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_ SECTION | — INTRODUCTION
11 SCOPE OF MANUAL |

1.2 This manual contains instructions for the instailation, operation and maintenance tor the Models BOP BCOM
and BOP 1000M Bipolar Operational Power Supplies, manufactured by Kepco inc., Flushing, New York,
USs.A

1-3 GENERAL DESCRIPTION

. 14 The Kepco Mode! BOP 500M and BCP 1G0OM are high 'i.roitage power sources, which combine the capabilities
W on ' of tast programmable power supplies with a Class A output stage, which can respond bidirectionally from
s zero. The “"BOP’" can be operated in a "Voliage Sabilizing” or. “Current Stabilizing’ operating mode
{selectable by a front panel switch}. The BOP incarporates wo separate control channels, for local {front
panel) or remote control of the output current and the output voltage. In addition, bounding cusrents for
bipalar voltage and current limiting are provided which may be adiusted manually {oy front panel controls) or
can be remotely programmed. Al control end bounding channels are connected 10 the bipolar {Class A)
output stage via an "EXCLUSIVE-OR" gate, so that only one circuit is in control of the BOP output at any
" one time. Some applications are listed below:

Al VOLTAGE MODE OPERATION, ([Current limiting either front panet adjusted or remotely
" programmed using the current limiting channel).
1) High speed, bipolar d-c voitage source {remote or focally controlled output).
2} Scaling ar summing amplitier with or without d-c bias,
Bl  CURRENT MODE OPERATION {Volwge timiting either front panel adjusted or remotely programmed
using the voltage limiting channei),
1 High speed, bipolar d-c current source {remotely or localty controlled output).
2} Ampiification of a-c currenis, with of without d-¢ biasing.

-5 The main chassis of the Maodel BOP Operational Power Suppiy/Amplifier is construcied of plated steel. The
wrap-arcund cover is perforated steet, plated and painted in a dark gray iexture. The front panel material is
aluminum, treated and painted fight gray {Color 26440 per Fed Std. 595). The major part of the circuitry is
jccated on plug-in type circuit boards for convenient access.

16 ELECTRICAL SPECIFICATIONS, GENERAL

A) INPUT SOURCE REQUIREMENTS: 105 t6 125 V acor 210 10 250V a¢, 50 10 65 Hz, setectabie by
the SOURCE VOLTAGE SELECTOR SWITCH (refer to Section i, FiG. 2-3). A built-in time delay
circuit holds the BOP output at zero for approximately 30 seconds after a-c power is wrned on. Power
consumption approximately 250 Watts. Power factor: 0.8, The primary circuit is protected by a fuse.

Bl OPERATING TEMPERATURE RANGE: -20°C to +65°C,
C) STORAGE TEMPERATURE RANGE: -40°C 10 +85°C.
D} COOLING. By naturat convect:on,

- £y ISOLATION FROM GROUND: The BOP circuitry, its output and progremming terminals have no d-¢
connection 6 the chassis. The COMMON lerminal of the BOF can be operated up 10 500 volts {d-c or
neak) off ac ground. The common mode current (fezkage from output 10 ground) 15 less than 50 gA
{rims) or B mA {p-p} at 119V a-c power input, 60 Hz.

1.7 ELECTRICAL SPECIFICATIONS, PERFORMANCE

Al OUTPUT RANGES: See Table 1-1.
B) OUTPUT IMPEDANCE: See Tabie i-1.
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d-c QUTPUT DUTPUT IMPEDANCE
MODEL RANGE VOLTAGE MODE CURRENT MODE
VOLTS mA d¢ OHMS + SERIES L d-cOHMS + SHUNT €
BOP 500M -500 t0 +500 -80to+80 | 0.058f + 10mH 100 M2 + 0.02 uF
BOP 1000M | -1000to +1000 | -40to+40} 020 + 10mH 400 MS1 + 0.01 pF

TABLE 1-1 QUTPUT RANGES AND IMPEDANCES

C) OUTPUT EFFECTS: See Table 1-2.
PRE-AMPLIFIER
INFLUENCE QUANTITY ouTPUT EFFECTS 'V OEFSETS REFERENCES
VOILTAGE MODE | CURRENT MODE AEi - Dlyg

SDURCE: 105-125/210-250V a-¢ <0.8005% <0.0005%> <5uV <trA. | - <0.0005%
LOAD: No load — full load <8.0005% <0.005% - - <0.0605%
TIME: 8-hour [drift] <0.01% <0.01% <20 uv <inA <0.005%
TEMPERATURE: Per°C <0.01% <0.01% <20 uV <1nA <0.005%
UNPROGRAMMED
QUTPUT DEVIATION: @ rms <16 mV <P5uA ) - - <10 pV

(Ripple and Noise) BT <200 mv*3! <500 Al - - <100 pv

u’Speciﬁcazions are expressed as a percent-of-setting for the output range 10% to 100%. Below 10% output, the specification Himit is
the rated percentage of the 10% output setting.

{2} common terminal grounded so that the common-mode current does not flow through the load.
(3)20 Hz 10 10 MHz.

{43For frequency compeonents in the bandwidth of the current stabitizer. Bevond cutoff, noise will appear as avoltage component equal
to the rated voltage mode noise.

Blogrg? WA, whichever ls greater.

TABLE 1-2 QUTPUT EFFECTS, OFFSETS AND REFERENCE SPECIFICATIONS

NOTE: in this instruction manual, Kepco will follow the NEMA standards for d-c Power Supplies and speak of the "Output
ot Effects,” caused by changes in the "Influence Quantities.” The “Output Effects” are specified either as a percentage change,
referred to the maximum specified output voltage (Eq) or current {ig), oF as &n absolute change (DAE g, Alg), directly in
millivolts or milliamperes or both.  The HHustration below will clarify the NEMA terms.
T—_‘—‘ POWER SUPPLY !
UNDER Eoor lo LOAD INFLUENCE QUANTITIES
TEST . 1} SOURCE
2} LOAD
3} TEMPERATURE
4} TIME
1) DUE TO SOUR;’:E = SOURCE EFFECT . . . . i vt e r e m e r e e et e s s (formerty LINE REGULATION)
2) DUE TO ILLOAD = LOADEFFECT . v v vt v ettt s e e e e s (formerly LOAD REGULATION)
3) DUE TO TEMPERATURE = TEMPERATURE EFFECT COEFFICIENT . . . (formerly TEMPERATURE COEFFICIENT)
4) DUE TO TIME B Y =X (formerty STABILITY)

o) The BOP output effects, in response to the tebulated veriations in the INFLUENCE QUANTITIES, are
given in Table 1-2 for the built-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 caleulate the BOP output
effects if the BOP vohage or current channel is remotety programmed and different values for the
teedback resistors (Rf} and the input resistors {Rj) 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:
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VOLTAGE MODE: AEq =0 {#AEjs (1 + Re/R) £ AligRf £ AF ref]

1
CURRENTMODE Blg = = [£AEig (1+ R/R() £ Blig Bt * A ref]

S

Rg = Current Sensing Resistor {(BOP 500M = 125§, BOP 1000M = 250 §2)
Al = Total Qutput Current Change
G = Closed Loop Gain (BCP 500M = 50, BOP 1000M = 100}

where:  AEg = Total Qutput Voltage Change NOTE: Variations in the value of the
AEref = Change in the Voltage Reference feedback and input resistors are
AE: = Change in Offset Voltage considered secondary effects in
© , the &rror Equation.
Alig = Change in Offset Current
FOR )
Ry = External Feedback Resistor See Section 1V of this manual for
Ri = External Input Resistor the derivation of the Error

F) DYNAMICS: The dynamic response of the BOP output are tabulated in Table 1-3 in both the time domain
{Output response to a step program) and in the frequency domain {bandwidth} for large and smali signals.

Eguation.

VOLTAGE CHANNEL CURRENT CHANNEL
’ DYNAMIC SPECIFICATION BOPOSOOMGE CB(}P 1000M BOP 500M | BOP 1000M

Closed Loop Gain: 50 VIV 100 VIV 8§ mA/NV AmAIV
Unity Gain Crossover Frequency: 150 KHz 100 KHz 300 KHz 200 KHz
Bandwidth [d-c to f-a dB}: 2 KHz 1 KHz 1.3 KHz!Y | 0,64 KH2)
Programming Time Constant: 75 usec. 150 usec, 125 psec.tt) | 250 usec.(t?
Large Signal Frequency Response: 2 KHz 0.5 KHz 2 KHz 0.5 KHz
Stewing Rate: 8V /usec, 8V/usec. 8V/usec. 5V /usec.
L oad Recovery Time Constant: 100 usec. 100 psec. 125 psec.t?? | 250 psec.t?

{1)Calculated for aload resistance equal 1o E, max/l, max. Current channel dynamics are a function of the foad
resistance and the tabulated value for the equivalent output capacitance. T= Ry Cp and f-3 dB = 1/2TRy Cp.
The rate limit is the ratio of current setting to the tabulated output capacitance.

TABLE 1-3 DYNAMIC SPECIFICATIONS
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1-8  MISCELLANEOUS FEATURES

A OUTPUT RANGE: The BOP can be locally (front panel} adiusted, or remotely programmed, from (-}
100% 1o 1+ 100% of its specified d-c voltage and current range. The Class A Dipolar cutput stage permits
operation as either a SOURCE OR A SINK. {See FIG, 1-3)

B AT P TE—
e P
o s
T 1
AT SoRCE
00 e cyeiel Ty iy even
i o1y e
X : L.,
e 1% S I5% ELATR D SO 0
|
! 5%
lﬂ Mpx
S0URCE 0% B31 3
110 duty cycin + VR duty eyet)
5%
e - £, ot 1
juis IV

NOTE: Operation i the second guadiant of the graph muss
be derated as indicated,

FIG. 1-3 BOP QUTPUT CHARACTERISTIC

Note: The BOP is operating as a SOURCE if the direction of its output voltage is the same as the direction of its
sutput current. The BOP is operating as a SINK if the direction of its cutput voltage is opposite that of i1s output
current. An iilustrative case is shown in FIG. 1-4, where the BOFP s programmed to deliver a sine wave output and
where the load produces a phase shift between the output voltage and current,

Eo

{(+)
(-}

FIG. 1.4 BOP QUTPUT WAVE FORM WITH PHASE SHIFT
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B} REFERENCES: Two reference/bias sources (210V - 1 mA MAX ) are provided 1o st oo neaging
purposes. These reference sources are available at the rear programming connector {with tolrenes 1o
the "COMMON'" terminal}. Their specifications are tabulated in Table 1.7

C) OFFSET NULLING: Controis are provided 1o zero the initiat offsets 1o, Lol of both the vuliage and
current control preamplifiers,

D} LOAD REACTANCE: To realize the full high speed potential of the BOP, the load characteristics
shouid be mainly resistive. Load capacitance and nductance up 10 007 uF and 0.5 mily respeciively
can be tolerated without performance deterioration. CAUTION: Stable operation into a purely
inductive load in the Current Mode of operation requires a minimum series resistance of 25 ohms.

£ SERIES OR PARALLEL OPERATION Not reconymanded

Fi VOLTAGE CONTROL CHANNEL {Refer 1o Section !} - FIG. 3141 The BIPOLAR VOLTAGE
AMPLIFIER, with a fixed gain of 50 (BOP—500M) or 100 {BOP—1000M) 15 connected, via the MODF
switch, to the {unity gain} VOLTAGE PREAMPLIFIER . if the BIPOLAR voltage switch is “on'", the
BOP output voitage can be tocajly controlied by means of the {front panel) (2} 10 volt bias source from
=1 100% {through zero) to (+) 100% of the rated value. The VOLTAGE PREAMPLIEIER is provided

M with a ZERQO conwol and all its terminals are available at the rear programming connectior for remaote
controt of the output voltage. Control methods are describad in Sect:on H1 of this manual.

Gl MODE SWITCH: The BOP is equipped with a front panel mounted MODE SWITCH, which selects
bipotar voltage or bipolar current control.

H} CURRENT CONTROL CHANNEL (Refer to Section 11 - FIO. 3-1B). The BIPOLAR CURRENT
AMPLIFIER, with 3 fixed gain of 8 mA/V {BOP-500M) or 4 mASV (BOP-1000M!, is conneciad via
the MODE switch to the (unity gain} CURRENT PREAMPLIFIER if the BIPOLAR voltage switch is
“on”, the BOP output current can be locally (front penel) controlied {by means of the £10 voll bias
scurce} from (=) 100% (through zero} to (+] 100% of the rated value. The CURRENT PR EAMPLIFIER
is provided with a ZERQ control and ail 11s terminals are available at the rear programiming connector
for remote controf of the output current. Control mathods are described in Section 11 of this manual.

Ji BOUNDING:  ({Refer to Section [l - FIG. 31C & D) The BOP has four adjustable output
voltage/current Himiting circuits () Ep LIMIT, {#) Eq LIMIT, {-) Lo LIMIT, {+) 15 LIMIT for
overvodlage/overcurrent protection in either operating mode. Al himitng circuils can be screwdriver
adjusted by means of four front panel controls In addition, all four limits can be remotely controlled
oy rmeans of 0 1o 10 volt d-¢ control voltages. The four Limits may be programmed independenily or the
t2) voltage and (2} current limits can be conwolied in pairs. The adjustable/programmable Hmit conrols
are backed-up by non-adjusiable mit circuits which defing the four boundaries [{#) E, MAX and
(£} 1o MAX] of the BOP, and provide protection against acoiden tal overprogramming of the adjustable
lamits.

Kl MODE LIGHTS AND FLAG SIGNAL OUTPUT: Four (4) fromt panel (LED type) indicator lamps
monitor the pravaiting operating mode of the BOP. in additon, four {4) corresponding flag signal
outputs wre provided at the rear programming connecior. For each operating condition {VOLTAGE
MODE, CURRENT MODE, 2E, LIMIT, tio LIMITY the corresponding indicator tamp lights up and the
associated flag signal changes its state from (TTL) fogic "1 10 "0 NOTE * #f operating against back-up
et (PAR . 31 ot 4 tights go out,

(. STANDARDS  BOP mudeis are designed and tested in accordance with NEMA Standard for Swshilived
Power Supplies, d-c output, Publication No. PY-1.1972

-9 MECHANICAL SPECIFICATIONS

« Al DIMENSIONS See Mechanival Outhne Drawing”, FIG, 1-5,
Bi FINISH® See "Mechanical Qutline Drawing”, FIG. 1.5,
C! FRONT PANEL METERS 2% inches wide, recessed. Accurgcy 2% full scsle Two (2) “sero center”
e lers monitonng the £ d-c voltage and the * d-¢ current are provided,
110 ACCESSORIES
) MOUNTING FLANGES fur installation of the BOP into o standard P19-nch ecpopment rack (A PAIR
INCLUDED WITH EACH BOPY Kepeo Part No. 128-17287 iright), 128-12871 (et

g1 SIDE COVER PLATES, iwr bench ton use, designed 10 finish the two sides of the instrument when the
rack mounting ears are not mounted. A pair included with each BOP. Kepeo P/N 1281285 (right),
1281284 {lein)

Ci REAR PROGRAMMING CONNECTOR, Kepoo Model PC--9, 30-ternunal printed circuit connector for
alt rear programming connections and Hag signal ouiputs (ONE INCLUDED WITH FACH BOP)
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" SECTION It — INSTALLATION

21 UNPACKING AND INSPECTION
2.2 This instrument has been thoroughly inspected and tested prior 1o packing and is ready for operation. After
careful unpacking, inspect for shipping damage before attempting to operate Perform the preliminary
operational check as outlined in PAR. 2-8. If any indication of damage is found, file an immediate claim with
the responsible transport service.
2.3 TERMINATIONS
o a} FRONT PANEL: Refer to FIG. 2-2A and Table 2-2.
‘ b)  REAR: Refer to FIG. 2-2B and Table 2.2. '
cl INTERNAL CALIBRATION CONTROLS: Refer to FIG. 2-1 and Table 2-1,
D%ifgﬁi?ﬁ; CONTROL PURPOSE : A;’F;’gg;gfg;
R18 {+) 10V CAL. Reference Voltage Calibration Sect. V, par. 5-8A
R31 Eq ZERO Ep Pre-amp Zero Adjustment Sect. lil, par. 3-16
R36 15 ZERC g Pre-amp Zero Adjustment Sect. I, par. 3-30
R303 fox I o Stabilization Compensation Sect. V, par. 5-88

INSULATED TOOL

TABLE 2-1 INTERNAL CALIBRATION CCNTROLS

BOP , COVER ATTACHED,
TOP VIEW

PLEASE USE THIS TOOL
FOR ALL ADJUSTMENTS

FIG, 221 LOCATION OF INTERNAL
CALIBRATION CONTROLS.
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NAME OF
NO. CONTROL OR FUNCTION
FUNCTION
1 A-C POWER A-C INPUT POWER SWITCH AND INDICATOR LAMP,
2 - OUTPUT “READY" LAMP. ENERGIZES 30 SEC. AFTER A-C
POWER IS TURNED ON.
3 + QUTPUT, OUTPUT AND GROUNDING TERMSNALS (PARALLEL WITH
COMMON, GRO. REAR BARRIER STRIP TERMINALS).
4 MODE OPERATING MODE SELECTOR SWITCH FOR “VOLTAGE " OR
“CURRENT'' MODE.
5 - MECHANICAL VOLTMETER ZERG ADJUSTMENT.
6 - MECHANICAL CURRENT METER ZERO ADJUSTMENT.
7  VOLTAGE LIMIT | LED LAMP, INDICATING VOLTAGE LIMITING OPERATION.
8 + VOLTAGE LIMIT | CONTROLS FOR MANUAL ADJUSTMENT CF THE {£) VOLTAGE LIMITS.
9 INPUT PROGRAMMING INPUT TERMINALS FOR VOLTAGE PRE-AMP,
10 BIPOLAR VOL- “ON-OFF" SWITCH AND VOLTAGE CONTROL. FOR MANUAL ADJUSTMENT
: - TAGE CONTROL | OF THE BOP D-C OUTPUT VOLTAGE (WITH SWITCH "ON")
11 EoMETER - D-C OUTPUT VOLTMETER (READS ALSO AVERAGE A-C SIGNALS)
12 Eo 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 (X) CURRENT LIMITS.
15 INPUT PROGRAMMING INPUT TERMINALS FOR CURRENT PRE-AMP.
16 BIPOLAR CUR- “ON-OFF" SWITCH AND CURRENT CONTROL. FOR MANUAL ADJUSTMENT
RENT CONTROL | OF THE BOP D-C OUTPUT CURRENT (WITH SWITCH “ON")
17 lo METER D-C QUTPUT CURRENT METER (READS ALSO AVERAGE A-C SIGNALS)
18 1o MODE LED LAMP, INDICATING CURRENT MODE OPERATION.
19 FUSE A-C POWER FUSE. PROTECTS PRIMARY A-C INPUT CIRCUIT.
20 - A-C POWER INPUT JACK. ACCEPTS 3-WIRE LINE CORD {SUPPLIED).
21 - CABLE HOLDER. ACCEPTS OUTPUT, SENSING AND GROUND WIRES
FOR FEED-THROUGH FROM TERMINALS THROUGH SAFETY COVER.
22 REAH TERMINALS | REAR BARRIER STRIP WiTH OUTPUT, SENSING AND GROUND
TERMINALS.
23 INTERLOCK SHUTS OF F BOP IF SAFETY COVER IS REMOVED. CAN BE
DEFEATED BY FORWARD PULL.
24 INT. lox CONTROL | R303, COMPENSATION ADJUSTMENT. SEE SECTION V.
25 REAR CONNECTOR| ACCESS TO INTERNAL CIRCUITRY FOR PROGRAMMING
CONNECTIONS.
26 INT. CONTROLS R31, R36, CURRENT AND VOLTAGE PRE-AMP ZERO CONTROLS,
27 INSULATED TOOL | USE THIS TOOL FOR ALL INTERNAL ADJUSTMENTS.

TABLE 2-2 BOP TERMINATIONS AND CONTROLS

Note: Numbers correspond to those shown in FIG. 2-2.

2.4  A-CPOWER INPUT REQUIREMENTS
9.6 The BOP is equipped with a SOURCE VOLTAGE SELECTOR permitting the user 1o choose between 115 and
’ 230V a-c operation by means of a screwdriver actuated switch. The switch location is itlustrated in FIG, 2-3.
When changing the a-c input voltage, the A-C POWER FUSE must be altered as well, according to the
. information given in FIG, 2.5
SELECTOR e
——————— —— FUSE VALDES:
| ™ - My
p== 7 230V A" INST.
BOP, LEFT SIDE
{ COVER REMOVED}
' '© ./
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26  COOLING

2.7 The components in the BOP power supply rely on convection cooting for the maintenance of their operating
ternperature. SIDE PANEL OPENINGS AND THE TOP OF THE CASE MUST BE KEPT CLEAR FROM ALL
OBSTRUCTIONS TO ENSURE PROPER AIR CIRCULATION. Periodic cleaning of the interior of the power
supply is recommended. i1 the BOP is rack-mounted or install ted into confined spaces, care must be taken that
the ambient 1emperature (the iemperature imnmediately surrounding the power supply) does not rise above
55°C (= 180°F).

2-8  PRELIMINARY CHECKOUT

NOTE. THE REAR PROGRAMMING CONNECTOR MUST BE ATTACHED TO THE BOP AND MUST BE
WIRED AS SHOWN ON THE MAIN SCHEMATIC DIAGRAM, SECTION VI, FIG. 6-5.

2-G. . A simple operating check after unpacking and before permaneni installation, is adviéble 10 ascertain whether
the ROP has suffered damage in shipment. Refer to FIG. 2-2 and Tabie 2-2 FOR THE LOCATION AND
DESIGNATION OF THE OPERATION CONTROLS AND TERMINALS. Proceed as follows:

Al Connect the BOP to a 118V a-c source, or refer 10 PAR. 2-4 for conversion 10 230V a-c operation if

required.

B} Note: The rear sensing links must be attached to the rear terminals of the BOP as shown in F1G. 2.2 and
the rear connector must be attached and secured.

) Set the BOP front panel controls as follows (refer 10 FIG. 2-2. The controls will be identified here and
in the following manuai text with the nomenciature used in Table 2-2 and wentifying numbers used in
FIG. 2-2)

1) MGDE switch {4}, set to "voltage.”
2} BIPOLAR VOLTAGE CONTROL HO); set switch o “ON', control to its extreme
counterclockwise position.
3 A-C POWER switch 1o "ON.”
) The indicaior lamp, part of the A-C POWER switch (1] wili be “on.” After approximately 30 seconds,
the output "READY tamp (2] and the "Eq, MODE™ Lamp (12} will be "on ™
) Turn the BIPOLAR VOLTAGE CONTROL (10} clockwise through its range .while observing the front
panel "Eq METER" {11). The BOP output voltage should smoothly follow from the maximum negative
output voltage, over zero, 10 the maximum positive output voltage ot the BOP. Turn A-C POWER
SWITCH (1) "off™.

F17" Connect a short circutt between the (%) OUTPUT 10 the COMMON front panel output terminals {3).
Set the BOP front panet controls as foliows:
1 MODE SWITCH (4), set 1o "CURRENT"".
2) BIPOLAR CURRBENT CONTROL {15}, set switch to "ON”, conuol 10 its maxunum
counterclockwise position.
3 ACPOWER switch "ON",

Gy The indicator lamp, part of the A-C POWER switch {1} will be "on”. Atier approximatety 30 seconds,
the output "READY" lamp (2) and the "1 MCDE" Lamp (18] witl be "on™",

H}  Turn the BIPGLAR CURRENT CONTROL (15} clockwise through 1ts range, while cbserving the
front panel 1o METER™ {16). The BOP output current should smoothly foliow from the maximum
negative ouipul current, over 7ero, to the maximum positive outpul current of the BOP, Turn A-C
POWER switch (1) “off'. Remove the short circuit from the output terminals. THIS CONCLUDES
THE PRELIMINARY CHECK-QUT OF THE BOP,

2-10 INSTALLATION (Refer to FiG. 2-4)

2.11 The BOF s delwered with mounted FILLER and ANGLE BRACKETS: and'readv for instaliation into any
stariorid {19-inch) instrument rack, Piease refer to PAR. 2-6 (COOLING] if the BOP | s 1o be mounted into a
dople rack installation. :

219 £or hench-operation, ‘he FILLER BRACKETS can be removed and the ANGLE BRACKETS can be repiaced v

WWW valqu@lsrnlnicé (@WLATES Instructions for slide installation are p:ovsded inFIG. 2-4.




] 1S NOT
} RACK - MOUNTED
:

SIDE _COVER z
PLATES
INSTALL ¥ UNIT o

RACK MOUNTING ACCESSORIES PART LIST

INSTRUCTIONS FOR SLIDE INSTALLATION

ITEM | DESCRIPTION . 1) fterns 1, 2, 3 are instalied at the factory.
| [FRONT ANGLE LEFT | } . ) . K
5 TFRONT ANGLE RIGHT] 1 2) 3ter§1 3 Hiller bracket) is pre-drilled §nd. tapped for Jonathan Slides,
3 |FILLER BRACKET 2 Series 110 QD. Remove the three binding head screws on each side

SLIDES #10 QD of {tem 3, {These screws are part of Item 5}

4 JONATHAN SERKES ¢ 3} Line up slide with filler bracket and re-insert the binding head
5 110-32 5CR BDG.HD, | 10 screws through the appropriate mounting holes in the stide,
§ |10-32 FLATHEAD 82°] &

4} If Jonathan Slide 110 QD-24—1 is used, an additional hole must

NOTES : ITEM (8] NOT SUPPUIED be drilted into the dide. See FIG. 1-3 for further information.

FiG. 2.4 RACK INSTALLATION OF THE BOP,

NOTE; If slide installation {as described above) is not desired, other means of supporting the unit in the rear must be

provided {additional rear brackets or a solid platform, for example} since the front angle brackets {1tems 1, 2) alone
are not sufficient to support the full weight of the unit.
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SECTION !II — OPERATION

31 iNTRODUCTION

3.0 BOP BIPOLAR OPERATIONAL POWER SUPPLIES can be used in a great varizty of applications As 3
PRECISION VOLTAGE or CURRENT SOURCE, the BOP output can be controfled locally {by means of tre
fiony panel BIPOLAR voltage and current controlst or remotely (by means of resistances of by voltags

signals}
oulpul current protect a sensitive load from any overvoltage of overcurrent. As a BIPOLAR AMPLIFIER
BOP output responds to such input signals as sine, saquare or mnangular waves. A (2} 10 volt mput signal we
program the BOP output {voltage or current} through 1s rated outpul ranges Builian preampgiifiers for ha
voltage, as well as the current channel of the BOP, permit amplification of the control signal: to the requires
amplitude and the interface with high as well as jow impedance signal sources.

Independently adijustable {or remotely prograrmmable) limit circuits for both culput voitage ant

33 Detaited examples of the more popular applications are described in the foliowing paragraphs. Before actus
T operation, however, the following generat comments on the operation of the BOP should be carefully

considered.

Y

3

4}

5)

6}

WARNING

THIS INSTRUMENT IS CAPABLE OF PRODUCING LETHAL VOLTAGES:

£ xarcise extrerne care in making alt connections to and from the BOP terminals. REMOVE A.C POWER
FROM THE BOP BEFORE MAKING ANY CONNECTIONS]

An imterlock device removes the A-C source power from the BOP if the rear terminal cover plate is lifred
DO NOT BYPASS THE INTERLOCK!

Wires and/or cables, connectedt from the BOP terminals 10 external components or programming devices
must be properly insulated and securely terminated on both sides to make accidentai touch impossibie. A
feed-through hole is provided on the BOP rear terminal cover, to bring the wires from the BOP rear
terminals to the cutside. DO NOT USE BANANA PLUGS WITH EXPOSED SCREWS OR OTHER

EXPOSED METAL PARTSAT THE FRONT PANEL QUTPUT TERMINALSH

The BOP chassis and cover must be ssfetv-grounded to a relisble a-¢ source ground. A safety-ground may
be established by using & grounded a-c power outlet or, if the latter is not available, by means of a separate
wire, from the provideg “"ground’’ terminal to a reliable a-c source ground point

THE COMMON QUTPUT TERMINAL OF THE BOP SHOULD BE SIGNAL GRGOUNDED. if for any
reason. grounding of the output is not possible, additional precautions must be taken 10 make any access
to the isolated output impossible

FOR ALL CONTROL ADJUSTMENTS ON THE BOP, USE ONLY THE INSULATED TOOL WHICH 1S
ATTACHED AT THE REAR_ {See Section . FIG. 2-2)

Al

DIAGRAMS. Application and test set up disgrams on the following pages show the symbolic and
simplified representation of the BOP circurtry in four (4) separate diagrams, as :ndicated on £iG, 3-1
The diagrams represent the four programmabie circuits of the BOP

Aj Voltage Control Channet
B} Currant Control Channei
C {2} Eg Limit Circuits
)] {*) 1o Limit Circuits

The complete simplified diagram s represented in the foid-out diagram at the end of Section IV .
THE FQUR CIRCUITS CAN BE PROGRAMMED SEPARATELY AS DESCRIBED IN THE
EXAMPLES IN THIS SECTION, OR THEY CAN BE USED SIMULTANEQUSLY AS THE
APPLICATION REQUIRES, WITH THE EXCEPTION OF THE TWO- {2} MAIN BIPOLAR
VOLTAGE AND CURRENT CHANNELS WHICH ARE SELECTED BY THE FRONT PANEL
MODE SWITCH AND CANNOT RE OPERATED SIMUL TANEQUSLY

The numbered terminals in the diagrams correspond 10 the connector terminals on the REAR
PROGRAMMING CONNECTOR.

NOTE: BOP's have fromt and rear cutput terminals. Only the front terminals are shown on ail
subsequent simplified diagrams
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BIPOLAR

VOLTAGE
CONTROL -
+! -“-—l.-."'
=10V g :“’
EITZ&
f=—1ov
I GATE]
12 4
BOIPOLA$
e | | el
iy CHANNEL

COMMON

F1G. 3-1A BOP VOLTAGE CONTROL CHANNEL

BIPOLAR
CURRENT
CONTROL

Io BOP
RPuT Io CONTROL ™
CHANNEL *

COMMON

. FIG. 31B ROP CURRENT CONTROL CHANNEL
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FIG.3-1C BOP {%) VOLTAGE LIMITING CIRCUIT
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FIG 3-1C BOP () CURRENT LIMITING CIRCINT
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B} LOAD CONNECTION (1}

The basic interconnection between the BOP and the load arg shown in

Fi1G. 32, The load wire size for the 2-wire connection shown should be as large as practicable (o keep
the series resistance and inductance low. In addition, the joad wire pair should be tightly twisted, to
reduce possible “pick-up” from stray magnetic fields. The basic 2-wire connection is useful where the
valtage drop in the load wires is of minor consequence, as for example, operation into a constant load

or in a constant cufrent operating mode,

S |
BoP, REAR viEw O
$  COM 0T S
il TO GROUNDED
L O-O\ro AG POWER
] OUTLET
[‘SIGNAL
GROUND
N
ek
ALTERNATE
SIGNAL
GROUND LOAD

AYREAR CONNECTION

/g

TO GROUNDJED
AC POWER

=
L
ALTERNATE

SIGNAL
GROUND LOAD

B} FRONT CONRECTION

FIG. 32 BASIC 2WIRE LOAD CONNECTION AND GROUNDING
CONNECTIONS BETWEEN THE BOP AND THE LOAD.

OUTLET

C) LOAD CONNECTION {11). The recommended load connection for all applications requiring minimum
load effect across a remote load is shown in FIG. 3.3, A twisted, shielded pair of wires (No. 20 AWG
minimum) are connected from the BOP sensing terminals to the load. This “remote error sensing”’

technique wilt compensate for load wire voitage drops up 1o 0.5 volts per wire.

NOTE: OBSERVE POLARITIES!
THE COMMON SENSING WIRES MU

SENSING WIRE MUST GO TO THE (£} OUT LOAD WIRE.

BoP, REAR VIEW O

- B

|
LS!GNAL
GROUND

10 GROUNDED
AC POWER OQUTLET

/

\ZREMOVE LINKS IF ERROR

SENSING 35 USED

i~ ALTERNATE
= SIGNAL GROUND

£1G. 33 LOAD CONNECTION WITH ERROR SENSING AND GROUNDING
CONNECTIONS BETWEEN THE BOP AND THE LOAD.
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34

35
36

DI A-C SAFETY GROUND. {Refer to FIG.'s 3-2, 3-3}. The dangerous voltages present in this equipment
make i1 imperative that the case be kept at ground potential at all tirmes T the Jwire line cord with
Fprong safety plug {supplied with this equipment) is used in combination with 3 properly grounded
outlet, this is taken care of sutomatically. If an adapter for a non-grounded outlet 1s used, however, the
case must be grounded separately, A separate "GROUND' terminal is provided for this purgose on the
rear of the BOP. {See Section t, FIG. 2:2}.

E) D-C {SIGNAL} GROUND, (Refer 1o FIG.'s 3-2, 3-3). Specitied ripple and noise figures for operational
power supplies are valid only with the common side of the output/load circuitl returned to a common
" ground point {refer to Section 1, Teble 1- 2) The common side of the BOP output is shown grounded in
FIG s 32 and 33, since it is "common” to both internal reference source and any external signal
SOUrce . 1# the application requires, the “'common’ side of the BOP may be floated up 1o 500V
d-c off ground. in this case, however, the common made current [specified in Section 1, PAR. 1-6E, will
flow through the impedance of whatever circuit is placed between common and ground and will give
rise 1o a common mode voltage. The signal ground point in the BOP/load circuit must consist of a singie
paint only, to which all input source grounds, shields and Joad grounds are connected. Multiple signal
grounds in the BOP output/load circuit may cause. “ground-ioop’ 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 minimum rippie/noise ocutput.

F) EXTERNAL PROGRAMMING RESISTORS. External programming resisiors should be high-gquality
units, with lowtemperature coefficients. Resisiors snould be selected carefully, since in most
applications, the limitations for stability and deift are due, not to the BOP, but to the programming
resistors. Selection criteria for resistors are:

1} TEMPERATURE COEFFICIENT

2 LEAKAGE {IN VALUES ABOVE 100 k OHM)
34 HUMIDITY EFFECTS

4} DRIFT WITH TIME

5) SELF-HEATING {POWER DiSSIFATION}

8} TOLERANCE

G} For variable resistors {potentiometers or rheostats} 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

H) ACTIVE PROGRAMMING SOURCES. Externsl programming sources {Signal Generators, etc.,) or
reference sources should have temperature coefficients and drift specifications comparable 10 {or better
than} the BOP Power Supply. CAUTION: A-C source-operated programiming sources must have their
ocutput isolated from the case.

J EXTERNAL LEADS. Shielded {preferably twisted) lead pairs are recommended for all input
connections to the BOP control channels. The shield should be connected {singie-ended) to the chosen
signal ground point. Shielded leads should be heid as short as practicable. Output leads must be
“high-voltage’ wire, rated atleast  for the maximum BOP output voltage.

BEFORE USING THE BOP IN ANY APPLICATION . . PLEASE REFER TO SECTIONII TO GET
ACOUAINTED WITH THE OPERATING CONTROLS, THE TURN-ON SEQUENCE AND THE A-C POWER
REQUIREMENTS. REFER TO THIS SECTION (SECTION iH) FOR INFORMATION ON LOAD
CONNECTIONS AND GROUNDING, READ THE "WARNING” NOTE, FOLLOWING PAR, 3-3.

BOP OPERATION WITH LOCAL (FRONT PANEL) OUTPUT CONTROL

VOLTAGE MODE OPERATION WITH CURRENT LIMITING. The BOP may be }Jsed as a stabilized (d-cl
source of positive or negative voltage with output current limiting for either polarity pre-selected for the
application at hend,
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3-10
3-11

PROCEDURE

1} Determine the output voltage and current requirements of your foad. Set the BOP MODE switch to the
VOLTAGE position and the BiPOLAR VOLTAGE CONTROL SWITCH 1o ON.

2} With the BOP A-C POWER switch "off”, connect a short circuit across the output terminals. Turn the
BOP “on” again wait 30 seconds.

3 Adjust the ig LIMIT CONTROLS for both polarities as required, monitoring the QUTPUT CURRENT
METER far the correct limiting value. Proceed as follows: Turn BIPOLAR VOLTAGE CONTROL fully
counterclockwise, Adjust the “{-}15 LIMIT CONTROL". Turn the BIPOLAR VOLTAGE CONTROL
fully clockwise. Adjust the “{+} 15 LIMIT CONTROL. Turn the BIPOLAR 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) Turn the A-C POWER SWITCH "on" again, wait 30 seconds, and adjust the operating voltage by means
of the BIPOLAR VOLTAGE CONTROL t¢ the value required.
NOTE: if the output current exceeds the pre-adjusied value at any time, the VOLTAGE MODE
LIGHT will go out and the {£}ig LIMIT LIGHT will go on. After the cause of the overcurrent is
etiminated, the indicator lights will return (0 their initia! status.

CURRENT MODE OPERATION WiTH VOLTAGE LIMITING. The BOP may be used as 5 stabilized dc
source of positive or negative current, with output veltage limiting for either polarity, pre-seiected for the
application at hand.

- PROCEDURE (please refer 10 PAR, 34)

1 Determine the output current and voltage reguirement of your load. Perform ig LIMIT adjustment as
described in PAR. 3-7, steps 2 and 3. Set the BOP MODE SWITCH 1o the CURRENT position and the
BiPOLAR CURRENT CONTROL switch to ON.

2V Turp the A-C POWER SWITCH “on”, wait 30 seconds and adjust the {2}E, LIMIT CONTROLS to the

required output {compliance] voliage. Turn the A-C POWER SWITCH “off.”

Connect the load and wrn A-C POWER SWITCH “on” again and wait 30 seconds. Adjust the required
operating current by means of the BIPOLAR CURRENT CONTROL as reguired.

)

BOP OPERATION WiTH REMOTE CONTROL OF THE VOLTAGE CONTROL CHANNEL

REMOTE D-C QUTPUT VOLTAGE CONTROL BY RESISTANCE. Asseen in FIG. 344, and as described in a
previous paragraph (PAR. 3-8} the BOP d-c output potential can be controiled within its specified range by
means of the BIPOLAR VOLTAGE CONTROL, with the BIPOLAR VOLTAGE CONTROL SWITCH in the
ON position. Since the £q PRE-AMP, with the built-in feedback and input resistors, has a gan of one, and the
Eo BIPOLAR AMP have respective gains of 50 (ROP—500M) and 100 (BOP—1000M), a d-c input signal of
zero to (+110V will control the BOP output through its specified range. In the local {(front panel) control
mode, the d-¢ contrel potential is applied via the BIPOLAR VOLTAGE CONTRGL.

10K
{EXT.)
BIFOLAR
VOLTAGE
CONTROL
!
{EXT)RENOTE el 8
VOLTAGE - OV
CONTHOLE -
- 20 k.n.;’

3

&
4

BO
| *Eo CONTROL. -~
CHANNEL

~{ common

WWW.VaIuetrQniCS.GQmm\mnmmm CONTRON OF THFE ROP N.C OUTPUT VY TAGF



312

313

314

315

3-16

317

As shown in FIG, 3-4, this control method can readily be performed remoiely, by seqing the BIPOLAR
VOLTAGE CONTROL SWITCH 1w the OFF position and connecting an externsl REMOTE VOLTAGE
CONTROL as indicated in FIG. 34, '

Two-terminal resistance control of the d-o outpul voltage (for example, by means of a Decade Box; can be
exercised as shown in FIG. 3-5.

_ : {EXT.)
NOTE : REMOVE LINK (F)_t(p) REMOTE
M VOLTASE
CORTROLARy)
,(E,XT') BIPOLAR
Ri VOLTAGE
o oK CONTROL, g
J § .__‘i‘
—_— OV T
% +
O ,Q‘ . 1 2
51 Q H
(EXT.) IT 1ev

___@ !

YOLTAGE

BiPOLAR Q
QUTPUT

POLARITY
BOP STAGE
seLECToR Ve Eo CONTROL
INPUT CHANNEL | = shound
COMMON

FI1G. 3-5 REMOTE D-C OUTPUT VOLTAGE CONTROL BY MEANS
OF A TWO-TERMINAL BESISTANCE {DECADE].

The external switch {51}, connected across the (&) reference voltage is used to pre-select either pasitive or
negative cutput, by setting it to the applicable reference voltage polarity.

The Eq, PRE-AMP functions here as an inverter. Its output can be expressed by the equation:

Ep == Erof (R/Ri). Rt = Decade Resistor
(PRE-AMP) R, = Ext Input Resistor
Since Eref = (2}10 volts and the gain ratio R¢/R; is variable from zero to one, its output voltage

{Eq PRE-AMP} will vary lingarly from zero to ()10 volt, with the change in the decade resistance (R¢). Asa
consequence, 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 CONTROL
{Decade) to zero and adjusting zero output volts at the BOP Eq ZERO control, menitoring at the BOP output
with a digitat voltmeter. The maximum output voltage is calibrated by making all or part of R; a rhecstat and
adjusting it, with the REMOTE VOLTAGE CONTRCL at maximum resistance, to the maximum BOP ocutput
voltage.

REMOTE D-C VOLTAGE CONTROL BY MEANS OF D-C SIGNAL VOLTAGE. The BOP d-c outpul voltage
can be controiled directly by a (#) 10V d-c signal, applied 1o the front panel E5 PROGRAM INPUT terminals.
An interesting example of this application is the BOP output voltage control with a Kepco Model SN—12R
Digital Programmer. The Model SN—12R responds to a complementary offset binary input coding and can be
addressed either by a computer, or manuaily. The output signal of the Model SN -12R is from zero 1o ()
10 volt and constitutes the input program for the BOP.

www.valuetronics.com



BiPOLAR
VOLTAGE
CONTROL

i —

DIGITAL INPUT

oA
112 B175) va
[

-

GATE]

u— xj:ﬁ? _@ BiPOLAR
E— ouTRUY
1 PRGGRAMMER, -4-\ 8OP STAGE
MODEL 0) £ Eo CONTROL ‘
— snm) PROGR. CHANNEL iy
INPUT S ANALDG
‘r— {(EXT.) i 4 COMMON (enowo)

DIGITAL GROUND ANALDG OUTPUT
Gto (1) 10VOLT

FIG. 36 DIGITAL CONTROL OF THE BOP D-C QUTPUT VOLTAGE

3.18 The connections between the SN—12R and the BOP are illustrated in F1G. 3-6. This programming system
provides a resolution of 12-bits with a linearity of {*) 0.01%. The digital and the power supply grounds are
isolated {cptical solation} to 100G volts. Calibration of the system is performed with the provided controls on
the SN— 12R Programmer.

3.19 Since all terminals of the E, PRE-AMP are available at the REAR PROGRAMMING CONNECTOR, dc¢
output voltage control can be exercised in many other ways. The En PRE-AMP can be treated as an
uncommitted operational amplifier, with its applicable transfer-functions. Its initial offsets can be zeroed with
the provided E4 ZERO Control, while the offset variations are specified in Section | of this manual {refer 1o
Table 1-2). The basic principie of d-c output voltage control of the BOP is that a control voltage of ()
10 volts at 1 mA at the E, PROGRAM INPUT (with the built-in feedback/input resistors) will produce the
fult d-c output voltage swing of the BOP. If the selected control signal does not have the required amptlitude
or # the required control current cannot be supplied, the Eq PRE-AMP configuration can be altered 0
provide the proper interface for the application.

320 1f, for example, the BOP d-¢ cutput voltage is to be controlied by means of a bipolar, 1 volt, high impedance
source, it can be connected 1o the BOP as shown in FIG. 37.

{Ri} {Ry}
{(EXT) LM {EXT.)
2¥X0 IBKA NOTE : REMOVE LINKS

tF1-1Phond (N - (X)

OFF
BIPOLAR
VOLTAGE
CONTROL ON
+I =
e FOV —
- ¥
)
== iov
- - (EXT. R I
] - mieH Z OLAR
BIPOLAR UTPUT
IRPUT Ei . BOP STAGE
|| CaSoE L s
(-}iV to {+)8V INPUY = GROUNG
COMMON

www.valuetrOBiCS w6 O KA. 1AGE CONTROL WITH A HIGH IMPEDANCE, (£) 1V SIGNAL SOURCE



371 As seen in F1G. 37, the ariginal input feedback components of the £ PRE-AMP have been bypassed anc are
replaced by external resistors (small, metal fiirn or wirewound type resistors may be used and connected
directly 10 the REAR PROGRAMMING CONNECTOR terminals as shown} The E, PRE-AMP is used 10 the
nen-inverting configuration. its output voltage (the necessary BOP controf voltage) is given by

Re+ R,y
R })

= (£ 1V

ALEE TR

Eq (PRE-AMPY = E; 5
Consequently, as the BIPOLAR INPUT VOLTAGE (E;) 15 controlled from {~) 1V over zero to (+) 1V, the
BOP output voltage witl foliow over its specified range. Calibration of the system can be performed at the

. programming source, or the Eq PRE-AMP zeroing control can be used for the low end, while the feedback
resistor {R¢ = 18k} can be wrimmed to calibrate the high end of the range.

3-22 THE BOP AS AN AMPLIFIER

3.23 1§ instead of the previcusly used d-c control signal, an a-¢ signal voltage s applied 1o the En PROGEAM
INPUT, the BOP functions as a bipoiar amplifier. As an amplifier, the BOP has a voliage gain of 50
(BOE-500M) and 100 (BOP—1000M} respectively so that {as vefore with the d- control signal) a bipelar a-¢
input signal with an amplitude of 20V {peak-to-peak} will drive the BOP output through its specified (%)
output voliage range. All other dynarmic specifications are given in Section |, Table 1-3.

324 The BOP can be used 1o amplify, sum or scale a variety of waveshapes, some of which are Hiustrated m
£1G. 3-8, Al input signals are shown in phase with they corresponding output waveshape The latter can be
readily produced 180° out of phase {1.e with the output wave taking the exact cppostte dirgction of the nput
signatl by addressing the non-inverting input of the Eq PRE-AMP instead of the front panst E, PROGRAM
INPUT {inverting)
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F1G. 3-B GRAPHS OF POSSIBLE BOP INPUT/QUTPUT WAVE SHAPES
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325 The basic programming circuit with which ail the wave forms shown in FIG. 3-8 can be produced is shown in
FIG. 39. Since al! input signals in FIG. 3-8 are shown with a 10 volt amplitude, the basic programming
circuit in FIG. 39 must be madified if the external signal source cannot produce 10 velts and if the full BO?
oulput voltage swing is required.

BiPOLAR
VOLTAGE
CONTROL

+I
— 1oV
.4
+)
EXTERRAL paniy
=V

|

BIPCLAR
PROGRAMMING
SOURCE

GATE
{EL)
@ : © BIPTDLAR
& e : o ol
© o [
oo CHANNEL
Common = SionAL

FIG. 38 BASIC PROGRAMMING CIRCUIT FOR USE OF THE 80P
AS A BIPGLAR AMPLIFIER (VOLTAGE MODE)

3.26 1f the EXT. PROGRAMMING SOURCE does not have sufficient amplitude to drive the BOP over its full
output range, the gain of the Eg PRE-AMP must be changed from the built-in 1V per volt value 10 suil the
application. To calculate the required components for the new gain requirement, the output equation for the

' Es PRE-AMP in the inverting configuration is used.

Eo (PRE-AMP) = - E; (R4/R;)

where Eq (PRE-AMP} = 210V, and the values of R¢ and R; depend on the available amplitude of the
programming source. If, for example, a *1 volt source is available, the ratic R§/Rj must be 10, and the two
resistor values can be 10k and 100k respectively. The built-in resistor {Rj = 10k) can be retained, and only Ry
must be replaced with a 100k metal film (1/2 watt) unit. The necessary connections are illustrated in
FIG. 310. Gain control {1 to 10} can be exercised by making R¢ a rheostat instead of & fixed resistor.

100X N {RY)
NOTE!REMOVE LINK {F1-{P)

BiPOLAR
VOLTAGE
CONTROL

+
EXTERNAL =
BiPOLAR ov
PROGRAMMING -
SOURCE

&+ T(DLIMAE
e e, o
o o
i CHANNEL
— 5IGNAL
; COMMON = GROUND

i FIG. 3-10 PROGRAMMING CIRCUIT FOR DRIVING THE BOP
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227 The non-inverting input of the £ PRE-AMP is'used for applications where the external programming source
has a high impedance and/or cannot supply the necessary 0.1 mA drive current, or where a negative going
output swing is desired for a positive going input signai. The necessary connections are illustrated in F1G. 3-11
for a E5 PRE-AMP GAIN of unity (with the builtin value for R; retained and a short across R¢}, aithough
other gain configurations can be chosen, according to the cutput equation for the non-inverting configuration:

R¢ + R
Eo (PRE-AMP) = £ ——

ol

NOTEIREMOVE LiNK {J}~{K)
SHORY LINKS (P)-014) AND
Eo PROGR INPUT TERMINALS

BIPOLAR
VOLTAGE
CONTROL )
+l § —L'
= 1OV -
G +
+
EXTERNAL =+
BIPOLAR =0V
PROGRAMMING -
SOUACGE
GATE
HIGH 2
SIPOLAR
INPUT QUTPUT
(tjiov Et BCP STAGE
Eo Eo CONTROL
PROGA. 9 SIGHAL
IRPUT CHANNEL = SROUND
COMMON i

FIG. 311 PROGRAMMING CIRCUIT FOR DRIVING THE BOP QUTPUT VOLTAGE WITH
A HIGH-IMPEDANGE SOURCE, USING THE NON-INVERTING INPUT OF THE PRE-AMPLIFIER

2.28 BOP OPERATION WiTH REMOTE CONTROL OF THE CURRENT CONTROL CHANNEL

390 GENERAL: In the iocal {front panel) control mode, the BOP output current can be controlied by means of

: the BIPOLAR CURRENT CONTROL, with the BIPOLAR CURRENT CONTROL SWITCH closed, and the
MODE SWITCH in the “CURRENT' position, cver the full output range. The control potential zerc 10 {+}
10V is applied to the i, PRE-AMP, operating with unity gain, to the 1o BIPOLAR AMP which drives the
BIPOLAR OQUTPUT STAGE with a fixed gain of 8 mA per voit (BOP-500M)} and 4 mA per volt
{BOP—1000M) respectively. A d-¢ control signat from zero to (£} 10 volts will, therefore, control the BOP
output current through its specified range (refer 10 FIG. 3-12).

GAIN=1

BIFOLAR
CRRRENT
CONTROL
-
—_—
+
@ GATE
i
- BIPCLAR
GAINEBmA/V(BOPSOOR) ggxzté*r
GAIN=AmA/Y{BOFIOOOM] ' BOP
o
P TIo CONTROL Rs L sienaL
CHANNEL = SRouN
COMMON

FIG, 3-12 LOCAL {FRONT PANEL) CONTROL OF THE BOP QUTPUT CURRENT
WITH THE BIPOLAR CURRENT CONTROL.
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330 REMOTE CONTROL OF THE BOP CURRENT CHANNEL. Since the reguirements for the control of
BOP output current gre the same as tar programming the outpur soltage, and since the conirol Circunry 1
almost identical, all programming circuit descripnions for prograrr ing the output voltage of the BOP car o=
applied for current programming, The current programming circuits are hustrates in the following diagras
Ay exceptions with respect 1o corrent channel programming are noted on the diagrams

Yrerc output current point by means of the builtin "5 ZERO” conral

BIPCLAR
CURRENT
CONTROL

{EXT.)
AEMOTE
CURRENT

. GONTROL §

GATE
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2UTPGY
STAGE
Is 80P
s lo CONTROL Rs
CHANNEL T SIGNAL
COMMON SAGUMD
FIG. 3123 REMOTE POTENTIOMETER
CONTROL OF THE BOP QUTPUT CURRENT
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{,55;2-3) Sgﬁﬁ’é{ % 'y& | NOTE. REMOVE LINK [8])-(8)
AA'AY
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{EXT) CURRENT
POLARITY
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FIG. 3-14 REMOTE QUTPJT CURRENT CONTROL
8Y MEANS OF A TWO-TERMINAL RESISTANCE.
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FIG. 315 DIGITAL CONTROL OF THE
BOP QUTPUT CURRENT
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Fi1G. 3-16 BOP OUTPUT CURRENT CONTROL WITH
A HIGH IMPEDANCE {#) 1 VOLT SIGNAL SOURCE

Note: The non-inverting input of the Pre-amplitier is
used 10 prevent loading of the input souvce.
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FIG 317 BASIC PROGRAMMING CIRCUIT FOR USE QOF THE
BOP AS A BIPOLAR CURRENT-STABILIZED AMPLIFIER
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FIG. 3-18 PROGRAMMING CIRCULIT FOR DRIVING THE BOP
CUTPUT CURRENT WITH A BIPOLAR SIGNAL LESS THAN 110V
{EXAMPLE SHOWN: £1V SOURCE}
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FIG. 319 PROGRAMMING CIRCUHT FCR DRIVING THE BOP
OUTPUT CURRBENT WITH A HiGH IMPEDANCE SOURCE

3-31 REMOTE CONTROL OF THE BOP CURRENT LIMIT

332 The BOP 15 LIMIT CIRCUIT in the local {front panell control mode is shown in FIG. 3:20. A {(+]10 volt
reference voltage is repested and inverted to obtain two reference voltages (+10V and - 10V respeciively;,
These references are applied at the input of the two (1) I LIMIT CONTROL AMPS, Both control amplifiers
operate in the inverting configuration and produce the control potential according 1o the output equation:

Eref
E contror = 17} =y Rt
i

S,ince "Ry is adjustable, the control voltage (ECONTROL) can be varied from zero to {+]10V and {~}i10V
respectively, thus providing output current limit control over the full range of the BOP,

(- Rt
{—~}io LIMI;T (0K

I —
.IOK;l \

3 To
L
V (-1
HTLLMIT ] JAME
d
(1o
LimT
N

]

]
J\L‘ GATE
i

CONT, +)Ta
A LiMIT
. L]

[9] REPEATER
ANE,
BOP
[10] To LIMIT R -
A¥ Hov CIRCUIT SIGNAL
= {E sl GROUND
{B I"’ COMMON

FiG, 320 LOCAL {FRONT PANEL)} CONTROL OF THE BOP CURRENT LIMIT CIRCUIT.

233 The BOP current limits can be remotely controtied by disconnecting the fixed reference potential, setting the
front panel controls to their maximum clockwise position, and substituting a variable (G to 10 voit) reference
potential. The two limits may be controfled simultanecusty and symmetrically, or separately. The necessary
connections are shown in FIG's 321 and 3-22 respectively.
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FIG. 321 SYMMETRICAL REMOTE CONTROL OF THE BOP CURRENT LIMITS
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FIG. 322 INDEPENDENT REMOTE CONTROL OF THE BOP
{+} 1 AND (=) 15 LIMIT

334 REMOTE CONTROL OF THE BOP VOLTAGE LIMIT

335 The BOP E4 LIMIT CIRCUIT in the iocal {front panel) control mode 15 shown in FIG. 3-23. The circuit
funcrions in the same manner as the g LIMIT CIRCUIT described previously (refer 1o PAR. 3-31) and can be
remotely controlled symmetrically with a2 & w0 10V d-¢ source, or the {+} and {~) veltage limit can De
controlled independently by individuat O to 10V d-c sources. The necessary circuit connections are ilusirated
in EIG s 3724 and 325, Note: The front panel VOLTAGE LIMIT CONTROLS serve as a “'back-up” when

remote controlling the vo

itage limits on the BOP. The front panel VOLTAGE LIMIT CONTROLS shouid be

set 10 their maximum positions i full range remote control of the BOP voltage limits is desired,
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FiG. 324 SYMMETRICAL REMOTE CONTROL OF THE 80P
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