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Warranty Information

CERTIFICATION

Agilent Technologies certifies that this product met its published specifications at time of shipment from the factory. Agilent
Technologies further certifies that its calibration measurements are traceable to the United States National Bureau of
Standards, to the extent allowed by the Bureau's calibration facility, and to the calibration facilities of other International
Standards Organization members.

WARRANTY

This Agilent Technologies hardware product is warranted against defects in material and workmanship for a period of three
years from date of delivery. Agilent Technologies software and firmware products, which are designated by Agilent
Technologies for use with a hardware product and when properly installed on that hardware product, are warranted not to fail
to execute their programming instructions due to defects in material and workmanship for a period of 90 days from date of
delivery. During the warranty period Agilent Technologies will, at its option, either repair or replace products which prove to
be defective. Agilent Technologies does not warrant that the operation for the software firmware, or hardware shall be
uninterrupted or error free.

For warranty service, with the exception of warranty options, this product must be returned to a service facility designated by
Agilent Technologies. Customer shall prepay shipping charges by (and shall pay all duty and taxes) for products returned to
Agilent Technologies for warranty service. Except for products returned to Customer from another country, Agilent
Technologies shall pay for return of products to Customer.

Warranty services outside the country of initial purchase are included in Agilent Technologies product price, only if Customer
pays Agilent Technologies international prices (defined as destination local currency price, or U.S. or Geneva Export price).

If Agilent Technologies is unable, within a reasonable time to repair or replace any product to condition as warranted, the
Customer shall be entitled to a refund of the purchase price upon return of the product to Agilent Technologies.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by the Customer,
Customer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental
specifications for the product, or improper site preparation and maintenance. NO OTHER WARRANTY IS EXPRESSED OR
IMPLIED. AGILENT TECHNOLOGIES SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE THE CUSTOMER'S SOLE AND EXCLUSIVE REMEDIES. AGILENT
TECHNOLOGIES SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE

The above statements apply only to the standard product warranty. Warranty options, extended support contacts, product
maintenance agreements and customer assistance agreements are also available. Contact your nearest Agilent
Technologies Sales and Service office for further information on Agilent Technologies' full line of Support Programs.
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Safety Summary

The following general safety precautions must be observed during all phases of operation of this instrument. Failure to
comply with these precautions or with specific warnings elsewhere in this manual violates safety standards of design,
manufacture, and intended use of the instrument. Agilent Technologies assumes no liability for the customer's failure to
comply with these requirements.

GENERAL

This product is a Safety Class 1 instrument (provided with a protective earth terminal). The protective features of this
product may be impaired if it is used in a manner not specified in the operation instructions.

Any LEDs used in this product are Class 1 LEDs as per IEC 825-1.
ENVIRONMENTAL CONDITIONS

This instrument is intended for indoor use in an installation category II, pollution degree 2 environment. It is designed to
operate at a maximum relative humidity of 95% and at altitudes of up to 2000 meters. Refer to the specifications tables for
the ac mains voltage requirements and ambient operating temperature range.

BEFORE APPLYING POWER
Verify that all safety precautions are taken. Note the instrument's external markings described under "Safety Symbols".
GROUND THE INSTRUMENT

This product is a Safety Class 1 instrument (provided with a protective earth terminal). To minimize shock hazard, the
instrument chassis and cover must be connected to an electrical ground. The instrument must be connected to the ac power
mains through a grounded power cable, with the ground wire firmly connected to an electrical ground (safety ground) at
the power outlet. Any interruption of the protective (grounding) conductor or disconnection of the protective earth
terminal will cause a potential shock hazard that could result in personal injury.

ATTENTION: Un circuit deterre continu est essentiel en vue du fonctionnement sécuritaire del'appareil. Ne
jamais mettre|'appareil en marchelorsquele conducteur demise ... laterreest d,branch,.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE
Do not operate the instrument in the presence of flammable gases or fumes.
KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instrument covers except as instructed in this Guide for installing or removing
electronic load modules. Component replacement and internal adjustments must be made only by qualified service
personnel. Do not replace components with power cable connected. Under certain conditions dangerous voltages may exist
even with the power cable removed. To avoid injuries always disconnect power, discharge circuits, and remove external
voltage sources before touching components.

DO NOT SERVICE OR ADJUST ALONE
Do not attempt internal service or adjustment unless another person capable of rendering first aid resuscitation is present.
DO NOT EXCEED INPUT RATINGS

This instrument may be equipped with a line filter to reduce electromagnetic interference and must be connected to a
properly grounded receptacle to minimize shock hazard. Operation at line voltages or frequencies in excess of those stated
on the data plate may cause leakages in excess of 5.0mA peak.

Instruments that appear damaged or defective should be made inoperative and secured against unintended operation until
they can be repaired by qualified service personnel.
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SAFETY SYMBOLS

S0 co-rz-+=® 9 2

WARNING

Caution

Direct current

Alternating current
Both direct and alternating current

Three-phase alternating current

Earth (ground) terminal

Protective earth (ground) terminal

Frame or chassis terminal

Terminal is at earth potential. Used for measurement and control circuits designed to
be operated with one terminal at earth potential.

Terminal for Neutral conductor on permanently installed equipment

Terminal for Line conductor on permanently installed equipment

On (supply)
Off (supply)

Standby (supply). Units with this symbol are not completely disconnected from ac
mains when this switch is off. To completely disconnect the unit from ac mains, either
disconnect the power cord or have a qualified electrician install an external switch.

In position of a bi-stable push control
Out position of a bi-stable push control

Caution, risk of electric shock

Caution, hot surface

Caution (refer to accompanying documents)

The WARNING sign denotes a hazard. It calls attention to a procedure, practice, or
the like, which, if not correctly performed or adhered to, could result in personal
injury. Do not proceed beyond a WARNING sign until the indicated conditions are
fully understood and met.

The CAUTION sign denotes a hazard. It calls attention to an operating procedure, or
the like, which, if not correctly performed or adhered to, could result in damage to or
destruction of part or all of the product. Do not proceed beyond a CAUTION sign
until the indicated conditions are fully understood and met.
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DECLARATION OF CONFORMITY
According to ISO/IEC Guide 22 and CEN/CENELEC EN 45014

M anufacturer’s Name Agilent Technologies, Inc.

Manufacturer’s Address 140 Green Pond Road
Rockaway, New Jersey 07866
U.SA.

declares that the Products

Product Names @) dc Electronic Load Mainframes
b) dc Electronic Load Modules for Mainframe

Model Numbers @) N3300A, N3301A
b) N3302A, N3303A, N3304A, N3305A and N3306A

Product Options  Thisdeclaration covers all options and customized products based on the above
as stated in TCF Certificate of Conformance CC/TCF/00/084

EMC infor mation:
Conforms with the protection requirements of European Council EMC Directive 89/336/EEC on the
approximation of the laws of the member states relating to electromagnetic compatibility:

Asdetailedin:  Electromagnetic Compatibility (EMC), Certificate of Conformance Number
CC/TCF/00/084
based on Technical Construction File (TCF) ANJ10, dated Sept. 26, 2000

Assessed by: Celestica Ltd, Appointed Competent Body
Westfields House, West Avenue
Kidsgrove, Stoke-on-Trent
Straffordshire, ST7 1TL
United Kingdom

Safety infor mation:
The product herewith complies with the requirements of the Low V oltage Directive 73/23/EEC
and carries the CE-marking accordingly.

Supplementary Infor mation:

The product conforms to the following safety standards:
IEC 1010-1:1990+A1+A2/ EN 61010-1:1993 +A2

UL 3111-1:1994
September 28, 2000

CSA C22.2 No. 1010.1:1993
Date Bruce Krueger / Quality Manager at PPPGU

European contact for regulatory topics only Your local Agilent Technologies Sales and Service Office or
Agilent Technologies GmbH, HQ-TRE, Herrenberger StraRe 130,
D-71034 Boblingen (FAX: +49-7031-14-3143)
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Acoustic Noise Information

Herstellerbescheinigung

Diese Information steht im Zusammenhang mit den Anforderungen der Maschinenla
minformationsverordnung vom 18 Januar 1991.

* Schalldruckpegel Lp <70 dB(A)

* Am Arbeitsplatz

* Normaler Betrieb

* Nach EN 27779 (TypprUfung).

Manufacturer's Declaration

This statement is provided to comply with the requirements of the German Sound Emission Directive,
from 18 January 1991.

* Sound Pressure Lp <70 dB(A)

* At Operator Position

* Normal Operation

* According to EN 27779 (Type Test).

Printing History

The edition and current revision of this manual are indicated below. Reprints of this manual containing minor
corrections and updates may have the same printing date. Revised editions are identified by a new printing date.
A revised edition incorporates all new or corrected material since the previous printing date.

Changes to the manual occurring between revisions are covered by change sheets shipped with the manual. In
some cases, the manual change applies only to specific instruments. Instructions provided on the change sheet
will indicate if a particular change applies only to certain instruments.

This document contains proprietary information protected by copyright. All rights are reserved. No part of this
document may be photocopied, reproduced, or translated into another language without the prior consent of
Agilent Technologies. The information contained in this document is subject to change without notice.

U Copyright 2000 Agilent Technologies, Inc. Edition 1 August, 2000
Update 1 November 2000
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Front Panel Menus - continued

Voltage VOLT Sets the input voltage

v V:MODE Sets the voltage mode (FIXED, LIST)
v V:RANG Sets the input voltage range
v V:SLEW Sets voltage slew rate
v V:SLW:N Sets voltage slew rate for negative transitions
v V:SLW:P Sets voltage slew rate for positive transitions
v V:TLEV Sets the transient input voltage
v V:TRIG Sets the triggered input voltage

ran TRAN Enables/disables the transient generator (OFF/ON)
[+ ]| TDCYC Sets the transient duty cycle in continuous mode
v T:FREQ Sets the transient frequency in continuous mode
v T:MODE Sets the transient mode (CONT, PULSE, TOGGLE)
v T.TWID Sets the transient pulse width in pulse mode

rigger INIT:IMMED Initiates the trigger system
v ABORT Aborts the initiated trigger

[lList__ | LST:STEP Sets the method of incrementing steps (ONCE, AUTO)

v LST:CNT Specifies the number of times the list is cycled
v DWEL:0 EOL Specifies the time period of each step
v CURR:0 EOL Specifies the current setting for each step
v C:RANG:0 EOL Specifies the current range for each step
v C:SLEW:0 EOL Sets the current slew rate for each step
v C:SLW:N:0 EOL Sets the negative current slew rate for each step
v C:SLW:P:0 EOL Sets the positive current slew rate for each step
v C:TLEV:0 EOL Sets the transient input current for each step
v FUNC:0 EOL Sets the list regulation mode (CURR, RES, VOLT)
v RES:0 EOL Specifies the resistance setting for each step
v R:RANG:0 EOL Specifies the resistance range for each step
v R:SLEW:0 EOL Sets the resistance slew rate for each step
v R:SLW:N:0 EOL Sets the negative resistance slew rate for each step
v R:SLW:P:0 EOL Sets the positive resistance slew rate for each step
v R:TLEV:0 EOL Sets the transient input resistance for each step
v TRAN:0 EOL Enables/disables the transient level for each step
v T:DCYC:0 EOL Sets the transient duty cycle for each step
v T:FREQ:0 EOL Sets the transient frequency for each step
v T:MODE:0 EOL Sets the mode of the transient generator (CONT, PULSE)
v T:TWID:0 EOL Sets the transient pulse width for each step
v VOLT:0 EOL Specifies the voltage setting for each step
v V:RANG:0 EOL Specifies the voltage range for each step
v V:SLEW:0 EOL Sets the voltage slew rate for each step
v V:SLW:N:0 EOL Sets the negative voltage slew rate for each step
v V:SLW:P:0 EOL Sets the positive voltage slew rate for each step
v V:TLEV:0 EOL Sets the transient input voltage for each step
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SCPI Commands - continued

[SOURCce:]LIST (continued)
‘VOLTage
[:LEVel] <n> {,<n>}
:POINts?
:RANGe <n> {,<n>}
:POINts?
SLEW
[:BOTH] <n>{,<n>}
:POINts?
:NEGative <n> {,<n>}
: POSitive <n> {,<n>}
‘TLEVel <n> {,<n>}
:POINts?
RESistance
[:LEVel] <n>
‘TRIG <n>
:MODE <mode>
‘RANGe <n>
SLEW
[:BOTH] <n>
:NEGative <n>
:POSitive <n>
‘TLEVel <n>
TRANsient
[:STATe] <bool>
:DCYCle <n>
:FREQuency <n>
:MODE <mode>
:TWIDth <n>
VOLTage
[:LEVel] <n>
‘TRIG <n>
:MODE <mode>
‘RANGe <n>
SLEW
[:BOTH] <n>
:NEGative <n>
: POSitive <n>
:TLEVel <n>

STATus

SYSTem

TRIGger

:CHANnel
[:EVEN{]?
:CONDition?
:ENABIle <n>
:CSUMmary
[.EVEN{]?
:ENABIe <n>
:OPERation
[:EVEN{]?
:CONDition?
:ENABIle <n>
:NTRansition <n>
:PTRansition <n>
:QUEStionable
[.EVEN{]?
:CONDition?
:ENABIe <n>

:ERRor?
:\VERSion?
:LOCal
:REMote
:RWLock

[:IMMediate]

:DELay

:SOURce <source>

TIMer

:SEQuence2 | ACQuire
:COUNt

18
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(VOLT:RANG command). When you program a voltage value, the electronic load automatically selects the
range that corresponds to the value that you program. If the value falls in a region where ranges overlap, the
electronic load selects the Low range. If the present input setting is outside the Low range, the electronic load
will automatically adjust the input setting to the highest value available in the Low range. If you subsequently
program an input value that is outside the Low range, an OUT OF RANGE message will appear on the front
panel display.

Ve

INPUT
VOLTAGE

v

LOAD CURRENT

Figure 2-3. Constant Voltage Mode
Immediate Voltage Level

The voltage level can be set at the front panel or via the GPIB (VOLT command). If the CV mode is active, the
new setting immediately changes the input at a rate determined by the voltage slew setting. If the module is not
in the CV mode, the new setting is saved for use when the mode is changed to CV.

Triggered Voltage Level

The voltage level can be preset (stored in the electronic load) allowing the input to be updated when a trigger is
received instead of immediately as described above.

If the CV mode is the active mode, the preset current level will become the actual value and the input will be
updated when a trigger occurs. If the CV mode is not the active mode, the preset current level will become the
actual value when a trigger occurs, but there will be no effect on the input until the CV mode becomes active.
Once a level is triggered, subsequent triggers will have no effect on the input unless another VOLT: TRIG
command is sent.

Transient Voltage Level

The transient voltage level can be set at the front panel or via the GPIB (VOLT:TLEV command). The module
input will switch between the main level and the transient level when transient operation is turned on. The
transient voltage level determines the higher voltage level.

Slew Rate

The voltage slew rate determines the rate at which the input voltage to a module changes to a new programmed
value. Voltage slew rates are programmed in volts per second. Slew rates can be set at the front panel or via the
GPIB (VOLT:SLEW command). The programmed slew rate remains in effect for the immediate, triggered, and
transient level changes previously described.

Any slew rate can be programmed provided that it falls between the fastest and the slowest slew rates shown in

Figure 2-8B. If a value is programmed that is outside these limits, the module will automatically adjust the
programmed value to either the fastest or the slowest slew rates shown in the figure.
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If the ac line is selected via the GPIB as the trigger source, triggers will be generated once for each cycle of ac
input power. An ac line frequency of 60 Hz produces a trigger period of 16.67 ms; 50 Hz line frequency
produces a trigger period of 20 ms.

The rear-panel TRIGGER connector also provides a trigger output signal. This signal is generated
synchronously with the trigger signal sent by the mainframe to the modules. The trigger output signal can be
used to trigger an external device such as an oscilloscope, DVM, or another electronic load mainframe.

The electronic load has a status reporting capability to keep track of trigger operations. Refer to 'Status
Reporting' in the Programming Guide.

Slew Rate and Minimum Transition Time

Slew rate is defined as the change in current, resistance, or voltage over time. A programmable slew rate allows
a controlled transition from one load setting to another to minimize induced voltage drops on inductive power
wiring, or to control induced transients on a test device (such as would occur during power supply transient
response testing).

In cases where the transition from one setting to another is large, the actual transition time can be calculated by
dividing the voltage or current transition by the slew rate. The actual transition time is defined as the time
required for the input to change from 10% to 90% or from 90% to 10% of the programmed excursion. In cases
where the transition from one setting to another is small, the small signal bandwidth of the load limits the
minimum transition time for all programmable slew rates. Because of this limitation, the actual transition time is
longer than the expected time based on the slew rate, as shown in Figure 2-7.

Voltage,
Current, or
Resistance

Change
r s

Slew Rate ———»,

100%

90%

10%

0%

Actual Time

Figure 2-7. Risetime Transition Limitation
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Therefore, both minimum transition time and slew rate must be considered when determining the actual
transition time. This is shown in Figure 2-8, which shows the minimum transition time for a given slew rate as a
horizontal line, and at about a 13.3% or greater load change, the slew rate increases from the minimum
transition time to the Maximum transition time at a 100% load change. The actual transition time will be either
the minimum transition time, or the total slew time (transition divided by slew rate), whichever is longer.

Use the following formula to calculate the minimum transition time (MinTT) for a given slew rate:

8
slew rate (in amps/second)

MinTT (in seconds) =

Use the following formula to calculate the maximum transition time (MaxTT) for a given slew rate:

60

MaxTT (in seconds) = slew rate (in amps/second)

NOTE: In voltage mode, all minimum transition times are based on a low-capacitance current source.
These transition times are affected by capacitive loading of the inputs. For example, a
capacitance of 2.2 microfarads increases the 85 microsecond minimum transition time (shown
in the table) to 110 microseconds.

Minimum i Maximum Minimum Maximum
Trans_:_tllon ,5)‘@' 60000ys Trans_ll_t_lon b 60000us
ime ime
X 7
‘00§ ‘9§
X X
< <<
ey 5
8000us 8000us
6000us 6000us
= e
& &
R \y
el al
) =)
ATime  800us ATime  800us
600us 600us
Cv@ O©
<3 P
\?J$ \Q‘§
agf”\ 120us
& I
80us 85us
60us
<
9
&
N
£ Q’ \-
P 16us
Lo g
12us
5% 13.3%  16.7%  50% 100% 5% 133%  16.7%  50% 100%
A Current (% of full scale) A Voltage (% of full scale)

Figure 2-8. Transition Time Slew Rate Examples
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Caution To protect the electronic load from possible damage, the input voltage must not exceed the
maximum input voltage rating specified in the module-specific pages supplied with each
module. Never apply the ac line voltage to a module's input binding posts.

Overvoltage

The overvoltage protection circuit is set at a predetermined voltage level, which cannot be changed. If the
overvoltage circuit has tripped, the module will attempt to limit the voltage level by drawing current from the dc
source. The module limits the value of current drawn such that the resulting power is within the power rating.
The overvoltage (OV) and voltage fault (VF) status register bits are set when the OV condition occurs, and will
remain set until they are reset as previously described.

An overvoltage condition does not cause the module's input to be turned off . However, a Fault signal (pin A6)
output at the module's rear-panel control connector will indicate when either an overvoltage condition or a
reverse voltage condition has occurred. The Fault signal is latched true (high TTL level) when the VF bit in the
status register goes true. The Fault output signal can be used to trip an external circuit breaker or control a relay
in order to disconnect the electronic load input from the source it is testing when an overvoltage or a reverse
voltage condition occurs.

Overcurrent

The electronic load includes both hardware and software overcurrent protection features.

Hardware. When operating in the CR or CV mode, it is possible for a module to attempt to sink more current
than it is rated for. Under this condition, the load current will be limited by a current limit circuit, which is set at
a value slightly above the current rating of the module. It protects both the electronic load and the device under
test from operating too far beyond specified limits. The hardware current limit circuit does not turn the module's
input off. The overcurrent (OC) bit in the status register is set when an OC condition occurs, and is reset when
the OC condition is removed.

Software. In addition to the hardware overcurrent protection circuit, the electronic load allows the user to
define a current protection limit in software which will shut down a module's input if the limit is exceeded. This
feature can only be programmed via the GPIB. It is turned on/off using the CURR:PROT:STATE ON|OFF
command. The software current limit level (in amps) is set using the CURR:PROT command. A
programmable delay (in seconds) before trip is also provided with the CURR:PROT:DEL command. If the
software overcurrent limit is exceeded and persists beyond the specified delay time, the module is turned off.
Also, for these conditions, the OC and PS (protection shutdown) status register bits are set and will remain set
until the OC condition is removed and the bits are reset as previously described.

Overpower

The power-limit boundary is set by software that monitors the input current and voltage. If the input power
exceeds the power limit, the load module sets the overpower status bit, which will reset if the overpower
condition ceases. If the overpower condition persists for 3 seconds, the load module's input circuit turns off, and
the OP and PS status bits are both latched on. The input circuit remains off, and the OP and PS status bits
remain set, until protection clear occurs. Of course, if the overpower condition is not corrected, the load will
turn off again.

Overtemperature

Each module has an overtemperature (OT) protection circuit, which will turn off the input if the internal
temperature exceeds safe limits. If the OT circuit activates, the OT and PS status register bits are set and will
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remain set until they are reset. If the OT condition still exists when the reset is executed, the module's input will
remain off. You must wait until the module cools down before you can reset the OT circuit. The fan(s) will
continue to operate to cool the unit as quickly as possible.

Reverse Voltage

Caution This feature protects the load module in case the input dc voltage lines are connected with the
wrong polarity. If a reverse voltage (LRV or RRV) condition is detected, turn off power to the
dc source and the electronic load and make the correct connections.

The electronic load conducts reverse current when the polarity of the dc source connection is incorrect. The
reverse voltage (LRV for local reverse voltage; RRV for remote reverse voltage) and voltage fault (VF) bits in
the status register are set when reverse voltage is applied. When the reverse voltage is removed the LRV and
RRYV bits are cleared. However, the VF bit remains set until it is reset. As previously described, the Fault
output signal at the control connector tracks the state of the VF bit. The Fault signal can be used to control an
external relay in order to disconnect the module from the dc source if an RV condition occurs. This feature also
detects reverse voltage at the Sense terminals.

Reading Remote Programming Errors

Remote programming errors can be read via the GPIB (SY ST:ERR? query) or at the front panel. The Err
annunciator indicates when remote programming errors have occurred. The errors are negative numbers
grouped into blocks of 100 as follows:

-Ixx Command errors
-2xx  Execution errors
-3xx  Device-specific errors

-4xx  Query errors

The SY ST:ERR? query reads back the errors in the order in which they occurred (the error queue can hold up
to 30 entries). Once the error is read back it is removed from the list. A value O indicates there is no error; and
0 will be returned when all errors in the list have been read. Pressing the Error key displays just the error
number. The SY ST:ERR? query returns the error number and a short description of the error to the computer.
Refer to Appendix B in the Programming Guide.

Local programming errors generated by front panel operations are not put into the error list, but are immediately
put on the electronic load's front panel display; e.g., 'OUT OF RANGE'.

Status Reporting

The electronic load incorporates a status reporting capability. Various status conditions within the electronic
load can be reported using this capability. The user determines which condition(s) will be reported. Chapter 5
of the Programming Guide describes each of the status registers in the electronic load. (These registers,
including the channel status registers, are all maintained in the mainframe.) Notice that the same information is
available in both the channel status and questionable status registers, but the channel registers are organized by
channel, and the questionable registers are organized by fault. Therefore, depending on which channels and/or
faults are most critical in your application, you can use one branch to localize selected faults quickly, and use
the other branch for broader fault reporting. By knowing that only a particular fault (questionable branch) or a
particular channel (channel branch) is enabled to initiate a service request, you can eliminate the need to read
one or more registers to locate a fault.
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Table 3-2. Stranded Copper Wire Ampere Capacity

Wire Size Ampacity Notes:
AWG Cross Section 1. Ratings for AWG-sized wires derived from MIL-W-
Areain mm? 5088B. Ratings for metric-sized wires derived from
22 5.0 IEC Publication 335-1.
20 8.33
0.75 10 2. Ampacity of aluminum wire is approximately84% of
18 154 that listed for copper wire.
1 13.5
16 19.4 3. When two or more wires are bundled together, ampacity
15 16 for each wire must be reduced to the following
14 312 percentages:
2.3 25 2 conductors 94%
12 40 3 conductors 89%
4 32 4 conductors 83%
10 S5 5 conductors 76%
6 40
8 75 4. Maximum temperatures:
10 63 Ambient = 50° C
6 100 Conductor = 105° C
4 135
Table 3-3. Maximum Wire Lengths to Limit Voltage Drops
Wire Size Resistivity Maximum Length in Meters (Feet) to Limit
Voltage Drop to 0.5 V or Less
Cross
Section
AWG Areain Q/kft Q/km 5A| 10A | 20A | 30A 40 A 50 A 60 A
mm2
22 16.15 (6) 3) (1.5) (1) (0.77) | (0.62) (0.52)
0.5 40.1 2.5 1.2 0.6 0.4 0.31 0.25 0.21
20 10.16 9.5) | 4.5 2) (1.5) | (1.23) | (0.98) (0.82)
0.75 26.7 3.7 1.9 0.9 0.6 0.47 0.37 0.31
18 6.388 (15.5) | (7.5) | (3.5 | (2.5 (2.0) (1.57) (1.30)
1 20.0 50 25 1.3 0.8 0.63 0.50 0.42
16 4.018 24.5) | (12) (6) 4 (3.1 (2.49) (2.07)
1.5 13.7 7.3 3.6 1.8 1.2 0.91 0.73 0.61
14 2.526 (39.5) | (19.5) | (9.5) | (6.5) (4.9) (3.46) (3.30)
2.5 8.21 12.2 6.1 3.0 2.0 1.52 1.22 1.01
12 1.589 (62.5) | (31) | (15.5) | (10.5) | (7.9) (6.29) (5.24)
4 5.09 19.6 9.8 4.9 33 2.46 1.96 1.64
10 0.9994 (100) | (50) (25) (17) | (12.5) | (10.00) (8.34)
6 3.39 29 14.7 7.4 4.9 3.69 2.95 2.96
8 0.6285 (159) | (79) | (395 | 27 | (19.9) | (15.91) | (13.25)
10 1.95 51 25 12.8 8.5 6.41 5.13 4.27
6 0.3953 (252) | (126) | (63) (40) | (31.6) | (25.30) | (21.07)
16 1.24 80 40 20 13.4 10.08 8.06 6.72
4 0.2486 (402) | (201) | (100) | (68) | (50.37) | (40.23) | (33.51)
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Figure 3-11. Remote Sensing
DC POWER SUPPLY (CV SOURCE)
OUTPUT
4 I
K
TE WRAPS ——_ 1 |
HP 6050A 4K
(CC_OR CR MODE)
Dr_l 191
- o

Figure 3-12. Parallel Operation
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@ Display 15-character fluorescent display for showing measurements and programmed values.

® A . Annunciators light to indicate operating modes and status conditions:
nnunciators ..
ol A list is in progress

cVv The electronic load channel is in constant-voltage mode.
CC The electronic load channel is in constant-current mode.
CR The electronic load channel is in constant-resistance mode.
Unr  The electronic load channel is in an unregulated state.
Dis  The electronic load channel measurement is disabled (off).
Tran The electronic load channel is in transient operation.
Prot  One of the electronic load's channel protection feature is activated.
Cal The electronic load is in calibration mode.
Shift  The Shift key is pressed to access an alternate key function.
Rmt  The selected interface (GPIB or RS-232) is in a remote state.
Addr The interface is addressed to talk or to listen.
Err There is a message in the SCPI error queue.
SQR  The interface is requesting service from the controller.

® System Keys The system keys let you:

Return to Local mode (front panel control).

Set the electronic load GPIB address.

Set the RS-232 interface communication baud rate and parity bit.
Display SCPI error codes and clear the error queue.

Save and recall up to 10 instrument operating configurations.

Function access command menus that let you:
Select CC, CR and CV modes.

Select channel.

Select Current, Resistance and Voltage levels.
Set Trigger and Transient levels.

Set up front panel measurements.

@ Function Keys

Entry keys let you:
@ Entry Keys Enter programming values.
Increment or decrement programming values.
A Enter and ¥ Enter select the front panel menu parameters.
@ . This turns the electronic load on or off.
Line
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10.
11.

On the Function keypad, press Input On/Off to turn input on.

To make minor changes to an existing value: On the Function keypad, press
Current. On the Entry keypad, press Alnput or v Input to scroll from 1.25 to
2.25. Then press Enter.

Set the constant resistance mode input

Action

On the Function keypad, press 4 Channel to scroll through the channels until
channel 1 appears on the display.

On the Function keypad, press Input On/Off to turn input off.
On the Function keypad, press Func. On the Entry keypad, press 4 Input or
v Input key until the resistance function is displayed, then press Enter.

On the Function keypad, press Res. On the Function keypad, press A key until
resistance is displayed.

On the Entry keypad press 50 Enter.

On the Function keypad, press Res. On the Function keypad, press A key until
resistance transient is displayed.

On the Entry keypad press 40 Enter.
On the Function keypad, press Input On/Off to turn input on.

To make minor changes to an existing value: On the Function keypad, press Res.
On the Entry keypad, press Alnput or ¥ Input to scroll from 50 to 60. Then press
Enter.

Set the constant voltage mode input

10.
11.

62

Action

On the Function keypad, press 4 Channel to scroll through the channels until
channel 1 appears on the display.

On the Function keypad, press Input On/Off to turn input off.
On the Function keypad, press Func. On the Entry keypad, press A Input or
v Input key until the voltage function is displayed, then press Enter.

On the Function keypad, press Voltage. On the Function keypad, press A key until
voltage is displayed.

On the Entry keypad press 6 Enter.

On the Function keypad, press Voltage. On the Function keypad, press A key until
voltage slew is displayed.

On the Entry keypad press 30000 Enter.

On the Function keypad, press Voltage. On the Function keypad, press 4 key until
voltage transient is displayed.

On the Entry keypad press 4 Enter.
On the Function keypad, press Input On/Off to turn input on.

To make minor changes to an existing value: On the Function keypad, press
Voltage. On the Entry keypad, press Alnput or ¥ Input to scroll from 6.000 to
7.000. Then press Enter.

Dis annunciator off
CURR 2.25

Display
1

Dis annunciator on

FUNC:RES

RES

RES 50
R:TLEV

R:TLEV 40
Dis annunciator off

RES 60

Display
1

Dis annunciator on

FUNC VOLT

VOLT

VOLT 6
V:SLW

V:SLW 30000
V:TLEV

V:TLEV 4
Dis annunciator off

VOLT 7.000
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Set transient operation for Pulse mode

In this example, assume that the CC mode is active, the slew rate is at the factory default setting (maximum
rate), and the applicable transient operation parameters have been set as follows: pulse mode, main current level
=5 A, transient current level = 10 A, pulse width = 1 millisecond.

In this example, the electronic load starts conduction at the main current level setting (5 amps). When the
transient mode is turned on and an external trigger signal is received, module input current will slew to and
remain at 10 A for the remainder of the 10 millisecond time period, then slew to and remain at 5 A until another
trigger is received. Any triggers that occur during the time the transient level is in effect will extend the pulse
by another 10 milliseconds. Figure 5-6 shows the waveform that would result in this pulsed transient example.

[

Sa — Lo WD __
’ 10ms

TRIG

Figure 5-6. Pulsed Transient Operation

Action Display
1. On the Function keypad, press Current. On the Entry keypad, press 5 Enter . CURR 5

2. On the Function keypad, press Current. On the Function keypad, press 4 key untii C:TLEV
transient current is displayed.

On the Entry keypad press 10 Enter. C:TLEV 10

4. On the Function keypad, press Tran. On the Function keypad, press 4 key until T:TWID
transient pulse width is displayed.

5. On the Entry keypad press 0.01 Enter. T:TWID 0.01

6.  On the Function keypad, press Tran. On the Function keypad, press A key until T:MODE
transient mode is displayed.

7.  To select the pulse mode, press the Alnput or v Input key until the Pulse mode T:MODE PULS
is displayed. Then press Enter.

8. On the Function keypad, press the Tran key and select ON to activate the transient TRAN ON
mode.

9. On the Function keypad, press Trigger Control, then press Enter. This initiates INIT:IMMED
the trigger system.

10  Press Shift and Trigger. This starts the pulse. Repeat this step for additional pulses.
Set transient operation for Toggled mode

In this example, assume that the CC mode is active, the slew rate is at the factory default setting (maximum
rate), and the applicable transient operation parameters have been set as follows: toggle mode, main current
level = 5 A, transient current level = 10 A.

The operation of toggled mode is similar to that described for continuous and pulse operation, except that each
time a trigger is received the input alternates between the main and transient current levels. Figure 5-7 shows the
waveform that would result for this toggled transient operation example
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Table A-2 lists the supplemental characteristics, which are not warranted but are descriptions of typical
performance determined either by design or type testing

Table A-2. Supplemental Characteristics

N3302A | N3303A | N3304A | N3305A | N3306A

Input Characteristics Voltage Voltage
Max
/ Input Power
0 » Current » Current
Max Max
Operating Characteristic Derated Current Detail
Programming Resolution
Constant Current Mode 0.05mA/0.5mA 0.02mA/0.2mA 0.1 mA/ImA 0.1mA/ImA 0.2 mA /2 mA
Constant Voltage Mode 0.ImV/IlmV 0.4 mV/4mV 0.lmV/1mV 0.25mV/2.5mV 0.lmV/1mV
Constant Resistance Mode 0.07/0.7/7/70mQ 0.82/8.2/82mQ 0.035/0.35/3.5/ 0.085/0.85/8.5/ 0.0175/0.175/
35mQ 85mQ 1.75/17.5mQ

Readback Resolution
Current 0.05mA/0.5mA 0.02mA/0.2mA 0.1 mA/1mA 0.ImA /1 mA 0.2 mA /2 mA
Voltage 0.ImV/ImV 0.4 mV/4mV 0.l mV/1mV 0.25mV/2.5mV 0.lmV/1mV
Programmable Slew Rate*
Current Low Range 50A/s - 2.5kA/s 16.7A/s - 833A/s 100A/s - SkA/s 100A/s - 5kA/s 200A/s - 10kA/s

SkA/s - 250kA/s 1670A/s -83.3kA/s 10kA/s - 500kA/s 10kA/s - 500kA/s 20kA/s - IMA/s
Current High Range 500A/s - 25kA/s 167A/s - 8330A/s 1kA/s - 50kA/s 1kA/s - 50kA/s 2kA/s - 100kA/s

50kA/s - 2.5MA/s 16.7kA/s -833kA/s 100kA/s - SMA/s 100kA/s - SMA/s 200kA/s - IOMA/s
Voltage Low Range 100V/s - 5kV/s 400V/s - 20kV/s 100V/s - 5kV/s 250V/s - 12.5kV/s 100V/s - 5kV/s

10kV/s - 50kV/s 40kV/s - 200k V/s 10kV/s - 50kV/s 25kV/s - 125k V/s 10kV/s - 50kV/s
Voltage High Range 1kV/s - 50kV/s 4kV/s - 200k V/s 1kV/s - 50k V/s 2.5kV/s - 125kV/s 1kV/s - 50kV/s

100kV/s - 500kV/s

400kV/s - 2MV/s 100kV/s - 500k V/s 250kV/s -1.25MV/s | 100kV/s - 500kV/s

Resistance Range 1

44Q/s - 1125Q/s
2250Q/s - 34kQ/s

540Q/s - 13.5kQ/s
27kQ/s - 408kQ/s

22Q/s - 560Q/s
1120Q/s - 17kQ/s

55Q/s - 1400Q/s
2800Q/s - 42.5kQ/s

11Q/s - 280Q/s
560Q/s - 8.5kQ/s

Resistance Range 2

440Q/s - 11.25kQ/s
22.5kQ/s - 340kQ/s

5.4kQ/s - 135kQ/s
270kQ/s-4.08MQ/s

220Q/s - 5600Q/s
11.2kQ/s-170kQ/s

550Q/s - 14kQ/s
28kQ/s - 425kQ/s

110Q/s - 2800Q/s
5600Q/s - 85kQ/s

Resistance Range 3

4.4kQ/s - 112.5kQ/s
225kQ/s - 3.4MQ/s

54kQ/s -1.35MQ/s
2.7MQ/s-40.8MQ/s

2.2kQ/s - 56kQ/s
112kQ/s-1.7M Q/s

5.5kQ/s - 140kQ/s
280kQ/s -4.25MQ/s

1.1kQ/s - 28kQ/s
56kQ/s - 850kQ/s

Resistance Range 4

44kQ/s - 1.125MQ/s
2.25MQ/s - 34MQ/s

540kQ/s-13.5MQ/s | 22kQ/s - 560kQ/s 55kQ/s - 1.4AMQ/s 11kQ/s - 280kQ/s

27MQ/s-408MQ/s

1.12MQ/s-17MQ/s

2.8MQ/s-42.5MQ/s

560kQ/s - 8.5MQ/s

Programmable Short 66mQ max 200mQ max 33mQ max 33mQ max 17mQ max
40mQ typical 100mQ typical 20mQ typical 25mQ typical 12mQ typical
Programmable Open >20kQ >80kQ >20kQ >20kQ >20kQ
Ripple and Noise 2mA rms ImA rms 4mA rms 4mA rms 6mA rms
(20Hz-10MHz) Current | 20mA p-p 10mA p-p 40mA p-p 40mA p-p 60mA p-p
Voltage | SmV rms 12mV rms 6mV rms 10mV rms 8mV rms

Analog Programming
Bandwidth:

10 kHz (-3db frequency)

Analog Programming Voltage:

Voltage: 0-10V

Current: 0-10V

Analog Monitor Ports

Voltage: 0-10V

Current: 0-10V

Remote Sensing: 5Vdc between sense and load input
M easurement Bandwidth RMS=10kHz
Digital Inputs Vil=0.9V max at lil=-1mA

Vih-3.15V min (pull-up resistor on input)

Digital Outputs

Vol=0.72V max at [ol=1mA
Voh=4.4V min at loh=-20uA

Net Weight:2

3.2kg (71b);

3 2kg (71b)

3.2kg (71b);

5 4kg (131b)

5 4kg (131b)

Shipping Weight: 3

4.5kg (101b)

4.5kg (101b)

4.5kg (101b)

7 3kg (161b)

7 3kg (161b)

YProgramable slew rates are within 35% of the values shown in this table. Slew rate values outside the indicated ranges are adjusted to fit

within the closest indicated range.

2N3300A: 11.8kg (26b); N3301A: 7.8kg (171b)
3N3300A: 15.9kg (351b); N3301A:9.8kg (221b)
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6.

7.

Set power source voltage and current values as listed in following table.

N3302A N3303A N3304A N3305A N3306A
Power Source Voltage Setting 24V 96V 12V 30V 12V
Power Source Current Setting 7A 3A 7A 15A 8A

Wait 15 seconds. Calculate and record resistance range 2 high resistance point

Resistance Range 3 Programming Accuracy

1.

7.

Press [ RES ], scroll untill display reads RES:RANG, for models N3302A, N3304A, N3305A and N3306A press

[1]1[0]]0]then [ Enter ]. For model N3302A press [ 5] [0] [ O] then [ Enter ].

Checking resistance range 3, low resistance point. Press [ RES ] [select resistance from following table | [ Enter ].

N3302A N3303A N3304A N3305A N3306A
36 Q 440 Q 18 Q 45Q 9Q
Set power source voltage and current values as listed in following table.
N3302A N3303A N3304A N3305A N3306A
Power Source Voltage Setting 40V 96V 20V 50V 20V
Power Source Current Setting 3.5A 1A 3A 3.5A 3.5A

Wait 7 seconds. Calculate and record resistance range 3 low resistance point.

Checking resistance range 3, high resistance point. Press [ RES ] [select resistance from following table ] [ Enter ].

N3302A N3303A N3304A N3305A N3306A
400 Q 4800 Q 200 Q 500 Q 100 Q
Set power source voltage and current values as listed in following table.
N3302A N3303A N3304A N3305A N3306A
Power Source Voltage Setting 40V 96V 20V 50V 20V
Power Source Current Setting 3.5A 1A 3A 3.5A 3.5A

Wait 7 seconds. Calculate and record resistance range 3 high resistance point.

Resistance Range 4 Programming Accuracy

1.

76

Press [ RES ], scroll till display reads RES:RANG, For models N3302A, N3304A, N3305A and N3306A press

[1][0][0][O0]then[ Enter ]. For model N3303A press [ S][0][0][0]then [ Enter ].

Checking resistance range 4 low resistance point. Press [ RES ] [select resistance from following table ] [ Enter ].

N3302A N3303A N3304A N3305A N3306A
360 Q 4400 Q 180 Q 450 Q 90 Q
Set power source voltage and current values as listed in following table.
N3302A N3303A N3304A N3305A N3306A
Power Source Voltage Setting 50V 96V 20V 50V 20V
Power Source Current Setting 3.5A 1A 3A 3.5A 3.5A

Wait 3 seconds. Calculate and record resistance range 3 low resistance point.

Checking resistance range 4, high resistance point. Press [ RES ] [select resistance from following table ] [ Enter ].

N3302A

N3303A

N3304A

N3305A

N3306A

2000 Q

12,000 ©

2000 Q

2500 Q

1000 ©
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N330xA Module (top view)

GND_AQS
N~—1

Agilent 3458 or Mon_Com
- IMON_INV
34401 DVM . IMON E oL
Ribbon
Cable
[ ]

INPUT TERMINALS
MUST BE OPEN

Figure B-1. IMON ZERO CALIBRATION

N330xA Module (rear view)

Location of IMON zero pins

L—" on single-slot modules
% IMON_INV

+

Agilent 3458 or MON_|| O +
34401 DVM Mon_Com 6 _

O SHUNT B

Ext_PROG
Iprog Power Source + — A7
p_Gn
&DWM ) A8 Agilent 3458 or [
34401 DVM

Power
Source

If 3 DVM's are not available - move DVM
between IMON, IPROG and current shunt as
required by program

Figure B-2. IMON/IPROG and CURRENT CALIBRATION
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N330xA Module

+
—O '
~ Power
Agilent 3458 or S Source
34401 DVM )
+S —
Be sure sense switch is in RMT position
Figure B-3. VOLTAGE CALIBRATION
N330xA Module
+
—0 :
’—Q SHUNT ~ Power
Agilent 3458 or S J Source
34401 DVM +S H Agilent 3458 or
34401 DVM

If 2 DVM's are not available - move DVM between
+/- sense and shunt as required by program

Be sure sense switch is in RMT position

Figure B-4. RESISTANCE CALIBRATION

+

wl O

A6 ~ ’_‘ _
O Current Power

A7 Probe Source

A8

Oscilloscope

Figure B-5. FREQUENCY / DUTY CYCLE TEST
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540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100

I NPUT "Enter value of high range current shunt in ohns", Rshunt

DI SP "You have entered "; Rshunt;" ohns"

INPUT "If correct enter 'Y or press CONT, if wong enter 'N or 'n'",Y$
I F UPCH(Y$)="Y" OR Y$="" THEN 590

I F UPC3(Y$)="N'" OR Y$="n" THEN 520

CLEAR SCREEN

I

OQUTPUT @.d; " CAL: | PR LEV P1"

PRI NT TABXY(20, 20),"Calibrating IMON & | PROG P1 - 30 SECOND WAI T"
VWAI'T 30

CLEAR SCREEN

I

I NPUT "Measure voltage across current shunt and enter in volts",|pl
|

| NPUT "Measure | non voltage and enter in volts", Vinonpl
|

| NPUT "Measure |prog voltage and enter in volts", Viprogpl
I

| p1=1 p1/ Rshunt

[

QUTPUT @d; " CAL: DATA "; 1 pl, Vi nonpl, Vi progpl
I

CUTPUT @d; "CAL: | PR LEV P2"

!

PRI NT TABXY(20, 20),"Calibrating | MON & | PROG P2 - 30 SECOND WAI T"
VWAIT 30

CLEAR SCREEN

I

I NPUT "Measure voltage across current shunt and enter in volts",|p2
|

| NPUT "Measure | non voltage and enter in volts", Vi nobnp2
I

| NPUT "Measure |prog voltage and enter in volts", Vi progp2
|

ip2=|p2/Rshunt

!

OQUTPUT @.d; " CAL: DATA "; | p2, Vi nonp2, Vi progp2
I

PRI NT "Set | PROG power source to 8.5 volts"

DI SP "Press CONT when ready"

PAUSE

CLEAR SCREEN

|

OUTPUT @.d; " CAL: | PR LEV P3"

PRI NT TABXY(20, 20),"Calibrating | MON & | PROG P3 - 30 SECOND WAI T"
WAI'T 30

CLEAR SCREEN

|

I NPUT "Measure voltage across current shunt and enter in volts",|p3
|

| NPUT "Measure |Inon voltage and enter in volts", Vinonp3
I

| NPUT "Measure | prog voltage and enter in volts", Vi progp3
|

ip3=|p3/Rshunt
|

CUTPUT @d; " CAL: DATA "; | p3, Vi nonp3, Vi progp3
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1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
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!
QUTPUT @d; " CAL: | PR LEV P4"
I

PRI NT TABXY( 20, 20), " Calibrating | MON & | PROG P4 - 30 SECOND WAI T"
WAI T 30

CLEAR SCREEN

|

I NPUT "Measure voltage across current shunt and enter in volts",|p4
|

| NPUT "Measure | non voltage and enter in volts", Vi nobnp4d
|

| NPUT "Measure | prog voltage and enter in volts", Vi progp4
I

| p4=I p4/ Rshunt

!

QUTPUT @.d; " CAL: DATA "; | p4, Vi nonp4, Vi pr ogp4
I

I xxxkkxs Calibrating Main Current DAC koK Kok ok ok ok

!

PRI NT TABXY(10, 10), "Di sconnect instrunents from|MN and | PROG term nal s"
DI SP "Press CONT when ready to calibrate main current ADC'

PAUSE

!

CLEAR SCREEN

QUTPUT @.d; " CAL: LEV P1"

PRI NT TABXY( 10, 20),"Calibrating high current range P1 - 30 SECOND WAI T"
VAI T 30

CLEAR SCREEN

I

I NPUT "Measure voltage across current shunt and enter in volts",|pl
|

i pl=I p1l/ Rshunt
I

QUTPUT @.d; " CAL: DATA "; |1 p10M1450 ! [0O001460 OUTPUT @d; " CAL: LEV P2"

[

PRI NT TABXY( 10, 10),"Cali brating high current range P2 - 30 SECOND WAI T"
WAI T 30

CLEAR SCREEN

I

I NPUT "Measure voltage across current shunt and enter in volts",|p2
|

i p2=1 p2/ Rshunt

[

QUTPUT @.d; " CAL: DATA "; | p2
|

CUTPUT @.d; "1 NP: STAT OFF"
OQUTPUT @.d; " CURR RANG M N'
QUTPUT @.d; " SENS: CURR: RANG M N'
I

CLEAR SCREEN

I

| NPUT "Enter value of |ow range current shunt in ohnms", Rshuntl

DI SP "You have entered "; Rshuntl ;" ohns"

I NPUT "If correct enter 'Y or press CONT, if wong enter 'N or 'n"",Y$
IF UPCH(Y$)="Y" OR Y$="" THEN 1690

IF UPC3(Y$)="N'" OR Y$="n" THEN 1620
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1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020

CLEAR SCREEN

!

QUTPUT @.d; "I NP: STAT ON'

QUTPUT @.d; " CAL: LEV P1"

!

PRI NT TABXY( 10, 10),"Calibrating | ow current
VAIT 30

CLEAR SCREEN

I

I NPUT "Measure voltage across current shunt
|

iplzlpl/Rshunt

!

QUTPUT @.d; " CAL: DATA "; I pl
[

QUTPUT @.d; " CAL: LEV P2"

I

PRI NT TABXY(10, 10),"calibrating | ow current
WAI T 30

CLEAR SCREEN

|

| NPUT "Measure voltage across current shunt
I

ip2=|p2/Rshunt

!

OUTPUT @.d; " CAL: DATA "; I p2
!

OQUTPUT @.d; " CAL: SAVE"

QUTPUT @.d; " CAL: STAT OFF"
I

PRI NT "I MON, |PROG and Current calibration adjustnents conplete"

PRI NT "Verify Current Adjustnents”
!

END

range P1 - 30 SECOND WAI T"

and enter

in volts",Ipl

30 SECOND WAl T"

range P2 -

and enter in volts",Ip2
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540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730

| NPUT "Measure voltage at +/- sense terminals and enter value in volts", Vpl

!

QUTPUT @.d; " CAL: DATA"; Vpl
!

QUTPUT @.d; " CAL: LEV P2"
VAIT 1

I

I NPUT "Measure voltage at +/- sense terminals and enter value in volts", Vp2

!
QUTPUT @.d; " CAL: DATA"; Vp2
I

QUTPUT @.d; " CAL: SAVE"

QUTPUT @.d; " CAL: STAT OFF"

!

CLEAR SCREEN

PRI NT "Vol tage calibration adjustnents conplete"
PRI NT "Verify Vol tage Adjustnents”

!

END
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550

560
570
580
590
600
610
620
630
640
650

660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920

930
940
950
960
970

980
990

1010
1020
1030
1040
1050
1060
1070

PRI NT TABXY(10, 12);"Set power source to voltage and current settings from
Tabl e B-2"

PRI NT TABXY(10, 13);"for resistance range 1 - Point P2"

DISP "Press Cont to continue resistance range 1 calibration"

PAUSE

QUTPUT @.d; " CAL: LEV P2"

CLEAR SCREEN

PRI NT TABXY(9, 15); " CALI BRATI NG RESI STANCE RANGE 1 - P2 - 30 SECOND WAI T”
VWAI'T 30

| NPUT "Measure voltage across current shunt - enter value in volts", Vp2
| p2=Vp2/ Rshunt 1

| NPUT "Measure voltage across +/- sense terminals and enter value in
volts", wvt2

Rp2=wt 2/ | p2

OUTPUT @.d; " CAL: DATA"; Rp2

QUTPUT @.d; "1 NP: STAT OFF"

I

i * ok ok ok kok ok ok kK CAL| BRATI NG RANGE 2 khkkkkkkhkhkhkhkkkhkkkkkk

I

CLEAR SCREEN

| NPUT "Enter value of current shunt for range 2 in CHMS', Rshunt 2

PRI NT TABXY(10, 10);"You have entered ";Rshunt2;" ohns"

INPUT "If correct enter 'Y or press CONT, if wong enter 'N or 'n'",Y$
IF UPCH(Y$)="Y" OR Y$="" THEN 780

I F UPCH(Y$)="N'" OR Y$="n" THEN 720

CLEAR SCREEN

I

PRI NT TABXY(10, 12);"Set power source to voltage and current settings front
PRI NT TABXY(10, 13);"Table B-1 for resistance range 2 - Point P1"

DI SP "Press CONT when ready to calibrate resistance range 2"

PAUSE

CLEAR SCREEN

PRI NT TABXY(9, 15); " CALI BRATI NG RESI STANCE RANGE 2 - P1 - 15 SECOND WAl T"
OQUTPUT @.d; "1 NP: STAT ON'

QUTPUT @.d; "RES: RANG 20" !< resistance range 2 variable fromtable B-1
QUTPUT @.d; " CAL: LEV P1"

VWAI T 15

| NPUT "Measure voltage across current shunt - enter value in volts", Vpl
| p1=Vp1l/ Rshunt 2

| NPUT "Measure voltage across +/- sense termnals and enter value in
volts",vt1l

Rpl=Vvt1/1pl

OUTPUT @.d; " CAL: DATA"; Rpl

I

CLEAR SCREEN

PRI NT TABXY(10, 12);"Set power source to voltage and current settings from
Tabl e B-2"

PRI NT TABXY(10, 13);"for resistance range 2 - Point P2"

DI SP "Press Cont to continue resistance range 2 calibration”

1000 PAUSE

QUTPUT @.d; " CAL: LEV P2"

CLEAR SCREEN

PRI NT TABXY(9, 15); " CALI BRATI NG RESI STANCE RANGE 2 - P2 - 15 SECOND WAl T"
WAI'T 15

| NPUT "Measure voltage across current shunt - enter value in volts", Vp2
| p2=Vp2/ Rshunt 2

| NPUT "Measure voltage across +/- sense terminals and enter value in
volts", vt 2
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1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340

1350
1360
1370
1380
1390

1400
1410
1420
1430
1440
1450
1460
1470
1480
1490

1500
1510
1520
1530
1540
1550
1560

1580
1590
1600
1610
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Rp2=Vt 2/ | p2

QUTPUT @.d; " CAL: DATA"; Rp2

QUTPUT @.d; "1 NP: STAT OFF"

I

i kkkkkokkokkokkk CAL| BRATI NG RANGE 3 khkkkkhkkhkhkhkhkkkhkkkkkk

I

CLEAR SCREEN

| NPUT "Enter value of current shunt for range 3 in COHMS", Rshunt 3

PRI NT TABXY( 10, 10); "You have entered "; Rshunt3;" ohns"

INPUT "If correct enter 'Y or press CONT, if wong enter 'N or 'n'",Y$
IF UPC3(Y$)="Y" OR Y$="" THEN 1200

IF UPC3(Y$)="N'" OR Y$="n" THEN 1140

CLEAR SCREEN

I

PRI NT TABXY(10, 12);"Set power source to voltage and current settings front
PRI NT TABXY(10, 13);"Table B-1 for resistance range 3 - Point P1"

DI SP "Press CONT when ready to calibrate resistance range 3"

PAUSE

CLEAR SCREEN

PRI NT TABXY(9, 15); " CALI BRATI NG RESI STANCE RANGE 3 - P1 - 7 SECOND WAI T"
QUTPUT @.d; "1 NP: STAT ON'

QUTPUT @.d; " RES: RANG 200" !< resistance range 3 variable fromtable B-1
OUTPUT @.d; " CAL: LEV P1"

VAIT 7

I NPUT "Measure voltage across current shunt - enter value in volts", Vpl
| p1=Vp1l/ Rshunt 3

| NPUT "Measure voltage across +/- sense termnals and enter value in
volts", vt1l

Rpl=Vvt1/1pl

OUTPUT @.d; " CAL: DATA"; Rpl

I

CLEAR SCREEN

PRI NT TABXY(10, 12);"Set power source to voltage and current settings from
Tabl e B-2"

PRI NT TABXY(10, 13);"for resistance range 3 - Point P2"

DI SP "Press Cont to continue resistance range 3 calibration”

PAUSE

OUTPUT @.d; " CAL: LEV P2"

CLEAR SCREEN

PRI NT TABXY(9, 15); " CALI BRATI NG RESI STANCE RANGE 3 - P2 - 7 SECOND WAl T
VWAIT 7

| NPUT "Measure voltage across current shunt - enter value in volts", Vp2
| p2=Vp2/ Rshunt 3

| NPUT "Measure voltage across +/- sense termnals and enter value in
volts", wvt2

Rp2=Vt 2/ | p2

QUTPUT @.d; " CAL: DATA"; Rp2

QUTPUT @.d; "1 NP: STAT OFF"

|

i *kkhkkkhkhkkkkhkkkkkx CALI BRATII\GRAI\E4 kkhkhkkhkhkkhkhkkhkkhkhkkhkkkhkhkhkhkkhkkkkx

I

CLEAR SCREENCF1570 I NPUT "Enter value of current shunt for range 4 in
OHMVB", Rshunt 4

PRI NT TABXY(10, 10);"You have entered ";Rshunt4;" ohns"

I NPUT "If correct enter 'Y or press CONT, if wong enter 'N or 'n'",Y$
IF UPCB(Y$)="Y" OR Y$="" THEN 1620

IF UPC3(Y$)="N'" OR Y$="n" THEN 1560
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1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760

1770
1780
1790
1800
1810

1820
1830

1850
1860
1870
1880
1890
1900
1910

1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020

CLEAR SCREEN

|

PRI NT TABXY(10, 12);"Set power source to voltage and current settings front
PRI NT TABXY(10, 13);"Table B-1 for resistance range 4 - Point P1"

DI SP "Press CONT when ready to calibrate resistance range 4"

PAUSE

CLEAR SCREEN

PRI NT TABXY(9, 15); " CALI BRATI NG RESI STANCE RANGE 4 - P1 - 3 SECOND WAI T"
OQUTPUT @.d; "1 NP: STAT ON'

QUTPUT @.d; " RES: RANG 2000"!< resi stance range 4 variable fromtable B-1
QUTPUT @.d; " CAL: LEV P1"

VWAIT 3

| NPUT "Measure voltage across current shunt - enter value in volts", Vpl
| p1=Vp1l/ Rshunt 4

| NPUT "Measure voltage across +/- sense terminals and enter value in
volts", vt1l

Rpl=Vvt 1/ 1 pl

OUTPUT @.d; " CAL: DATA"; Rpl

|

CLEAR SCREEN

PRI NT TABXY(10, 12);"Set power source to voltage and current settings from
Tabl e B-2"

PRI NT TABXY(10, 13);"for resistance range 4 - Point P2"

DI SP "Press Cont to continue resistance range 4 calibration”

1840 PAUSE

QUTPUT @.d; " CAL: LEV P2"

CLEAR SCREEN

PRI NT TABXY(9, 15); " CALI BRATI NG RESI STANCE RANGE 4 - P2 - 3 SECOND WAIT"
VWAIT 3

| NPUT "Measure voltage across current shunt - enter value in volts", Vp2
| p2=Vp2/ Rshunt 4

| NPUT "Measure voltage across +/- sense terminals and enter value in
vol ts", Vt2

Rp2=Vvt 2/ | p2

QUTPUT @.d; " CAL: DATA"; Rp2

QUTPUT @.d; "I NP: STAT OFF"

I

QUTPUT @.d; " CAL: SAVE"

QUTPUT @.d; " CAL: STAT OFF"

I

CLEAR SCREEN

PRI NT TABXY( 10, 10); "Resi stance cal i bration adjustnents conpl ete"

PRI NT TABXY(10, 12);"Verify Resi stance Adjustnents"

END
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G power cord, 37, 42
power measurements, 35

GPIB, 68 power receptacle, 20
address, 68 print date, 6
connections, 47 programming errors, 32
ground, earth, 20 programming lists, 65
guide, user’s, 19 programming transinets, 63
protection
H oV, 66
history, 6 Q

| query protection, 66

input R
current setting, 61
resistance setting, 61 rack mount kit, 20
voltage setting, 61 rack mounting, 41
input measurements, 34 rear panel
input on/off, 30 at a glance, 12
inspection, 37 recall state, 33
installing recalling operating states, 68
modules, 38 remote programming, 21
remote sense, 33
L repacking, 37
reset protection, 30
List, 65 resistance
list mode, 27 range, 23
location, 40 triggered, 24
LRV, 32 reverse voltage, 32
risetime limitation, 28
rms measurements, 35
M RRV, 32
RS 232

making measurements, 34, 67

manuals, 37 connections, 47

maximum measurements, 35 RS-232, 68

measurement ranges, 35, 67

measurements, 34 S
minimum measurements, 35

minimum transtion time, 28 safety, 3

safety class, 20
safety warning, 20

N save state, 33
non-volatile, 33 saving operating states, 68
non-volatile memory SCPI commands
clearing, 68 at a glance, 17
storing, 55 selftest errors, 52
sense switch, 46
short on/off, 30
O signals
] current monitor, 33
opgratlng modes, 22 external, 33
options, 20 external programming, 33
output fault, 34
connector, 37 port, 34
overcurrent, 31 remote sense, 33
overpower, 31 slew rate, 28
overtemperature, 31 speciﬁca;ions, 69
overvoltage, 31 status reporting, 32
OVLD, 67 support rails, 41
system keys, 55
P Address, 55
Error, 55
port, 34 Interface, 55
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Local, 55
RCL, 55
Save, 55
Shift, 55

transient, 26

continuous, 26

pulse, 26

toggled, 26
transients

continuous mode, 63

pulse mode, 64

toggled mode, 64
trigger connector, 46
trigger mode, 27

verification
equipment, 71
voltage
range, 24
triggered, 25
VXlplug&play, 19

warranty, 2
wire
current ratings, 43
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Agilent Sales and Support Office

For more information about Agilent Technologies test and measurement products, applications, services, and for
a current sales office listing, visit our web site: http:/www.agilent.com/find/tmdir

You can also contact one of the following centers and ask for a test and measurement sales representative.

United States:

Agilent Technologies

Test and Measurement Call Center
P.O. Box 4026

Englewood, CO 80155-4026

(tel) 1 800 452 4844

Canada:

Agilent Technologies Canada Inc.
5150 Spectrum Way

Mississauga, Ontario

L4W 5Gl1

(tel) 1 877 894 4414

Europe:

Agilent Technologies

Test & Measurement European Marketing Organisation
P.O. Box 999

1180 AZ Amstelveen

The Netherlands

(tel) (31 20) 547 9999

Japan:

Agilent Technologies Japan Ltd.
Measurement Assistance Center
9-1, Takakura-Cho, Hachioji-Shi,
Tokyo 192-8510, Japan

(tel) (81) 426 56 7832

(fax) (81) 426 56 7840

Technical data is subject to change.

100

Latin America:

Agilent Technologies

Latin American Region Headquarters
5200 Blue Lagoon Drive, Suite #950
Miami, Florida 33126

U.S.A.

(tel) (305) 267 4245

(fax) (305) 267 4286

Australia/New Zealand:

Agilent Technologies Australia Pty Ltd
347 Burwood Highway

Forest Hill, Victoria 3131

(tel) 1-800 629 485 (Australia)

(fax) (61 3) 9272 0749

(tel) 0 800 738 378 (New Zealand)
(fax) (64 4) 802 6881

Asia Pacific:

Agilent Technologies

24/F, Cityplaza One, 1111 King's Road,
Taikoo Shing, Hong Kong

tel: (852)-3197-7777

fax: (852)-2506-9284
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