OR FUNCTION
(FRONT) TERMINATION
1 A-C POWER A-C CIRCUIT BREAKER/POWER SWITCH.
2 N.A. UNIT NAME PLATE
3 + QUTPUT OUTPUT AND SENSING TERMINALS WITH CHASSIS GROUND
COMMON, GROUND (PARALLEL WITH REAR BARRIER STRIP TERMINALS).
4 MODE OPERATING MODE SELECTOR SWITCH FOR "VOLTAGE" OR
“CURRENT" MODE.
5 N.A. MEGHANICAL VOLTMETER ZERO ADJUSTMENT.
6 N.A. MECHANICAL CURRENT METER ZERO ADJUSTMENT,
7 VOLTAGE LIMIT LED LAMP, INDICATING VOLTAGE LIMIT OPERATION.
8 £ VOLTAGE LIMIT CONTROLS FOR MANUAL ADJUSTMENT OF THE (+) VOLTAGE LIMITS.
9 INPUT PROGRAMMING INPUT TERMINALS FOR VOLTAGE CONTROL
CHANNEL.
10 VOLTAGE CONTROL HON-OFEF" SWITGH AND VOLTAGE CONTROL, FOR MANUAL ADJUST-
MENT OF THE BOP D-C QUTPUT VOLTAGE (WITH SWITGH “ON").
11 E, METER D-C OUTPUT VOLTMETER (READS ALSO AVERAGE A-C SIGNALS).
12 E, MODE LED LAMP, INDICATING VOLTAGE MODE OPERATION,
13 CURRENT LIMIT LED LAMP, INDICATING CURRENT LIMITING OPERATION.
14 + CURRENT LIMIT CONTROLS FOR MANUAL ADJUSTMENT OF THE (= ) GURRENT LIMITS.,
15 INPUT PROGRAMMING INPUT TERMINALS FOR GURRENT CONTROL
CHANNEL.
16 CURRENT CONTROL “ON-OFF™ SWITCH AND CURRENT CONTROL, FOR MANUAL ADJUST-
MENT OF THE BOP D-C OUTPUT CURRENT (WITH SWITCH “ON").
17 I METER D-C OUTPUT CURRENT METER (READS ALSO AVERAGE A.C SIGNALS).
18 l, MODE LED LAMP, INDICATING CURRENT MODE OPERATION,
19 REMOTE/LOCAL LED LAMP, INDICATING BOP UNDER REMOTE CONTROL WHEN LIT.
NO.
(REAR)
20 P201 A-C POWER INPUT JACK. ACCEPTS 3-WIRE LINE CORD (SUPPLIED).
21 REAR TERMINALS REAR BARRIER STRIP WITH QUTPUT, SENSING AND GROUND
(18201} TERMINALS.
22 PC-12 REAR PROGRAMMING GONNECTOR.
23 PG-12 FOR BIT-500 CARD| AUXILIARY (OPTIONAL) PROGRAMMING CONNECTOR.
OR SNQ CABLE FOR BIT
488 CARD, OR 20-WIRE
FLAT CABLE FOR PCA X-3
IF USED WITH TLD 488-16.
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TABLE 2.2 BOP TERMINATIONS AND CONTROLS
NOTE: Numbers correspond 1o those shown in FIG. 2-2.




2-4
25

2-6
2.7

2-8

28

24

A-C INPUT REQUIREMENTS

This power supply is normally supptied for operation on a singte phase, nominal 115V a-.c line. For
operation on other a-c source voltages, refer o FIG. 2-3. Check your prevailing nominal source voltage
and change the links on the barrier strip of 7201 according to the table provided in FIG. 2-3. The circuit
breaker {CB101) ramains equally effective at all input voitages,

AC CONNECT
SOURCE LINKS
104V (31—(4), (7)~(8) T201
115V {(4}—{5), (B}—(7) )
208v {2)-—(3}, (B)—(&} 0| ®
8 ®
71i®
GP%‘
511 S ——— YTV
41[® (P
3 ®
2l @
H @]
L 1= ? )
FIG. 2.3 A-C SOURCE VOLTAGE SELEGTION.
COOLING

The components in the BOP power supply rely on forced air cooling for the maintanance of their
operating temperature. SIDE PANEL OPENINGS AND THE TOP OF THE CASE MUST BE KEPT CLEAR
FROM ALL OBSTRUCTIONS TO ENSURE AIR CIRCULATION. Periodic cleaning of the Interior of the
power supply is recommended. If the BOP Is rack-mounted or installed into confined spaces, care must
be taken that the ambient temperature {the temperature immediately surrounding the power supply)
does not rise above 55°C (=157 °F).

PRELIMINARY CHECKOUT
NOTE: THE REAR PROGRAMMING CONNECTOR (PC-12) MUST BE ATTACHED TO THE BOPR AND
MUST BE WIRED AS SHOWN ON THE MAIN SCHEMATIC DIAGRAM, SECTION Vvi.

A simple operating check after unpacking and before permanent Installation, is advisable to ascertain
whether the BOP has suffered damage In shipment. Refer to FIG. 2-2 and Table 2-2 FOR THE LOCATION
AND DESIGNATION OF THE OPERATING CONTROLS AND TERMINA LS. Proceed as follows:

A) Connect the BOP to a 115V a-¢ source, or refer 10 paragraph 2-4 for conversion to other a-c input
voltages If required.

B} Note: The rear sensing links must be attached to the rear barrier strip (TB201} of the BOP as shown
in FIG. 2-2 and the rear connector (PC-12) must be attached, wired for LOCAL CONTROL, and
secured.

C) Set the BOP front panel contrals as follows {refer to FIG. 2-2). The controls will be identified here
and in the following manual text with the nomenciature used in Table 2-2 and identifying numbers
used in FIG. 2.2):

1} MODE switch {4), set to VOLTAGE,

2) VOLTAGE CONTROL (10), set SWITCH to "ON", VOLTAGE CONTROL to its extreme
counterclockwise position,

3) A-C CIRCUIT BREAKER/POWER SWITCH (1) to “ON",
D) The “E, MODE” Larmp (12} will be “on”.

BOP—05-0186



E)

F)

@)
H)

Turn the VOLTAGE CONTROL (10} clockwise through its range, while observing the front panel
VOLTMETER (11). The BOP output voltage should smoothly respond, from the maximum negative
output voltage, over zero, to the maximum positive output voltage of the BOP. Turn A-C CIRCIHT
BREAKER/POWER SWITCH (1) “off". .

Connect a short circult between the (£} OUTPUT and the COMMON front panel output terminal (3).
Set the BOP front panel controls as follows:

1) MODE SWITCH (4), set to "CURRENT".

2} CURRENT CONTROL (16), set SWITCH to "ON", CURRENT CONTROL to its maximum
counterclockwise position,

3) A-C CIRCUIT BREAKER/POWER SWITCH (1} to “ON™,

The *i, MODE" Lamp (18) will be “on".

Turn the CURRENT CONTROL {16) clockwise through ils range, while observing the front panel AM-
METER (17). The BOP output current should smoothly respond, from the maximum negative output
current, over zero, to the maximum posilive ouput current of the BOP, Turmn A.C CIRCUIT
BREAKER/POWER SWITCH (1) "off”. Remove the short circuit from the cutput terminals. THIS
CONCLUDES THE PRELIMINARY CHECK-OUT OF THE BOP.

210 INSTALLATION FOR 3% RACK BOP MODELS

2-11 These BOP models may be bench operated or installed in the RA-24 or RA-37 Rack Adaptors, as listed in
Section |, Paragraph 1-13. Instalation instructions are provided with the respective rack-adapior
models. For rack-mounting, or mounting onto any flat surface,the (4) bottom aluminum feet of the BOP
must be removed. Four {4} plastic mounting inserts are provided on the bottom of the BOP chassis. See
Section |, FIG. 1-4, “Mechanical Outline Drawing”,

NOTE: 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 (55°C).

2412 INSTALLATION OF FULL-RACK BOP MODELS (Refer to Section |, Fig. 1-4 and to FIG. 2-4).

2-13 Full-rack BOP models are delivered with the FIXED ANGLE BRACKETS and the CHASSIS SIDE SUP.
PORT BARS installed. For bench operation, both of these components may be removed. The fuil-rack
BOP unit may be instailed into standard {19 Inch) equipment racks, or onto any other flat surface. For in-
stallation, the four (4) botiom aluminum feet must be removed. if chassis slides are not used, the BOP .
may be insfalled onto any flat surface by means of the provided plastic mounting Inserts on the bottom
of the BOP chassis.

BOP—05-0186
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2-14 SLIDE INSTALLATION. The CHASSIS SLIDE SUPPORT BARS of the BOP are pre-drilied to accept
JONATHAN SERIES 110 QD slides. The following slide models can be accomodated:

MODEL MOUNTING HOLES USED
A B c B E
110 QD-20-2 X X 0 X bR
110 QD-22-2 X 0 X 0 X
110 Qb.24.2 X 0 X g DR

KEY: X = HOLE USED, 6 = HOLE NOT USED, DR HOLE MUST BE
DRILLED INTO CHASSIS PART OF SLIDE, EACH SiDE 0.189 DIA.,
167" FROM “A" HOLE.

2:15 PROCEDURE (Refer to FiG, 2-4):
1} REMOVE SCREWS “A” through “E” from left and right CHASSIS SLIDE SUPPORT BARS. (Do not
dlscard).
2) Determine the required hole-pattern for the selected slide model from the table.
3} Drill the “E" hole into both, left and right chassis section of slide If required.

4) Mount the chassis section of the slide to the left and right side of the BOP, as shown in FIG. 244, Use
the same 10-32 x % Mounting Screws which you removed in step (1),

KEPCO FULL-RACK UNIT
WITH COVER AND
SUPPORT-BAR MOUNTED

COUNTER - BORED
SUPPORT-BAR

MTG. SCREW (2)
DO NOT REMQOVE

SEE TaABLE

05

CHASSIS-PART

Snassis- ™~ 10-32 x I/2
BINDING HEAD-SN (5 PC.)
‘@)

FIG. 2-4 SLIDE INSTALLATION ON EULL-RACK UNITS
{This view typlcal for both left and rigth side)

NOTE: i slide instaliation {as described above) is not desired, other means of supporting the unit in the rear

2-6 must be provided (additional rear brackets or a solid platform, for example} since the front angie brackets glone
are not sufficient to support the futl weight of the unit.
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SECTION lll—OPERATION

INTROBUCTION _

BOP BIPOLAR OPERATIONAL POWER SUPPLIES can be used in a great variety of applications. As a
PRECISION VOLTAGE or CURRENT SOURGE, the BOP output can be controlied locally by means of the
front panel! bipolar VOLTAGE and CURRENT controls or remotely by means of resistance or by voltage
signals. Independently adjustable or remotely programmable limit circuits for boih output voltage and
output current protect a sensitive load from any overvoltage or overcurrent. As a BIPOLAR AMPLIFIER,
the BOP output responds for example to such input signals as sine, square or trtangular waves. A (£} 10
volt input signal will program the BOP output {voltage of current) through its rated output ranges. Built-
in preamplifiers, for the voltage, as well as the current channel of the BOP, permit amplification of the
control signals to the required amplitude and provide the interface with high as well as low impedance
signal sources.

Detailed examples of the more popular applications are described in the following paragraphs. Before
actual operation, however, the following general comments on the operation of the BOP should be
carefully considered:

SAFETY PRECAUTIONS

1} Exercise care in making all connections to and from the BOP terminals. REMOVE A.C POWER
FROM THE BOP BEFORE MAKING ANY CONNECTIONS.

2) Wires and/or cables, connected from the BOP terminals to external components or prdgram-
ming devices must be properly insulated and securely terminated on both sides to make ac-
cidental touch impossible. DO NOT USE BANANA PLUGS WITH EXPOSED SCREWS OR
OTHER EXPOSED METAL PARTS AT THE FRONT PANEL OUTPUT TERMINALS!

3) The BOP chassis and cover must be safety-grounded to a reliable a-¢ source ground. A safety-
ground may be established by using a grounded a-c power outlet or, If the latter is not available,
by means of a separate wirg, from the provided “ground” terminal to a reliable a-¢ source
ground point. )

4) THE COMMON OUTPUT TERMINAL OF THE BOP SHOULD BE SIGNAL GROUNDED. If for any
reason, grounding of the output is not possible, additional precautions must be taken to make
any access to the isolated output impossible.

A) DIAGRAMS. Appiication and test set up diagrams on the following pages show the symbolic and
simplified representation of the BOP circultry in four (4) separate diagrams, as indicated in FIG. 3-1.
The diagrams represent the four programmable circuits of the BOP.

FIG. 3-1A: Voltage Gontrol Channel,

FIG. 3-18: Current Control Channel.

FIG. 3-1C;  {x)E, Limit Circuits,

FIG. 3-1D: {2, Limit Circuits.

The complete simplified diagram Is represented in the fold-out page at the end of Section IV, THE
FOUR CIRCUITS CAN BE PROGRAMMED SEPARATELY AS DESCRIBED IN THE EXAMPLES N
THIS SECTION, OR THEY CAN BE USED SIMULTANEOUSLY AS THE APPLICATION REQUIRES,
WITH THE EXCEPTION OF THE TWO {2) MAIN BIPOLAR VOLTAGE AND CURRENT CHANNELS
WHICH ARE MANUALLY SELECTED BY THE FRONT PANEL MODE SWITCH OR REMOTELY BY
TTL SIGNALS AND CANNOT BE OPERATED SIMULTANEQUSLY.

The numbered terminals in the diagrams correspond to the connector terminals on the REAR PRO-
GRAMMING CONNECTOR. The terminal designated C corresponds to pin numbers 23,25,27,29,31
or 33 on PC-12.

NOTE: BOP's have front and rear output terminals. Only the front terminals are shown on all subse-
quent simplified diagrams.
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PART OF PC 12

QFF

Tou
VOLTAGE
CONTROL

Al %
=0V
- 1CK
% DRIVER
v &
- A POWER
T I > STAGE
|
INPUT ZERO oM
BOP VOLTAGE
CONTROL CHANNEL 5{Q)
COMMON
FIG. 3-1A BOP VOLTAGE CONTROL CHANNEL
NOTE: Mode Switck position: "VOLTAGE",
FART OF PG 12
| e el i) hl

10K

ON

}
i
|
1
i
|
|
i
1
E CURRENT
T : CONTRQL
o+
1
]
|

T s —O——

ouT

i

;| 2 gv

: - L0AD
22 Q

CURRENT
PROGRAMMING
INPUT COM
@

| BOP CURRENT CONTROL CHANNEL )
COMMON

FIG. 3.1B BOP CURRENT CONTROL CHANNEI.
NOTES: 1) Mode Switch position; "CURRENT".
2} For Inductive loads in excess of 0.5 mHy, the BOP outpul response may
be optimized by placing a capacitor across terminals 16 and 18 of the ID
COMP. AMP.
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(+}Eq LIMIT- [+)Eo LIMIT-
AMP(EXT} AMP(INT)
+
(+)Eo LIMIT~ ${O)
_ COMP AMP
ouT
DRIVER
576K
576K
COM
PART OF 1 {+1Eo LIMIT ©)
PC-i2 CONT. (IEaLimiT-
COMP AMP 5 @
()Eo LIMIT-  {-)Eq LiMIT~
AMPIEXT)  AMP{INT)
] [ BoP EoLimT CHANNEL |
COMMON

FIG. 3-1C BOP (x) VOLTAGE LIMITING CIRCUIT

BIASTZ=isv

=

{+)To LIMIT- {4110 LIMIT-
AMPI{EXT) AMP{INT}

8 T .
; {+1 Lo LIMIT~
CONT _ COMPAMP
- A --._..@__
l ’—br— aoT
: + DRIVER
G
| ¢ ,L ST.6K A POWER
! T STAGE LoAD
i 576K £
} -
i
@___ Ry COM
+ J AP
PARY OF ~1ToLIMIT-
pe-l2 COMP AMP
{(~IaLIMIT-  [~)To LiMIT-
AMPLEXT)  AMP(INT} [ BOP To LIMIT CHANNEL |
COMMON
FIG. 31D BOP (£} CURRENT LIMITING CIRCUIT
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B)

D)

F)

G)

LOAD CONNECTION {I). The baslic interconnections between the BOP and the load are shown in
FiG.'s 3-2A and 3-2B. The load wire size for the 2-wire connection shown should be as large as prac-
ticable to keep the series reslstance and inductance low. in addition, the load wire pair should be -
tightly twisted, to reduce possible “pick-up" from stray magnetic tieids. The basic 2-wire connec-
tion is usetut where the voltage drop in the load wires is of minor consequence, as for exampie,
operation Into a constant load or in a constant current operating mode.

LOAD CONNECTION (). The recommended joad connectlon far all applications requiring minimum
load effect across a remote load is shown in FIG. 3-3A and 3-38. A twisted, shielded pair of wires
{No. 20 AWG minimum) are connected from the BOP sensing terminals to the load. This "‘remote er-
ror sensing” technique will compensate for load wire voliage drops up to 0.5 volis per wire.
NOTE: OBSERVE POLARITIES: THE COMMON SENSING WIRE MUST GQ TO THE "COMMON"’
LOAD WIRE, THE (x) OUT SENSING WIRE MUST GO TO THE “{x) OUT" LOAD WIRE.

A-C GROUND. (Refer to FIG.'s 3-2, 3-3). The metal cases of electronic equipment which is operated
from the a-c power line must be kept at ground potential at all times. If the 3-wire line cord with
3-prong safety plug (supplied with this equipment) Is used In combination with a properly grounded
a-c power outiet, this is taken care of automatically. If an adapter for a non-grounded outlet is used,
however, the case must be grounded separately, A separate “GROUND” terminal is provided for
this purpose on the front panel as well as on the rear of the BOP. (See Section i}, FIG. 2.2).

D-C (SIGNAL) GROUND. (Refer to FIG.'s 3-2, 3-3). Specitied rippie and noise figures for operational
power supplies are valid onty with the COMMON side of the output/load circuit refurned to a com-
mon ground point (refer to Section 1, Table 1-2), The COMMON terminai of the BOP output is shown
grounded in FiG.’s 3-2A through 3-3B, since it is "common® {0 both, internal reference source and
any external signal source. If the application requires, the COMMON of the BOP may be ficated up
to 500V d-¢ off ground. In this case, however, the common mode current {specified in Section |,
Paragraph 1-8E, will flow through the impedance of whatever circuit is placed betwaen COMMON
and ground and will give rise to a common mode voltage. The signal ground point in the BOP/load
circuit must consist of a single point only, to which all input source grounds, shields and lcad
grounds are connected. Multiple signal grounds in the BOP output/load circuit may cause “ground-
lcop" problems, since noise signals develop across the impedances between the multiple ground
points. The exact physical location of the “best" single ground point must be carefully selected for
minlmum ripple/noise output.

EXTERNAL PROGRAMMING RESISTORS. External programming resistors should be high-guality
units, with tow-temperature coefficients. Resistors should be selected carefully, since in most ap-
plications, the limitations for stabltity and drift are due, not to the BOP, but to the programming
resistors. Selection criteria for resistors are:

1} TEMPERATURE COEFFICIENT

2) LEAKAGE (IN VALUES ABOVE 100K OHM)

3y HUMIDITY EFFECTS

4) DRIFT WiTH TIME

§) SELF-HEATING (POWER DISSIPATION)

8} TOLERANCE.

For variable resistors (potentiometers or rheoslats) similar selection criteria apply. In addition,
such specifications as listed below should be carefully considered if the application requires:

1) END RESISTANCE

2) LINEARITY

3) CAPACITIVE AND INDUCTIVE EFFECTS

ACTIVE PROGRAMMING SOURCES. External programming sources {Signa! Generators, etc.,) or
reterence sources should have temperature coefficients and drift specifications comparable to {or

better than) the BOP Power Supply. CAUTION: A-C source-operated programming sources must
have their output isclated from the case.
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Nota:

Mode Switch position: “VOLTAGE",

i R
10K !
2EXT.) ‘|
|
! REMOVE( 2 )
: SENSING LINKS
i
i ON
. rry
128} VOLTAGE 5
! + CONTROL,
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22
= VOLTAGE
PROGRAMMING
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BOPVOLTAGE
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COMMON

SIGNAL GROUND

FiG. 3-4 REMOTE POTENTIOMETER CONTROL OF THE BOP D-C OQUTPUT VOLTAGE

3-12 As shown in FIG. 3-4, this control method can readily be performed remotely, by setting the VOLTAGE

CONTROL SWITCH to the OFF
indicated in FiG, 3.4,

3-13 Two-terminal resistance control of the d-c voltage
cised as shown in FIG. 3-5.

position and connecting an external REMOTE VOLTAGE CONTROL as

{for example, by means of 5 Decade Box) can be exer-

FIG. 3-56 REMOTE D-C QUTPUT VOLTAGE CONTROL BY MEANS
OF A TWO-TERMINAL RESISTANCE {DECADE),

3-8

(EXT.) Notes: 1} Mode Switch position: “VOLTAGE",
9~ 10KqL REMOTE 2} Remove Link (7)—{8) on PC.12,
REMOVE( 2}
SENSING LINKS

é 5@

i 1

4

10x% -—%—
ouT
DRIVER
POWER
STAGE L0AD
PROGRAMMING

INPLT ZERO coM
®

W

BOPVOLTAGE I

CONTROL CHARNEL s(Q

COMMON
SIGNAL GROUND
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35
3.6

3-7

38

39

310
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J)  EXTERNAL LEADS. Shleided (prefetably twisted) lead pairs are recormnmended for all input connec-
tions to the BOP control channels. The shield should be connected (single-ended} to the chosen
signat ground paint. Shielded leads shouid be held as short as practicable. Output leads must be
voltage rated at least for the maximum BOP cutput voltage.

BEFORE USING THE BOP IN ANY APPLICATION. PLEASE REFER TO SECTION H TO GET AG-
QUAINTED WITH THE OPERATING CONTROLS AND THE A-C POWER REQUIREMENTS. REFER TO
THIS SECTION (SECTION i} FOR INFORMATION ON LOAD CONNECTIONS AND GROUNDING.

BOP OPERATION WITH LOCAL (FRONT PANEL) OUTPUT CONTROL

VOLTAGE MODE OPERATION WITH CURRENT LIMITING. The BOP may be used as a stabilized (d-¢)
source of positive or negative voltage with output current limiting (for either polarity) pre-selected for
the application at hand.

PROCEDURE (Refer to Paragraph 3-4)

1} Determine the output voitage and current requirements of your load. Set the BOP MODE swilch to
the VOLTAGE position and the VOLTAGE CONTROL SWITCH 1o "ON".

2) With the BOP A-C CIRCUIT BREAKER/POWER SWITCH “off”, connect a short circuit across the
output terminals. Turn the BOP “on” again.

3) Adjust the §, LIMIT GONTROLS for both polarities as required, monitoring the QUTPUT CURRENT
METER for the correct Himiting value. Proceed as follows: Turn VOLTAGE CONTROL fully
counterclockwise. Adjust the “(-) i LIMIT CONTROL". Turn the VOLTAGE CONTROL to the center
of its range. Turn the A.C POWER switch "off” and remove the short circuit from the output and
reconnect the load.

4) Turnthe BOP “on" again, and adjust the operating voltage by means of the VOLTAGE CONTROL to
the value required.

NOTE: If the output current exceeds the pre-adjusted value at any time the VOLTAGE MODE LIGHT
will go out and the (£} 1, LIMIT LIGHT will go on. After the cause of the overcurrent is eliminated,
the indlcator lights will return to their initial status.

CURRENT MODE OPERATION WITH VOLTAGE LIMITING. The BOP may be used as a stabilized d-c

source of positive or negative current, with cutput voltage limiting {for either polarity), pre-selected for

the application at hand.

PROCEDURE {please refer to Paragraph 3-4)

1) Determine the output current and voltage requirement of your load. Perform [, LIMIT adjustment as
described in Paragraph 37, steps 2 and 3. Sef the BOP MODE SWITCH to the CURRENT position
and the CURRENT CONTROL switch to "ON".

2) Turnthe A-C CIRCUIT BREAKER/POWER SWITCH “on”, and adjust the (+) E, LIMIT CONTROLS to
the required output {compliance) voltage. Turn the A-C CIRCUIT BREAKER/POWER SWITCH “off".

3) Connect the load and turn A-C CIRCUIT BREAKER/POWER SWITCH "on". Adjust the required -
operating current by means of the CURRENT CONTROL as required.

BOP OPERATION WITH REMOTE CONTROL OF THE VOLTAGE CONTROL CHANNEL.

REMOTE D-C QUTPUT VOLTAGE CONTROL BY RESISTANCE. As seen in FIG, 3-4, and as described ina
previous paragraph (Paragraph 3-6) the BOP d-c output potential can be controlled within its specified
range by means of the VOLTAGE CONTROL, with the VOLTAGE CONTROL SWITCH in the ON position.
PREAMP “A" with the buiit-in feedback and input resistors, has a gain of one and the fixed gain of all
BOP models is designed so thal a d-c input signal of zero to {£)10 voit will control the BOP output
through its specified range. In the local (front panel) control mode, the d-c control potential is applied
via the VOLTAGE CONTROL. in the remote control mode, a similar control circult, located external to
the BOP is substituted for the internal contro! elements.
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3-15

316

317

The external switch {S1), connected across the () reference voltage is used 1o pre-select either positive
or negative output, by setting it to the applicable reference voltage polarity.

PREAMP “A" functions here as an inverter. [ts output can be expressed by the equation:
ED (PREAMP "A") &= — Eref (HEIR]). Rf = Decade Reslistor.
R; = Ext. Input Resistor
Since Eqet = ()10 volts and the gain ratio Ry/R; is variable from zero to one, its output (E, preamp »a™
will vary linearly from zero to {x)10 volts with the change in the decade resistance (Ry). As a conse-
quence, the BOP output voltage will also vary linearly with the change in decade resistance.

This programming system can be calibrated very accurately by setting the REMOTE VOLTAGE CON-
TROL (Decade) to zero and adjusting 2ero output volts at the BOP E, ZERO control, monitoring at the
BOP output with a digital voltmeter. The maximum output voltage is calibrated by making all or part of
R; a rheostat and adjusting it, with the REMOTE VOLTAGE CONTROL at maximum resistance, to the
maximum BOP cutput voltage.

REMOTE OUTPUT VOLTAGE CONTROL BY MEANS OF D-C SIGNAL VOLTAGE. The BOP d-¢ output
voltage can be controlled directly by a (£ )10V d-c signal, applied to the front panel VOLTAGE PRO-
GRAMMING INPUT terminals. An interesting example of this application is the BOP output voltage con-
trol with a Kepco SN Digital Programmer for example. The digital input to the SN programmer can be
provided by a computer, or manually by means of a keyboard. The analog output from the SN is from
zero to + 10 volts and constitutes the input program for the BOP,

PART OF PC 12
Note: Mode Switch position; *'"VOLTAGE”,

0K

REMOVE( 2}
SENSING LINKS
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+
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C ouT
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i oV g POWER
' I T STAGE LOAD
z © :
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(0— TI0V} ANALOG
DIGITAL GROUND
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318

FIG. 3-6 DIGITAL CONTROL OF THE BOP D-C OUTPUT VOLTAGE.

The connections between the SN Programmer and the BOP are illustrated in FIG. 3-6, This programming
system provides a resolution of 12-bits with a linearity of ()% LSB (0.0122%). Tha digital and the
power supply grounds are isolated (optical isolation) to 1000 volts, Calibration of the system is perform-
ed with the provided controls on the SN Programmer. See paragraphs 3-48 through 3-82 for a description
of avaiiable Kepco Digital Programming devices suitable for use with the BOP.
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3-18 Since all terminals of PREAMP “A” are available at the REAR PROGRAMMING CONNECTOR, d-¢ out-
put voitage control can be exercised in many other ways. PREAMP “A" can be treated as an uncommit-
ted operational amplifier, with its applicable transfer-functions. ts initial offsets can be zeroed with the
provided control, while the offset variations are specified in Section 1 of this manual {refer to Table 1.2),
The baslc principle of d-¢ output voltage control of the BOP is that a control voltage of (% }10 volts at 1
mA at the VOLTAGE PROGRAMMING INPUT {with the built-in feedback/Input resistors} will produce the
full d-c output voltage swing of the BOP. if the selected control signal does not have the required
amplitude or if the required control current cannot be supplied, the PREAMP “A” conflguration can be
altered to provide the proper interface for the application.

3-20 If, for example, the BOP d-c output is to be controtled by means of a bipolar, 1 voit, high impedance
source, it can be connected to the BOP as shown in FIG. 3-7.

Notes:

AN
PART OF PCI2 IBX(RIJEXT.

1} Mode Switch position: “"VOLTAGE",
2] Remove Links {7)~{8} and (11}=(C} on PC-12,

OFF

REMOVE{ 2)
SENSING LINKS

ON -~

VOLTAGE
CONTROL

HIGH & 5] COIVER
BIPOLAR 1; ’ POWER
INPUT (@) £
P Rovconl“g » g?n G
M
{11V TO (+) 1y Ry

BOP VOLTAGE
CONTROL CHANNEL
COMMON

o

SIGNAL GROT}ND
FiG. 3-7 BOP D-C OUTPUT VOLTAGE CONTROL WITH A HIGH IMPEDANCE. (%) 1V SIGNAL SOURCE.

321 As seen in FIG. 3-7, the original input feedback components of PREAMP "A" have been bypassed and
are feplaced by external resistors (smail, metal film or wire-wound lype resistors may be used and con.
nected directly to the REAR PROGRAMMING CONNECTOR terminals as shown). PREAMP “A" Is used
in the non-inverting configuration. Its output voltage (the necessary BOP control voltage) is glven by:

By + R; . 18K ohm + 2K ohm (£) 10V
or gy = = {+
R, o (PREAMP “A™) 2K ohm

Eo (PREAMP Ay = E

Consequently, as the BIPOLAR INPUT VOLTAGE (Ej} is controlled from (- ) 1V over zero to {+)1V, the
BOP output voitage wilt follow over its specified range. Calibration of the system can be performed at
the programming source, or the PREAMP ‘A" ZERO control can be used for the low end, while the feed-
back resistor {(Ry = 18K ohm) can be trimmed to calibrate the high end of the rangs.

3-22 THE BOP AS AN AMPLIFIER

3-23 If, instead of the previously used d-c control signal, an a-c signat voltage is applied to the E, PROGRAM
INPUT, the BOP functions as a blpolar amplifier, As an amplifier, the BOP voltage gain Is set on each
BOP model so that (as before with the d-c control signal) a bipolar a-¢ input signal with an amplitude of
0V 1o 20V (peak-to-peak) will drive the BOP output through its specified (%) output voltage range. Al
other dynamic specifications are given in Section {, Table 1-3.

3-24 The BOP can be used 1o amplify, sum or scale a variety of waveshapes, some of which are ittustrated in
FIG. 3-8. All input signals are shown 180 ° out of phase with their corresponding output waveshapes., The
fatter can be readily produced In phase (Le. with the output wave taking the same direction as the Input
signal) by addrassing the non-inverting input of PREAMP “A" instead of the front panel E, PROGRAM
INPUT (Inverting). ‘

3-10 BOP--050186



3-25 The basic programming circuit with which the wave forms shown in FIG, 3-8 can be produced s shown
in FIG. 3-9. Since all input signals in FIG, 3-8 are shown with a = 10 volts amplitude, the basic program-

ming circuit In FIG. 3.9 must be modified If the external signal source cannot produce 10 volts and if the
full BOP output voltage swing is required.

PART OF PC 12
If' """""""""""""""""""""" '1' Note: Mode Switch pusition: “VOLTAGE",
I i
! 1 10K
}
: REMOVE ( 2}
; SENSING LINKS
I
T ON
@ VOLTAGE s(O
! . CONTROL ™
: =10V L Lf
] = IOKé -u-———@—.
! ouT
BIPOLAR ]
PRO?#AMMER) ! * o] DRVER
{EXTERNAL : :T—iav # POWER LoaD
AMP STAGE
B2 © =
T PﬁgﬁoﬁtgﬁgﬁENG
QU FanY
INpPUT : ZERO CfQQ‘
X S

(®)

Eon BOP VOLTAGE
l | CONTROL CHANNEL s

COMMON

SIGNAL GROUND

FIG. 39 BASIC PAOGRAMMING CIRCUIT FOR USE OF THE BOP
AS A BIPOLAR AMPLIFIER (VOLTAGE MODE)

3-26 If the EXT. PROGRAMMING SOURCE does not have sufficient amplitude to drive the BOP over its full
cutput range, the gain of PREAMP “A" must ba changed from the built-in value {one) to sult the applica-
tion. To calculate the required components for the new gain requirement, the output equation for
PREAMP “A in the inverting configuration is used:

Eoeneamp »avy = ~ Ej (Ry/R))

where E, (PREAMP “A") = 10V, and the values of R, and R; depend on the available amplitude of the
programming source. If, for example, a + 1 voit source is available, the ratio R¢/R; must be 10, and the
two resistor values can be 10K and 100K respectively. The buiit-in resistor {R; = 10K) can be retained,
and only Ry must be replaced with a 100K metal tilm (v watt) unit. The necessary connections are il-

lustrated In FIG, 3-10. Gain control {1 1o 10) can be exercised by making Ry a rheostat instead of a fixed
resistor.
PART OF PC 12
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; AP ' Note: Mode Switch position: “VOLTAGE",
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3-27 The non-nverting input of PREAMP “A" is used for applications where the externai programming
source has a high impedance and/or cannot supply the necessary drive current, or where a positive
going outpul swing Is desired for a positive going input signal. The necessary connections are il-
lustrated in FIG. 3-11 for a PREAMP “A™ gain of unity {with the built-In value for R, retained and a short
across Ry), although other gain configurations can be chosen, according to the output equation for the
non-tnverting configuration;

ﬂf + Ri
Es (PrEAMP “A") =
R;
Pnﬂgggkmm Netes: 1) Mode Switch position: “VOLTAGE".
PART OF PC 12 ) 2) Remove Links (19)=—=(C} on PC-12,
e e e e e e L 3) Add Link (5)—(7) on PC-12.
HIGH Z
INPUT OFF
SOURCE K
REMOVE( 2)

{t)1av SENSING LINKS

ON

VOLTAGE

CONTROL

10K§

DRIVER

POWER
STAGE

MmO

(@)
VOLTAGE
PROGRAMMING
INPUT

CONTROL CHANNEL

80P VOLTAGE %

COMMOHM

SIGNAL GROUND

F1G. 3-11 PROGRAMMING CIRCUIT FOR DRIVING THE BOP QUTPUT VOLTAGE WITH
A HIGH-IMPEDANCE SOURCE, USING THE NON-INVERTING INPUT OF PREAMP “A™,

3-28 BOP OPERATION WITH REMOTE CONTROL OF THE CURRENT CONTROL CHANNEL

3-25 GENERAL: In the local (front panel) control mode, the BOP output current can be controlled by means of
the CURRENT GONTROL, with the CURRENT CONTROL SWITCH closed, and the MODE SWITCH in the
“CGURRENT" position, over the full output range. The control potential (zero to {£)10V) is applied via
PREAMP “B", operating with unity gain, to the |, COMP. AMP which drives the POWER STAGE with a
tixed gain as listed in Section i, Tabls 1-1. A d-c control signal from zerc to {£)10 volts will, therefore,
control the BOP output current through its specified range (refer to FIG, 3.12),

PART OF PG 2

Notes: 1} Mede Swlich position: “CURRENT".
10K 2) For inductive loads In excess of 0.5 mHy
the BOP output response may he optimized
by placing a capscitor across terminals 16
and 18 of the i, COMP. AMP.
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i - ............@_
ouT
Il *
rofFev POWER
rof3 LOAD
22 T @ STAGE
CURREN VA
PROGRAMMING ZERQ . com
T ®
{ BOP CURRENT CONTROL CHANNEL |
, COMMON SIGNAL GROUND
FIG. 3-12 LOCAL (FRONT PANEL) CONTROL OF THE BOP OUTPUT CURRENT
WITH THE BIPOLAR CURRENT CONTROL 3.13
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3-30 REMOTE GONTROL OF THE BOP CURRENT CHANNEL. Since the input signal requirements for the con-
troi of the BOP output current are the same as for programming the output voltage, and since the control
cirouitry of the current channel is almost identical to that of the voltage channel, all programming circuit
descriptions for programming the output voltage of the BOP can be applied to current programming. The
cuirent programming circuits are ilustrated in the following diagrams. Any comments, specifically ap-
plicable to curreni channel programming are noted on the dlagrams. NOTE: Adjust the "zero" ouiput cur-
rent pojnt by means of the built-in 2ERO control of PREAMP “B” or that of the |, COMP. AMP.

PARYOF PC (2

10K Notes: 1) Mode Switch positlon; “CURRENT".

2) For Inductive loads in excess of 0.5 mHy
the BOP output responss may be optimized
by placing a capacitor across terminals 18

on and 18 of the I, COMP. AMP,
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ox ouT
{EXT) g v ]
CURRERT A =
SONTHOL | *I ’ R LOAD
- © g .
CURREN b
PROGRAMMING
NPUT Re  COM
A (®)
[BoP curRRENT CoNTROL GHANNEL |
! COMMON
SIGNAL GROUND
FiG. 3-13 REMOTE POTENTIOMETER CONTROL OF THE BOF QUTPUT CURRENT
(EXT)0- 10KAOL(RE)
PART OF PC12 Yo
(34 3 T ettt Notes: 1} Mode Switch position: “CURRENT™,

10K 2) Remove Links (13)—{4) on PC-12,
Ri 3) For Inductive foads In excess of 0.5 mHy

the BOP output response may be optimized
by placing a capacitor across terminals 16
o and 18 of the |, COMP. AMP.
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10K =~ Oy
ouT
cEfoaTé%n
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STAGE LOAD
P'?"GFE!R'?'MI'JG
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| BOP CURRENT CONTROL CHANNEL |
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FIG. 3-14 REMOTE OUTPUT GURRENT CONTROL SIGNAL GROUND

BY MEANS OF A TWO-TERMINAL RESISTANCE.
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Notes: 1) Mode Switch position: “CURRENT",
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FIG. 3-19 PROGRAMMING CIRCUIT FOR DRIVING THE BOP
OUTPUT CURRENT WITH A HIGH IMPEDANCE SOURGE

331 REMOTE CONTROL OF THE BOP CURRENT LIMIT (Reter to Section IV, FIG. 4-1.)

3-32 The output current is sensed by the current sensing resistor {Ry). The voltage drop across R, is propor-
tional to the output current value, and Is amplifled by a current sensing amplifier (not shown in FIG.

3-20) and Is applied at the input to the (—) 1, LIMIT COMPARISON AMPLIFIER and to the (+}1

SIGNAL GROUND

o LIMIT

COMPARISON AMPLIFIER. In the local (front panel) control mode, as well as in the external control
mode, a 0 to 10 volt signal, applied at the inverting inputs of the = fo LIMIT COMPARISON AMPLIFIERS,
will control the current limit point over the entire output current range of each BOP model. For the inter-
nal {frort panel) control mode, the control signal is derived across both 10 voit reference sources, ap-

plied by means

of the =

i, LIMIT contrals to the internal +
voltage followers) and dlrected to the respective inputs of the *

o LIMIT AMPLIFIERS (both connected as 1:1

o LIMIT COMPARISON AMPLIFIERS,
In the internal control mode, bolhv + |, LIMIT AMPLIFIERS {EXT) are biased “off" by means of the 15V

BIAS source.
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i +
: BIAS . 15V
34 (+)Xp LIMIT= {+)Tp LIMIT=
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8 -+
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| .y ..._.....@._..
! ouy
1l ORIVER
&
{c] Ssrex A POWER L0AD
; /_1-I10V b 7 STAGE
! = 57.6K £
i ™
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=1ToLIMIT=  {~)To LIMIT- CRARNEL] SIGNAL
AMP(EXT) _ AMPUINT} £ BOP To LIMIT CHANNE et ts
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FIG. 3-20 LOCAL {FRONT PANEL) CONTROL. OF THE BOP
CURRENT LIMIT GIRCUIT
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3-33

in the external control mode, the + to LIMIT AMPLIFIERS (EXT) are disconnected from the 15V BIAS
source {jJumper 1-8 removed) and external 0-10V control signal is applied to terminais 8 and 34, with
reference to COMMON. This control stgnat witl program both, the negative as well as the positive cur-
rent limit simultanecusly and symmetrically over the BOP output current range (See FIG. 3-21). if in.
dividual control of the + current limits is desired, the jumper 8-34 must be removed and separate con-
trol sources must be connected, 0-10 volts to pin 8 for the (+) 1, limit, and 0-10 volts to pin 34 for the {—)
Io limit, both with referance to COMMON (See Fig. 3-22),

NOTE: The front pane! + lo LIMIT controls serve as a back-up when external current limit programming
fs used. The controis should be set to a value sfightiy farger than the external current limits that are to
be programmed, '

Note: Remave Link (11~{8] on PC-12,
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FIG. 3-21 SYMMETRIGAL REMOTE CONTROL OF THE BOP CURRENT LIMITS
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FIG. 3-22 INDEPENDENT REMOTE CONTROL OF THE BOP (4) 1, AND {-} |, LIMITS
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3-34 REMOTE CONTROL OF THE BOP VOLTAGE LIMIT

3-35 The BOP E, LIMIT CIRCUIT in the logal {front panel) control mode is shown in FIG. 3-23. The circuit func-
tions in a similar manner as the |, LIMIT CIRCUIT described previously (refer to Paragraph 3-31), except
that the voltage limit feedback Is derived by means of a voltage divider across the BOP cutpul. The =
voltage {imit can be remotely controlled symmetrically with a 0 to 10V d-c source, or the (+) and ()
voltage limit can be controlled independently by individual Q to 10V d-¢ sources, The necessary circuit
connections are illustrated in FIG.'s 3-24 and 3-25.

NOTE: The front pane! VOLTAGE LIMIT CONTROLS serve as a “back-up" when remote controlling the
voltage limits on the BOP. The front panel VOLTAGE LIMIT CONTROLS should be set to their maximum
positions if full range remote control of the BOP voltage limit is desired,
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FIG. 3-24 SYMMETRICAL REMOTE CONTROL OF THE BOP VOLTAGE LIMIT CIRCUITS

BOP—- 3078

318



EXT,
{-)Eo
LT

(~)Eo LIMIT
CONT.

+)Eq LIMIT
CONT.

Note: Remove Links {3}-(32) and (6)—1{32] on PC-12,

REMOVE (2}
1]_ \ LINKS
BIAS T 18y
(+)Eo LIMIT~ {+1Eo LIMIT- é
AMP{EXT} AMPLINT)
+
{+)EQLiMiT~ ele)
COMP AMP [
ouT
DRIVER
57.6% POWER P
g STAGE Loap
576K
COM
S ©
(-)Eo LiMiT- i
N COMP AMP 30
(-JEoLIMIT-  {-)EoLIMIT- §
AMPIEXT) __ AMP(INT) oAl L

[ BOP Eo LIMIT CHANNEL ]

COMMON

3-20

FIG, 3-25 INDEPENDENT REMOTE CONTROL OF THE BOP

{+}Es AND (~) E, VOLTAGE LIMIT CIRCUITS

BOP.-3078



3-36 SERIES AND PARALLEL CONNECTION OF BOP POWER SUPPLIES.

3-37 GENERAL. Voltage sources, such as batterles, cells or stabilized d-c power supplies can be readily
serles-connected, but normally, they can not be paralleled. Even minute differences in their terminal
potential would cause large, damaging circulating currents. By complementary reasoning, current
sources can sasily be paralleled, but not serles-connected. Fortunatsly, with practical stabilized power
supplies these difficulties can be overcome in various ways.

3-38 There are two basic methods which are commonly used for the series or parallel connection of stabiiiz-
ed d-c power supplies. The first method s the “AUTOMATIC" series or parallel connection by which the
power supply outputs are simply connected together, in series or parallel, as required. The individual
supplies can now be adjusted to the load requirements. The “"AUTOMATIC" method presents no pro-
blems as tong as It is confined to SERIES connection with voitage sources, or to PARALLEL connection
with current sources. As far as the BOP is concerned, tha only thing to remember is to place the MODE
switch into its proper position:

AUTO-S5ERIES CONNECTION: All BOP MODE SWITCHES TO “VOLTAGE"
AUTO-PARALLEL CONNECTION: All BOP MODE SWITCHES TO “CURRENT",

3-389 The second method for series or parallel connectlon of two or more units is the “MASTER/SLAVE" con-
figuration, by which a designated MASTER supply controls the output of one or more SLAVE unis. This
control method permits control of the common output by a single unit - the MASTER. Since this method
presents the least problems for either series or parallel connections and since it is readily implemented
with BOP power supplies, it is the recommended method for this kind of operation and wilt be fully
described below.

3-40 MASTER/SLAVE SERIES CONNECTION OF TWO BOP SUPPLIES, PROCEDURE:

1) Gonnect the BOP supplies as shown in FIG. 3-26. Set the MODE switches and the VOLTAGE CON-
. TROL switches as directed in the set-up diagram, FIG. 3-26. Load-wire size should be as large as
practicable and load-wire pairs should be twisted to keep the d-c resistance, as well as the induc-
tance as low as possible. Use shielded cable for connecting the coupling resistor (Ry). Connect
shield to common ground. Either the positive, or the negative output side of the system can be
grounded,

2) Both BOP power gupplies should be connectad to the power line using a common circult breaker.
Alternatively, the BOP Circuit-Breaker Control Circuit, as described in Section IV, paragraph 4-25
can be used to interconnect hoth BOP's in such a way, that if one of them should fail, the other one
is automatically shut down aiso.

3} The coupling resistor (Ry) should be either a wire-wound or a metal film unit with a low temperature
coefficient. It is calculated by:

Ry (Kohms) = Eqp (MAX) Volts - 10 Volts,
where Eqy (MAX.) is the rated maximum output voltage of the BOP MASTER supply. This value of
Ry will be abie to drive the BOP SLAVE unit to its { ) maximum output voltage, as the BOP MASTER
fs controlled through its range.

4) Following the set-up procedures as described above, turn BOP's “on" and commence operation.
The system as shown in the set-up diagram (FiG. 3-26) operates in the Voltage Maode, since the
MASTER MODE switch is in “VOLTAGE” position. For operation in the Current Mode, transfer the
MASTER MODE switch to “CURRENT".
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3-22
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3-41 MASTER/SLAVE PARALLEL CONNECTION OF TWO BOP SUPPLIES, PROCEDURE:

1) Connect the BOP supplies as shown In FIG. 3-27. Set the MODE switches and the VOLTAGE and
CURRENT CONTROL switches as directed in the set-up Diagram, FIG. 3-27, L.oad-wire size should
be as large as practicable and ivad-wire pairs should be twisted to keep the d-c resistance, as well
as the inductance, as low as possible. Use shielded cabtle for the drive signal connection betwegen
the BOP's. Connect the shield to common ground. Either the positive or the negative output side of
the sysiem can be grounded.

2) Both BOP power supplies should be connected to the power line using a common circuit breaker,
Alternatively, the BOP Circuit-Breaker Contro! Circuit, as described in Section IV, paragraph 4-25
can be used to interconnect both BOP's in such a way, that if one of them should fail, the other one
is automatically shut down also.

3) Following the set-up procedure as described above, turn BOP's *'on" and commence operation. The
system as shown In the set-up diagram {FIG, 3-27) operates in the Voltage Mode, since the MASTER
MODE switch is in "VOLTAGE" position. For operation in the current mode, transfer the MASTER
MODE switch to “CURRENT",

3-42 MASTER/SLAVE SERIES OR PARALLEL CONNECTIONS FOR MORE THAN TWO BOP POWER SUPPLIES.

The concept of series connecting or paralleling two BOP power supplies can be exiended to include in-
terconnection of more than two BOP units, The limitations applying to the series-connection is the
Isolation limit of the BOP itself (500V), while that of the parallei connection is the load-wire size required
for larger and larger loads.

3-43 To exiend the concept of series connection to more than two BOP units, refer to FIG. 3-26. The BOP unit
now designated the SLAVE becomes the new MASTER for the next BOP unit to be added and so on, up
to the desired number of BOP's in series. Simply place the BOP outputs In series and connect a further
coupling resistor {Ry) from the present SLAVE, terminal [C) to the new SLAVE, fron! pansi VOLTAGE

" PROGRAMMING INPUT. Place the MODE switch on the BOP added to the series combination to
VOLTAGE and the VOLTAGE CONTROL. switch OFF.

3-44 To add more BOP units to the paralie! system shown in FIG. 3-27, simply place the output leads of the
unit to be added in parallel to the load. Set its MODE switch to CURRENT and its CURRENT CONTROL
switch to OFF, Now connect another shielded cable from the BOP designated MASTER in FiG. 3-27, ter-
minal {10] on PC-12, to ihe new BOP to be added, PC-12 terminal {19).

3-45 All series/parallel systems of BOP power supplies should be interconnected via the BOP Circuit Breaker
Control Circuit, as described in Section iV, paragraph 4-25. This failure detection loop will shut down all
BOP units in a serles or parallel system If one of them fails.
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3-46 DIGITAL CONTROL OF BOP POWER SUPPLIES.

3-47 The output of the BOP power supply, that is, the output voltage and the output current {iml{, with the BOP
in the Voltage Mode of operation, or the output current and the output voltage limit with the BOP in the
Current Mode of operation, may be digitally controtied by means of a Kepco Digital Programmer. Kepco
Digital Programmers accept data from seriat or paraliel data buses and convert this data to an analog out-
put voltage which, in turn, controls the output parameters of the connected BOP power supply.

348 The fotlowing paragraphs present a brief overview of the available Kepco programming interfaces. Each
of these devices is delivered with its own instruction manual, which provides the necessary detalls for
operation, programming and maintenance.

3-49 Commen features of all Kepco programming interfaces includs optical isclation of digital input and
analog output, dual, selectabie output ranges of 0 to 1V or 0 to 10V, and output polarity control, making
them suitable for unipolar or bipolar power supply programming.

3-30 Since the output of all Kepco Digital Programmers is a linear, analog voltage of either 0 to 1V, or 0 to
10V, depending on the range selected, all programming examples In this section (Section HI) which
show an external programming source may be used for digitally programming the BOP power supply.
Although the glven exampies show single funciion appiications only, simultaneous programiming of
several output functions, such as voltage control with current limit or current control with voltage limit
may be performed with all digital programmers having more than one output channel.

3-51 KEPCO DIGITAL PROGRAMMERS.

3-52 The SN GROUP consits of the foilowing models:

MODEL MOBEL
SN 488- SN 500-
121 122 031 032 121 122 031 32

CHANNELS 1 2 1 2 1 2 1 2

INPUT

ASCIHHEX ASCIl/BCD ASCIIIHEX ASCINB

DAYA CODE /BCD

RESOLUTION 12 bit 3 DIGIT 12 bit 3 DIGIT

OuTPUT 0-1V or §-10V 0-1V or 0-10V 0-1V or 010V 0-1V or 0-10V

3-53 SN 488 SINGLE OR DUAL CHANNEL DIGITAL PROGRAMMERS

354 The Kepco SN 488 Programmers were designed to operate on the GPIB (IEEE 488) bus. Once addressed
by the controfier with their unique, presetable address code and placed in the Data Mode, they accept a
sub-set of the 7-bit ASCIl code (“0" through 9", "A" through "“F"} having the following data format and
sequence: NCVVV (ASCIl
Byte t — N = Channel Select, “1" or “2".

Byte2 — C = Contro! Gharacter: C = "0" Pos. Qut, High Range
Byte 3 VVV = OQutput Volts C = 1" Neg. Out, High Range
Byte 4 ] as a percentage of full C = “2" Pos. Out, Low Range
Byte 5 scale C = "“3" Neg. Out, Low Range
3-56 Data transfer is byte-serial. The output voitage bytes (3 to 5) may be encoded In hexadecimal notation

{000 to FFF) for models SN 488-121 and SN 488-122 and in BCD notation (000 to 999) for SN 488-031
and SN 488-032. The data transfer time is approximately 60sec.
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3.56
3.57

3-58

3-59

3-26

SN 500 SINGLE OR DUAL CHANNEL DIGITAL PROGRAMMERS

The Kepeo SN 500 programmers were designed to operate on bit paralle! data buses. The SN 500 ac-
tepts either posltive or negative logic {selectable) on its input port. The SN 500 programmer is ter-
minated with a 50-pin edge connector with pin-outs as shown below (See paragraph 3-59), The
magnitude field input data may be BCD for §N 500-021 and SN 500-022 or BINARY for SN 500-121 and
SN 500-122,

Data transfer is bit-paratlel and is controlted by the STROBE pulse and the internally created BUSY
signai following each STROBE (externally applied, 2usec min.). Data transfer time is approxlimately
35psec., although the data tines are free for other purposes, following the 2psec. STROBE.

INPUT/OUTPUT CONNEGTOR, PIN-OUT.
A} PIN 2~ SERIALINPUT "] WIRE JUMPER Fon

PIN 4 — SERIAL OUTPUT __ | NEGATIVE LOGIC WIRE JUMPER FOR
PIN 6 — SERIAL QUTPUT POSITIVE LOGIC (SUPPLIED)

Pins 2, 4 and 6 serve to select either POSITIVE LOGIC (L =0, H=1) by placing the jumper from pin 2 to
pin B, or NEGATIVE LOGIC {t-=1, H=0} by placing the jumper from pin 2 to pin 4. The SERIAL INPUT
may also be used for other purposes and may be syncronized by means of the SHIFT CLOCK
output.

B) PIN 8 — RANGE, CHANNEL 1 L = HIGH RANGE (0-10V) H = LOW RANGE {0-1\)
PIN 10 — POLARITY, CHANNEL 1 L = POSITIVE OUTPUT H = NEGATIVE QUTPUT
PiN 12 — RANGE, CHANNEL 2 L = HIGH RANGE (0-10v) H = LOW RANGE {0-1V)
PIN 14 — POLARITY, CHANNEL 2 L = POSITIVE OUTPUT . H = NEGATIVE QUTPUT

All four RANGE and POLARITY selection terminations have been provided for manual preselection of
range and polarities on both channels. i RANGE and POLARITY are machine controlled, only pins 8
and 10 are needed, since a CHANNEL SELECTOR command Is required to preselect each channel.
NOTE: Pin 12 should be connected to pin 8 while pin 14 should be connected to pin 10. I, however, the
application calls for tixed polarity and range, the appropriate pins can be hardwire according to the re-
quirements,

C} MAGNITUDE FIELD, DATA INPUT PINS:

PINS: 6 18 20 22 24 26 28 30 32 34 35 a8

BITS: 2 11 10 g 8 7 6 5 4 3 2 1
MSB LSB

DECADE 107 1072 1073

BCD 8 4 2 1 8 4 2 1 8 4 2 1

D} PIN 40 D-€ LOGIC SUPPLY QUTPUT, 5V at 20mA maximym, May be used to connect pull-up resistors
for establishing pre-wired logic states or to drive external togic within the given rating.

E) PIN 42-STROBE. The negative golng edge of the stroba signal (H-1) enables the loading of the
Temporary Storage Registers with the data presented on the data pins. The minimum duration of

STROBE must be 2usec,

F} PIN 44—-BUSY (H = BUSY, L = NOT BUSY). This output deilvers a status signa! to the bus. On the
first clock transition {H—L), following the STROBE signal, the BUSY line goes high (H) and remains
high until the first ciock transition {H~-L)} following data transfer (approximately 35usec.), indicating
the SN 500 is ready to accept new data.

G) PIN 46—CHANNEL SELECT (H=CHANNEL 1, L= CHANNEL 2).

H) PIN 48—SHIFT CLOCK. This output is used to synchronize the external SERIAL INPUT, If used.

J}  PiN 50—SHIELD (CHASSIS), Chassis and Case connectlon of the SN 500,

K)  PINS 1 thru 49 (Odd Mo.'s): LOGIC GROUND and LOGIC SUPPLY COMMON,
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3-50
361

362

363

3-64

3-65

3-66

3-67

3-68
368

370

371

THE SNR PROGRAMMING SYSTEM

The Kepco SNR 488 Programming System consists of a full-rack housing with buiit-in interface card for

the GPIB (IEEE 488) bus and several optional plug-in cards, each able to control 2 channels with a com-

mon conneclion.

The Mode! SNR 488 -8 housing can accomodate sight {8) plug-in cards, while Model SN 488-4 seats four

(4) cards and in addition has room for either two Kepco quarter-rack or one halé-rack size power supply.

Each housing is connected to the bus via a single cable, which serves all plug-in cards. Each SNR hous-

ing has a device address selector switch, while individual cards addresses are handied by means of the

input command string to the SNR and a presetable address selector switch for each card.

SNR 488 programmers, when connected to the bus, addressed by the controller with their unique, presetable

address code and placed in the data mode, accept a sub-set of the 7-bit ASCIl code (0" through 9, “A"

through “F" and *“="), having the following data format and sequence: N = CVVVIIl, each symbol represen-

iing an ASCII character, for a total of ¢ bytes;

Byte 1 — N = Address Byte, card address

Byte 2 — “Equal” sign, delimiter

Byte 3 — Control CharacterC: determines RANGE and POLARITY for both, CHANNEL A and CHANNEL B
Coded with ASCII characters “0" through “F", see SNR-488 Instruction Manual

Byle 47

Byte 5 VVV = Qutput Quantity, Channel A

Byte 6

Byte 777
Byte 8 HI = OCutput Quantity, Channei 8
Byte g._
Data transfer on the GPIB ({EEE 488) Is byte-serial. The cutput guantity bytes (VWV and i) are encoded
in hexadecimai notation for Model SN 488-8 cards and in BCD notation for Model SN 488--D cards. En-
coding ranges are 000 to FFF and 000 to 999 respectively. Data transfer time is approximately 60usec.
THE BIT PROGRANMMING CARDS

These cards are inserted into an existing siot in the BOP series of Kepco power supplies. They convert
the BOP into a stand-alone, digitally programmable power source. The card may be field-installed by the
user, or the BOP may be ordered with the BIT card factory installed.

There are four (4) BIT models available. Two {2) of them, Models BIT 488-B and BIT 485-D are for opera-
tion of the BOP on the GPIB (IEEE 488) bus. The other two {2), Modeis BIT 500-B and BIT 500-D are for
operation of the BOP on paralle! data buses. Each BIT card controls the BOP's main channel and limit
channel. Depending on the BOP's operating mode selaction, either Output Voitage and Current Limit
{Voltage Mode) or Quiput Current and Voltage Limit (Current Mode) can be controlied simultaneously.
THE BIT 488 DUAL CHANNEL DIGITAL PROGRAMMING CARDS.

The BIT 488 programming cards were designed 1o operate on the GPIB (IEEE 488) bus, Once addressed
by the bus controlier with their unique, presetable address code, they are placed in the Data Mode and
accept a subset of the 7-bit ASCIi code (0" through “F"),

The BIT 488 card requires the following data format and sequence: CMMMLL (ASCI).

Byte 1 — Control Character: G - determines BIT cutput range, polarity and BOP operating mode.
ASCI DIGITS “0” through “7". See BIT 488 tnstruction Manuai
Byte 271 pain Channel Byte 571 {imit Channel
Byte 3 | Cutput Byte 6 Output
"Byte 4

Data transfer is byte-serial. The Main channel field (MMM) may be encoded in hexadecimal notation (000
to FFF) for BIT 488-B models or in BCD notation (000 to 999} for BIT 488-D models. Data transfer time Is
approximately 80usec.
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3-72 THE BIT 500 DUAL CHANNEL DIGITAL PROGRAMMING CARDS. The BIT 500 programming cards were

designed to operate on bit-parallel data buses. These cards expect sither positive or negative (ogic
{selectable) at their input port. Once installed in the BOPF, they are terminated by a 50-pin edge connec-
tor with pin.outs as shown in baragraph 3-74. The magnitude field for the MAIN CHANNEL, and for the
LIMIT CHANNEL Is to be binary encoded for Model BIT 500-R and BCD encoded for Made! BIT 500-D.

3-73 Data transfer is bit-parailel and is controlled by the externaliy applied STROBE pulse (2usec. min) and
the internally created BUSY signal, following each strobe. Data transfer time is approximately I5usec.,
although the data lines are free for other purposes, following the 2usec. STROBE,

374 INPUTIOUTPUT CONNECTOR, PIN-OQUT FOR BIT 500.

NOTE: Al input commands are with reference to LOGIC GROUND,
A) PIN5 — SERIAL INPUT ] WIRE JUMPER FOR
PIN 1 — SERIAL OUTPUT NEGATIVE LOGIC ’—v WIRE JUMPER FOR
PIN 3 — SERIAL OUTPUT | POSITIVE LOGIC (SUPPLIED)
Pins 1, 3-and 5 serve to select either POSITIVE LOGIC (L=0, H = 1) by placing the jumper from pinsto
pin 3, or NEGATIVE LOGIC (L= 1, H=0), by placing the jumper from pin 5 to pin 1. The selection of
POSITIVE or NEGATIVE logic appiys only to DATA, POLARITY and RANGE signals.
B} Pin 17—Control (LOC/REM), H= REMOTE, L= LOCAL. Selects either local (FRONT PANEL) or remote
{BUS) control of the BOP,
NOTE: THIS PIN MUST BE HIGH (H) FOR REMOTE, (BUS) CONTROL OF THE BOP,
C) Pin 15—MODE (V/l), H=CURRENT Mode, L=VOLTAGE Mode. Determines BOP operating mode.’
Designates the Main Channe! to Voltage Control, Limit Ghannel to Current Limit Control,
D) Pin 13--RANGE {(HI/L.O), H = Low Range (C-1v), L = High Range (0-10V). Selects Main Channef out-
put range.
E) Pin 11—POLARITY (+1-), H = Negative, L = Positive, Selects Main Channel output polarity with
reference to ANALOG GROUND.
F} Pin9d-c LOGIC SUPPLY OUTPUT, 5V at 20 mA maximum, May be used to connect pull-up resistors for
establishing pre-wired fogic states or to drive external logic within the given ratings.
G) Pin 7—STROBE. The negative going edge signai (H— L} enables the loading of the Temporary Storage
Registers with the data presented on the data pins. The minimum duration of STROBE must be 2usec,
H) Pin 47—BUSY (H = busy, L = not busy). This output delivers a status signal to the bus. On the first
clock transition (H—L), foliowing the STROBE signal, the BUSY line goes high (H) and remains high
until the first clock transition {H—L}, following data transfer (approximately S50usec)), indicating the
BIT 500 is ready to accept new data.
J}  Pin 49—SHIELD {CHASSIS), Chassis and Case connection of the BIT 500,
K) Pins 37,39,41,43,45 LOGIC GRCOUND, COMMON, 5V LOGIC SUPPLY.
L) MAGNITUDE FIELD, MAIN CHANNEL
PINS: 2 4 5 8 10 12 14 16 18 20 22 24
BITS: 12 1 10 9 g 7 6 5 4 3 2 1
(BIT 500-B}) MSB LSB
DECADE 0" 167 10
{BIT 500-D)
BCD 1 8 4 2 1 8 4 2 1 8 4 2 1
M) MAGNITUDE FIELD, LIMIT CHANNEL

3-28

PINS: 34 36 38 40 42 44 a6
BITS: 8 7 6 5 P 3 2 3
(BIT 500-8B) MSB LS8
DECADE " 2
{BIT 500-D) 10 10
| BCD 8 4 2 1 8 4 2 1
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3.75 THE KEPCO MODEL TLD 488-16 INTERACTIVE DIGITAL PROGRAMMER.

3-76 The Kepco Model TLD 488-16 was designed to operate on the GPIB (IEEE 488) bus as a
LISTENER/TALKER. i is configures as a standard rack card-cage, containing a micro-computer with
bus interface, status monitor for catastrophic error reporting via a discrete line to the controller and an
on-board parallel peripheral interface for optional load isolations relays.

377 The Kepco TLD 488-18 accepts up to four plug-in programming boards, either the Kepco Model TL
488-4A for Kepco ATE power supplies, or the TL. 488-48 for Kepco BOP power supplies, or a mixture of
these two models. Each hoard can control up to four (4} power supplies, so that a maximum of sixteen
{(16) power supplies may be digitally programmed via the TLD output ports, using only a single GPIB bus
connection.

3-78 When using TL 488-4B programming cards for BOP power supplies, each BOP must be equipped whith
an optional Kepco interface card, Model PCA X-3, which is installed inside the BOP. When using TL
488-A programming cards for ATE power supplies, each ATE Is connected to the TLD 488-16 via a uni-
que interface connector, Model PCA X-X, model number depending on ATE model designation. These
PCA devices have the function of informing the TLD about the parameters of the connected power sup-
plies.

3-79 Communications between the TLD 488-16 and the system controller In the COMMAND moda follow the
GPIB {(IEEE 488) protocol, with the TLD 488-16 implementing the following functions:

GPIB FUNCTION SUBSET SYMBOL COMMENTS |

Source handshake SH1 —_

Acceptor handshake AH1 —

Talker T6 Basic talker, serial pofl,
unaddress if MLA

Listener L4 Basic listener
unaddress if MTA

Service request SR1 —_

Device clear DCA —

3-80 Communications between the T1.D 48816 and the system controlierin the DATA mode, use elements of
the CONTROL INTERFACE INTERMEDIATE LANGUAGE (ClL). The statement syntax and operation
codes of ClIL are encoded using the 7-bit ASCI character set and are briefly described below(®,

1) FNC - function op-code
SYNTAX: FNC DCS :CHnn
"This operator, with the operands DCS and :CHnn is used at the start of each set-up sequence. The
“DCS” operand is a CllL “noun” and describes the lype of device being set-up (DCS = d-¢ source,
power supply). The :CHnn operand is used in the set-up of all devices and indicates the port or
channel number of the TLD 488-16 in our case,

2) BET - set.up code
SYNTAX: SET VOLT (value nnn)
The SET command string is used to specify a characteristic of the device “DCS" specified in the
FNC command string. The first opsrand (VOLT) indicating that characteristic. Possible operands
for this field when programming the TLD 4B88-16 are: VOLT, CURR, VLTL, CURL. The second
operand (value) which may be encoded in ASCI integer, decimal or scientific notation.

3) STA - status op-code
SYNTAX: STA
This op-code command the device to report its current operating status. It should be sent by the
system controlter after each set-up command string. There are no operands associated with this op-
code.

4} RST - resel op-code
SYNTAX: RST DCS :CHnn
The RST command string resets the device at :CHnn to zero and opens the relays if used.
U} or more detaits, refes 1o the TLD 488-16 OPERATOR'S MANUAL,
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3-81 CIL TRANSMISSION FORMAT,

3-82 The sequence of commands which address a specific power supply at port 0, set its voitage to 10V, its
current limit 1o 2A and its subsequent reset is fiustrated below:

TRANSMISSION 1: FNC sp DCS sp :CHOD sp {set-up)
SET sp VOLT sp 10 sp
SET sp CURL sp 2 or If
TRANSMISSION 2: STA or If (STATUS CHECK)
TRANSMISSION 3: RST sp DCS sp :CHO00 or if {shut-down}
NOTE 1: sp = ASCHI (space or blank), cr= ASCH fearrlage return} If = ASCH (line feed).

NOTE 2: The individual ClIL statements of transmission 1 are shown on separate lines for readabili-
ty only, in actuality they are concacenated into a single ASCII string.
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SECTION IV—~THEORY OF OPERATION

GENERAL

This section contalns a brief analysis of the BOP circuitry by means of a simplified circuit diagram, a
discussion of the error equation and its application, and a circuit description based on the Main
Schematic Diagram.

SIMPLIFIED DIAGRAM ANALYSIS (REFER TO FIG. 4-5)

The BOP Bipolar Operational Power Supply can be described as a stabilized d-c vollage or current
source with either local {front panel) or remote control of its output, its wide band characteristics per-
mits operation as an amplifier, with or without d-¢ bias. The circuitry of the BOP consists of the follow-
ing major sections:

A) BIPOLAR OUTPUT STAGE
B) GATE CIRCUIT

C) VOLTAGE CHANNEL

D) CURRENT CHANNEL

E) ()10V REFERENCE SUPPLY
F) VOLTAGE LIMIT CIRCUIT
G) CURRENT LIMIT CIRGUIT

BIPOLAR OUTPUT STAGE. The bipolar power output stage consists of two groups of PNP/NPN power
transistors {only one PNP and one NPN transistor is shown in FIG. 4-5. The actual number of PNP and
NPN power transistors depends on the BOP model), two RAW D-C SUPPLIES, the QUIESCENT CUR-
RENT CONTROL CIRCUIT and the three current sensing resistors (Rgp, Rgg, Rgy)™

The QUIESCENT CURRENT CONTROL CIRCUIT has the function of keeping a constant current flowing
through the power stage, regardless of the loading condition and/or the direction of the load current.
This circuit is unique in that the circulating quiescent current is much less than in commeoenly used ¢lr-
cuits of this kind, thus achieving superior efficiency, Under “no load” conditions, the quiescent current
is controlled by the first feedback loop, inciuding sensing resistors Rgn and Rgp, in serles with the
NPN/PNP power transistors. The no lcad quiescent current is sensed by the current resistors, the
resuiting voltage drops are compared and the difference voltage is amplified and used to drive both the

NPN and PNP power stages, resulting fn a constant current through both, PNP and NPN power tran-
sistors,

Under load conditions, the load current is monitored by the common sensing resistor {Rgc)- A second
feedback loop around Rgg, is used to compensate in such a way, that the quiescent current is maintain-
ed, regardless of the magnitude and direction of the load current.

™ The BOP 200-1M uses dua\l N-Channel FET power transistors with oplically isolated driver circuits, The principle of operation

howevet, remains the same, )
I L +
—— RAW DC l_ RAW DC

SUPPLY "= SUPPLY

+
GATE BUFFER
OUTPUT
NEN PNP
DRIVE + TERMINALS DRIVE +
7 POWER STAGE POWER STAGE

+ Q.C.C. OUTPUT | ouescenT CURRENTI — @C.C. OUTPUT
CONTROL CIRCUIT

FIG. 4-1 NPN/PNP POWER STAGE WITH QUIESCENT CONTROL CIRGUIT
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GATE CIRCULT. The gate circuit operatas as a multiple analog gate, permitting no more than a single
amplifier to take control of the DRIVER and thereby the BOP output. All other amplifiers are normally
biased “ofi". If, for example, the E, COMP AMP is in control (BOP in VOLTAGE MODE) and an overcur
rent condition occurs, the CURRENT SENSING AMPLIFIER develops a feedback slgnal of sufficient
magnitude to overcome the back blas on the fo LIMIT COMP AMP, Simuitaneously, the feedback signal
on the £, COMP AMP is reduced (due to decreasing output voltage). As a result, the lg LIMIT COMP
AMP takes control of the NPN/PNP OUTPUT STAGE, transferring the BOP into the CURRENT LIMIT
MODE of operation.

VOLTAGE CONTROL CHANNEL. With the MODE switch in the *VOLTAGE" position, the BOP d-¢ out-
put vollage can be either controlled by connecting PREAMP "A” to the bipolar VOLTAGE CONTROL, or
by connecling an external = 10 voit (1 mA) signal to the VOLTAGE PROGRAMMING INPUT, or by sum-
ming the d-c bias with an external input signal. For Input signals with an amplitude of lgss than 10 volts,
the PREAMP “'A" gain (unity with the built-in feedback and Input resistors) can be aftered to suit the
avallable input signal. Signal sources not able to deliver 1 mA of signal current can be accormmodated
by using the (high impedance) non-inverting input of the PREAMP “A". The total gain of the BOP. )
VOLTAGE CHANNEL is designed such that a (2} 10 volt drive signal, either via PREAMP A" or directiy
applied to the E, COMP AMP, will produce the rated BOP output voltage swing.

CURRENT CONTROL CHANNEL, With the MODE switch in the “*CURRENT” position, the BOP d-c out-
put current can be either controlled by connecting the PREAMP “B"” to the BIPOLAR CURRENT control,
or by connecting an external () 10 volt {1 mA} signal to the [, COMP AMP, or by summing the d-¢ bias
with an external input signal. For Input signals with an amplitude of less than 10 volts, PREAMP “B"
gain {unity with the built-in feedback and input resistors) can be altered to sult the avallable input
signat. Signal sources not able 1o deliver 1 mA of signal current can be accommodated by using the
thigh impedance} non-inverting input of PREAME “B”. The total gain of the BOP current channel is
designed such that a (=) 10 volt drive signal, either via PREAMP “B”, or directly applied to the lo COMP
AMP, will produce the rated BOP output current swing.

+ 10V REFERENGCE SUPPLY. The BOP dual d-¢ (= 10V) blas and reference voltage (shown as batteries
en the Simplified Schematic Diagram, FIG. 4-5) are precision calibrated sources, derived from the
stabilized amplifier power supply. The {+) 10 volt sources are available. for external use on the REAR
PROGRAMMING CONNECTOR with reference to COMMON. Eor internal blasing, they are connected to
two 10-turn potentiometers (BIPOLAR control for VOLTAGE and CURRENT at the front panel). Con-
nected via the "ON-OFF" switch to their respective control channel, the zero to { ) 10 volt d-c bias can
sontrof the BOP output voltage or current throughout its specified d-c output range.

VOLTAGE AND CURRENT LIMIT CIRCUITS, As seen from FIG. 4-5, the circuits for limiting the BOP out-
putvoltage and current are identical, except that the feedback for the voltage limit Is taken from the {x)
OUTPUT terminal, while the current limit feedback originates from the voltage drop across the ‘current
sensing resistor (Rgc). Both feedback signals are applied to the (+ } input of thelir respactive comparison
amplifiers and dimensioned such that a zero to (£} 10 voit d-¢ signal to the (~) input of the comparison
amplifier will control the voltage, as well as the current limit range. The control signal for internal con-
trolls derived from the () 10 volt reference sources and repeated by the + E,LIMIT AMPS or £ I, LIMIT
AMPS respectively. The control signals and. therefore the + E; and x1, Limlts are front pane! ad-
justable. The control signal is applied directly to the () E; and (=) o LIMIT COMP AMPS. The +1,and
* E, control resistors are multi-turn controls, accessible from the BOP front pane, allowlng manual ad-
justment of all limits (+ E,, = 1o} over the BOP output range. The limits can also be controlled external-
ly, by means of 2 0 to (+) 10 volt, 1 mA d-¢ signal. For simultaneous control of the {+ JEg or () 1, limit,
the control voltage source is connected to the REAR PROGRAMMING CONNECTCR as shown in Sec-
tion lif, FIG. 3-24. For individual control of the (+) Egor ), and the () E, or |, limit, two control voltages
{0 to (+)10V @ 1 mA) are required. They are connected as previously shown in Section I, FiG, 3-25.
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413 THE MEANING OF THE PREAMPLIFIER OFFSET SPECIFICATIONS

4-14 The QUTPUT EFFECTS of the BOP as a d-¢c source of voitage or current, for variations in the various IN-
FLUENCE QUANTITIES are tabulated in Section | (Table 1-2). These output effects are largely due to the
preamplifier offsets and the variations in the reference potential, multiplied by the closed loop gain of
the bipolar Voltage Channel (Voltage Mode) or that of the bipolar Current Channet (Current Mode), The
published specifications are valid only for the built-in values of the preanplifler input/feedback
resistors. If these values are altered by the user (as in remole programming) the BOP ocutput effecis
must be calculated with the new values and the tabulated specifications for the PREAMPLIFIER OFF-
SETS (from Section |, Table 1-2). The expresslons for the (worst case) BOP output effects are:

{Voltage Mode} AE, = Gy £ AE; (1 + Ry/Ry £ AL, (R
{Current Mode} al, = G; [=AE {1 + R¢JRy) =4k, (Rpl

where: AE,, = Pre-amp Offset Voltage Variation (from Section |, Table 1-3}.
Al = Pre-amp Offset Current Variation (from Section |, Table 1-3}.
Gy = Closed Loop Gain, Voltage Mode (See Sectlon |, Table 1-1}.
G = Closed L.oop Gain, Current Mode (See Section |, Table 1-1).
R¢ = External Feedback Resistor Value.
Ry = External input Resistor Value.

4-15 As a practical example, let us assume than on Model BOP 50-2M the PREAMP “A” galn has been
changed from the original “one" to “ten". This would mean the input resistor value (10K) has been main.
tained and the {eedback resisior {Ry) has changed from 10K to 100K. The BOP is used as a d-c voltage
source and the output variations over a 10°C temperaturs change are (o be calculated.

A) From Section |, Table 1-2; the PREAMPLIFIER OFFSETS are: AE;, = 20 uV, Al = 1 nA,
The input/feedback resistors are; R; = 10K, Ry = 100K.

B) Inserting the offsets and the values of the feedback/input resistors into the given equation:
AE, = 5[20 xV (1 + 10) + 1 nA (100KQ)}]
AE, = 5(220 pzV + 100 uV)
AE, = 1.6 mV per °C (maximum output voltage change}

C) For a temperature change of 10°C, therefore, a 16 mV change in output voltage is the maximum
variation to be expected.
NOTE: if the internal BIPOLAR BIAS (Reference} Voltage is used to produce the output voltage, its
tabulated variation {0.0005% of 10 volts = 50 xV per °C} must be.added fo the calculated resuft. it
ar external voltage source is used to program the BOP, its variations with temperature must be added.

416 BOP CIRCUIT DESCRIPTION (SEE MAIN SCHEMATIC, SECTION VI, FIG. 6-5}

417 GENERAL. This section contains a description of the major circuitry of the Kepco Bipolar Operationat
Power Supplies. The BOP consists of a MAIN CHASSIS ASSEMBLY {A2) with attached FRONT PANEL
and contains a total of four (4) subassemblies (%-Rack Units) or five (5) subassemblies (Full-Rack -

Units):

1) MAIN CHASSIS ASSEMBLY WITH FRONT PANEL (A2), Component Numbers 161109
and 201—299

2) CONTROL CIRCUIT AND REFERENCE ASSEMBLY (A1), Component Numbers 189

3) DRIVER ASSEMBLY {A3), Component Numbers 301-—399

4} HEATSINK ASSEMBLY (Ad), Component Numbers 401--49%

5) HEATSINK ASSEMBLY {A5), Component Numbers 501--599

4.18 The subassemblies and the main chassis asssmbly are Identified in the Disassembly drawing, Section
’ V, FIG. 5-1. Subassemblies may be individuatly removed from the main chassis assembly by following
the directions given in the drawing. Any component Identifled on the Main Schematic Diagram {Section

VI, FIG. 6-4) may be traced to its physical focation on the subassembly by means of ils reference
designations, the Disassembly drawing (Section V, FIG. 5-1) and the assembly listing in paragraph 4-17.

BOP—05.0186 4.3



419

4-20

4-21

4-22

4.23

4.4

A-C INPUT CIRCUIT. A-C source power is introduced via the three-wire line cord which connects to the
A-C POWER INPUT connector {P201). The center contact of P201 is connected to the BOP metal
chassis. If the supplied, three-wire ling cord with safety plug is used to connect the BOP toa properly
grounded power outlet, safety {a-c) grounding Is automatically accomplished.

Once the A-C CIRCUIT BREAKER/POWER SWITCH (CB101) is placed in the “on" position, the primary
windings of the main transformer (T201) and the auxiliary transformer (T202) are enargized together with
the fan (B201, single fan: or B201, B202 dual fans, depending on BOP model}. The tapped primary win-
dings on the main transformer (T201) are series or paraile! connected for a variety of a-¢ input source
voltages by means of the link connections on the transformer barrier strip. The A-C CIRCUIT
BREAKER/POWER SWITCH (CB101) protects the BOP from overloads reflected into the primary of T201
and shuts off automatically if the turn-off crowbar circuit is activated. The sensing coils on CB101 are
wired Into the a-¢ Input circuit in such a way that equal protection is provided for any a-c source voitage,

MAIN D-C SUPPLY, The dual MAIN D-C SUPPLY is derived from the center tapped secondary winding on
the main transformer {T201). Rectified by a bridge rectifier {CR201) and capacitor filtered {C201,C202),
the raw d-c voltages are applied to the NPN/PNP POWER STAGE as shown in FIG, 4-2. The MAIN D.C
SUPPLY dslivers the outplst current of the BOP via the series connected NPN/PNP POWER STAGE. All
filter capacitors are parallgled by bleeder resistors {R201,R202).

©

T201

c20i
-

Y iy

BOP

NPN QUTPUT

Ren
B .

CR20) "
DRIVER ] N @
<} —J

1
czoz
PNP
Rgp FROM GATE

AND QUIESCENT
CIRCUITS
DRIVER

/\

FIG. 4-2 MAIN D-C SUPPLY AND NPN/PNP POWER $TAGE WITH BRIVERS.
NOTE: Model BOP 200-1M uses dual N-Channs! FET power trangistors with
optically isolated driver circuits, The principle of operation, however, re-
maing the same.

OUTPUT POWER STAGE. The output power stage, shown in FIG. 4.2 as two single complementary tran.
sistors, consists in reality of two groups of SERIES/PARALLEL connected NPN{PNP power transistors.
The number of NPN/PNP power transistors will depend on the individual BOP model. These power tran-
slstors are mounted on a single common heatsink {Ad) on % Rack BOP models coolad by a single fan
(B201) and on two heatsinks (Ad,A5) on Full Rack BOP models, cooled by two fans (B201,B202)

DRIVER STAGE. The output power stage Is driven by PNPINPN power transistors, mounted with their
base series resistors onto a common heat sink (A3), The number of PNPINFN driver transistors (Q301)is
dependent on the modei, with an ircreasing number of NPN and PNP transistors for BOP models with
targer output voltage ratings.
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4-24 THE REFERENCE AND AUXILIARY POWER SUPPLIES. All auxiliary d-c sources are derived irom secon-
dary windings on the auxiliary transformer (T201),

A) The DRIVER COLLECTOR SUPPLY is a dual d-¢ source with a bridge rectifier {CR1} and capacitor
filters (C1,C5). It provides the (£) collector voltages for the power transistors in the DRIVER
ASSEMBLY (A3).

B} 'The (+)15 VOLT SUPPLY is a dual d-c source with a bridge rectifier (CR2) and a capacitor fifter
{G2,C3). It provides the (£) operating potential for the linear intergrated circuits (IG-4 thru iC-15 and
IC-18 thru 1G-23 or 1C24"), The rectified and flitered () voltages are stabilized by the three-pin

. regulators (IC-1 for the + 15 volt side, IC-2 for the — 15 volt side) and capacitor fillered {C7,C8).

C) The (£)12 VOLT SUPPLY is a dual d-¢ source derived by means of zener diodes (CR6 for the 4+ 12
volt side, CR7 for the — 12 volt side} with their associated serles resistors (R10,R14). The {12 voit
supply serves as a terminating bus for the protective signal diodes, connected to the input of the
preamplifiers (IC-5, 1C-6), the Ig SENSING AMP (% 1C-18), the |, SENSING AMP (IC-20), the E, COM-
PARISON AMP (IC-10} and the |, COMPARISON AMP (IC-11). By terminating the protective diodes in
this fashion, the common mode voltage limit on these amplifiers is increased to greater than 10
vOHs.

D} The (+)10 VOLT REFERENCE SUPPLY Is a dua! d-¢ source derived from the stabilized {x)15 VOLT
SUPPLY. The positive 10 volt supply uses an operational amplifier (Vz 1C-4) in the non-inverting con-
figuration to create the (+) 10 volt oulput, via the series pass transistor {Q3) from the reference
voltage zener (CR8). Part of the feedback resistance (R29,R31) is adjustable for calibration of the
(+}10 volt reference source (+ 10V CAL, R31). The negative 10 volt supply uses the (+)10 voit source
as reference source. An operational amplifier, %21C-4) in the inverting configuration, has Hts input
resistance (R26,R32) partially adjustable for calibration of the (- 110 volt reference source {10V CAL,
R32}, while Its feedback resistance (R22) Is fixed. The (= }10 volt reference supply is used to provide
the internal reference voltages for front panel (local} control of the cutput voltage, output current, as
well as the voltage and current limit of the BOP.

E} The 5 VOLT SUPPLY is a positive volage supply, referenced to the COMMON. Derived from a bridge
rectifier (CR3) and filtered by C4, the supply is stabilized by a three-pin regulator {IC-3) and agaln
tiltered by a capacitor (C9). The 5 volt supply provides the operating voltages for the digital IC's
{IC-15, I1C-18, IC-17), which are used for the LOCAL/REMOTE I,/E, CIRCUIT (IC-18) and which
operate as drivers for the LED front panel indicators {(Es LIMIT—DS101, 1, LIMIT—DS102, £,
MODE—DS103 and |, MODE—DS104). The 5 volt supply also provides the operating voitages for
the CIRCUIT BREAKER CONTROL CIRCUIT (Q1, Q2, LC-1, LC-2, CR4).

4-25 THE CIRCUIT BREAKER CONTROL CIRCUIT (REFER TO FIG. 4-3). The BOP is protected by the duai-coil

CIRCUIT BREAKER/ON-OFF SWITCH (CB101). The current sensing coil of CB101 is connected in series
with the primary winding of T201, thus detecting overcurrents refiacted inlo the primary circuit and
subsequently tripping the circuit breaker. The voltage sensing coil of CB101 Is connected in series with
an SCR (CR4) across the DRIVER COLLECTOR SUPPLY. if the SCR is triggered "on", the voltage sens-
Ing coil Is energized and trips the circuit breaker, The SCR (CR4) can be triggered in several ways as
described in paragraphs 4-25A thru 4-25D. '
Since the Model BOP 200-1M uses dual N-Channei FET power transiStors, optically isolated separate
driver circuits with separate DRIVER COLLECTOR SUPPLIES and two transistors {Q301, Q302) are used
to short the collector suppiies (See Main Schematic Diagram, Section VI, FIG. §-4), The principie of
operation of the CIRCUIT BREAKER CONTROL CIRCUIT, however remains the same.

(111G 24 15 used only in Madel BOP 200-1M.
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COS’?&%%QTPMS{‘[(;] N/ 26 \/55 \/24 \/25 \/47 \/49 \/4| A 23
CKT. BREAKER
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(+] - b e TURN~ L")
MANUAL
| TURN-OFF NON- FSOLATED
SiehaL | EXT. SWITCH CLOSURE TURN-GFF
| ouTeU | PREVENTS CKT. BREAKER
i I TRIP 01:’ POWER FAILURE
} | i |
I L ' ]
| e e { FROM ANOTHER BOP} — — — — w 4 i
! i
| i
THIS SIGNAL, APPLIED AS SHOWN, __ __ __ _ _ _. J

Q)

WILL CREATE A FAILURE DETECTION LOOP
FI1G. 4-3 CIRCUIT BREAKER CONTROL CIRCUIT, SIMPLIFIED DIAGRAM.

On a-c line power loss or interruption, Q1 will loose its turn-on bias first, due to the small time-
constant provided in its base circuit (R2, R3, C4 see Main Schematic Diagram). As a result, Q2 is
turned “on", energizing the dicde in the optical isolator (LC-1} and providing a turn-or signal for the
SCR {CR4).

in the event of an excessive heat rise on the POWER STAGE ASS'Y (A4}, the thermal switch {S401)
will close, energizing the diode in the optical isolator (LC-1) and providing thus the turn-on signal for
the SCR {CR4).

In the avent of an external, isolated turn-oif signat {which, for exampie, in system applications, could
originate from 3 companion BOP), the diode in the second optical isolator (1.C-2) is energized, The
resuiting signat energizes in from the diode in the first optical isolator (L.C-1) thus providing for SCR
tura-on.

A manuai, non-isolated turn-off is provided which, when impiemented with an externat switch contact
as shown in FIG. 4-3, will energize the diode in the first opto coupler (LC-1), thus providing the SCA
turn-on,

it is not desired to trip the circuit breaker (CB101) on a-¢ line power loss, it can be prevented by a jumper
wire or an external switch across Pins 24 and 28 on PC-12. In this manner, Q1 is inhibited from providing a
turn-on signal for Q2, thus aveiding triggering the SCR and tripping the circuit breaker.
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4.27

4-28

4-29

4-30

4.31

4-32

THE VOLTAGE AND CURRENT CONTROL CHANNELS. These control channels are electrically iden.
tical, except for component reference designations, the terminations on the rear programming conneg-
tor and the manner in which their feedback is derived, Only the voltage channel wiil be described here,
THE VOLTAGE CONTROL CHANNEL consists of PREAMP “A” {{C-5) and the E, COMPARISON
AMPLIFHER (1G-10) with their associated components. The preamp inputs and outputs are terminated on
the rear programming connector (PC-12) and the output is linked via PC-12 to the E, COMP AMP (IC-10).
In the local {front panei) contro! mode, with the MODE switch {S102) in the VOLTAGE position, the
PREAMP "A" is committed as an inverter (GAIN = - 1), Bipolar output voltage control can be exercised
by closing the VOLTAGE CONTROL switch {S101). Now the VOLTAGE CONTROL potentiometer, (R105)
is connected across the (x)10 volt INTERNAL REFERENCE SOURGE. The 0 to (£)310 volt control
voltage is applied, via PREAMP “A” (GAIN = — 1) to the E, COMP AMP (IC-10), and compared with the
voltage feedback signal {via RN2 resistor divider). The E, COMP AMP takes contiol of the GATE and
DRIVER circuits and varies the BOP output voltage over the rated range.

in an external mods, the internal VOLTAGE CONTROL can be disconnected via 5101 and the PREAMP
may be connected for other closed foop gain configurations to accommodate various input sources,
The BOP may also be controlled over its rated output voltage range by a (=10 volt external control
source, applied directly to the £, COMP AMP input via the rear programming connector (PC-12), Some of
the external conirol modes have been described previously, see Section |} of this manual.

THE VOLTAGE AND CURRENT LIMIT ¢IRCUITS. The (=) Esand (2) 1, LIMIT CIRCUITS are electrically
identical except for component reference designations, the origin of the feedback signals and the ter-
minations on the rear programming connector (PC-12). Only the voltage iimit circuit (+ £, LIMIT) will be
described here. The () E, limit circuit consists of the (+) Eo LIMIT AMPS/EXT (% IC-7) the () E,
LIMIT AMPS/INT (V2 iC-7) and of the () E, LIMIT COMPARISON AMPLIFIERS (E, LIMIT AMPS-v 1C-9).
tn the local (front panel) control mode the = voltage limit points can be manually set by means of the
front panel (x) E, LIMIT controls (R103, R104). These controls are connected across the =10 volt
reference source, so that a =+ 10 voit control signal is applied to the () E, LIMIT AMPS/INT (Ve 1C-T},
which are connected as voltage followers, and control the {£) E; COMP AMP's (%2 IC-9). The voltage
feedback to the {+) E, COMP AMPS is applied via R17 and is dimensianed for each BOP model! so that a
*+ 0-10 volt controf signal wili control the voltage limit points over the rated output voltage range.

THE INDICATOR AND FLAG LOGIC CIRCUIT {(SEE FIG. 4-4). Digital logic circuits (1C-15, IC-18, 1C-17) are
used in the BOP to drive the LED front pane| lamps which indicate the prevailing operating mode;

E, LIMIT MODE {D5101)

1, LIMIT MODE (D5102)

E, MODE (DS103)

1o MODE {DS104)

REMOTE {D8105)

Together with these visual front panel indicators, TTl.-compatible status flags are provided at the rear
programming connector (PC-12) for the above BOP operating modes. All status flags avaliabie on PC-12
indicate a logic “0" if the BOP is operating in the indicated operating mode, and a logic “1" if it is not.

The logic status indicated in FIG. 4-4 are valld for the BOP-operating in the voltage mode (E, MODE) and
not driven by the GPIB INTERFACE. If the GPIB interface is connacted, controf of the BOP output may
be assumed by the external controlier, once the “REMOTE” command is applied via J204/P5 Pin B, At
this time, the REMOTE/LOCAL FLAG (PC-12 pin 35} will go to 0", the REMOTE front panel lamp goes on
and the front panel MODE SWITCH {§103) Is no longer functional. All other front panel LED indicators
will function as in the {ocal control mode.

METERING CIRCUITS. The output voltage meter {M102) is a center-zero reading device and measures
the {x ) BOP output voltage directly across the error sensing terminals, The output current meter (M101)
is also a center-zero reading device and is driven by the I, GENSING AMP (1C-20) which has a zeroing ad-
justment (R50 “AMMETER ZERO"}). Both meters will read the d-¢ output (or average a-c output).
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541
5.2

5.3
5-4

(8

(s

{i] SCREWS ON TOP (80P 3/4 AND FULL }

SECTION V—MAINTENANCE

GENERAL

This section covers maintenance and those calibration procedures for the BOP Operational Power Sup-
plylamplifier which were not covered previously In this manual. Conservative ratings of components
and non-congested layout should keep maintenance to a minimum. If trouble does develop, however,
the easily removed wrap-around cover in conjunction with the plug-in feature of ali major component
boards provide exceptional accessibility of the circuitry. '

DISASSEMBLY

Remove the wrap-around cover and disassemble the printed circuit board card and assemblies as
described and Ilustrated in FIG. 5-1 below.

HEATSINK ASSEMBLIES (A4,A5)(4) SCREWS EACH
NOTE: BOP 3/6 SERIES HAS ONLY HEAT-
SINK ASSEMBLY (A4)

@ PC BOARD{A!}
{6} SCREWS

@

4
N

a2
CHASSIS
ASS'Y,

\\
INSTRUMENT COVER \

}SCREWS EACH SIDE, BOP 3/4 RACK SERIES
} SCREWS EACH SiDE ,BOP FULL RACK SERIES

DRIVER ASS8'Y({A3)
{2)SCREWS
NOTE ! FLIP ASS'Y UP TOGET
AT COMPONENTS

FIG. §-1 DISASSEMBLY, BOP SERIES,

NOTE: BOP FULL-RACK MODEL SHOWN, FOR % RACK BOP MODELS,
SEE SPECIAL REFERENCES IN DISASSEMBLY NOTES ON FIG. 5-1,
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5.5
5.6

5-7
5-8

PERIODIC MAINTENANCE

The inside of the BOP should be periodically cleanad of dust and grime to ensure continued cooling effi-
clency. In normal laboratory eavironments, the recommended maintenance interval Is slx (6} months.

INTERNAL ADJUSTMENTS AND CALIBRATIONS

The location of all internal controls Is illustrated in Section (1, FIG, 2-1. The use of the zeroing controls
for the BOP output voltage and current has been described in Section {1, The adjustment for the remain-
ing controls is described below: .
Note: These controls are factory calibrated. Re-calibration is necessary only if components, related 1o
the circuitry invalving these controls have to be replaced.
A) ADJUSTMENT OF THE (=) 10 VOLT CALIBRATION CONTROLS (R31,32)
1) Connect a precision digital voltmeter to the REAR PROGRAMMING GONNEGTOR (PG-1 2} from
COMMORN to pin 22 {~ 10 volt) and subsequently to pin 28 (+ 10 volt).
2) Turn the BOP “on™ and locate the calibrating controls (see Section 1I, FIG. 2-1).
3) Adjust gontrol to exactly 10 volts as read out on the digltal voltmeter.
B) ADJUSTMENT OF THE AMMETER ZERO CONTROL (R50)
1) Without a load connected to the BOP output, connect a digital voltmeter to the REAR PRO-
GRAMMING CONNECTGR (PC-12) from COMMON te pin 10.
2) Turn the BOP “on" and locate the AMMETER ZERO control (RS0, see Section 1, FIG. 2-1).
3) Adjust control to exactly zero volls as read out on the digital voltmeter,
C) ADJUSTMENT OF OPTOCOUPLER LINEARIZATION CONTROL (ONLY IN MODEL BOP 200-1M).
1) Remove the BOP cover,
2} Connect a resistive load to the output. Set load to produce the rated maximum output current.
3) Attach an oscilloscope probe to test point, located on AT control board (See Sectlon VI, FIG.
6-1). (Oscilloscope common should be connected to outpul common of the unit), Select 1V/Divi-
slon or 2V/Division sensitivity on the oscliloscope.
4) SetBOP to Voltage Mode with voltage control switch on “off” position (See Section II, FIG. 2-2),
5} Using the Voltage Programming input terminals, program the unit by using a triangular voltage
source (Function Generator) producing a 20V p-p, 250 Hz triangular wave. Observe the output
signal on the scope, and adjust R15A Linearization control (See Section I, FIG. 2-1) until the non-
linearity in the ramps of the triangular wave disappears (See FIG. 5-2).

Eq
4

I BVANIVAN
\VaRv

'

ADJUSTMENT

AFTER /\ /\ -t
ADJUSTMENT \/

F1G. -2 OPTOCOUPLER LINEARIZATION IN MODEL BOP 200-1M,
{NOTE: THE TRIANGULAR WAVE DOES NOT HAVE TO SHOW ZERQ VOLT D-C AVERAGE}.

BOP—121585
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ADJUSTMENT OF THE lg OUTPUT CURRENT (Applies only to Models specified in Table 2-1, Note 2.)

1
2

Remove the BOP cover.

Connect a precision ammeter in series with a temperature-compensated shunt resistor to the output
of the power supply.

Set BOP MODE switch for current mode operation {see Fig. 2-2).

Set BOP voltage and current controf switches to “OFF" position {see Fig. 2.2).

Usingthe CURRENT PROGRAMMING INPUT terminas, program the unit by using an accurate and
precise DC voltage source, Set DC programming source to 10V (full scale output cumrent )

Turn BOP power supply "ON.*

Adjust R316 (except on BOP 200-1M, adjust R314) (located on A3 assembly, see Figs. 5-1 and 6-3
for location) until current reading displayed on precision ammetar exactly matches the BOP rated
output current {e.g. for a BOP 50-4M, adjust for exactly 4A )

5-2A/(5-28 blank)






5.9 TROUBLE SHOOTING

5-10 Trouble analysis of precision power supplies containing operational amplifiers requires a thorough
understanding of the operational concept, experience with solid-slate circuitry and appreciation of the
problems encountered in closed-loop systems. Repair beyond simpie part replacement and recalibra-
tion should therefore be handled only by personnel familiar with those concepts. “Trouble Shooting
Charts” giving resistance and voltage ratings al various parts in the circuitry are of little value in feed-
back amplifiers and for this reason are not included here.
instead, a systematic approach to trouble analysis is presented. Follow the flow diagrarmn (FIG. 5-3) and
refer to the applicable paragraphs. For further help in circuit analysis, refer to Section v {Operational
Theory and Glreuit Description} and to the Main Schematic Diagram, Section Vi {Fig. 6-5). For the actual
repair and replacement of components refer to the Disassembly Plagram FIG. 5-1, the Parts Location
Diagram, the Gonnection Diagram and the Replacement Parts List, In Section VI of this manuai,

NOTE: KEPCO FIELD ENGINEERING QFFICES, AND THE KEPCO REPAIR AND APPLICATIONS
ENGINEERING DEPARTMENTS, ARE ALWAYS AVAILABLE FOR PROMPT SERVICE IN DIFEICULT
REPAIR OR APPLICATION CASES.

511 TROUBLE ANALYSIS
NOTE: The POWER STAGE consists of one healsink assembly (Ad) in BOP 3% Rack models and of two

heatsink assemblies (A4, A5) in BOP Full Rack models.

STEP NO. 1: Disconnect BOP from the a-c input source, from the load and from al} auxiliary sources
such as input signal generators, etc.

STEP NO. 2: Restore ALL jumper links on the rear barrier-strip and on the REAR PROGRAMMING CON.
NECTOR PC-12 to those for Standard Power Supply operation {see Section IV, FIG. 4-5).

STEP NC. 3: Perform the PRELIMINARY ELECTRICAL CHECK, as described in Section 1§ of this manual,
if the BOP functions as described in this operating mode, the trouble or malfunction must be
traced to external causes or interface problems. Check ali interconnecting wires between the
input sources and the BOP, and all foad and error-sensing wirlng between the BOP and the
load. If the BOP does not function in the standard power supply mode, proceed to Step No. 4,

STEP NO. 4: Follow the FLOW CHART (FiG. 5-3) and refer 10 the appropriate paragraphs.
5-12 DISCONNECT BOP FROM THE A.C POWER SOURCE and:

A) Check if the BOP is set to the correct a-c input voltage. (See Section I, paragraph 243,

B} Check if the thermo-switch (S401) in the POWER STAGE (A4) is open. Replace if defective. Check
85071 in AS if used. If It is not, check the power stage as described In paragraph 5-138.

5-13 Check LED lamp DS103 and replace if detective.
A} If there is no output voltags, check if the d-c control voltage reaches the E, COMP AMP input by
placing a voltmeter from COMMON to pins 5,17 on the REAR PROGRAMMING CONNECTOR
(PC-12). The voltage read-out should be from (~ }10 volt, over zero, 1o (4110 volt, as the frant panel
VOLTAGE CONTROL is turned from its maximum counterclockwise to its maximum clockwlise posi-
“tion. If the control voltage is not as described, check the nominal voltages on the CONTROL
ASSEMBLY (A1) as Indicaled on the MAIN SCHEMATIC DIAGRAM. Check for burred components.
Check 1C-1,2,3, zener diodes, CR6,7, PREAMP “A” (IC-5). Replace defective components.
B} If the output voltage Is high {either positive or negative) and not controllable by the front panel
voltage control, check the DRIVER STAGE (A3) and the POWER STAGE as follows:

1) FOR HiGH NEGATIVE OUTPUT: Remove Q301 from its socket. Qutput should now be zero.
Replace Q301. If output is still high, investigate the other NPN drivers (if applicable) by replac-
ing them with known functioning units. Check the POWER STAGE for shorted NPN power tran-
sistors. Replace defective units.

2) FOR POSITIVE HIGH OUTPUT: Remove Q302 from its socket. Qutput voitage should now be
zero. Replace Q302. if output is still high, investigate the other PNP drivers (If applicable) by
replacing them with known functioning units. Check the POWER STAGE for shorted PNP power
transistors, Replace defective units.

C} 1fthe |, LIMIT LED light Is on, and the POWER STAGE is functioning, remove 1C-9 from Its sockst.
Replace if defective. NOTE: Make certain when reinserting any IC, that pin 1 of the IC is oriented
toward the marker placed near each IC socket on the CONTROL ASSEMBLY (A1) printed circuit

board.
5-3
BOP—05-0186



5-4

514

5-15

5-16
517

5-18

Check LED tamp DS104 and replace if defective.

A} if there is no output current, check if the d-c control voltage reaches the I, COMP AMP Input by plac-
ing a voltmeter from COMMON to pins 2,19 on the REAR PROGRAMMING CONNECTOR (PC-12).
The voltage read-out should be from {~ )10 voli, over zero, to ( + }10 volt, as the front pane! CURRENT
CONTROL is turped from its maximum counterciockwise to its maximum ¢lockwise position. if the

. controt voltage is not as described, check the nominal voltages on the CONTROL ASSEMBLY (A1)
as indicated on the MAIN SCHEMATIC DIAGRAM. Check for burned components, Check 1C-1,2,3,
zener diodes CR6,7, PREAMP “B"” (iC-8). Replace defective components,

B) If the output current is high (either posttive or negative) and not controtiabie by the front panel CUR-
RENT CONTROL, check the DRIVER STAGE (A3) and the POWER STAGE as joliows.

1) FOR HIGH NEGATIVE OUTPUT: Remove Q301 from its socket. Qutput should now be zero.
Feplace Q301. if oulput is still high, investigate the other NN drivers (if applicable) by replac.
ing them with known functioning units. Chack the POWER STAGE for shorted NPN power tran-
sistors.

2} FOR POSITIVE HIGH OUTPUT: Remove Q302 from its socket. QOutput should now be zero.
Replace Q302. I cutput is still high, investigate the other PNP drivers (if applicable) by replac-
ing them with known functioning units. Check the POWER STAGE ior shorted PNP power tran-
sistors. Replace defective units.

C) If the E, LIMIT LED light Is on, and the POWER STAGE is functioning, remove IC-9 from Its socket.
Replace If defective. NOTE: Make certain when reinserting any IC, that pin 1 of the IC is oriented
towgrd the marker placed near each IC socket on the CONTROL ASSEMBLY (A1} printed circuit
board.

If the BOP functions correctly after the load has been removed (Voltage Mode), or after a short clreuit

has been placed across the output terminals (Gurrent Mode), investigate your load condition:

NOTE: For VOLTAGE MOBE operation, your minimum load resistance (R ) is given by:
OQUTPUT VOLTAGE SETTING (VOLTS)
Ry ming (K& =
CURRENT LIMIT SETTING (mA)

Any load resistance SMALLER than Ry gy will transfer the BOP into the CURRENT LIMIT MODE (Cur-
rent Limit Light “on”),

NOTE: For CURRENT MODE operation, your maximum load resistance (R jsax/) Is given by:

VOLTAGE LIMIT SETTING (VOLTS)

OUTPUT CURRENT SETTING (mA)

Any load resistance GREATER than Ry pax, will transfer the BOP into the VOLTAGE LIMIT MODE
(Voltage Limit Light “on"),

OPERATIONAL POWER SUPPLY PERFORMANCE MEASUREMENTS

GENERAL. Measurements to verify the performance specifications are a frequent requirement of “Incom-
ing Inspaction” departments, as a part of a routine maintenance program or as a part of repair procedures.
Some operational power supply measurements (OUTPUT IMPEDANCE, DRIFT, TEMPERATURE COEFFI-
CIENT, etc.) require specialized test equipment and for a controiled environment, and are therefore not
described here. For information on these measurements, consult the Kepco Engineering Test Department,
The measurements described in the following paragraphs, require only a minimum of equipment, and are
generally sufficient to verify the most important d-¢ and dynamic performance specificalions,

REQUIRED INSTRUMENTATION

A) STABILIZED A-C INPUT SOURCE, with provisions for “stepping'’ the voltage over the specified a-¢
input range (105 to 125V or 210 lo 250V). A variable AUTO-TRANSFORMER is genegrally adequate If
it can deliver the required a-¢ input current,

B} RESISTOR LOAD, variable, capable of dissipaling the full d-¢c output power of the unit under test
and equipped with “on-off” and “shorting” switch (S1).

C} D-C VOLTAGE MONITOR, dightal or differential voltmeter with a suitable voltage range for the
model under test and able to resolve at least 1 microvolt (M1).

D) OSCILLOSCOPE, vertical sensitivity at least 10 mV/jom and with a minimum bandwidth of 10
megahertz.

E) SQUARE-WAVE GENERATOR, witha variable output amplitude of 0-10 volts into 600 ohms and rise
time of at least 0.1 microseconds. A “floating output”, where the signal is available sither in
positive or in the negative direction is desirable.

BLmaxy (KO =
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a30p
NON—FUNCTIONING
OR MALFUNCTIONING

—& STOPR. REPEAT

STEP 3

— STOP. REPEAT

STEP 3

YES
DOES THE
CONNECT TO A-C LINE CIRCUIT-BREAKER NO — SEE PAR, 512
TURN “ON™ STAY “ON"?
YES
s
SET BOP "MODE" SWITCH TO THE VOLTAGE
“VOLTAGE". SET VOLTAGE MODE LIGHT "ON"?
CONTROL SWITCH TO "ON" 18 THE QUTPUT VOLTAGE NO —| SEE PAR. 5-13
DISCONNECT ANY LOAD FROM PRESENT AND CONTROLLABLE
THE OQUTPUT BY MEANS OF THE VOLTAGE
CONTROL?
YES
IS
TUAN BOP “OFF". PLACE A THE CURRENT
SHORT CIRCUIT ACROSS THE MODE LIGHT "ON"?
TERMINALS. SET BOP "MODE" 1§ THE OUTPUT CURRENT NO~—] SEE PAR. 514

SWITCH TO "CURRENT". SET CUR.
RENT CONTROL SWITCH TO “ON"

BOP..(5.0186

PRESENT AND CONTROLLABLE

4 STOP. REPEAT
STEP 3

BY MEANS OF THE GURRENTY
CONTROL?

YES

END

Fi1G. 5-3 TROUBLE SHOOTING, FLOW DIAGRAM

5-5



Notes: 1} Front and rear sensing Hnks must be removed.

2) PC-12, wired tor local (front panel} control must ba PRECISION
connected (sen Sect, IV, FIG. 4.5). VOLTMETER M
3 Mode Swilch position: “VOLTAGE", m
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FiG. 54 QUTPUT EFFECT MEASUREMENTS, VOLTAGE CONTROL
CHANNEL (TEST CIRCUIT).

5-19 OUTPUT EFFECT MEASUREMENTS, VOLTAGE CONTROL CHANNEL. The output effects due to load or

5-20

56

a-¢ input source changes in the voltage mode can be measured with the circuit shown in FIG. 5-4. These
output effects {“SOURGE EFFECT" and “LOAD EFFECT") are deflned as the amount of output voltage
change resulting from specified variations In the a-c source voltage, or from a change in load resistance
(see Section |, Table 1-2). The output effects can be expressed as an absolute change (AE,) or as a
percentage of the total output voltage {Eqk

AE
% OUTPUT EFFECT = —= X 100% (Eq. 5-1).
(Source or Load Effect) E,

Change In cutput voitage
Total output voltage

where: AE,
EO

i #

PROCEDURE (Refer to FIG. 5-4)

1) Connect the BOP to a metered a-¢ input source, such as describad in Paragraph 5-18A.

2) Tomeasure the SOURCE EFFECT, vary the a-c source voltage over the specified range (105 to 125V
or 210 to 250V) and note the deviation {AE,) on the PRECISION VOLTMETER (M1

3} To measure the LOAD EFFECT, open and close the [oad switch {S1) and note the deviation [AE ) on
the PRECISION VOLTMETER (M1).

4) From the results of the two previous measurements, calculate the Source Effect and the Load Ef-
fect by means of equation {5-1}.

BCP-3078
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522

Notes: 1) PC-12, wired for focal (front panel} control {(see
Sect, IV, FIG. 4-5),
2)  Mode Switch position: “VOLTAGE".

PC-12

PRECISION
VOLTMETER (M1}

()

.y
X 1o o
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|
O
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FiG. 85 QUTPUT EFFECT MEASUREMENTS, CURRENT CONTROL
CHANNEL (TEST CIRCUIT).

QUTPUT EFFECT MEASUREMENTS, CURRENT CONTROL CHANNEL. The output effects due to a-c
source or d-c load variations in the current mode can be measured with the circuit shown In FIG, 5-5.
These output effects (“SQURCE EFFECT" and “LOAD EFFECT") are defined as the amount of output
current change resulting from specified variations in the a-c source voltage, or from a change in load
resistance {see Section [, Table 1-2). The cutput effects can be expressed as an absolute change (al,,) or
as a percentage of the total output current (I )

Al
% OUTPUT EFFECT = —— X 100% (Eq. 5-2).
{Source or Load Effect) lo

where:  Al, = Change in output current

Total output current

H

H

fa

PROCEDURE (Refer to FIG. 5-5)

1} Connect the BOP to a metered a-c input source, such as described In Paragraph 5-18A.

2} To measure the SOURCE EFFECT, vary the a-c source voltage over the specified range (105 to 125V
or 210 to 250V} and note the deviation {AV divided by Ry = 4l;} on the voltmeter (M1 across Ry).

3) To measure the LOAD EFFECT, close the load switch (S1) and note the deviation (AV/Ry) on the
voltmeter (M1 across Ry,).

4) From the resulls of the two previous measurements, calculate the Source Effect and the Load Ef-
fect by means of equation (5-2). Nole: Al; = AV/Ry.

BOP.3078 5-7
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FIG. 5-6 MEASUREMENT OF THE RISE AND FALL TIME

3-23 DYNAMIC MEASUREMENTS, The verification of the specificaton for the RISE AND FALL TIME are ex-
cellent means of checking the dynamic performance of the BOP. in this test, the output voltage rise and
fall time of the BOP is measured In response to a square wave input.

5-24 PROCEDURE (Refer to FIG. 5-6)

1} Connect the BOP and the external instrumentation as shown in FiG. 5-6. Note: The Signal Generator
may be connected (without the 10K resistor) to the BOP front panel VOLTAGE PROGRAMMING IN-

PUT terminals.

2} Turn BOP “on", Adjust the gain of the SQUARE WAVE GENERATOR until the output wave form,
displayed on the OSCILLOSCOPE shows a peak amplitude of E, max, where “E, max" is the max-
imum rated BOP output voltage.

3} Measure the rise and fall time of the displayed wave form from 10% to $0% of the displayed

amplitude,.

5-8
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SECTION VI—~ELECTRICAL PARTS LIST AND DIAGRAMS

GENERAL
This section contains the main schematic, the parts location diagrams, and a list of all replaceable
electrical parts. All components are listed in alpha-numerical order of their reference designations.
Consult your Kepco Representative for replacement of parts not listed here.

ORDERING INFORMATION

To order a replacement part or to inquire about parts not lisied in the parts list, address order or inquiry
either {o your authorized Kepco Sales Representative or to:

KEPCO, INC.
131-38 Sanford Avenue
Flushing, N.Y. 11352

Specify the following information for each part:

a) Model and complete serial number of instrument.
b) Kepco part number.

¢} Circuit reference designator.

d} Description.

To order a part not listed in the parts list, give a complete description and include its function and loca-
tion.

NOTE: KEPCO DOES NOT STOCK OR SELL COMPLETE POWER SUPPLY SUBASSEMBLIES AS DESCRIB.
ED HERE AND ELSEWHERE IN THIS INSTRUCTION MANUAL. SOME OF THE REASONS ARE
LISTED BELOW:

1) Replacement of & complete subassembly Is a comparatively rare necessity.

2} Kepco's subassemblies are readily serviceable, since most of them are the "plug-in” type.

2) Al active components are socket mounted, making reptacement extremely easy.

4) The nature of a closed-foop power supply system requires that subassembly replacement is followed by
careful measuremaent of the total power supply performance. In addition, depending on the function of
the subassembly, extensive aligment may required to rastore power supply performnce to specified
values.

IF REPAIRS INVOLVING SUBASSEMBLY REPLAGEMENTS ARE REQUIRED, PLEASE CONSULT YOUR

LOCAL KERPCO REPRESENTATIVE OR THE KEPCO SALES ENGINEERING DERPARTMENT IN FLUSHING,

NEW YORK, N.Y,

8-1/6-2



ABBREVIATIONS USED IN KEPCO PARTS LISTS

A) Reference Designators:

A
8
c
cs
CR
DS
F
FX
1C
J
K

= Assembiy

[l

n

(L3 I I 1§

H

Blower (Fan)

Capagitor

Circuit Breaker

Diode

Device, Signaling (Lamp)
Fuse

Fuse Holder

Integrated Circuit

Jack

Relay

B Descriptive Abbreviations

A

a-c
AMP
AX
CAP
CER
CcT
*C
d-c
bPDT
DPST
ELECT

FILM
FLAM
FP

°F
FXD
Ge

Hz
ic

MFR
MET

mnu

LI

ol

[ ST T T OO T

IS NI |

o

Ampere
Alternating Current
Amplifier

Axial

Capacitor

Ceramic
Center-Tap

Degree Centigrale
Direct Current
Double Pole, Double Throw
Doubie Pole, Single Throw
Electrolytic

Farad

Polyester Film
Flammable
Flame-Proof
Degree-Fahrenheit
Fixed

Germanium

Henry

Hertz

intergrated Circuit
Kito (109

Milli (10-3)

Mega {109
Manufacturer
Metal

-
(@]

DO O

X<
frod

n
NC
NO

p

PC
POT
PIv
p-p
ppm
PWR
RAD
RECT
RECY
REG
RES
RMS
Si
S-End
SPDT
SDST
Stud Mt
TAN
TSTR
I

v

w
ww

{2 T TR

it

n# w1

K

i

i

in oo H

inductor
Light-Coupled Device
Meter

Plug
Transistor
Resistor
Switch
Transformer
Terminal Block
Vacuum Tube
Socket

Nano (10-9)

Normally Closed
Normally Open

Pico (10-'3)

Printed Circuit
Potentiometer

Peak Inverse Voltage
Peak to Peak

= Parts Per Million

= Power

B

{2 I VT

nmu w1

i

oo

Radial

Rectifier

Recovery

Reguiated

Resistor

Root Mean Square
Silicon

Single Ended

Single Pole, Double Throw
Single Pole, Single Throw
Stud Mounted

Tantalum

Transistor

Micro () (10-9)

Voit

Watt

Wire Wound



KEI’DCC‘)@ REPLACEMENT PARTS LIST

BOP 50-2M CONTROL ASSEMBLY, At Code 01-1487

ofomATon | O DESCRIPTION MR Rotiom e PARTAD. | PAATAY

Ci1,5 2 Cap., Elect., Ax. Leads - United Chemi-Con 117-0978 1
10KuF, 20%, 16V Type SME

c2.3 2 Cap., Elect., Ax. Leads Mallory 117-0837 1
680uF, + 50— 10%, 40V Type 1T

C4,9 2 Cap., Tantalum, Ax. Leads Sprague 117-0B15 1
1uF, 20%, 50V Type 162D

c6 1 Cap., Elect,, Ax. Leads United Chemi-Con 117-0986 1
3300 pF, 20%, 16V Series SMC

c78 2 Cap., Eiect., Ax. Leads Mallory 117-0936 1
10 pF, + 50-10%, 25V Type TT

c10,21 2 Cap., Fiim, Met., Ax. Leads Waestlake Corp. 117-0588 1
4700pF, 10%, 200V 150 Serles

Ct1,17,18 3 Cap., Fiim, Ax. Leads Sprague 117-0353 1
0.01 uF, 20%, 200V Type 192P

C12,13 2 Cap., Ceramic Disc Radio Mat. Corp. 117-0754 1
100pF, 10%, 500V Type JK ‘

C14,25 2 Cap., Ceramic Disc Centraiab 1170972 1
47pF, 10%, 600V DD-470

C15,16 2 Cap., Ceramic Disc Radio Mat. Corp. 170755 1
500pF, 10% 500V Type JK

19,20 2 Cap., Film, Ax. Leads Waestiake 1170377 1
0.022xF, 10%, 200V 150 Series

c22 1 Cap., Film, Ax. Leads Wesco 117-0980 1
5600pF, 10%, 200V Type 32M

C24 1 Cap., Elect., Ax. Leads United Chemi-Con 117-0437 1
100uF 20%, 256V Type KMGC

C26 1 Cap., Ceramic Disc Radio Mat. Corp. 117-0081 1
5000pF, 20%, 500V Type B-GP

Cao 1 Cap., Ceramic, Monolithic Kemet 117-0967 1
0.1pF, 20%, 50V Type C320C

Cat 1 Cap., Ceramic Disc Centralab 117-0860 1
0.01xF, +80-~20%, 50V CK-103

C35 1 Cap., Ceramic, Disc Murata 1170556 1
330pF, 20%, 1KV GPK-331K

Cc36 1 Cap., Ceramic, Disc Murata 117-0893 1
22pF, 5%, 500V DC5-220J

CR1 1 Rectifier Bridge Semicon Ing, 124-0389 1
200V (PIV), 2A Type FWLA-200

CR2,3 2 Rectifier Bridge General Instruments  124-0346 1
200V {PiV), 1A Type W-02

CR4 1 Thyristor, SCR, Ax. Leads Texas Instruments 124-0496 1
100V Vgyon 4A, TO-220 TIC106A

CR5,63 2 Diode, Rect., Ax. Leads Semicon Inc, 124-0133 1
100V (Plv), 1A Type Si1

CRg,7 2 Diode, Zener, Ax. Leads int. Rect. Corp. 1210058 1
12V, 5%, 0.4W 1NO63B )

CR8 1 Diode, Zener, Ax. Leads Int. Rect. Corp. 121-0062 1
5.9V to 6.2V, Reference, @7.5mA 1NB27

CROthru 5759, 55 Diode, Switching, Ax. Leads AM Power Devices 124-0437 12

61,62,64,65,66 75V (PIV), 1A, 0.4W 1N4148

CR58,60 2 Diode, Sli. Stabistor, Ax. Lds. AM Power Devices 124-0435 1
20V (PIV), 0.1A APD203

6-3/6-4

NOTE: REPLACEMENT PARTS MAY BE ORDERED FROM KEPGO, INC. ORDERS SHOULD INCLUDE KEPCO PART NUMBER AND DESCRIFTION.

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR
AND 1S LISTED SOLELY FOR THE CONVENIENC!

LEAST ONE SQURCE FOR THAT ITEM
ESERVE THE RIGHT TO USE EQUIVALENT {TEMS FROM ALTERNATE SOURCES.

REPLACEMENT PARTS LOCALLY. WER
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KEF’CCJ@ REPLACEMENT PARTS LIST

BOP 50-2M CONTROL ASSEMBLY, Al Code 01-1487
S | o s | e |

11 1 iC, Voltage Regulator, Positive Fairchild 250-0064 1
15V, 3 Pin Flat Pack, TO-220 pATEM15UC

1C2 1 iC, Voltage Regulator, Negative Fairchild 25000865 1
18V, 3 Pin Flat Pack, TO-220 pATIMISAUC

1G3 1 IC, Voltage Regulator, Positive Fairchiid 2500082 1
5V, 3 Pin Flat Pack, T0-220 HATBMO5UC

1C4,18 2 IC, Op. Amp. Dual Texas Instruments 250-0107 1
8 Pin, DIP TLOB2CP

1C5,6,10,11, 7 IC, Op. Amp. FET-Input Texas Instruments 250-0100 1

19,21,22 8 Pin, DIP TLOSICP

IC7.8 2 1G, Op. Amp. Quad National 250-0050 1
14 Pip, DIP LM324N

1G9 1 IC, Op. Amp., Quad Texas Instruments 250-0144 1
14 Pin, DIiP TLOB4ACN

IC12 1 IC, Dual SPST CMOS Switch Harris 250-0099 k
14 Pin, DIP Hi-1-200-5

IC13 1 {C, Op. Amp. Dual Motorola 250-0040 1
8 Pin, DIP MC1458

iC14 1 IC, Dual Comparator Texas instruments 250-0008 1
8 Pin, DIP LM333P

1C15,18 2 IC, Quad 2-Input Pos. Nand Texas instruments 250-0053 1
14 Pin, DIP SN74LSO0N

1C17 1 1C, Quad 2-input Pos. Nand Texas instruments 250-0038 1
14 Pin, DIP SN7400N

1C20 1 G, Op. Amp. Linsar Technology 250-0152 1
8 Pin, DIP LT1007CNB

IC23 1 IC, Op. Amp. Prec. Monolithics 250-0146 1
8 Pin, DIP OP-Q7CP

LC1 1 IC, Opto- Goupler (Photo TRST) Kepco, Inc. 118-0106 1
6 Pin, DIP 119-0106

LC2 1 Opto-Coupler (Photo Darlington) Gen. Inst. Gorp. 119-0133 1
6 Pin, DIP 4N33

Q1,2,3 3 Transistor, 81, NPN Texas instruments 1190093 1
Small Signal, TO-18 2N5450

R13533,34,35 18 Res., Fixed, Moided Allen Bradley 115-2238 4

36,43,44,45 47, 1K ohm, 10%, YW ‘CB1021

6465066794,18A

R2 1 Res., Fixed, Molded Allen Bradiey 1152384 1
2.4K ohm, 5%, %W CB2425

R4 1 Res., Fixed, Molded Allen Bradiey 115-0608 1
470 ohm, 10%, 2 W EB4711

R6,19 2 Res., Fixed, Molded Allen Bradley 115-2385 1
180 ohm, 10%, W CcB1811

R7,21,95 3 Res., Fixed, Molded Allen Bradley 115-2461 1
5.6K ohm, 10%. "W CB5621

H89,23242837, 16 Res., Fixed, Metal Flim Dale 1152174 4

38,72,74,76,77, 10K obim, 1%, ;W Type RNS5SD

TBT9B082,13A

R10,14,97 3 Res., Fixed, Molded Allen Bradley 115-2233 1
330 ohm, 10%, %W CB3311

R11,12 2 Res., Fixed, Metal Film Dale 115-2686 1
9.53K ohm, 1%, W Type RNS5D

6-5/6-6

NOTE: REPLACEMENT PARYS MAY BE ORDERED FROM KEPCO, INC. ORDERS SHOULD INCLUDE KEPCO PART NUMBER AND DESCRIPTION.

PLEASE NOTE: THE MANUFACTURER'S NAM

£ AND PART NUMBER LISTED FOR EACH ITEM ON REPLACEMENT PAATS LISTS REFRESENTS AT

LEAST ONE SOURCE FOR THAT [TEM AND 15 LISTED SOLELY FOR THE CONVENIENGE OF KEPCO EQUIPMENT OWNERS iN OBTAINING
BEPLAGEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES. KEPCO, ING.







Kl:—:rzzc:c:x,° REPLACEMENT PARTS LIST

S

BOP 50-2M CONTROL ASSEMBLY, A1 Code 011487

i L DESCRIPTION kA reuA il oari. | pARTan.

R13 1 Res., Fixed, Molded Allen Bradley 115-1461 1
30K ohm, 5%, W £B3035

R15 1 Res., Fixed, Moided Allen Bradiey 115-2657 1
1.1M ohm, 5%, AW CB1155

R18 1 Res., Fixed, Metal Film Dals 115-2451 1
24.3K ohm, 1%, ',W Type RNSED

R17,68,70,88, 7 Aes., Fixed, Molded Allen Bradley 115-2230 1

10A11AT7A 10 ohm, 10%, W <B1001

R18,27,75 3 Res., Fixed, Metal Film Dale 115-2180 1
1K ohm, 1%, YW Type RNS5D

R20 1 Res., Fixed, Mstal Film Dale 115-2260 1
511 ohm, 1%, %W Type RN55D

R22,73 2 Res., Fixed, Metal Film Dale 115-2511 1
8.66K ohm, 1%, YW Type RNSSD

R2& 1 Res., Fixed, Metal Film Dale 115-2638 1
4.32K ohm, 1%, %W Type RNSED

R26 1 Res., Fixed, Matal Film Dale 115-2445 1
8.06K ohm, 1%, ;W Type RNS5D

R29 1 Res., Fixed, Metal Film Dale 115-2214 1
3.01K ohm, 1% W Type RN5LGD

R30 1 Res., Fixéd Metal Film Dale 115-2222 1
5.76K ohm, 1%, ;W Type RN55D

R31,32 2 Res., Var.,, Cermat, Trim Bourns 115-2456 1
1K ohm, 10%, 0.4W Type 3008P

R39,40 2 Res., Fixed, Molded Allen Bradley 115-2602 1
2.7M ohm, 5%, YaW CB2755

R41,42,81,83 4 Res., Var., Cermet, Trim Bourns 115-2389 1
100K ohm, 10%, 0.4W Type 3009P

R46,48,53,54 4 Res., Fixed, Metal Film Dale 115-2466 1
57.6K ohm, 1%, ;W Type RNS5D

R49,52 2 Res., Fixed, Metal Fiim Dale 115-2452 1
15K ohm, 1%, ,W Type RNESD

R50 1 Res., Var., Cermet, Trim Bourns 115-2266 1
10K ohm, 10%, 0.5W Type 3005P

R51,55 2 Res., Fixed Metal Fltm Dale 115-2259 1
750 ohm, 1%, YW Type RNS6D

R56 thru 50,06, 7 Res., Fixed, Molded Allen Bradley 1158-2211 1

8A,9A 10K ohm, 10%, %W CB1031

160,63 2 Res., Fixed, Metal Film Dale 1162439 1
2.74K ohm, 1%, ;W Type RNSSD

R69 1 Res., Fixed, Molded Allen Bradley 115-2276 1
12K ohm, 10% %W CB1231

R71 1 Res., Fixed, Metal Film Dale 115-2391 1
402K ohm, 1%, WW Type RNS5D

R84 1 Res., Fixed, Molded Allen Bradley 115-1659 1
51K ohm, 5%, “WW CB5125

R85 thru 90 6 Res., Fixed, Molded Ailen Bradiey 115-2458 1
22K ohm, 10%, %W CB2231

ROt 1 Res., Fixed, Molded Allen Bradley 115-2643 1
10 ohm, 5%, W CB1005

6-7/6-8

NOTE: REPLACEMENT PARTS MAY BE ORDERED FROM KEPCO, INC. ORDEAS SHOULD INCLUDE KEPCO PART NUMBER AND DESCRIPTION.

PLEASE NOTE: THE MANUFACTURER"S NAME AND PART NUMBER

LISTED FOR EACH ITEM ON REPLACEMENT PARTS LISTS REPRESENTSAT

LEAST ONE SOURCE FOR THAT ITEM AND 1S LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING
REPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES. KEPCO, INC,







KEPCC)@ REPLACEMENT PARTS LIST

BOP 50-2M CONTROL ASSEMBLY, A1 Code 01-1487
oesicmaion | 07" DESCRIPTION MR e potrom s mm a0 | PaRram.

R92 1 Res., Fixed, Carbon Film TRW 115-2728 1
510K ohm, 5%, %W Type CF-Y%

R98,1A2A3A 4 Res., Fixed, Molded Allen Bradley 115-2257 1
3.3K ohm, 10%, “%W CcB3321

R4A thru 7A 4 Res., Fixed, Molded Allen Bradley 115-2661 1
750K ohm, 5%, %W CB7545

RN1 1 Res., Network, SiP Sprague 234-0004 1
5.6K chm, 6%, 7 units, 1W Type 216

RN2,3 2 Res., Network, Rad. Leads Kepco, Inc. 234-0018 1

40Kohm/10Kohm, 0.01% match 234-0018

6-7A/6-BA

NOTE: REPLACEMENT PARTS MAY BE ORDERED FROM KEPCO, INC. ORDERS SHOULD INCLUDE KEPCO PART NUMBER AND DESCRIPTION.

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH ITEM ON REPLAGEMENT PARTS LISTS REPRESENTS AT
LEAST ONE SOURCE FOR THAT ITEM AND IS LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING
REPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES. KEPCO, INC.







KEPCQ,HEF’LACEMENT PARTS LIST

FRONT PANEL ASSEMBLY, PART OF A2

BOP 50-2M Code 080181
DESIGNATION | OTY- DESCRIPTION M o armore ™ 1 ohurwo. | oy
C101,102 2 Cap., Mylar, Axial Leads TRW 117-0123 1
0.54F, 10%, 200V Type X663F
CB101 1 Circult Breaker Heineman Electronics  127-0353 1
2 Pole, 2 CKT 127-0353
DS101,102 4 Panel Light, LED Dialco 1520092 1
103,104 6V d-c, 20-mA, Red Type 507
DS105 1 Panel Light, LED Littetfuse 152-0097 1
6V, 20-mA, Graen Series 900
M101 1 Meter, 2-0-2A d-¢ Jewell Instruments 135-0832 1
. Center Zero 1350532
M102 1 Meter, 50.0-50V d-c Jowell Instruments 1350533 1
Center Zero 135-0533
R101 thru 4 Res., Var., Cermat Allan Bradiey 115-2612 1
104 10K ohm, 10%, 2W Type 70
R105,106 2 Res., Var.,, Wire-Wound TRW 115-1224 1
20K ohm, 5%, 2W Type 8400
§101,102, 3 Switch, Toggie Carling Switch 1270325 1
103 DPDT, 250V-5A (AC) SGD0410-PR-B
MISCELLANEOUS MECHANICAL PARTS
N.A, 4 Binding Post, Red E.F. Johnson 151-0025 1
No. 111-102
N.A, 4 Binding Post, Black E.F. Johnson 151-0026 1
No. 111-103
N.A. 1 Binding Post, Green E.F. Johnson 151-0048 1
No. 111-104
N.A. 2 Control Knob Aico 155-0052 1
No. PKA-50B-%
N.A. 5 Clip For Panel Lights Dialco 102-0107 1
No. 515-0051
P201 1 AC Power Receptacie Switcheraft 143-0290 1
No. EAC-302
N.A, 4 Bottom Foot Goodyear Sundries 158-0003 1
Y2 x Ya-No. 8 Screw 158-0003
T8201 1 Barrier Strip Assembiy Kepce Inc. 167-0883 1
167-0883
N.A. 1 AC Power Line Cord Belden 118-0557 1
118-0557
PC-12 1 Programming Connector Kepco Model PG-12- N.A, 1
{not wired)
6-9/6-10

NOTE: REPLACEMENT PARTS MAY BE QRDERED FROM KEPCO, INC. ORDERS SHOULD INCLUDE KEPCO PART NUMSER AND DESCRIPTION,

PLEASE NOTE:; THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH ITEM ON REPLACEMENT PARTS LISTS REPRESENTS AT
LEAST ONE SQURGE FOR THAT JTEM AND i5 LISTED SOLELY FOR THE CONVENIENCE OF KEPGO EQLHUPMENT OWNERS IN OBTAINING

REPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES. KEPCO, ING,







KEF‘CD@QEPLACEMENT PARTS LIST

BOP 50.2M CHASSIS ASSEMBLY, A2 Code D4-0881A
DESIGNATION | OTY- DESCRIPTION B arnore | eARTho. | arory.
B201 1 Fan Motor Howard Industries 148-0027 1
60/60 Hz, 115V a-¢ 148-0027
NA. 1 Fan Blade Howard industries 149-0023 1
149-0023
C201,202 2 Cap., Elect., Can-Type Mepco/Electra 117-0893 1
3.4KuF, +50-10%, 100V Type 3110
203 1 Cap., Mylar, Axial Leads TRW 117-0316 1
0.1uF, 20%, 600V Type X663F
C204-207 4 Cap., Ceramic Disc. Radio Mat. Corp. 117-0084 1
0.01xF, 20%, 500V Type SM
CR201 1 Rectifler Bridge Semicon 124-0396 1
400V (PIV), BA. SBR-6A4
R201,202 2 Res., Fixed, Molded Allen Bradiey 115-0056 1
4.7K ohm, 10%, 2W HBA4721
R203 1 Res., Fixed, Molded TRW 115-2230 1
10 ohm, 10%, YW Type GBT-Y
T201 1 Transformer, Power Kepco, Inc. 100-2160 1
100-2160
T202 1 Transformer, Auxillary Kepco Inc. 100-2181 1
100-2161
6-11/6-12

MNOTE: REPLACEMENT PARTS MAY 8E ORDERED FROM KEPCO, INC, ORDERS SHOULD INCLUDE KEPCO PART NUMBER AND DESCRIPTION.

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH 1TEM ON REPLACEMENT PARTS LISTS REPRESENTS AT
LEAST ONE SOURCE FOR THAT ITEM AND IS LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING
REPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT {TEMS FROM ALTERNATE SOURCES,

KEFCO, INC.







KERPCO,

—

THE POWER SUPPLIER "

REPLACEMENT PARTS LIST

BOP 50-2M DRIVER ASSEMBLY, A3 Code 051385
REFERENCE ary DESCRIPTION MFRS. NAME & PARTS NO. KEPCO REC, SPARE
DESIGNATION SEE BOTTOM NOTE PART NO. PART QTY,
CR303,304 2 Diode, Rect., Ax. Leads Semicon, Inc. 124-0348 1
400V (PIV}), BA | Type S-5A4
Q301 1 Transistor, Si., NFN Texas Instruments 112-0127 1
Med. Power, TO-220 TIP100
Q302 1 Transistor, Si, PNP Texas Instruments £19-0126 1
Med. Power, TO-220 TIP105
R301 1 Res., Fxd., WW.,, Ax. Leads Tepro 115-2207 1
0.25 chm, 1%, 5W Type TMK-5
R302,303 2 Res., Fxd,, WW. Ax. Leads Tepro 115-0450 1
0.2 ochm, 3%, 3W Type TS3
R312,313 2 Res,, Fxd., Molded Allen Bradiey 115-2230 1
10 ohm, 10%, 1/4W cB1001
R315 1 Res., Fxd., Prec, M.F. Dale Elect. 115-2308 1
£82.5 ohm, 1%, 1/4W CMF 60D
R316 1 Res., Variable, Trim-Pot Bourns 115-2397 1
10 ohm, 10%, 3/4W 3009P-1-100
B-13/6-14

NOTE: REPLACEMENT PARTS MAY BE ORDERED FROM KEPCO, ING. ORDERS SHOULD INCLUDE KEPCO PART NUMBER AND DESCRIPTION.

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH ITEM ON REPLACEMENT PARTS LISTS REPRESENTS
AT LEAST ONE SOURCE FOR THAT ITEM AND IS LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING
REBLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT [TEMS FROM ALTERNATE SOURCES. KEPCO, INC.







KEPL‘:D,REPLACEMENT PARTS LIST

BOP 50-2M HEATSINK ASSEMBLY, A4 Code 06-0181

geremewee | arv wreswvestaaruo. | eeoo | aec srane

Q401404 4 Transistor, Si, NPN Solid Power 119-00H1 1
Power, TO-3 119-0091

Q407-410, 4 Transistor, Si, PNP Motorola 119-0128 1
Power, TO-3 2NB609

R401-404, 8 Res., Fxd, WW., Ax, Leads Tepro 115.2136 1

407-410 1.2 ohms, 3%, 3W Type TS-3W

R413-416 4 Res., Fixed, Motded TRW 1156-2231 i
100 chms 10%, %W Type GBT-%

S401 1 Switch, Thermostat Klixon 127-0248 1
N.O, 2680°F +10°F, AF =30° Type 20702

8-15/6-16

MNOTE: REPLACEMENT PARTS MAY BE ORDERED FAOM KEPCO, INC, ORDERS SHOULD INCLUDE KEPCO PART NUMBER AND DESCRIPTION,

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH ITEM ON REPLACEMENT PARTS LISTS REPRESENTS AT
LEAST ONE SOURCE FOR THAT ITEM AND 1S LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING
AEPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES. KEPCO, INC,
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NOTE: NOT ALL COMPONENTS USED IN ALL MODELS,, SEE PARTS LIST.

BOP 3/4-Fullf02-2295/AM 18450

FIG. 6-3 COMPONENT LOCATION, DRIVER ASS'Y. (A3)
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INSTRUCTION MANUAL CORRECTION

Please note the following corrections to the Manual Material as indicated:

Parts List and Schematic Diagram:

1. CHANGE: CR201 Rect_Si.,Bridge 400V(PIV),6A Kepceo #124-0396
To: CR20! Rect ,Si,Bridge 400V (PIV),35A Kepco #124-0533
2. CHANGE: R30 Res. Variable, W.W. 10K ohm,10%,1/2W Kepco #115-2266
To: RS0 Res. Varable Cermet 10K ohm,10%,3/4W Kepeo #115-2481
3. DELETE: Ci6 Cap.,Ceramic,Disc 500pF, 10%,500V Kepco #117-0755

4, ERRATA: "Parts List Pg. 6/11-6/12, Auxiliary Transformer (R202) Kepco Part Number 100-2161 should
read: 100-2167.

5. CHANGE: C30 Cap.,Cer., Monolithic 0.1uF 50V, £ 20% Kepco #117-0967
To: C30 Cap.,Cer.,Monolithic 0.47pF,50V,+ 20% Kepco #117-1038
6. CHANGE: T202 REF, Transformer Kepco #100-2167
To: T202 AUX, Transformer Kepeo #100-2354
7. CHANGE: LC2 Opto-Coupler (Photo Darlington) 4N33, 6 Pin DIP Kepco #119-0133
To: LC2 Opto-Coupler (Photo Transistor) 6 Pin DIP _ Kepco #119-0106
8. CHANGE: R49,52 Res. Fxd. ,M.F.,Ax. Lds. 499K ohm,1%,1/8W Kepco #115-2309
To: R49.52 Res, Fxd . M.F._Ax, Lds, 57.6K ohm,1%,1/8W Kepco #115-2466
9. CHANGE: RS51)55 Res.,Fxd. ,M.F, Ax. Lds. 23.2K ohm,1%,1/8W Kepco #115-2447
To: RS51,55 Res, Fxd.,M.F. ,Ax. Lds. 2.74K ohm,1%,1/8W Kepco #115-2439
16. CHANGE: B201 Motor,Fan 115Vac,50/60Hz Kepco #148-0027
To: B201 Motor,Fan 115Vac,50/60Hz Kepco #148-0049
11. CHANGE: Blade,Fan,CW Rotation 4.25" Dia.,5 Blade Nylon Kepco #149-0023
To: Blade Fan,CW Rotation 4.25" Dia.,5 Blade,7/32 HUB Kepco #140-003]
12. DELETE: RI19 Res. Fxd.,Molded Ax. Lds. 180 ohm,10%,0.25W Kepco #115-2385
13. ADD: CRG6Y Diode, Switching Ax. Lds. 75V, 04A Kepco #124-0437
Note: CR69 replaces R19on the Al Ass’y. The anode of CR69 is connected to Pin 7 of IC4.
14. CHANGE: RO} Res. Fxd.,Carbon Film 10 0hm,0.25W,5% Kepco #115-2643
To: RO} Res., Fxd.,Carbon Film 10 ohm,0.25W 5% Kepco #115-2230
BOP50-2(M)/09-3088/r19 6022 BOPSO-2(MYD)/02-1195/23 €061
BOP50-2(M)/11-1488/r19 BMC(C6022) BOP50-2(M)(D)/05-1295/123 BMC(CT061)
BOP50-2(M/05-2493/120 C6567 BOP50-2(M)I)/06-1295/124 C7251
BOP50-2(MD(IN/01-0494/121 6693 BOP30-2(M)(1D0)/02-2096/125 C7403
BOPS0-2(M)(D)/08-1994/r22 C6920 BOPS0-2(M)(D)/05-3196/125  BMC
Page 1 of 2

KEPCO, INC. » 131-38 SANFORD AVENUE + FLUSHING, N.Y. 11352 LL.S.A. » {718) 4617000 « FAX: (T18) 7671102
email: hq@kepcopower.com « Woild Wide Web: http.//www.Kepcopower.com
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=== THE POWER SUPPLIER "

Please note the following corrections to the Manual Material as indicated:

Parts List and Schematic Diagram:

15

16

17.

. CHANGE:

To:

. CHANGE:

To:

CHANGE:

To:

BP103,104
BP103,104

BP107,108
BP107,108

BP109
BP109

Binding Post,Red,15A
Binding Post,Red, 16A

Binding Post,Black,15A
Binding Post,Black, 16A

Binding Post,Green,15A
Binding Post,Green,16A

18. CHANGE: R4
To: R4

15. CHANGE: (2,C3
To: C2,C3

20. CHANGE: R9A
To: RYA

21. CHANGE: (C24
To: C24

22. CHANGE: IC20
To: IC20

23. ADD: C34

24. CHANGE: C201202
To: C201,202

25. CHANGE: P01
To: P201

26. CHANGE: R301
To: R301

BOP 50-2(M)}(D)/01-1197/126
BOP 50-2(M)(D)/01-2197/26
BOP 50-2(M)(D)/01-25/97/26
BOP 50-2(M)(D)/11-05/97/126
BOP 50-2(M)(D)/10-2699/r27
BOP 50-2(M}{(D)/03-1000/28

Res. Fxd.,.Molded
Res. Fxd. Molded

Cap. Elect. Ax. Leads
Cap . Elect.,Ax. Leads

Res. . Pxd.,.CF Ax. Leads
Res. Fxd. MF, Ax. Leads

Cap. Elect ,Ax. Leads
Cap.Elect. Ax. Leads

IC,Op.,Amp,Single
IC,Op.,Amp Single

Cap.,Ceramic Monolithic

Cap. Elect..Can
Cap.,Elect.,Can

470 ohm,10%,12W
470 ohm,5%,12W

680uF,10% 40V
1000uF,20%,35V

10K ohm,10%,1/4W
3.92K ohm,1 %,1/8W

100uF,25V,20%
220uF 25V 20%

8 Pin Dip
8 Pin Dip

0.1uF20%,50V

3400pF,-10 475%,150V
3100uF.-20 450%,150V

Connector EAC-302 AC Inlet 15AR250V-UL

Comnector AC Inlet

Res Fxd ,WW, Ax. lds.
Res. Fxd,

C7770
BMC
BMC
BMC
€897
CR990

15A/250V-UL

0.25 ohm,1%,5W
0.25 ohm,1%,3W

BOP 50-2(M)(D)/03-0602/29
BOP 50-2(M)(D)/03-1302/30
BOP 50-2(M)(DY01-2904/r31
BOP 50-2(M)(D)/01-2904/£32
BOP 50-2(M)(D)/03-2204/32

INSTRUCTION MANUAL CORRECTION

Kepco #151-0025
Kepco #151-0076

Kepco #151-0026
Kepeco #151-0075

Kepeo #151-0048
Kepco #151-0077

Kepeo #115-0608
Kepco #115-0919

Kepco #117-0937
Kepco #117-1047

Kepco #115-2211
Kepco #115-2179

Kepco #117-0437
Kepeo #117-0713

Kepco #250-0152
Kepco #250-0145

Kepco #117-0967

Kepco #117-0899
Kepco #117-1299

Kepco #143-0290
Kepco #143-0676

Kepco #115-2207
Kepco #115-3144

9376
9378
C10102
Co9811
C10228

Page 2 of 2
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You must register your product to comply with the terms of the warranty. Either fill out the form
below and mail or fax to Kepco, or for rapid on-line registration go to:

http://www.kepcopower.com/warranty.htm

PRODUCT PURCHASED:

Model Number)

Serial Number

PURCHASE INFORMATION:

Date Purchased:

Date Received;

REQUEST ADDITIONAL INFORMATION

O Send complete Catalog

[0 Have Sales Engineer Cail

Contact via: [JE-Mait [ JTelephone Fax [JS-mail

REGISTER TO:

Registered by:

Company Name;

Straet:

City:

State:

Country:

Zip:

E-malt:

FAX:

Phene:

WHAT INFLUENCED YOUR CHOICE OF THIS POWER SUPPLY?

1 Previous Experience (which Kepco Models do you have?)

] Magazines (which ones?)

[ Kepco Catalog or Brochure?

11 Sales Representative?
[J Web Site

O Other (please explain):

What products would you like to see Kepco make?

3 Trade Shows {which ones?)

1 Directory?

CUT HERE

This is lo cedify that we, KEPCO, INC., {hereinafler called "Company’}, Fiushing, NY
11355 USA, warrants for a period of FIVE YEARS, this instrument known as:

MODEL:
SERIAL NO.

Tne Company's products are warranted for a period of five years from date of delivery o
be free from defects in materials and workmanship and to conform to [he specifications
furnished or approved by lhe Company. Liabilily under this warraniy shall be imited to
the repair or replacemenl of any defective product al Company's oplion.

If any defect within this warranly appears within the warranty period, the Purchaser shall
promplly nofify the Company in weilng. No materiat wilt be accepled for repair or
replacement withoul written authorizalion of the Company.

JW5 Year Wcma/n/&/

Upon such authorization, and in accordance veith inslructions of the Company, parts or
malerials for which replacement is requested shall be retumed lo the Company for
examination, with shipping charges prepaid by the Purchaser. Final delermination as 1o
whether a prochust is actually defective rests with the Company.

This warranty does not extend lo any product which has bean subjecled to misuse,
neglect, accidenl, improper instaliation, or use in viclation of instuctions furnished by
the Company. The warranty does not extend to, or apply to, any unit which has been
repaired of allered oulside of the Company's faclory by persons not expressly approved
by the Company.

THE WARRANTY HEREIN CONTAINED {5 IN LIEU OF AND EXCLUDES ALL OTHER
WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, NCLUDING WITHOUT
LIMITATION THE WARRANTY OF MERCHANTABILITY.

THIS KEPCO PRODUCT iS WARRANTED FOR FIVE YEARS!

AN JTEQ JO3 COUPFANY

KEPCO, INC. ® 131-38 SANFORD AVENUE, FLUSHING,
NY 11352 USA ® Tel. 718-461.7000 ® Fax. 718-767-1102 G KEPCO
E-mail: hg@kepcopower.com ® URL: http://iwww.kepcopower.com

T THE POWER SUPPLIER
SINCE 1946




FOLD HERE

Please
place

stamp
here

KEPCO, INC.

131-38 SANFORD AVE.
FLUSHING, NY 11355 USA

CUT HERE



_ Analog Meters -
odel BOP-50-2M (top)'an 100-4M {botiorn) - *
100, 200 and 400 Watt Linear High-Speed Amplifiers

BOP, while fully rated power supplies, are
also high-powered operational amplifiers
with full 4-quadrant, bipolar operadon. Their
output is capable of both sustained d-¢ and the
replication of arbitrary a-c waveforms.

In Kepeo’s BOPB the voltage and current ouc-
puts can be controlied smoothly and lin-
carly through the entive rated plus and minus
ranges, passing smoothly through zero with
no polarity switching.

i S Digital Meters
Model BOP 20-5D (top) and BGP 72-6D (hottom)
100, 200 and 400 Watt Linear High-Speed Amplifiers

BOP are high speed power aperational amplifiers that can be used to
provide dynamically agile voltage for test and simulation. They are
not general purpose power supplies. By the nature of the bipolar high
speed design, they do not have any energy-storage noise diserimi-
nating output capacitors. To realize the full high speed potental of
BOP, the load characteristics should he mainly resistive. If the toad
is capacinve, (>0.1 microfarad), the BOP must be slowed to avoid
oscillation. "This is accomplished in voltage mode by increasing the
vatue of the feedback capacitance. Special terminals on the user pore
are available to slow the BOP for opumum current-mode stability
into inductive loading.

KEPCO, INC, = 131-38 Sanford Avenue * Flushing, NY 11352 USA « Tel: (718) 461-7000 » Fax: {718) 767-1102
50 Email: hg@kepcopower.com » www Rescopower.comibop him



BOP MODEL TABLE

CLOSED LOGP BAIY
MopELY) (5] £ G OUTPUT RANGE e P vourage oge N mens g
o max. o M By 6 SERIES R | SERIES L2 SHUNT R ] SHUNT ¢ 18)
(A} A

100 WATT
BOP 20-5M x 20V + 5A 2.0 0.5 80p0y 20uH 40k 0.05pF
BOP 50-2M = 50V + 2A 5.0 0.2 8.5mQ 100pH 50k 0.05uF
BOP 100-1M + 100V + 1A 10.0 0.1 2.0m{ 200pH 100k 0.056uF
200 WATT
BOP 20-10M x 20V = 10A 2.0 1.0 402 S5QuH 20k O.pF
BOP 36-6M + 36V + A 3.6 0.6 120pL2 50uH 36kE2 0.1pF
BOP 50-4M x 50V + 4A 5.0 0.4 0.25mQ 150pH 50ke2 0.05p:F
BOP 72-3M + 72V + 3A 7.2 0.3 0.48mgQ 200uH 72k 0.05u:F
BOP 100-2M + 100V + 2A 10.0 0.2 1.0mQ 2030uH 100ks2 0.05pF
BOP 200-1MiH x 200V % 1A 20,0 0.1 4.0mQ 1.2mid 200kL2 0.03pF
400 WATT '
BOP 20-206M + 20V + 20A 2.0 2.0 20p2 50pH 20k 0.2uF
BOP 36-12M + 36V + 12A 3.6 1.2 60p02 50pH 36k 0.2F
BOP 50-8M + 50V + 8A 5.0 0.8 125082 106pH 50k 0.15pF
BOP 72-6M + 72V + 6A 7.2 0.6 24000 200pH 72K0 01pF
BOP 100-4M = 100V + 4A 10.0 0.4 500pQ 200uH 100k 0.1uF

(1) For factory instaled digital interfaces add appropriate suffix. See page 55.
(2} For determining dynamic impedance in voltage mode.

(3} For determining dynamic impedance in current mode.

(4) Same size as 400W models,

(5} To specify digital display, substitute the sulfix letter *D" for the suffix leter “ha"

FEATURES

* Source and sink 100% of their current rating. See Figure 1.

The tabulation of the effective series resistance
and inductance in voltage mode, and the
effective shunt resistance and shunt capacivance

* Separate control circuits for voltage and current with automatic
crogsover to current and voltage limits.

* All controls and flag sipnals accessible through a 50-terminal user-
port at the rear,

Zerozbic preamplifier available for scaling and summing external
signals.

* Opuonal digieal displays, Specify by substituting the suffix “D” in
place of the “M.”

This KEPCO

prodact

is backed by a
tirm

5.YEAR
WARRANTY

For high power bipolar power supplics, see

‘ Series BOP Tigh
Power, page #4.

For high voltage bipolar power supplies, sec Series BOP-HY,
page 56,

in current mode, is done to allow a calculaton
of the output impedance versus frequency.

BOP accept plug-in cards for remote

digital control

* BI'T 4882 provides 12-bit {EEE 488.2 talk-
listen control with SCPT support.

» BIT 4886 provides 16-bic TELT 488.2 talk-
listen centrol with SCPI support.

* BIT TMA-27 conncer BOP o Kepeo's
single-address multiple instrument serial
bus for long range (>300m) conrrol from
TEEE 488.2, RS 232 or VXI-based hosts.

= BIT 48805 or BIT 488D offer listen-only
GPIB support in anary or Hex formart,
Cards may be factory installed. See page
$% for appropriave suffix desighations.

AN 1S 9001 COMPANY

KEPCO.

= THE POWER SUPPLIER *
SINCE 1946

KEPCO, INC. » 131-38 Sanford Avenue » Flushing, NY 11352 USA « Tel: (718) 461-7000 » fax: (718) 767-1102
Email: hq@kepcopower.com * wiwwi keptopowerconifliog bt 51




BOP GENERAL SPECIFICATIONS

SPECIFICATION RATING/OESCRIPTION CONDITION
INPUT
a-c Voliage 95-113, 105-125, User sefectable
190-226, 210-250V a-¢
Currant See Table 1 Max load, 115V a-¢
Frequency 47-65Hz Hange
QUTPUT
d-c Output Bi-direction, series pass Transistor (1}
Type of stabilizer Automatic crossover Vollage/current
Voltage 0 to 100% of rating {bipolar) Adjustment range
Currery 0 to 100% of rating (bipolar) for temp G-55°C
Sink See sourcelsink plot Duty cycle
I vE A I Error Sense 0.5V per load wire Voltage allowance
SO 10955+ E, mox Isolation Vollage 500V d-c or peak Output to ground
ngf’ 455 Leakage Current <5 microamperes rms at 115V a-c 60Hz
/‘;ém Duty Exeieh SOURCE o1, b, Culput to Ground <50 microamperes p-p at 118V a-¢ 60Hz
sk T3 t100% Bty Cyote Series Connection 500V Max vcltage off ground
den Pzrallel Connection Current sharing Use master-stave connection
OvP Not available
[t T e P T TR P CONTROL
T Type C"V“""""““"“ngif Variable input, fixed gain
e ?n{jogachfulv I L Voilage/ Curtent
- i ja% Local 10-turn zero-cenier pot
sw:(;:‘{ i Remote Analog -10V to +10V
T e man E““’"’-i !ﬁ; Local Digital | Serial bus or GPIB or VX| | Optional internal BIT card
° Remote Digital | Use SN or SNR interface
FIGURE 1 Bounding =Volt/eurrent local Four screwdriver irimmers
Qutput Source-Sink plot +Volit/current remote 010 10 volts
Dynamics See dynamic spec table Fast only
User Amplifiers Uncommitted gain 20K Two provided
TABLE 1 References +10 voils, TmA Two provided
Source current measured worst case, 125V a-c. gptions (bgzt-i;) Ggnggeg card gugix ~4888
Or user adde card uffix -488D
MODEL CURRENT card refer 1o "BIT” 7 on g ange serial cardivXl Suffix -TMA
(Amps) models page 55 i Cien 4882 card (SCPY) Suffix -4882
BOP 20-5M 2.6 Talk-listen 4886 card (SCP1) Suffix -4886
BOP 20-10M 55 Serial RS 232 Suffix -232
BOP 20-20M 11.0 MECHANICAL
BOP 36-6M 5! Input Connection Detachable 1EC type 3-wire All mogels
ggi Z(S);iqM 12%6 8g§1pnuéctions Front signal/output Binc}ing posis
BOP 50-4M 18 Rear user port 50»termm.al cor?nector
EOP E0-aM Y Rear ?uipl{t Barrier strip
BOP 72.3M 50 Meters Two 2% horiz., Front panel
2% zero center analog
ggﬁ ?{2)06:’:\’1 12? : indical.ors Four LEDs Voilage/Currem{Sounding
BOP T002M 58 Moummga Use F%»A 37 rack adap.ter % rack snge
EOB T50-aM 55 {in Slfj 19" racks) Mounting “ears” supplied Fuil rack size
BOP 20010 5 & Ciooimg. . Forced air Exhaust o rear
. Dimensions  inches 572 x 12742 % 17%: ¥ rack size
(HxWxD} add __Mm 1326 x 318.3 x 4356.4
2% torear  inches 5%e x 19 x 20%. Full rack size
for connector  mm 132.6 x 482.6 x 510
c E gl?gj\rrz &%Sagsgfmr{;:e Low Voltage Finish; Fed Std 585 Lignt gray, color 26440 Front panel
' ' Weight 47ib (21 .4Kg} ¥ rack size {100W)
(packed for 53ib (24.1Kg) % rack size (00W)
shipment) 76ib (34 5Kg) Full 7ok size
AN I‘SO go07 COMPAN.Y (1) 200V model uses FET.

@ KEPCO.

== THE POWER SUPPLIER ™
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BOP DYNAMIC SPECIFICATIONS

BANOWIDTH RISE & EALL TIME LARGE SIGNAL SLEWING RATE RECOVERY

(¢ 01 345} 10%-90% FREQUENCY (min) {mninimym} STEP LOAD
HODEL KHz {minimum) PSeC {maximpm) RESPONSE. KHz wsee {maximym)
Mode Made Hode Mode htade
v | t ¥ ! 1 v | ; v | i v | 1
100 WATT
BOP 20-5M 18 12 20 30 17 13 SV/usec 0.15A/35ec 25 10
BOP 50-2M 18 12 20 30 17 13 BV/usec 0.15A/usec 25 10
BOP 100-1M 18 11 17 22 18 11 11Vipsec 70mA/lsec 40 25
200 WATT
BOP 20-10M 18 6 20 80 17 7 2V/usec 0.4A/psec 80 20
BOP 36-6M 16 13 20 27 15 14 3V/usec 0.5A/usec 50 35
BOP 50-4M 23 14 14 25 15 11 4 .5Viusec 0.25A/usec 40 30
BOP 72-3M 20 15 18 26 17 12 10V/psec 0.15A/psec 30 30
BOP 100-2M 22 15 18 26 i7 12 10V/psec 0.15A/usec 30 30
BOP 200-1M 4.0 2.5 116 150 4.0 2.5 BV/usec 15mA/usec 150 120
400 WATT
80P 20-20M 9.5 i0 35 35 8 10 1Vipsec 1.25A/usec 100 75
BOP 36-12M 20 10 16 30 19 10 4\/usec 0.75A/psec 50 30
BCP 50-8M 24 i0 14 35 24 11 7. 5Viusec 0.5A/usec 40 30
BOP 72-6M 19 9.5 18 40 20 11 SV/psec 0.4A/usec 50 20
BOP 100-4M 18 14 22 30 16 10 10Vipsec Q.25A/usec 40 30
INFLUENCE QUANTEYY VOLTAGE MODE OUTPUTSFFEETSIY CURRENT MQDE Pﬁg?;\gz%g{mm RTESSNCE
TYPICAL HEAXIRAGM TYPICAL RAXIAUB ABy aljg
Source (min.-max.) <0.0005% 0.001% <0.002% 0.005% <5uv <1hA <(.0005%
Load (NL-FL) <0.001% 0.002% <0.5mA 1mA — —_ <0.0005%
Time (8-hour drift) <0.005% 0.01% <0.01% 0.02% <20uV <1nA <0.005%
Temp., per °C <0.005% 0.01% <0.01% 0.02% <20uV <1nA <0.005%
Ripple and rms <tmV amvi®) <0.01% G.03% — — e
Noise () p-p® | <tomv 30mv(5) <0.1% 0.3% — — —
(1} Oulput effects, expressed as a percentage, are referred to the maximum rated oulput
voltage o current, ' The tabulated offsets, more particularly their
{2) Measured with the commen terminal grounded so that the commen mods cusrent ] ] y then
does not flow through the load, change as a functon of source, tme and

{3) Peak-to-peak ripple is measured over a 20Hz to 10MHzZ bangwidth. . e . . I alirata
{4) The output et can be calculated by the relationship: LL.m_pu ature, _‘]” ow 2 1].‘;{..1 to C'ﬂf‘u;‘ut
AEq = £AE, (/) = AF;(1+RyR)xlig(Ry) where Ry is the feedback resistor, performance of the uncommitted amplifier(s)
and R; is the input resistor from the reference, E. with user specified i P cedback
‘ ! i user specified inpur a 1back

(5) For BOP 200-1M the maximum ripple and noise is 5mV rms and 50mv p-p. 1, -~ put a 1(.3 .fu,.( .
components. The formula for this is given in

the static specifications table foomorte,

AN JSO 8001 COMPANY

D KEPCO.
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OUTLINE DIMENSIONAL DRAWINGS

Fractional dimensions i git face type a1¢ in inchesgimensions in botd face type are in midlimeters.

Tolerance, x 1/64* (0.4) between mouniing holes
= 1/32" (0.8) other dimensions

100 & 200 WATT MODELS 400 WATT MODELS (FULL RACK}
(THREE-QUARTER RACK) f AND BOP 200-1M

s 18 4628
comenr 145 4B8.8
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SIDE VIEW SIDE VIEW

BOP 3/4 rack width power supplies can be rack mounted using RA 37. See page 77,
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Model BOP 50-2M (top), Mode! BOP 100-4M (bottom)

Kepco's bipolar BOP
power supplies are
available in 100W,
200W and 400W sizes.
For applications
requiring higher
voltage, Kepco's Series
BOP-HV are available
in 500V and 1000V
models.

BOP are high speed power operational amplifiers that can be used to
provide dynamically agile voltage for test and simulation. They are not
general purpose power supplies. By the nature of the bipolar high
speed design, they do not have any energy-storage noise
discriminating output capacitors. To realize the fuli high speed
potential of BOP, the load characteristics should be mainly resistive. If
the load is capacitive, (0.1 microfarad), the BOP must be slowed to
avoid oscillation. This is accomplished in voltage mode by increasing
the value of the feedback capacitance. Special terminals on the user
port are available to slow the BOP for optimum current-mode stability
into inductive loading.

BOP, while fully rated power supplies, are also high-powered
operational amplifiers with full 4-quadrant, bipolar operation. Their
output is capable of both sustained d-c and the replication of arbitrary
a-c waveforms.

In Kepco's BOP, the voltage and current outputs can be controlied
smoothly and linearly through the entire rated plus and minus ranges,
passing smoothly through zero with no polarity switching.

BOP accept BIT plug-in cards for remote digital control; cards may be

6/27/2008 4.10 PM



DC POWER SUPPLIES/DC POWER SURPLY: BIPOLAR, O... hitp:/iwww Kepcopower.com/bop.htm

factory installed.

¢ BIT 4882 provides 12-bit IEEE 488.2 talk- listen control with SCPI
support.

e BIT 4886 provides 16-bit IEEE 488.2 talk- listen control with SCPI
support.

¢ BIT TMA-27 connect BOP to Kepco's single-address multiple
instrument serial bus for long range (>300m) control from [EEE
488.2, RS 232 or VXI-based hosts.

» BIT 4888 or BIT 488D offer listen-only GPIB support in binary or
Hex format.

BOP are CE Marked per the Low Voltage Directive (L.VD), EN61010-1
in accordance with the Conditions of Conformance.
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