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CERTIFICATION

Valhalla Scientific, Imc. certifies that this instrument was
thoroughly tested and inspected and found to meet it's
published specifications when it was shipped from the factory.
Valhalla Scientific, Inc. further certifies that itf’s calibration
measurements are traceable to the National Bureau of Standards
to the extent allowed by NBS’s calibration facility.

WARRANTY

The warranty period for this instrument is stated on your
invoice and packing list. Please refer to these to determine
-appropriate warranty dates. We will repair or replace the
instrument during the warranty period provided it is returned
to Valhalla Scientific, Inc. freight prepaid. No other warranty
is expressed or implied. We are not liable for consequential
damages. Permission and a return authorization number must
be obtained directly from the factory for warranty repair
returns. No liability will be accepted if returned without such
permission. '
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SECTION 1
UNPACKING AND INSTALLATION

1.1 Unpacking

If the shipping carton is damaged, request that the carriers’ agent be present when the
2500EP/N is unpacked. If the 2500EP/N appears damaged when unpacked then notify the
carriers’ agent who should authorize repairs before the 2500EP/N is returned to Valhalla
Scientific or Service Center. Even if the 2500EP/N appears undamaged it may have
suffered internal damage in transit that may not be evident until the 2500EP/N is
operated or tested to verify performance. If the 2500EP/N fails to meet the performance
specifications in Section II then notify the carriers’ agent and Valhalla Scientific or
Service Center. Retain the shipping carton for the carriers’ inspection, DO NOT
RETURN EQUIPMENT TO VALHALLA SCIENTIFIC OR ANY OF ITS SERVICE CENTERS
PRIOR TO OBTAINING AUTHORIZATICN TO DO SO.

1.2 Initial Adjustments

The only adjustments required prior to operation of the 2500EP/N are the correct
selection of the local power source voltage and to verify that the correct fuse for this
voltage is fitted. The supply voltages and fuses are listed below:

105 to 128V AC 30/60H2 5 Amp fuse
210 to 256V AC 50/60Hz 3 Amp fuse

ENSURE THAT THE CORRECT SELECTION IS MADE PRIOR TO APPLYING POWER TO
THE Z500EP/N.

1.3 instructions for Bench Use

The 2500EP/N is delivered for operation in bench use and special instructions For use in
this manner are not required. However, before connecting the 2500EP/N to the AC
power source the wuser should verify that the power cord is cquipped with a three-
terminal connector {see the Safety Precautions in 1.5).

1.4 Instructions for Rack Mounting

Optional rack mounting brackets are available for mounting the 2500EP/N in a stapdard
19" equipment rack. These are listed in Section IIT of this mannal.  The size and weight
of the Z500EP/N dictate that the unit should be supported on both sides along its entire
length (by the use of “trays” or "slides™). If it is to be transported while mounted in 2
rack then it MUST BE SUPPORTED SO AS TO PREVENT UPWARDS or BOWNWARDS
MOVEMENT.

The user should note that the specifications of the 2500EP/N become degraded at high
temperatures thus it 15 recommended that sufficient room be allowed for airflow around
the 2500EP/N. This may be achieved by placing at least 1.75" high blank panels above
and below the 2500EP/N in the rack and ensuring that there are no obstructions within
5" of cither the air inlet or outlet on the rear panel of the 2500EP/N,

Under no circumstances should the air temperature surrounding the 2Z500EP/N be zliowed
to exceed S0C while in operation or 70C while not in operation.
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1.5 Safety Precautions

The power connector should be a three-contact device meeting the safety requirements of
the area in which the 2500EP/N is to be used, and should only mate with a three-contact
connector where the third contact provides a ground connection. If power is provided
through an extension cable then the ground connection must be continuous through this
cable to the 2500EP/N.

FAILURE TO PROVIDE A CONTINUOUS GROUND CONNECTION TO THE 2500EP/N MAY
RENDER THE UNIT UNSAFE FOR USE.
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2.1 25G60EP Accuracy

Range Full Scale
Qutput{l]
100uA 200uA
ImA ZmA
I0mA 20mA
100mA 200mA
1A ZA
10A 10A

f11 :DC or RMS AC.

{2} : Add 0.01% of range x compliance voltage x frequency (KHz) for compliance

Input for F.S.

SECTION Ii

SPECIFICATIONS

Accuracy (180 days at 20 to 30C)

fil DC D - SKHz[2]
2V 0.01% + 40nA 0.05% + 200nAf3]
2V 0.01% + 400nA 0.05% + 2uA

2V 0.01% + 4uA 0.05% + 20uA
2V 0.01% + 40uA 0.05% + 200uA
2V 0.01% + 400uA 0.05% + 2mA

v 0.01% + 4mA 0.05% + 20mA

voltages greater than 2V RMS.
{31 : Add 0.5% of cutput above 1K Hz.

2.2 2500EN Accuracy

Range Full Scale
Output{l}
100u A 200uA
imA 2mA
I0mA 20mA
FHOOmA 200mA
1A ZA
10A 10A

{i}] :DC or RMS AC.

2.3 Generai Specifications

Input Impedance
Output Capacitance
Compliance Voltage
Short Term max. Output
Max. Input Voltage
QOutput Protection
Common Mode Voltage

CMRR (InputQOutput)
Temperature Range

Humidity

Temperature Coefficient
Dimensions

Weight

Input for F.5.

Accuracy (180 days at 20 to 300)

1} b DC - 500Hz
20V 0.01% + 40nA 0.05% + 200nA
20V 0.01% + 400nA 0.05% + 2uA
20V 0.01% + 4uA 0.05% + 20uA
20V 0.01% + 40uA 0.05% + 200uA
20V 0.01% + 400ua 0.05% + 2mA
10V 001% + 4mA 0.05% + 20mA

: 100K ohms (}0Mohms for 2500EN)
: 500pF
: 10V peak reducing linearly to 7V peak at 10A RMS
1 12A RMS for 2 minutes maximum (25% max. duty cycle)
1 3V peak (30V peak for 2500EN) without damage
: Fuse protected at 15A RMS

: Input:QOutput
: Either to Ground
: 60dB RTI at DC linearly decreasing to 40dB at 5KHz
: Operating
: Storage
: 70% RH max. at 45C, non-condensing
: 0.1 x accuracy specification per degree C
15" (381mm) L x 17" (432mm) W x 5.25" (133mm) H
: 30Lbs {14Kg) net, 40Lbs (18K g) shipping

: 10V peak max.
: 100V peak max.

: 0 to 50C
1 =40 to 70C
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SECTION III
OPTIONS AND ACCESSORIES

3.1 General

The following options are available for the 25060EP/N PROGRAMMARBLE AC-DC CURRENT
CALIBRATOR.

3.2 Option "R2"

This option allows the 2500EP/N to be mounted in a standard 19" equipment rack
enclosure.

1.3 Option "BBL"

This option is a 48" long shielded cable terminated at both ends with high performance
3/4" spaced banana plugs.

3.4 Option "SP-2"
This option provides a selection of the most likely parts to fail during the first two
vears of operation,
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SECTION IV
FRONT PANEL CONTROLS AND CONNECTGRS

4.1 Generazl ‘
This section outlines the use of each of the front panel controls and connectors, the

user is advised to read Section VI to obtain fuil descriptions of the method to operate
the 2500EP/N.

4.2 "INPUT VOLTAGE" Section
The polarity and amplitude of the output current of the 2500EP/N is directly proportional
to that of the applied input signal at these terminals,

4.3 "POWER" Section

This switch controls the power to the 2500EP/N. When in the "ON" position (depressed,
with yvellow dot showing) and with AC power supplied, the 2500EP/N will be operational.
When in the "OFF" (not depressed) position the 2500EP/N will be unpowered.

4.4 "LERO" Section

This allows access (o the input zero adjustment. The user should unote that the
25G0EP/N should have been powered for at least one hour prior to making any
adjustments. The zero may be adjusted on any range, but the use of the ImA range
with a 1Kohm load is recommended. The user should alsoc note that the 2500EP/N should
be in OPERATE when making this adjustment.

4.5 "RANGE" Section
This switch selects a range (overriding any externally selected range) or selects for

remote control of the ramge. The present current range is always indicated by the
illuminated LED.

4.6 "OUTPUT CURRENT" Section

This section contains the output current terminals for the 2500EP/N. The user should
also note the 15A fuse mounted to the immediate left of this section.

4.7 "STATUS" Section

This section contains the STANDBY/OPERATE switch and the OVERLOAD LED.
Whenever the switch is in the depressed (yellow dot showing) position the 2500EP/N is in
the STANDBY condition, the input terminals are open circuited and replaced by an
internal short circuit. Also a 10Kohm load is placed across the output terminals. When
this switch is in the out {no dot showing) position the 2500EP/N is in the OPERATE
condition and operates normally. The OVERLOAD indicator illuminates when the output
compliance voltage exceeds the capabilities of the 2500EP/N,
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SECTION V
REAR PANEL CONTROLS AND CONNECTORS

5.1 General
The functions of the rear panels controls and connectors are described in the following
paragraphs.

5.2 "REMOTE CURRENT RANGE PROGRAMMING” Connector

This connector contains the connections to the intermal range selection relays, allowing
the user 1o remotely control the 2500EP/N range if desired. The use of this connector
is des¢ribed in Section VII of this manual

5.3 Power Connectlor
This is the AC power connector.

5.4 Fuseholder
This is the AC power fuse, the user should ensure that the rating of the fuse is correct
for the AC voltage supply being used.

8.5 AC Power Voltage Selection Switch

This slide switch selects either 1i5V or 230V nominal AC power voltage. Note that the
rating of the power fuse should be changed if this switch is changed. The voltage
setting of this switch can be checked by noting whether "115" or "230" is visible on the
switch.

5.6 Bear Panel Terminals
These terminals are internally wired in parallel with the front panel terminals and may
be used in exactly the same manner as those.
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SECTION VI
MANUAL OPERATION

6.1 General

The following paragraphs describe the manual operation of the 2500EP/N and shouid be
used {along with Section IV) when using the unit. The user is advised to fully read both
this section and Section IV before attempting to operate the 2500EP/N manually.

6.2 Applying AC Power

Before applving AC power to the 2500EP/N the user is advised to ensure that the front
pancl POWER switch is in the OFF position {(no dot showing), that the front panel
STATUS switch 15 1n the STANDBY position {vellow dot showing) and that no equipment
is connected to the input or output terminals of the 2500EP/N.

After applving AC power and placing the POWER switch in the ON (yellow dot showing)
position, the user should note that the internal fan will commence operation, and that
the LED pointed at by the RANGE switch pointer should be illuminated. Should either of
the above Tail to occur then the AC power should be removed and the 23500EP/N placed
aside for maintenance.

6.3 Connections

The polarity and level of the output current is directly proportional to that of the input
voltage applied. A zero input voltage will cause the 2300EP/N to produce zero ouiput
current.  As the input is increased positively, the output current will increase positively
(if the STATUS switch is in the OFERATE position). With the ImA range selected and
input voltage of +1V DC (+10V DC for the 2300EN) will vield an output current of ImA
DC. An input voltage of 1V AC {10V AC for the 2500EN)} will vield and output current
of 1lmA AC with the same freguency and phase as the input signal applied. The user
should note that the size of the wires connected to the output terminals must be
carefully chosen to ensure that the voltage drop across them while carrying the current
will not yield problems with excessive compliance voltage, also the use of a twisted pair
is recommended for currents above ImA and frequencies above 100Hz to reduce the
inductance of these wires as much as possible, also to reduce the compliance voltage
requirement from the 2500EP/N. At very low currents individual leads must be used for
the output connections because otherwise the load will be "shunted” by the parallel
capacitance between these wires. The following wire gauges are recommended

Current Wire Gauge

10A 16AWG or heavier
1A 18AWG or heavier
<i00mA 20AWG or heavier

Whenever a load is to be connected (or disconnected) the user should ALWAYS place the
2500EP/N STATUS switch in the STANDBY position prior to the removal or connection of
the load to the cutput terminals.
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6.4 Range Selection

The range of currents provided by the 2300EP/IN may be simply selected by rotating the
front pancl RANGE switch until the pointer points at the required current. The user
should note that the LED pointed at should always be illuminated. It is recommended
that the STATUS switch be placed in the STANDBY position prior to altering the
position of the range switch to prevent transients or misplacement of the range switch
from causing damage to the load.

6.5 Zero Adjusiment

A zero adjustment has been provided in the Z500EP/N and may be accessed by the user
through the hole in the front panel labelled "ZERO ADJUST" The user is advised to
ensure that the 2500EP/N has been operational for at least one hour prior to performing
an output zero adjusiment. The following procedure is recommended :

a)  Ensure that the STATUS switch is in the STANDBY position (yellow dot showing).
b) Remove all connections from both input and output terminals,

¢) Place a short circuit between the input terminals.

d)  Select the ImA range on the 2500EP/N.

e} Conncet a 1Kohm +/- 5% resistor across the output terminals and monitor the
voltage across this resistor with a DVM having at least 10uV resolution.

f)  Select OPERATE on the 2500EP/N STATUS switch (no dot showing).
8}  Adjust the zero control for an indication on the DVM of < +/- 100uV.

6.6 Gverload Indicator

The LED labelled "OVERLOAD" on the front panel! of the 2500EP/N will illuminate
whenever the 2500EP/N is unable to provide the requested output current due to
excessive output compliance voltage requirements. Whenever this LED is illuminated the
output current from the unit is in error and should not be relied upon for accuracy. If
the user finds that the load is not excessive for the current requested and the wires
connected the load to the output terminals of the 2500EP/N are not excessively resistive

(or inductive for AC current) then the user should check the fuse on the front panel of
the 2500EP/N.

6.7 AC Accuracy Considerations

When using the 2500EP/N the user must be aware of the effects of parallel capacitance
and series inductance on the overall accuracy.

6.7.1 Parallel Capacifance Effects

Any resistance or capacitance in parallel with the load will "steal” current from the load,
thus producing an apparent error in the output current of the 2500EP/N,

As an example, if the 100uA range of the 2500EP/N is to be used to drive a 10K ohm load
at 5KHz and the voltage across the load is to be monitored by a DVM having 100pF
input capacitance, the cabling being 5ft of RG58A/U. The total parallel capacitance
across the 10Kohm load is thus 50pF (the 2500EP/N) plus 100pF (the DVYM) plus 150pF
(the cabling). This 300pF will cause an error of 0.45% in the current flowing through
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the 10Kohm lecad. The actual equation for the effect of parallel capacitance is as
foilows:

Error (%) =100 x ((1/SQRT(1+(2 x pi x f x Ry x C)*)-1)

Where Ry, is the load resistance in Ohms
C is the parallel capacitance in Farads
pi i5 3.141592654
f is the frequency in Hertz

6.7.2 Series Inductance Effects

Any internal inductance within the load will cause the loads’ impedance to increase with
frequency and thus cause apparent srrors in the output current of the 2500EP/N.

As an exampls, if the 10A range of the 2300EP/N is o be used to drive a3 {.lochm
resistor which has 0.5ulM series inductance internal to it then the veltage across the
resistor will be L.23% higher than expected at 5KHz. As can be seen in this example
very low levels of inductance are required within the current shunt used to test the
Z500EP/N in order to correctly evaluate the high frequency performance. The use of
specially manufactured high frequency shunts is necessary for resistances below 5 ohms.
The actual equation for the error caused by this internal inductance is as follows:

Error (%) = 100 x {({SQRT (! +(2 x pi x f x Lg)?/RZ))-1)

Where Ry is the load resistance in Ohms
Lg is the series inductance in Henries
pi is 3.141592654
{ is the frequency in Hertz

The user should also note that there is "second order” effect of total load inductance
causing an increasing compliance voltage requirement upen the 2500EP/N at higher
frequencies. This causes the specification of the 2500EP/N to be modified by the output
compliance modifier shown within the specifications in Section II of this manual.
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SECTION VI

REMOTE GPERATION

7.1 General

Remote control of the 2500EP/IN ranges is achieved by placing the front panel RANGE
switch in the REMOTE position (REMOTE LED illuminated) and then selecting the
required range by means of signals applied to the rear "REMOTE CURRENT RANGE
PROGRAMMING" connegtor. When the front panel RANGE switch is not in the REMOTE
position these signals are ignored.

7.2 Coonector Signal Description

Pin Number Signal Name Description

I 10A +5V selects 10A range

2 1A +3V selects 1A range

3 100mA +5V selects 100mA range

4 10mA +5V selecis 10mA range

5 ImA +3V selects 1mA range

6 100uA +5V selects 100uA range

7 ov Common for range command pin signals
8,12 OVLD Contact closure when 2500EP/N in overioad
8,10,11,13,14 No connection

The range control signals (pins 1 to 6) require a drive current of nominally 10mA and
must be within +4V to +6V above pin 7 to select the required range. The circuitry
connected to these pins is fully isolated from the other circuitry within the 2500EP/N
and may be up to 100V peak from either ground or the output of the 2500EP/N.

The contaci closure between pins 9 and 12 is also completely isolated and is rated at
0.1A/100Y. The user shouid note that this contact closure is available whether the
2500EP/N is being remotely commanded or not.

The user should note that the selected range is indicated on the front panel by the
illumination of the LED corresponding te the selected range. Selection of no range for
extended periods of time is not recommended, selection of more than one range is
permitted but will vield unspecified output currents (it is recommended that a short
"overiap" period be implemented when changing ranges).
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SECTION VIII
CALIBRATION PROCEDURE

8.1 General

The following paragraphs describe the overall calibration procedure for the 2500EP/N. It
is assumed that the user is familiar with the normal operation of the unit and that
Section VI has been read.

8.2 Calibration Philosophy

The maintenance of the specifications of the 2500EP/N is achieved by the periodic

calibration of the unit. The 2500EP/N may be calibrated at any desired interval, 180

days being recommended. The following equipment will be required :

a) DC Voltage Standard having an output of 1V with an accuracy of < 0.003%.

b) DVM having at least 10uV resolution and < 0.003% accuracy at 1V DC.

c) Precision DC Current Shunt Resistors with < 0.003% accuracy of the following
values: 0.1 ohm, 1 ohm, 10 chms, 100 ohms, | Kohm, 10 Kohm. It is recommended
that the Q.1 ohm and 1 ohm resistors be of substantial proportions to ensure that
the accuracy is maintained at the current levels required (10A and 1A respectively).

d) A IKohm +/- 5% general purposc resistor.

8.3 Adjustment Required Following Maintenance

This adjustment is only required following compenent replacement, but may be performed
at any time if desired. The user should note that the 2500EP/N will require full re-
calibration following the use of this adjustment.

ak Select STANDBY on the front pane! STATUS switch,

b)  Select the 1A range on the front panel RANGE switch.

c) Short the output terminals together.

d) Connect a DVM having <ImV DC sensitivity at zero between the rear end of R7 and
the rear end of RS&.

e) Connect a DC voltage source between the input LO terminal of the 2500EP/N and
the output LO terminal of the 2500EP/N. Set the voltage source to 0V output.

) Alternating the output of the DC voltage source between OV and 10V, adjust RV3
for no change in the DVM reading (within 1mV),
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8.4 Periodic Calibration

Periodic calibration of the 2500EP/N is achieved by performing the following steps in the
order given. Before attempting to calibrate the 2500EP/N the user should ensure that
the unit has been operating for at least one hour continuously, The equipment used is
iisted in paragraph 8.2 above.

8.4.F Guiput Zero Calibration

a)  Select the ImA range on the front panel RANGE switch.

b}  Short the input terminals to the 2500EP/N,

¢)  Seiect OPERATE on the front panel STATUS switch.

d) Connect the output terminals to the 1Kohm +/- 5% resistor.

e) Connect the input of the DVM across the 1Kohm resistor.

f}  Adjust RVi {front panel ZERO OFFSET adjustment) for an indication of < +/- 100uV
on the DVM.

8.4.2 Range Calibration Adjustments

Fach range of the 2500EP/N is calibrated in the same manner. The precision current
shunt to use, and the adjustment resistor reference, for each range is given in the table
below the procedure,

a) Select STANDBY on the {front panel STATUS switch.

b) Connect the voltage source to the inpuf terminals of the 2500EP/N and select an
output of 1V DC (10V DC for a 2500EN).

¢} Connect the reqguired current shunt to the output terminals of the 2500EP/N,
dy Connect the DVM across the voltage sense terminals of the current shunt.
¢} Select OPERATE on the front panel STATUS switch.

£}  Adjust the required adjustment resistor to obtain a2 DVM indication within 0.9995

and 1.0005V.
Range Current Shunt Adjustment Resistor
10A 0.lohm RV4
A lohm RVS
100mA 10ohm RV6
10mA 1000hm RV7
imA IKohm RVS

100uA 10K ohm RVY
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SECTION IX
MAINTENANCE AND TROUBLESHOOTING

9.1 General
The following paragraphs provide the information required to perform the required
periodic maintenance and also basic guidelines for troubleshooting the Z500EP/N.

9.7 Periodic Maintenance
The 2500FEP/N requires liitle pericdic msaintenance, that which is required is discussed in
the following paragraphs.

§.2.1 Cleaning
it is recommended that the 2500EP/N be operated in a clean environment, however if the
environment is “dusty” then periodic cleaning of the unit will be required.

On the rear panel of 2500EP/N there are two f{ilters designed fo prevent dust from

entering the unit through the air intake or outlet. These filters will require periocdic
cleaning as follows;

a)  Ensure that AC power is removed from the 2500EP/N.

bj Remove each filter, by pulling cut the plastic central cover and removing the filter
element.

¢} Clean each filter by blowing with compressed air. If the filters have become
excessively dirty then replacement filter elements mav be ordered from Valhalla
Scientific Inc. under part number 5-13494.

d) Replacement is the reverse of the above, observing the correct orientation of the
central cover.

Loose dirt or dust, which is coliected on the exterior surface of the 2500EP/N may be
removed with a soft cloth or brush. Any remaining dirt may be removed with a soft
cloth dampencd in a miid soap and water solution. Do not use abrasive cleaners.

The front panel may be cicaned with a soft cloth and a "Windex" type cleaner. Do not
use petroieum based cleapers on the front panel,

If required, the interior of the 2500EP/N may be cleaned by blowing with dry compressed
air.

If the 2500EP/N has become "heavily" contaminated with dirt or by other contaminants(s)
then it is recommended that the unit be completely overhauled {contact your Ilocal
Valhalla Scientific Service Center for details).
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9.3 Troubleshooting

The following paragraphs give basic procedures for troubleshooting and component
replacement in the 2500EP/N.

2.3.1 Component Replacement
The 2500EP/N accuracy and reliability can only be maintained if the fellowing precautions
are taken when changing a component:

a} Only use the specified component or exact equivalent. Spare parts can be ordered
from your nearest Valhalia Scientific Service Center by the Valhalla part number
listed in the parts list in section XIV of this manual. Plesse provide the type and
serial number of the unit with vour order.

by  Only use 63/37 rosin core clectronic grade solder with a 30W (or lower) maximum
power soldering iron,

¢) Always use extreme care when removing or inserting components.

9.3.2 Finding the Faulty Component

It is not possible to anticipate all failure modes of the components in the 2500FEP/N,
therefore the servicing technician should be familiar with the contents of Section X of
this manual. Experience has shown that malfunctions are often the resplt of
misinterpretation of the specifications or operating procedures of the unit. Check to be
sure that the cables and other test equipment are in good order before attempting to
fault find the 2500EP/N. Various portions of the circuitry in the 2500EP/N have a very
large power capability, thus operating the unit for extended periods of time while faulty
may irrevocably damage the unit. Also note that a physically damaged component usually
means that another component has {ailed and damaged it, this is often the best method
of fault finding the 2500EP/N,

A KNOWLEDGE OF CIRCUIT OPERATION IS A PREREQUISITE FOR EFFICIENT FAULT
FINDING IN THE 2500EP/N.
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SECTION X
THEORY OF OPERATION

10.1 General
This section contains an explanation of the operation of the circuitry within the
2500EP/N. The schematics referenced are in the rear of this manual.

The functional description of paragraph 102 is intended to assist the user in gaining a
general understanding of the units’ operation and refers to Figure 10-1 at the rear of
this section.

Paragraph 10.3 contains detailed circuit descriptions which are intended to provide the
user with sufficient information on circuit operation to permit efficient troubleshooting.

10.2 Functisnal Description

10.2.% Input Amplifier

The input amplifier is a unity gain differential amplifier. This convert the differential
input at the 2500EP/N input terminals to a single ended voltage to drive the error
amplifier. Circuitry is also provided to protect the input amplifier from accidental
overloads.

10.2.2 Error Amplifier

The error amplifier is a very high gain, differential stage that compares the input signal
(from the input amplifier) with the signal from the range switching circuitry, producing
an error signal which drives the output amplifier. With an output load connected,
negative feedback drives the difference between the two error amplifier inputs to zero.

10.2.3 Gutput Amplifier

The output amplifier is a current booster stage capable of driving up to +/- 12 Amps into
the load.

10.2.4 Range Switching

The range switching circuitry selects one of the six precision current shunts for the load
current to pass through. The shunts are selected to produce 1V drop for each current
range {¢.g. 10Amp range uses a 0.1ohm shunt etc.).

10.2.5 Overali Operation
The operation of the unit is as follows:

A one volt signal applied between the input terminals of the unit will cause the mput
amplifier to produce an output voltage of !V referred to the internal OV of the unit.
This is supplied to the error amplifier, which will drive the output ampiifier to produce
current flow through the load until the feedback voltage from the range switching is aiso
1V, the error amplifier now controls the output amplifier to maintain the output current
at the required value,

10.2.6 Overload Indicator
The overload indicator circuitry detects when the error amplifier output is bevond the

linear range (ie. the output amplifier could not deliver the requested current through the
load).
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10.3 Detailed Circuit Descriptions

10.3.1 Fnput Amplifier

The input amplifier is formed by the amplifier IC3 with feedback clements formed by RS,
R6, R7, R8 and RV3. This forms a conventional unity gain differential amplifier stage
with zero offset capability provided by RV1 and CMRR adjustment provided by RV3.
Zener dicdes D1 and B2 proteci the input amplifier from excessive input voltages and D3
and D4 prevent the error amplifier from being overdriven.

19.3.2 Error Amplifier
The error amplifier is formed by amplifier IC4 with R9 and C9 providing frequency
compensation for this stage.

10.3.3 Range Switching

The required current shunt for the range is selected by means of relays RLA, RLB, RLC,
RLD, RLE and RLF. Each relay selects the required shunt R33, R35, R37, R39, R4] or
R43 respectively, note that ecach range also uses the shunts for every higher current
range. NMNote also that the relays switch both the current path and the voltage sense
path to the error amplifier.

16.3.4 Qutput Awmplifier

The output amplifier consists of five pairs of complementary emitter followers (TRS
through TRI4} driven by TE3 and TR4, these in turn are driven by veltage controlied
current sources formed by TRI and TRZ and associated circuitry. The output stage is
defined by the diodes D%, D0 and 31l along with the | ohm emitter resistors of the
outpui stage.

18.3.8 Qverload Defection

The output of the error amplifier (IC4) is also presented to a pair of limit comparators
formed by portions of IC5. These combine to illuminate the LED (DSI) whenever the
error amplifier out is above approx. +12V or below approx. -12V.

10.3.6 Power Supplies

The AC line voltage is stepped down by transformer T1, rectified by diodes D12, D13,
Did4 and D5 then filtered by capacitors CI8 and Ci9 to provide the basic +/- 20V rails
required by the output amplifier stage. These rails are regulated by IC1 and IC2 to
provide smoothed +/- 15V rails for the remaining circuitry.


https://www.manualsplus.com/

HI oend
THPUT
L% O3

INPUT AMPLIFIER

pi-b4, iC3,
#5-RE, R¥1

ERROR AMPLIFIER
€%, IC&, Y, av2

QUTPUT AMPLIFER

1, €13, ps-bit,
TRI-TRi4, R1G-R31

POHER SUPPLIES

1157230 vAC == C1-(B, £18, 19

p12-b15, 1¢i,
12, T

COMPLIANCE
INDICATOR
1¢5, ICh, R4S-RSS,
851-ps3

Lok
RL OUTPUT

HiGH

RAMGE SWITCHING

f

R32-R43, RV4-RVO |
SW1-5W6

2500-EP RELAY
BOARD

i
Y

PROGRAMMING
INPUTS/QUTRPUTS

Figure 10-1 2500-EP Block Diagram
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SECTION XI
USEFUL HINTS

11.1 Driving Inductive Loads

The 2500EP/N has been designed to have a very wide bandwidth and stil! remain stabic
when driving inductive toads, however the user must realize the following problems when
driving inductive loads :

a)  This type of load presents higher impedance of load the higher the frequency. This
means that there is no attenuation of any high frequency noise which may be
present. The user may wish to shunt the load with a suitable capacitor (usuaily
166pF i1s sufficient) to provide a conductive path for high frequency current noise,

b} Many loads have self-resonant frequencies within the bandwidth of the 2500EP/N
(typically IMHz) which may cause apparent oscillation problems. This may usually
be cured by shunting the load with a capacitor/resistor combination to lower the Q
of this sclf-resonance.

c) Almost ALL LOADS ARE INDUCTIVE TO SOME EXTENT, and the largest problem is
caused by the leads from the 2500EP/N to the load (always use twisted pairs if at
all possible).

11.2 Thermal Considerations

The 2500EP/N is a linear amplifier, providing a very quiet and stable source of current,
this entails the potential for a large amount of internal power dissipation (up to 600
Watts). The user is cautioned not to operate the 2500EP/N at full load for extended
periods of time without the cover being present (otherwise there will pnot be sufficient
atrflow within the 2500EP/N internal circuitry to efficiently cool the unit), and also to
ensure that there is freedom of airflow around the unit (particularly around the fan
intake and outlet. In an equipment rack the user MUST ENSURE THAT THE HOT AIR
FROM THE 2500EP/N IS ALLOWED TO ESCAPE FROM THE RACK, otherwise it will
become trapped and will be taken back into the air intake of the 2500EP/N, causing
overheating and thus reduced reliability.

The user should alsc note that the air from the outlet at the rear of the 2500EP/N is at
a tcmperature above the normal operating range of most instrumentation, thus it is
recommended that a "baffle" be incorporated between this air and the other equipment in
the rack to prevent this air from overheating other equipment,.
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Federal Supply Codes for Manufacturers (cont.)

§1065
Trigd Transformer Corp.
Venice, Calitornia

813tz

Winchester Electronics

Civ of Litton industries Inc.
CQakvitie, Connecticut

B1483
Intarnational Rectifier Corp.
L.os Angeles. California

B1741
Chicago Lock Co,
Chicago, Hiinois

BZ2389
Switcheratt inc.
Chicaqo, Hiinois

BZRTT
Rotron inc.
Woodstock, New York

B287S
7T Royal Electric Div.
Pawtucket, Rhode Islang

B3G03
Varo the
Gariand, Texas

83298
Bendix Corp.
Eatontown, New Jersey

83330
Herman H. Smith, Ing.
Brooklyn, New York

83584
Burroughs Corp.
Plainfieid, New Jersey

83740
Union Carbide Corp.
New York, New York

84171
Arco Electronics
Great Neck, Mew York

84411
TRW Electronic Components
Ogallala, Nebraska

B4ETR
Fuse indicator Corp.
Rockville, Marytang

84682
Essex international Inc.
Peabody, Massachusetts

86684
Radio Corp. of America
Harrison, New Jersey

88219
Gould inc.
Trenton, New Jersey

B8245

Litton Systems Inc.
Useco Div,

Van Muys, California

85419
Cornell-Dubifier Eiecironic Div.
Fugquay-Varian, North Carolina

83730
G.E Co.
Newark, New Jersey

g0o201
Matory Capacitor Co.
Incianapolis, Indiana

86365
Square D Co.
Chicago, Hinois

80303
Mallory Battery Co.
Tadryiown, New York

51054
Essex international inc.
Newmarket, Hew Hampshire

91293
Johanson Mig, Co.
Boonion MNew Jersey

91508
Augat Ing
Attleboro, Massachusetts

918637
Dale Electrenics Inc.
Columbus. Nebraska

Q1667
Eico Comp.
Willow Grove, Pennsylvania

71468

Gremar Mig. Co, ing,
17T Cannon/Gremar

Sania Ana, California

91802
Indlustrial Devices, Inc.
Edgewater, New Jersey

91833
Keystone Efectronics Corp.
New York, New Yark

91929
Honeywell inc.
Micro Switeh Div.
Fregeport, Binois

92194
Alpha Wire Corp.
Elizabeth, New Jersey

43332
Sylvania Electric Producis
Woburn, Massachusetts

94888
Wagner Electric Corp.
Tung-Soi Div.

Newark, New Jersey

$5146

Aico Electronic Products Ine.

Lawrence, Massachusetts

95275
Vitramon Inc.
Bridgeport. Connecticut

95303

RCA Corp.
Receiving Tube Div.
Cincinnati, Ohio

895348
Gordo's Corp.
Bloomfield, New Jersey

88712
Bendix Corp
Franklin, Indiana

97913

Industrial Electronic
Hardware Corp.
New York, New York

87945

Penwalt Corp.

58 White Industrial Products Div.
Piscataway, New Jersey

a8278

Maico A Microdot Co., Inc.
Connector & Cabie Div.
Fasadena, Califomia

98201
Sealectro Corp.
Mamaroneci, New York

98388

Rovyat industries
Products [iv.

San Diego. California

88978
{ERC
Burbank, Catifornia

89120
Piastic Capacitors, fnc.
Chicago, Hiinois

gaz217
Bel! industries Elect
Burbank Catifornia

$9392
STM
Cakland, California

88515
1TT Jennings Monrovia Plant
Morrovia, California

Q9779

Use 29587

Bunker-Ramo Corp.
Landsdowne, Pennsylvania

99942
Centreiab Semiconductor
El Monte, Calitornia
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Federa! Supply Codes for Manufsciurers {cont.)

18612
Vishay Intedechnoiogy inc
talvern Pennsylvanis

1HT22
#OA
Mountairton Pennsylvania
15627

GTE Sylvam
Titusgville, &

(o8
rynsyivania

21604

Bucheye Siarmping Co.
Colurabus, Ghio

Z1845
SeHtron Devicas inc
Hiveria Beach, Florida

22767
ITT Semiconductors
Falo alto, Celfornia

23848
Parotor Uiv
Budingbam, California

F4355
ANGIOG Juoiles ine
Norwood, Massachusetts

248886
General Hadio
Concord, Messachusetts

25088
Siemen Gorp.
isiten. New Jersey

2ER403
Amperax Electroric Cosp.
Slatersville, Rhode island

2684
Victoreen Instrument Co., inc
Gak Lawn, ilhnois

27014
National Semiconducior Comp.
Santa Clara, Cabfornia

27556
iME Electronic Products
Saria Fe Bprings. Celifornia

27264
bolex Products
Darweners Grove, Hinois

HBZ2A3
whinnesota Mining & Mig. Co.
St Paud, Minnesola

ZRABO
Hewiet Packard (o
Bale alto, Catornia

29083
dhonsanic Co., g
Sanis Clara, Calfornia

25604
Stackpole Components Co
Haleigh, ¥orth Carolina

30323
tilinois Tool Works, (nc.
Chicagn, {lingis

30983
Electra/Midiand
San Diego. California

B2H3u
kALire Corp
Grest Neck New York

fste Technologicat Products, inc,

Carhsle, Pennsylvenig

32987
Bousms ino
Hiverside, Cahiornia

B3¥7E
Generg! Electric Co
Orwensbaro, Kentucky

34333
Stmor General
Westrunister, Califorms

Adgvanced Micro Devices
sunnywsle, Calitornia

34862
clectromotive Inc.
Keniworth, New Jersey

37e42
P8 palory & Co, Inc
Ingianapotis. indiana

43543
Wytronics inc
Geneva, Mew York

44855
Chinite Mig, Co.
Skokie, inois

AZET 1
RCA Corp.
Mew York, New York

49954
Raytheon Company
Lexington, Massachusetts

&008E
sAostek Corp.
Carsratiton, Texas

53879
Litronix Inc
Cuperting, California

51605

Sciantific Components Inc
Lingen. Mew Jersey

BA02Y
Sangamo Eleciric Co.
Springtield, 1#nois

H3504
Valhailz Scientific, nc.
Sen Diego. Caltornia

54004
Cutler-Hammer Inc.
Selma Morth Caroling

L5086
Simpsan Flecinic Co
Elgin, Hlinois

LE2EG
Sprague Blectric Co

North Adars, Massachusetis

58474
Superiot Electric Co
Eristofl Connec

63743
Ward Lecnard Electric Qo ine
ount Vernon, New York

850672
Weston instruments Inc
Mewark New Jersey

TOLES
Amperite Company
Union City, Mew Jersey

70803
Belden Comp.
Gerneava, Hinois

71278
Cambridge Thermionic Corg
Cambridge. Massachuselts

Ti400
Bussmann kg
Hani Louis, Missouri

Ti450
CYS Corp
flkhart, Indiana

734685
1IT Cannon Electric Ine.
Santa Ana California

71482
Clare, C.F. & Go.
Chicago, Hlinsis

TI8G0
Centrelab Tiectronics
Mitwaukee, Wisconsin

TINT

Coto Coil Co, Inc.
Providence. Fhode (sland

1744

Chicago Minkalurs Lamp Works

Chicago, Hlingis

71785
TRW Electronics Components
Chicago, Hinnis

72005
Wither B Driver Go.
Mewark New Jersey

72258
Mytranics inc.
Pelham Manor, New Jersey

72658
Driatight Div.
Hrookiyn Mew York

72982
Erie Teoh Producis Ine,
frie, Pennsylvania

THI3E

Bechman insirament inc
Helipot Division
Fulferton, Calilormia

Tan4ah
Armperex lectronic Corp.
Ficksyille, New York

TETE4
Feders! Screw Products, Inc.
Lricage, Hinois

73808
JFD Electronics Co
frooklyn Mew York

73540
Guardizn Elecinc dMig Co.
Chicago, iflincis

14278
General Instrument Corp.
MNeptune, New Jorsey

7408
Prezo Crystal (o
Cariisie. Pennsyivania

T&ET)
Johnson £8 Lo
Waseca, Minsesota

TE042

TRW Electicnics Cormponents
1R Flred Resistors
Philadeiphia, Pennsvivania

T537E
CTS Krights inc
Sandwich, Hlinoig

75382
Kutka Electric Cotp.
Mount Vernon, Mew York

TE9TE
Litttefuse inc.
Des Piaines, illinois

TH055
Maitory Controls
Frankfort, Indiana

THADE
SV Mller Gompany
Los Angeles, California

TEBREA
{ak Industries inc.
Crystal Lake, liiinois

T7a42
FPotter & Brumileld v
Prngeton, indians

77638

Gener#! Instrument Corp.
Fectifier Civigion
Brookiyn, Wew York

TE4RE

" Btackpoie Carbon Co.

Saint Marys, Fenasyivania

FREE]
Eaten Corp,
Clevetandg, Ohio

003

Eleciro-Midland Corp.
Mepeo Dy,

Marnsiown, New Jersey

5628
Sprague Produtis
Worth Adams, Massachusetts

BOTOA
Bouwrns inc. instrument Dy,
Piverside, California

81073
Girayhill, tnc.
t.g Grangs, illinois

——
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