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Safety Summary
The beginning of the electronic load User’s Guide has a Safety Summary page. Be sure you are familiar
with the information on this page before programming the electronic load from a controller.

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.

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.

  Copyright 2000 Agilent Technologies Edition 1 _________August, 2000
Update1 _________November, 2000
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 Step 1  Set the mode of each function that will participate in the sequence to LIST. For example:
 CURRent:MODE LIST

 Step 2  Program the list of input values for each function. The list commands take a comma-separated
list of arguments. The order in which the arguments are given determines the sequence in
which the values will be input. For example, to vary the input current of the electronic load to
simulate a 25%, 50%, and 100% load, a list may include the following values:
 LIST:CURRent[:LEVel] 15, 30, 60, 15, 30, 60, 15, 30, 60

 You must specify a list for all current functions, whether or not the functions will be used.  For
example, to synchronize the previous current list with another list that varies the slew rate from
0.01A/µs, to 0.1A/µs, to 1A/µs (programmed in A/s), the lists may include the following values:
 LIST:CURRent[:LEVel] 15, 30, 60, 15, 30, 60, 15, 30, 60
 LIST:CURRent:SLEW 1E+5, 1E+5, 1E+5, 1E+6, 1E+6, 1E+6, 1E+7, 1E+7, 1E+7
 LIST:CURRent:RANGe 60
 LIST:CURRent:TLEVel 0

 All lists must have the same number of data values or points, or an error will occur when the list
system that starts the sequence is initiated. The exception is when a list has only one item or
point. In this case the single-item list is treated as if it had the same number of points as the
other lists, with all values being equal to the one item. For example:
 LIST:CURRent 15, 30, 45, 60;SLEW 1E+6

 is the same as:
 LIST:CURRent 15, 30, 45, 60
 LIST:CURRent:SLEW 1E+6, 1E+6, 1E+6, 1E+6

 Step 3  Determine the time interval that the input remains at each level or point in the list before it
advances to the next point. The time is specified in seconds. For example, to specify five dwell
intervals, use:
 LIST:DWELl 1, 1.5, 2, 2.5, 3

 The number of dwell points must equal the number of input points. If a dwell list has only one
value, that value will be applied to all points in the input list.

 Step 4  Determine the number of times the list is repeated before it completes. For example, to repeat a
list 10 times use:
 LIST:COUNt 10

 Entering INFinity makes the list repeat indefinitely. At *RST, the count is set to 1.

 Step 5  Determines how the list sequencing responds to triggers. For a closely controlled sequence of
input levels, you can use a dwell-paced list. To cause the list to be paced by dwell time use:
 LIST:STEP AUTO

 As each dwell time elapses, the next point is immediately input. This is the *RST setting.

 If you need the input to closely follow asynchronous events, then a trigger-paced list is more
appropriate. In a trigger-paced list, the list advances one point for each trigger received. To
enable trigger-paced lists use:
 LIST:STEP ONCE

 The dwell time of each point determines the minimum time that the input remains at that point.
If a trigger is received before the previous dwell time completes, the trigger is ignored.
Therefore, to ensure that no triggers are lost, program the dwell time to "MIN".

 Step 6  Use the list trigger system to trigger the list. See "Triggering Transients and Lists".
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Ripple rejection is a function of the number of cycles of the ripple frequency contained in the acquisition
window. More cycles in the acquisition window results in better ripple rejection. If you increase the time
interval for each measurement to 45 microseconds for example, this results in 5.53 cycles in the
acquisition window at 60 Hz, for a ripple rejection of about 70 dB.

Note that the processing overhead time will vary, depending on the number of measurement samples. If
you reduce the number of sample points, you will also reduce the command processing overhead. If you
increase the number of sample point (up to a maximum of 4096) you increase the command processing
overhead.

RMS Measurements

To read the rms content of a voltage or current waveform, use:

MEASure:VOLTage:ACDC?   or
MEASure:CURRent:ACDC?

This returns the total rms measurement, including the dc portion.

Minimum and Maximum Measurements

To measure the maximum or minimum voltage or current of a pulse or ac waveform, use:
MEASure:VOLTage:MAXimum?

MEASure:VOLTage:MINimum?

MEASure:CURRent:MAXimum?

MEASure:CURRent:MINimum?

Measurement Ranges

The electronic load has two current and two voltage measurement ranges. The commands that control the
measurement ranges are:

SENSe:CURRent:RANGe MIN | MAX

SENSe:VOLTage:RANGe MIN | MAX

When the range is set to MAX, the maximum current or voltage that can be measured is a function of the
current and voltage rating of the load module that is being programmed (see Table 4-1).

Returning Measurement Data From the Data Buffer

The MEASure and FETCh queries can also return all data values of the instantaneous voltage or current
buffer. The commands are:

FETCh:ARRay:CURRent?

FETCh:ARRay:VOLTage?

This is a useful feature if, for example, you have entered multiple measurements into the buffer as a result
of measuring the response to a triggered list. Data is returned from the buffer in the same order in which it
was entered into the buffer. Refer to "Synchronizing Transients and Measurements" for more information.
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Table 3-1. Bit Configurations of  Status Registers (continued)
Questionable Status Group
Same as Channel Status Group

0

2

3

4

5

7

OPC

QYE

DDE

EXE

CME

PON

Standard Event Status Group
Operation Complete. The load has completed all pending operations. *OPC must be
programmed for this bit to be set when pending operations are complete.
Query Error. The output queue was read with no data present or the data was lost. Errors
in the range of −499 through −400 can set this bit.
Device-Dependent Error. Memory was lost or self test failed. Errors in the range of −399
through −300 can set this bit.
Execution Error. A command parameter was outside its legal range, inconsistent with the
load's operation, or prevented from executing because of an operating condition. Errors in
the range of −299 through −200 can set this bit.
Command Error. A syntax or semantic error has occurred or the load received a <get>
within a program message. Errors in the range of −199 through −100 can set this bit.
Power-On. The unit has been turned off and then on since this bit was last read.

2

3

4

5

6

7

CSUM

QUES

MAV

ESB

MSS

RQS

OPER

Status Byte and Service Request Enable Registers
Channel Summary. Indicates if an enabled channel event has occurred.

Questionable Status Summary. Indicates if an enabled questionable event has occurred.

Message Available Summary. Indicates if the Output Queue contains data.

Event Status Summary. Indicates if an enabled standard event has occurred.

Master Status Summary. For an *STB? query, MSS is returned without being cleared.

Request Service. During a serial poll, RQS is returned and cleared.

Operation Status Summary.  Indicates if an operation event has occurred.
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Figure 3-4. Electronic Load Status Model
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Figure 3-6.  Batteries in Series

Battery Test Example Program

l0 ! Battery Test Example Program
20 !
30 Eodv=l.0 ! End of discharge voltage for single cell
40 Number_of_cells=3 ! Number of cells to be discharged in series
50 Discharge_at=.05 ! Constant current discharge rate in amperes
60 !
70 OUTPUT 705;"CHAN 1;:INPUT OFF" ! Selects Chan 1; Disables input
80 OUTPUT 705;"FUNCTION CURRENT" ! Sets CC mode
90 OUTPUT 705;"CURRENT:LEVEL";Discharge_at ! Sets the CC level
l00 OUTPUT 705;"INPUT ON" ! Enables the input
110 !
120 Start_time=TIMEDATE ! Records test start time
130 !
140 Start_test: ! Starts test routine that
150 OUTPUT 705;"MEASURE:VOLTAGE?" ! continuously measures and reads
160 ENTER 705;Sum_of_volts ! back the voltage and current
170 OUTPUT 705;"MEASURE:CURRENT?" ! until batteries are completely
180 ENTER 705;Actual_current ! discharged
190 !
200 PRINT "Total cell voltage: ";Sum_of_volts
210 PRINT "Actual current: ";Actual_current
220 PRINT "Elapsed time in seconds: ";TIMEDATE-Start_time
230 !
240 IF Sum_of_volts>(Number_of_cells*Eodv) THEN GOTO Start_test
250 ! Checks if the total voltage is less than the
260 ! sum of the minimum cell voltages of all cells
270 !
280 OUTPUT 705;"INPUT OFF" ! Disables the input
290 !
300 END
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double Average(double *pData, int nPoints, int nIndex)
{

int nStart, nEnd, i;
double dSum = 0.0;

nStart = nIndex * nPoints;
nEnd = nStart + nPoints;
for (i = nStart; i < nEnd; ++i)

dSum += pData[i];
return dSum / nPoints;

}

void main(int argc, char **argv)
{

INST Load;
int i, nListSteps, nTotalPoints;
double aMeasData[MEAS_BUF_SIZE];

/* This array contains the load current values, in Amps. */
double aListData[] = {0.5, 1.0, 1.5};

/* The current steps occur at 1 sec intervals. */
double dListPeriod = 1.0;

/* 50 measurement samples are taken at each current step. */
int nMeasPoints = 50;

/* The measurement samples are taken at 10us intervals. */
double dMeasPeriod = 10e-6;

/* The measurements are delayed by 100us after each current step. */
double dMeasDelay = 100e-6;

/* The total number of measurement samples may not exceed the size of
* the load's measurement buffer.
*/

nListSteps = sizeof(aListData) / sizeof(aListData[0]);
nTotalPoints = nMeasPoints * nListSteps;
if (nTotalPoints > MEAS_BUF_SIZE) {

printf("Total number of measurement points exceeds buffer size.\n");
exit(1);

}

/* Set up the SICL error handler. */
ionerror(ErrorHandler);

/* Assume the load is set to the address shown here. */
Load = iopen("hpib7,5");
itimeout(Load, 10000);

/* Put the load current into List mode. */
iprintf(Load, "curr:mode list\n");

/* Send the list of currents to the load. */
iprintf(Load, "list:curr %.4,*lf\n", nListSteps, aListData);

/* Since current is in List mode, all parameters associated with current
* must also have lists programmed. All lists must be of the same
* length, or they may have a single value as shown below.
*/

iprintf(Load, "list:curr:slew max\n");
iprintf(Load, "list:curr:range max\n");
iprintf(Load, "list:curr:tlevel 0\n");
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/* We are using trigger-paced lists, so set the list of dwell times to
* minimum so no triggers are lost.
*/

iprintf(Load, "list:dwell min\n");

/* Set trigger-paced lists. */
iprintf(Load, "list:step once\n");

/* Set up the parameters for each triggered measurement. */
iprintf(Load, "sense:sweep:points %d\n", nMeasPoints);
iprintf(Load, "sense:sweep:tinterval %lf\n", dMeasPeriod);
iprintf(Load, "sense:sweep:offset %lf\n", dMeasDelay);

/* Make sure the load's trigger timer is off by setting the trigger
* source to something else.
*/

iprintf(Load, "trig:source bus\n");

/* Set the period of the trigger timer. */
iprintf(Load, "trig:timer %lf\n", dListPeriod);

/* Set the measurement trigger count, so the measurement system can
* be triggered multiple times (by the timer) after being initiated
* only once.
*/

iprintf(Load, "trig:seq2:count %d\n", nListSteps);

/* Initiate the list system and the measurement system. */
iprintf(Load, "init:name list\n");
iprintf(Load, "init:name acq\n");

/* Set the trigger source to Timer. This also starts the timer, so
* execution of the load current list and measurements will start here.
*/

iprintf(Load, "trig:source timer\n");

/* Fetch the array of data. The iscanf() call will not return until
* all measurements are complete and the data is available.
*/

iprintf(Load, "fetch:array:curr?\n");
iflush(Load, I_BUF_READ);
iscanf(Load, "%,#lf", &nTotalPoints, &aMeasData);

/* For each list step, average the measurement samples and output the
* results.
*/

for (i = 0; i < nListSteps; ++i)
printf("%8.3lf\n", Average(aMeasData, nMeasPoints, i));

/* To output all the measurement samples, uncomment this loop.
*/

/* for (i = 0; i < nTotalPoints; ++i)
* printf("%8.3lf\n", aMeasData[i]);
*/

}
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SENSe
    :CURRent
           :RANGe <n> Selects the current measurement range
    :SWEep
           :OFFSet Defines the data offset in the measurement
           :POINts <n> Define the number of data points in the measurement
           :TINTerval <n> Sets the digitizer sample spacing
    :WINDow [:TYPE] <type> Sets the measurement window function (HANN | RECT)
    :VOLTage
           :RANGe <n> Selects the voltage measurement range
[SOURce:]
    CURRent
           [:LEVel]
                  [:IMMediate][:AMPLitude] <n> Sets the input current
                  :TRIGgered [:AMPLitude] <n> Sets the triggered input current
           :MODE <mode> Sets the current mode (FIX |LIST)
           :PROTection
                  [:LEVel] <n> Sets the current protection level
                  :DELay <n> Sets the delay before the current protection is activated
                  :STATe <bool> Enables/disables current limit protection
           :RANGe <n> Sets the input current range
           :SLEW
                  [:BOTH] <n> Sets the current slew rate
                  :NEGative <n> Sets the current slew rate for negative transitions
                  :POSitive <n> Sets the current slew rate for positive transitions
           :TLEVel <n> Sets the transient input current
    FUNCtion | MODE <mode> Sets the regulation mode (CURR | RES | VOLT)
           :MODE <mode> Selects what controls the regulation mode (FIX | LIST)
    LIST
           :COUNt <n> Specifies the number of times the list is cycled
           :CURRent
                  [:LEVel] <n> {,<n>} Specifies the current setting for each step
                          :POINts? Returns the number of current list points
                  :RANGe <n> {,<n>} Specifies the current range for each step
                          :POINts? Returns the number of current range list points
                  :SLEW
                         [:BOTH] <n> {,<n>} Sets the current slew rate for each step
                                 :POINts? Returns the number of current slew list points
                         :NEGative <n> {,<n>} Sets the negative current slew rate for each step
                         :POSitive <n> {,<n>} Sets the positive current slew rate for each step
                  :TLEVel <n> {,<n>} Sets the transient input current for each step
                          :POINts? Returns the number of current transient list points
           :DWELl <n> {,<n>} Specifies the time period of each step
                   :POINts? Returns the number of dwell list points
           :FUNCtion | MODE <mode> {,<mode>} Sets the list regulation mode (CURR | RES | VOLT)
                   :POINts? Returns the number of function list points
           :RESistance
                  [:LEVel] <n> {,<n>} Specifies the resistance setting for each step
                          :POINts? Returns the number of resistance list points
                  :RANGe <n> {,<n>} Specifies the resistance range for each step
                          :POINts? Returns the number of resistance range list points
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[SOURce:]LIST (continued)
                  :SLEW
                         [:BOTH] <n> {,<n>} Sets the resistance slew rate for each step
                                 :POINts? Returns the number of resistance slew list points
                         :NEGative <n> {,<n>} Sets the negative resistance slew rate for each step
                         :POSitive <n> {,<n>} Sets the positive resistance slew rate for each step
                  :TLEVel <n> {,<n>} Sets the transient resistance for each step
                          :POINts? Returns the number of resistance transient list points
           :STEP <step> Sets the method of incrementing steps (ONCE | AUTO)
           :TRANsient
                  [:STATe] <bool> {,<bool>} Enables/disables the transient level for each step
                          :POINts? Returns the number of transient list points
                  :DCYCle <n> {,<n>} Sets the transient duty cycle for each step
                          :POINts? Returns the number of transient duty cycle list points
                  :FREQuency <n> {,<n>} Sets transient frequency for each step
                          :POINts? Returns the number of transient frequency list points
                  :MODE <mode> {,<mode>} Sets the mode of the transient generator (CONT | PULS)
                          :POINts? Returns the number of transient mode list points
                  :TWIDth <n> {,<n>} Sets the transient pulse width of each step
                          :POINts? Returns the number of transient pulse width list points
           :VOLTage
                  [:LEVel] <n> {,<n>} Specifies the voltage setting for each step
                          :POINts? Returns the number of voltage list points
                  :RANGe <n> {,<n>} Specifies the voltage range for each step
                          :POINts? Returns the number of voltage range list points
                  :SLEW
                         [:BOTH] <n> {,<n>} Sets the voltage slew rate for each step
                                  :POINts? Returns the number of voltage slew list points
                         :NEGative <n> {,<n>} Sets the negative voltage slew rate for each step
                         :POSitive <n> {,<n>} Sets the positive voltage slew rate for each step
                  :TLEVel <n> {,<n>} Sets the transient voltage for each step
                          :POINts? Returns the number of voltage transient list points
    RESistance
           [:LEVel]
                  [:IMMediate][:AMPLitude] <n> Sets the input resistance
                  :TRIGgered [:AMPLitude] <n> Sets the triggered input resistance
           :MODE <mode> Sets the resistance mode (FIX |LIST)
           :RANGe <n> Sets the input resistance range
           :SLEW
                  [:BOTH] <n> Sets the resistance slew rate
                  :NEGative <n> Sets the resistance slew rate for negative transitions
                  :POSitive <n> Sets the resistance slew rate for positive transitions
           :TLEVel <n> Sets the transient input resistance
    TRANsient
           [:STATe] <bool> Enables/disables the transient generator
           :DCYCle <n> Sets transient duty cycle in continuous mode
           :FREQuency <n> Sets transient frequency in continuous mode
           :MODE <mode> Sets the transient mode (CONT | PULS | TOGG )
           :LMODE <mode> Selects transient settings source (FIX | LIST)
           :TWIDth <n> Sets the transient pulse width in pulse mode
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[SOURce:](continued)
    VOLTage
           [:LEVel]
                  [:IMMediate][:AMPLitude] <n> Sets the input voltage
                  :TRIGgered [:AMPLitude] <n> Sets the triggered input voltage
           :MODE <mode> Sets the voltage mode (FIX |LIST)
           :RANGe <n> Sets the input voltage range
           :SLEW
                  [:BOTH] <n> Sets the voltage slew rate
                  :NEGative <n> Sets the voltage slew rate for negative transitions
                  :POSitive <n> Sets the voltage slew rate for positive transitions
           :TLEVel <n> Sets the transient input voltage
STATus
      :CHANnel
           [:EVENt]? Returns the value of the channel event register
           :CONDition? Returns the value of the channel condition register
           :ENABle <n> Enables specific bits in the channel event register
    :CSUMmary
           [:EVENt]? Returns the value of the channel summary event register
           :ENABle <n> Enables specific bits in the channel summary event register
    :OPERation
           [:EVENt]? Returns the value of the operation event register
           :CONDition? Returns the value of the operation condition register
           :ENABle <n> Enables specific bits in the operation event register
           :NTRansition<n> Sets the negative transition filter
           :PTRansition<n> Sets the positive transition filter
    :QUEStionable
           [:EVENt]? Returns the value of the event register
           :CONDition? Returns the value of the condition register
           :ENABle <n> Enables specific bits in the Event register

SYSTem
    :ERRor? Returns the error number and error string
    :VERSion? Returns the SCPI version number
    :LOCal Go to local mode (for RS-232 operation)
    :REMote Go to remote mode (for RS-232 operation)
    :RWLock Go to remote with local lockout (for RS-232 operation)

TRIGger
    [:IMMediate] Sends a trigger immediately
    :DELay Sets the trigger delay
    :SOURce <source> Sets the trigger source (BUS |EXT | HOLD | LINE | TIM)
    :TIMer Sets the period of the trigger generator.
    :SEQuence2
           :COUNt Specifies the number of triggers that will cause the specified

measurement after an INIT command.
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–161 Invalid block data [e.g., END received before length satisfied]
–168 Block data not allowed
–170 Expression error
–171 Invalid expression
–178 Expression data not allowed

Execution Errors –200 through –299 (sets Standard Event Status Register bit #4)
–200 Execution error [generic]
–221 Settings conflict [check current device state]
–222 Data out of range [e.g., too large for this device]
–223 Too much data [out of memory; block, string, or expression too long]
–224 Illegal parameter value [device-specific]
–225 Out of memory
–270 Macro error
–272 Macro execution error
–273 Illegal macro label
–276 Macro recursion error
–277 Macro redefinition not allowed

System Errors –300 through –399 (sets Standard Event Status Register bit #3)
–310 System error [generic]
–350 Too many errors [errors beyond 9 lost due to queue overflow]

Query Errors –400 through –499 (sets Standard Event Status Register bit #2)
–400 Query error [generic]
–410 Query INTERRUPTED [query followed by DAB or GET before response complete]
–420 Query UNTERMINATED [addressed to talk, incomplete programming message received]
–430 Query DEADLOCKED [too many queries in command string]
–440 Query UNTERMINATED [after indefinite response]

Selftest Errors 0 through 99 (sets Standard Event Status Register bit #3)
0 No error
1 Module Initialization Lost
2 Mainframe Initialization Lost
3 Module Calibration Lost
4 Non-volatile RAM STATE section checksum failed
5 Non-volatile RAM RST section checksum failed
10 RAM selftest
11 CVDAC selftest 1
12 CVDAC selftest 2
13 CCDAC selftest 1
14 CCDAC selftest 2
15 CRDAC selftest 1
16 CRDAC selftest 2
20 Input Down
40 Flash write failed
41 Flash erase failed
80 Digital I/O selftest error
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Device-Dependent Errors 100 through 32767 (sets Standard Event Status Register bit #3)
213 RS-232 buffer overrun error
216 RS-232 receiver framing error
217 RS-232 receiver parity error
218 RS-232 receiver overrun error
220 Front panel uart overrun
221 Front panel uart framing
222 Front panel uart parity
223 Front panel buffer overrun
224 Front panel timeout
401 CAL switch prevents calibration
402 CAL password is incorrect
403 CAL not enabled
404 Computed readback cal constants are incorrect
405 Computed programming cal constants are incorrect
406 Incorrect sequence of calibration commands
407 CV or CC status is incorrect for this command
408 Output mode switch must be in NORMAL position
600 Lists inconsistent [lists have different list lengths]
601 Too many sweep points
602 Command only applies to RS-232 interface
603 FETCH of data that was not acquired
604 Measurement overrange
605 Command not allowed while list initiated
610 Corrupt update data
611 Not Updating
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Table C-2. Reasons for Differences
Item HP/Agilent Series 6050x Agilent Series N3300A

1. Command 70 milliseconds (typical) 5 milliseconds (typical)
Execution Time If external equipment is connected to the load, the decreased command

execution time of the N3300A Series loads may not allow sufficient settling
time for the equipment under test. You may need to insert wait statements in
your program if the equipment under test requires a certain amount of
settling time after a load change before a measurement can be made.

2. Voltage
Programming and
Readback Range

1 range (model dependent):
0-60 volts or
0-150 volts or
0-240 volts

2 ranges (model dependent):
0-6, 0-60 volts or
0-15, 0-150 volts or
0-24, 0-240 volts

The addition of voltage programming and readback ranges provides 16-bit
accuracy with the N3300A Series loads. Existing programs may need to be
modified to take advantage of the improved accuracy provided with the
additional ranges.

3. Current Readback
Range

1 range (model dependent):
0-10 amps or
0-30 amps or
0-60 amps or
0-120 amps

2 ranges (model dependent):
0-1, 0-10 amps or
0-3, 0-30 amps or
0-6, 0-60 amps or
0-12, 0-120 amps

The addition of current readback ranges provides greater accuracy with the
N3300A Series loads. Existing programs may need to be modified to take
advantage of the improved accuracy provided with the additional ranges.

4. Measurement Mode Single measurement occurs at
command execution.

Multiple measurements at command
execution. Average value is returned.
Number of samples and time interval
between samples is programmable.

This feature provides greater accuracy and noise immunity when making
measurements. The time required to make measurements with the N3300A
Series loads may vary considerably, depending on the type of measurement
specified. The default measurement settings on the N3300A Series loads are
faster than measurements on previous electronic loads.

5. Programming
Accuracy
(300W model shown)

Voltage (60V) = 0.1% +50mV
Current (60A) = 0.1% +75mA
Resistance (1Ω) = 0.8% +8mΩ
Resistance (100Ω) = 0.3% +8mS
Resistance (10kΩ) = 0.03% +8mS

Voltage (60V) = 0.1% +8mV
Current (60A) = 0.1% +15mA
Resistance (2Ω) = 0.4% +12mΩ
Resistance (20Ω) = 3% +40mΩ
Resistance (200Ω) = 20% +120mΩ
Resistance (2kΩ) = -50% +2000%

This feature provides greater accuracy with the N3300A Series loads.
Existing programs may need to be modified to take advantage of the
improved programming accuracy provided with the additional ranges.

6. Programming
Resolution
(300W model shown)

Voltage (60V) = 16mV
Current (60A) = 16mA
Resistance (1Ω) = 0.27mΩ
Resistance (100Ω) = 0.27mS
Resistance (10kΩ) = 0.027mS

Voltage (60V) = 1mV
Current (60A) = 1mA
Resistance (2Ω) = 0.035mΩ
Resistance (20Ω) = 0.35mΩ
Resistance (200Ω) = 3.5mΩ
Resistance (2kΩ) = 35mΩ

This feature provides greater accuracy with the N3300A Series loads.
Existing programs may need to be modified to take advantage of the
improved programming resolution.
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Table C-2. Differences (continued)
Item HP/Agilent Series 6050x Agilent Series N3300A

7. Mode/Range
Change Performance

Input turns off between mode and
range changes.

Input stays on between mode and range
changes.

This feature keeps the input on when modes and ranges change. This will
affect the behavior of the device under test, since the input of N3300A Series
loads no longer turns off as was the case with previous electronic loads.

8. Calibration Calibration procedure for previous
loads is documented in the
Operating manual.

Refer to the calibration procedure in
the N3300A Series User's Guide.

Existing programs must be modified to correctly calibrate the N3300A Series
loads.

9. Resistance Ranges
(300W model shown)

3 ranges: 0-1Ω, 1-1kΩ, 10-10kΩ 4 ranges: 0-2Ω, 1.8-20Ω, 18-200Ω,
180-2kΩ,

Resistance transients may not work in some cases. For example if you are
transitioning from 1Ω to 1kΩ (in previous electronic loads), the command will
not work with the resistance ranges in the N3300A Series loads. You can
only transition within a specific resistance range (180Ω to 2kΩ for example).

10. Resistance Slew
Rate

1Ω range slew rate uses the value
programmed for the voltage slew.
1kΩ and 10kΩ range slew rate
uses the values programmed for
the current slew.

Slew rates are programmed in ohms/
second. Each resistance range has its
own slew rate. Refer to Appendix A in
the N3300A Series User's Guide.

The addition of resistance slew rates provides greater capability when
programming input resistance. Existing programs must be modified to
correctly program resistance slew rates.

11. UNR Status
Reporting

Applied in constant current mode
and in 1kΩ and the 10kΩ
resistance mode.

Applies in all operating modes and
ranges.

This feature provides more comprehensive status reporting. Programs that
use the UNR status reporting to generate service requests may need to be
modified to account for the additional operating modes and ranges that may
cause an unregulated status condition to be reported.

12. *SAV 0 Storage
Location

Module settings are saved in
individual modules.

All module settings are saved in the
mainframe.

This feature saves all power up settings in the mainframe, not the module.
This will cause the modules to behave according to the settings stored in
each mainframe when swapped. Previous load modules cannot be installed
in N3300A Series mainframes. N3300A Series modules cannot be installed
in previous mainframes.

13. Error Messages Error messages for previous loads
are documented in the Operating
manual.

Refer to the error message table in the
N3300A Series User's Guide.

This feature adds more error messages. Existing programs need to be
modified to trap the additional error messages.

14. Query Response *IDN? and *RDT? = Hewlett-
Packard and earlier model
numbers.

*IDN? and *RDT? = Agilent
Technologies and N3300A Series
model numbers; query number formats
may also be different.

This changes the company name and model numbers. Existing programs
may need to be modified if the *IDN? and *RDT? queries are used.
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Table C-2. Differences (continued)
Item HP/Agilent Series 6050x Agilent Series N3300A

15. CC and CV Analog
Programming

Current (60A) = 4.5% +75mA
Voltage (60V) = 0.8% +200mV

Refer to Appendix A in the N3300A
Series User's Guide.

Accuracy
(300W model shown)

This feature improves analog programming accuracy in both constant current
and in constant voltage mode. Existing programs may need to be modified to
take advantage of the improved analog programming accuracy.

16. CR  Analog
Programming

Not available A 0-to-10V signal at the analog
programming input corresponds to the
minimum to full scale input resistance
of  the selected resistance range.

This feature adds analog programming in constant resistance mode. Existing
programs will need to be modified to use the analog programming available
in constant resistance mode.

17. List Programming Not available Lists containing up to 100 steps can be
programmed and downloaded to each
electronic load module. They can be
run simultaneously in response to an
external trigger.

This feature adds list programming to the current, voltage, resistance,
transient, and port functions. Existing programs will need to be modified to
use lists. Refer to the N3300A Series User's Guide for details.

18. Front Panel Deleted keys
Range Short on/off
Tran Level Tran on/off
Slew Freq
Dcycl Mode

Added keys
Ident Sense
Channel Protect
��Step � �
List   Trigger
Func   Trigger Control

This feature adds additional keys and menus to the front panel. This results
in significant differences in front panel operation between previous and
N3300A Series loads. Refer to the N3300A Series User's Guide for more
information.

19. Reverse Voltage Available on input terminals Available on input and sense terminals
Protection This feature adds reverse voltage protection on the sense terminals. Load

modules will shut down with reverse voltage on remote sense terminals.
20. Mainframe RS-232
Connector

Not available An RS-232 connector is available on
the 2-pin user-programmable digital
output port is available on the back of
the mainframe.

Existing programs must be modified to use the digital port on the mainframe.
21. Mainframe Digital
Port

Not available A 2-pin user-programmable digital
output port is available on the back of
the mainframe.

Existing programs must be modified to use the digital port on the mainframe.
22. Module
Interconnections

3 ribbon cables including ac line
distribution.

1 ribbon cable with no ac line
distribution.

Previous load modules cannot be installed in N3300A Series mainframes.
N3300A Series modules cannot be installed in previous mainframes.

23. Line Voltage
Selection

Accomplished via internal switches
on the mainframe.

No switching required.

This feature eliminates manual line voltage selection. The line input of the
N3300A Series mainframe is rated from 85 - 264 Vac.
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—L—
language, 111
language dictionary, 53
list transients, 28
list trigger system model, 29
lists, 26

programming, 26

—M—
making measurements, 31
MAV bit, 43
maximum measurements, 32
measure commands, 31
measurement subsystem, 69

FETCh ARRay CURRent STEP?, 69
FETCh ARRay CURRent?, 69
FETCh ARRay POWer STEP?, 69
FETCh ARRay POWer?, 69
FETCh ARRay VOLTage STEP?, 70
FETCh ARRay VOLTage?, 70
FETCh CURRent ACDC STEP?, 70
FETCh CURRent ACDC?, 70
FETCh CURRent MAXimum STEP?, 70
FETCh CURRent MAXimum?, 70
FETCh CURRent MINimum STEP?, 71
FETCh CURRent MINimum?, 71
FETCh CURRent STEP?, 70
FETCh CURRent?, 70
FETCh POWer MAXimum STEP?, 71
FETCh POWer MAXimum?, 71
FETCh POWer MINimum STEP?, 71
FETCh POWer MINimum?, 71
FETCh POWer STEP?, 71
FETCh POWer?, 71
FETCh VOLTage ACDC STEP?, 72
FETCh VOLTage ACDC?, 72
FETCh VOLTage MAXimum STEP?, 72
FETCh VOLTage MAXimum?, 72
FETCh VOLTage MINimum STEP?, 72
FETCh VOLTage MINimum?, 72
FETCh VOLTage STEP?, 72
FETCh VOLTage?, 72
MEASure ARRay CURRent?, 69
MEASure ARRay POWer?, 69
MEASure ARRay VOLTage?, 70
MEASure CURRent ACDC?, 70
MEASure CURRent MAXimum?, 70
MEASure CURRent MINimum?, 71
MEASure CURRent?, 70
MEASure POWer MAXimum?, 71
MEASure POWer MINimum?, 71
MEASure POWer?, 71
MEASure VOLTage ACDC?, 72
MEASure VOLTage MAXimum?, 72
MEASure VOLTage MINimum?, 72
MEASure VOLTage?, 72

measurement trigger system model, 33
message terminator, 18

end or identify, 18

newline, 18
message unit

separator, 18
minimum measurements, 32
moving among subsystems, 16
MSS bit, 42
multiple measurements, 35

—N—
numerical data formats, 18

—O—
OCP, 24
operation status group, 42
optional header

example, 16
output queue, 43
overcurrent protection, 24

—P—
PON (power on) bit, 42
port subsystem, 75

PORT0, 75
PORT1, 75

power-on conditions, 41
power-on initialization, 23
print date, 2
programming parameters, 54
programming status registers, 36, 38, 44
programming the output, 23

—Q—
queries, 17
query

indicator, 18
questionable status group, 41

—R—
Rectangular, 74
returning voltage or current data, 32
rms measurements, 32
root specifier, 18
RQS bit, 42
RS-232

capabilities of the dc source, 14
data format, 14, 20
data terminator, 18
flow control, 14

RTS-CTS, 14

—S—
safety summary, 2
SCPI

command completion, 19
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command syntax, 53
command tree, 15
common commands, 15
conformance, 21
data format, 18
device clear, 20
header path, 16
message structure, 17
message types, 17
message unit, 17
multiple commands, 16
non-conformance, 21
program message, 17
response message, 17
subsystem commands, 15, 53
triggering nomenclature, 29, 33

SCPI References, 9
sense subsystem, 76

SENSe CURRent RANGe, 73
SENSe SWEep OFFSet, 73
SENSe SWEep POINts, 73
SENSe SWEep TINTerval, 74
SENSe SWEep WINDow, 74
SENSe VOLTage RANGe, 74
SENSe WINDow, 74

servicing operation status, 43
servicing questionable status events, 43
setting output trigger system, 24
source subsystem

CURRent, 59
CURRent MODE, 59
CURRent PROTection, 59
CURRent PROTection DELay, 60
CURRent PROTection STATe, 60
CURRent RANGe, 60
CURRent SLEW, 61
CURRent SLEW NEGative, 61
CURRent SLEW POSitive, 61
CURRent TLEVel, 62
CURRent TRIGgered, 62
FUNCtion, 62
FUNCtion MODE, 63
LIST COUNt, 76
LIST CURRent, 76
LIST CURRent POINts, 76
LIST CURRent RANGe, 77
LIST CURRent RANGe POINts, 77
LIST CURRent SLEW, 77
LIST CURRent SLEW NEGative, 78
LIST CURRent SLEW POINts?, 77
LIST CURRent SLEW POSitive, 78
LIST CURRent TLEVel, 78
LIST CURRent TLEVel POINts?, 78
LIST DWELl, 79
LIST DWELl POINts?, 79
LIST FUNCtion, 79
LIST FUNCtion POINts?, 79
LIST MODE, 79
LIST RESistance, 80
LIST RESistance POINts?, 80
LIST RESistance RANGe, 80

LIST RESistance RANGe POINts?, 80
LIST RESistance SLEW, 81
LIST RESistance SLEW NEGative, 81
LIST RESistance SLEW POINts?, 81
LIST RESistance SLEW POSitive, 81
LIST RESistance TLEVel, 82
LIST RESistance TLEVel POINts?, 82
LIST STEP, 82
LIST TRANsient, 82
LIST TRANsient DCYCle, 83
LIST TRANsient DCYCle POINts?, 83
LIST TRANsient FREQuency, 83
LIST TRANsient FREQuency POINts?, 83
LIST TRANsient MODE, 83
LIST TRANsient MODE POINts?, 83
LIST TRANsient POINTs, 82
LIST TRANsient TWIDth, 84
LIST TRANsient TWIDth POINts?, 84
LIST VOLTage, 84
LIST VOLTage POINts?, 84
LIST VOLTage RANGe, 85
LIST VOLTage RANGe POINts?, 85
LIST VOLTage SLEW, 85
LIST VOLTage SLEW NEGative, 85
LIST VOLTage SLEW POINts?, 85
LIST VOLTage SLEW POSitive, 86
LIST VOLTage TLEVel, 86
LIST VOLTage TLEVel POINts?, 86
MODE, 62
RESistance, 63
RESistance MODE, 63
RESistance RANGe, 64
RESistance SLEW, 64
RESistance SLEW NEGative, 64
RESistance SLEW POSitive, 65
RESistance TLEVel, 65
RESistance TRIGgered, 65
TRANsient, 87
TRANsient DCYCle, 87
TRANsient FREQuency, 87
TRANsient LMODE, 88
TRANsient MODE, 88
TRANsient TWIDth, 88
VOLTage, 66
VOLTage MODE, 66
VOLTage RANGe, 64, 67
VOLTage SLEW, 67
VOLTage SLEW NEGative, 67
VOLTage SLEW POSitive, 68
VOLTage TLEVel, 68
VOLTage TRIGgered, 68

source subsystem, list, 76
source subsystem, transient, 87
SRD, 19
standard event status enable register

bit configuration, 98
standard event status group, 41
status bit configurations, 38, 39
status byte register, 42

bit configuration, 102
status model, 41
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status operation registers
bit configuration, 90

status subsystem, 89
STATus CHANnel CONDition?, 89
STATus CHANnel ENABle, 89
STATus CHANnel?, 89
STATus CSUMmary ENABle, 90
STATus CSUMmary?, 90
STATus OPERation CONDition?, 90
STATus OPERation ENABle?, 91
STATus OPERation NTRansition, 91
STATus OPERation PTRansition, 91
STATus OPERation?, 90
STATus QUEStionable CONDition?, 92
STATus QUEStionable ENABle, 92
STATus QUEStionable?, 92

suffixes, 19
system commands

SYST LANG, 111
SYST LOC, 93
SYST REM, 93
SYST RWL, 93
SYSTem ERRor?, 93
SYSTem VERSion?, 93

system errors, 107

—T—
transients, 25

continuous, 25
multiple channels, 28
programming, 25
pulse, 25
toggled, 26

trigger subsystem, 94

ABORt, 69, 94
INITiate ACQuire, 94
INITiate CONTinuous LIST, 95
INITiate CONTinuous SEQuence, 95
INITiate LIST, 94
INITiate SEQuence, 94
INITiate SEQuence2, 94
TRIGger, 95
TRIGger DELay, 95
TRIGger SEQuence2

COUNt, 96
TRIGger SOURce, 96
TRIGger TIMer, 96

triggering output changes, 29
triggers

continuous, 30
single, 30

types of SCPI commands, 15

—V—
varying voltage or current sampling, 35
voltage, 23

maximum, 24
measurements, 31

—W—
waiting for measurement results, 34

—X—
XON-XOFF, 14
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