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SAFETY GUIDELINES

The beginning of the Electronic Load Operating Manual has a Safety Summary Page. Be sure that you are familiar with the
information on that page before programming the electronic load for operation from a controller.
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Table 1-1. GPIB Capabilities of Electronic Loads
GPIB Capabilities Response Interface

Function

Talker/Listener All electronic load functions except for setting the GPIB address are
programmable over the GPIB. The electronic load can send and receive
messages over the GPIB. Status information is sent using a serial poll. Front
panel annunciators indicate the present GPIB state of the electronic load.

AH1, SH1, T6. L4

Service Request The electronic load sets the SRQ line true if there is an enabled service
request condition. Refer to Chapter 5 - Status Reporting for more
information.

SR1

Remote/Local In local mode, the electronic load is controlled from the front panel but will
also execute commands sent over the GPIB. The electronic load powers up
in local mode and remains in local mode until it receives a command over
the GPIB. Once the electronic load is in remote mode the front panel RMT
annunciator is on, all front panel keys (except  ) are disabled, and the
display is in normal metering mode. Pressing  on the front panel
returns the electronic load to local mode.  can be disabled using
local lockout so that only the controller or the power switch can return the
electronic load to local mode.

RL1

Device Trigger The electronic load will respond to device trigger function. DT1

Device Clear The electronic load responds to the Device Clear (DCL) and Selected
Device Clear (SDC) interface commands. They cause the electronic load to
clear any activity that would prevent it from receiving and executing a new
command (including *WAI and *OPC?). DCL and SDC do not change
any programmed settings.

DCL, SDC
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Introduction To Programming 25

Figure 3-6.  Batteries in Series

In this example, the Electronic Load is used to burn-in a power supply at its rated output current. Because the Electronic
Load is operating in CC mode, if the power supply’s output current drops below the rated output current during the test, the
UNR (unregulated) condition will be set on the Electronic Load. This can be used to indicate that a failure has occurred on
the power supply. If the unregulated condition persists for a specified time, the inputs of the Electronic Load are turned off.

The purpose of this example is not to illustrate power supply testing, but to explain how to program and use the status
registers on the Electronic Load. The part of the program that runs the test simply monitors the supply at the rated output
current for one hour and stops the test. You can replace this portion of the program with your own routine to test the power
supply. Although SRQ (service request) is enabled to interrupt only on the UNR bit in this example, you can modify the
program to interrupt on other conditions.

Figure 3-7.  Typical Burn-In Test
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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;"INPUT OFF" ! Disables the inputs
80 OUTPUT 705;"MODE:CURRENT" ! Sets CC mode
90 OUTPUT 705;"CURRENT:LEVEL";Discharge_at ! Sets the CC level
l00 OUTPUT 705;"INPUT ON" ! Enables the inputs
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 inputs
290 !
300 END
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Power Supply Test Example Program

l0 ! Power Supply Test Example Program
20 !
30 Current=10 ! Load current in amperes
40 Burn_in_time=36000 ! One hour burn-in time
50 !
60 ON INTR 7 GOSUB Srq_service ! Set up interrupt linkage
70 ENABLE INTR 7;2 ! Enable interrupts for SRQs
80 !
90 OUTPUT 705;"INPUT OFF" ! Disables the inputs
l00  OUTPUT 705;"*SRE 4" ! Enable SRQ (SRQ enable)
110 OUTPUT 705;"STAT:CSUM:ENAB 2" ! Enable Chan 1 (channel summary)
120 OUTPUT 705;"STAT:CHAN:ENAB l024" ! Enable UNR bit (channel status)
130 OUTPUT 705;"MODE:CURRENT" ! Sets CC mode
140 OUTPUT 705;"CURRENT:LEVEL";Current ! Sets the CC level
l50 OUTPUT 705;"INPUT ON" ! Enables the inputs
160 !
170 PRINT "Burn-in test started at ";TIME$(TIMEDATE)
180 !
190 FOR I=1 TO Burn_in_time ! Loop on wait You can write your
200      WAIT .1 ! own power supply test routine and
210  NEXT I ! insert it in this section
220 !
230 OUTPUT 705;"INPUT OFF" ! Disables the inputs at end of test
240 PRINT "Burn-in test complete at ";TIME$(TIMEDATE)
250 STOP
260 !
270  Srq_service ! Service request subroutine
280 Load_status=SPOLL(705) ! Conduct serial poll
290 IF BIT(Load_status, 6) THEN ! Check if SRQ bit is set
300      GOSUB Check_unr
310 ELSE
320       PRINT "A condition other than UNR generated SRQ at ";TIME$(TIMEDATE)
330 END IF ! You can also check the other bits
340 ENABLE INTR 7 ! Re-enable interrupts before return
350 RETURN
360 !
370 Check_unr ! Check if UNR bit still set
380 WAIT 1 ! Wait 1 s before reading UNR bit
390 OUTPUT 705;"STAT:CHAN:COND?" ! Read channel condition register
400 ENTER 705;Value
410 IF Bit(Value, l0)=0 THEN ! Return value for UNR bit only
420     OUTPUT 705;"*CLS" ! If 0, clear channel event register
430     PRINT "UNR was momentarily asserted at ";TIME$(TIMEDATE)
440 ELSE
450      OUTPUT 705;"INPUT OFF" ! Disables the inputs
460      PRINT "UNR is asserted at ";TIME$(TIMEDATE);" Inputs are turned off"
470      STOP
480 END IF
490 RETURN
500 END
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 The present resistance level of each channel changes from the present level to the pending
level on any of the following:
 

■ On a TRIG[:IMM] command (always).
■ On receipt of an external trigger signal (if TRIG:SOUR is set to  EXT).
■ On the next line voltage cycle (if TRIG:SOUR is set to LINE).
■ On receipt of *TRG (unless TRIG:SOUR is set to HOLD).
■ On receipt of a GPIB <GET> (if TRIG:SOUR is set to BUS).
■ On the next trigger timer pulse (if multiple electronic load is set to TRIG:SOUR

TIM).
 

 The programmed resistance level (whether IMMediate or TRIGgered) can be implicitly
changed with a RANGe command (refer to Chapter 3 - Introduction to Programming  for
information concerning value coupling).
 

 Command Syntax
 

 RESistance[:LEVel][:IMMediatel <NRf+>
 RESistance[:LEVel] :TRIGgered < NRf+ >
 

 Parameters
 

 See Table 4-1 and the Operating Manual of the electronic load model.
 

 Note  The higher values of resistance levels have less resolution.  Programmed levels are set to
the nearest value obtainable by the hardware.
 

 
 Status and Errors

 
 TRIGgered level commands affect bits in the STATus OPERating CONDition and
STATus CHANnel CONDition registers (See Chapter  5 - Status Reporting).
Programmed resistance values outside the value range generate an error (See Table 4-2 at
the end of this chapter). The correct resistance range must be programmed before the
resistance level is programmed. Note from the parameters that there is considerable
overlap between the middle and high ranges, but no overlap between the low and middle
ranges.
 

 Value Coupling  If RES:RANGe is set to a range that is below either type of LEVel, then that LEVel will
assume the MAX value of that range.
 

 Examples  RES 25 Immediate commands for 25-ohm input
 RESISTANCE:LEVEL 25
 
 RES:TRIG: . 025 Commands for 25 milliohm input on
 RESISTANCE:LEVEL:TRIGGERED 25E-3 occurrence of a trigger
 
 RES:IMM .1;TRIG 1 Set input to 100 milliohms now and to 1 ohm
 when trigger occurs
 

 Query Syntax  RES?     RES? MAX     RES? MIN
 RES:TRIG?     RES:TRIG? MAX     RES:TRIG? MIN
 

 Returned Parameters  <NR3> RES? and RES:TRIG? return the presently programmed input resistance levels.
After a trigger or ABORt, RES:TRIG? returns the same value as RES?.
 RES? MAX, RES? MIN, RES:TRIG? MAX and RES:TRIG? MIN return the
maximum and minimum programmable RES and RES:TRIG values for the present range.
 

 Related Commands  ABOR     RES:RANG     TRANsient Subsystem
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 The following command/queries are associated with this register group:
 Command/Query Syntax

 Register
 

 STATus:OPERation:CONDition?
 

 Returns the binary value of the Operation Status Condition register, which
represents the present status. The condition is occurring whenever the bit is l.
 

 STATus:OPERation:PTRansition
 

 A filter that specifies whether or not a 0-to-1 transition in the Condition register
will set the corresponding bit in the Event register. Program the bit position to
1 to enable the transition requirement.

 
 STATus:OPERation:PTRansition?

 
 Returns the binary value of the PTRansition filter.

 
 STATus:OPERation:NTRansition

 
 A filter that specifies whether or not a 1-to-0 transition in the Condition register
will set the corresponding bit in the Event resister. Program the bit position to 1
to enable the transition requirement.

 
 STATus:OPERation:NTRansition?

 
 Returns the binary value of the NTRansition filter.

 
 STATus:OPERation [:EVENt]?

 
 Returns the binary value of the Operation Event register, which latches
specified transition in the Operation Condition register the first time they occur.
The event bit remains 1 even if the condition has since disappeared. Reading
this register resets it to 0.

 
 STATus:OPERation:ENABle
 

 

 A mask that specifies which bits of the Operation Status Event register are
allowed to be summed into the OPER (Operation) bit of the Status Byte
register. Set the bit to l to enable the corresponding condition. Program MAX to
enable all allowable bits or MIN to disable them.

 
 STATus:OPERation:ENABle?

 
 Returns the binary mask value of the Operation Status Enable register.

 

 Note  To specify a bit to be set on either a 0-to-l or a l-to-0 transition, program both filters (NTR
and PTR) for that bit to 1. To prevent a bit from being sent under any conditions, program
that bit in both filters to 0.
 

 
 Returned Parameters

 

 
 <NR 1> Register binary value.
 

 Examples  STAT:OPER? Returns the binary value of the Operation Status Event register.
 
 STAT: OPER: COND? Returns the status of the electronic load as it existed the 

instant the register was read.
 
 STAT:OPER:PTR 32;NTR 32 Program a recorded event on any transition of the 

WTG bit.

 Note  ABORt can also cause a WTG bit event if the corresponding NTRansition bit is set to 1.
 

 
 Related

Commands/Queries

 
 ABOR     *CLS     TRIG    *TRG
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 PULSe A one-shot pulse that alternates between LEVel and TLEVel upon 
occurrence of an explicit trigger.

 
 TOGGle Each explicit trigger causes the input to alternate between LEVel and 

TLEVel.
 
 The input levels (LEVel and TLEVel) are programmed from the Current, Resistance, or
Voltage Subsystems. So is SLEW, which determines the rate at which the input changes
from one level to the other.
 

 Note  For a detailed description of transient subsystem operation, see  Operation Overview in the
Electronic Load Operating Manual.
 

 
 Keywords

 

 

 Command
 TRANsient[:STATe] ON|1
 

 Function
 Enable Transient function.
 

 TRANsient[:STATe] OFF|0
 

 Disable Transient function.

 TRANsient:MODE
 CONTinuous

 

 Select continuous pulse train varying between LEVel and TLEVel at
FREQuency.

 TRANsient:MODE PULSe
 

 Select single triggered pubes of duration TWIDth.

 TRANsient:MODE TOGGle
 

 Select pulses that switch between LEVel and TLEVel on alternate triggers.
 

 TRANsient:DCYCle
 

 Set pulse duty cycle of  CONTinuous mode.

 TRANsient:FREQuency
 

 Set pulse frequency of CONTinuous mode.
 

 TRANsient:TWIDth
 

 Set pulse duration of PULSe mode.

 Related Commands
 

 LEVel           <GET>           *TRG         SLEW         TLEVel
 

 Related Subsystem  TRIGger Subsystem
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Table 4-1. Summary of Commands and Parameters
(For numerical parameters, refer to the Operating Manual of the specific electronic load model.)

Command Parameters Command Parameters Type1

                           Common Commands
*CLS (none) *RCL (space)<NRf> CI
*ESE (space)<NRf> *RDT? (none)

*ESE? (none) *RST? (none)
*ESR? (none) *SAV (space)<NRf>
*IDN? (none) *SRE (space)<NRf>
*OPC (none) *SRE?? (none)

*OPC? (none) *STB? (none)
*OPT? (none) *TRG (none)
*PSC (space)<NRf> *TST? (none)

*PSC? (none) *WAI (none)

Command Parameters Type1

Root-Level Commands
ABOR (none) CI
CHAN[:LOAD] (space)<NRf+> CI
CHAN[:LOAD]? (none) or (space)MIN or (space)MAX

NOTE:  INST may be used as an alias for CHAN
CURR[:LEV][:IMM] (space)<NRf+>[suffix] CS
CURR[:LEV][:IMM]? (none) or (space)MIN or (space)MAX
CURR[:LEV]TRIG (space)<NRf+>[suffix]
CURR[:LEV]TRIG? (none) or (space)MIN or (space)MAX
CURR[:PROT][:LEV] (space)<NRf+>[suffix]
CURR[:PROT][:LEV]? (none) or (space)MIN or (space)MAX
CURR:PROT:DEL (space)<NRf+>[suffix]
CURR:PROT:DEL? (none) or (space)MIN or (space)MAX
CURR:PROT:STAT (space)OFF or 0;(space)ON or 1
CURR:PROT:STAT? (none)
CURR:RANG (space)<NRf+>[suffix]
CURR:RANG? (none) or (space)MIN or (space)MAX
CURR:SLEW (space)<NRf+>[suffix]
CURR:SLEW? (none) or (space)MIN or (space)MAX
CURR:TLEV (space)<NRf+>[suffix]
CURR:TLEV? (none) or (space)MIN or (space)MAX
INP:PROT:CLE (none) CS
INP:SHOR[:STAT] (space)OFF or 0;(space)ON or 1
INP:SHOR[:STAT]? (none)
INP[:STAT] (space)OFF or 0;(space)ON or 1
INP[:STAT]? (none)

NOTE: OUTP may be used as an alias for INP
MEAS:CURR[:DC] (none) CS
MEAS:POW[:DC] (none)
MEAS:VOLT[:DC] (none)
MODE:CURR[:DC] (none) CS
MODE:RES (none)
MODE:VOLT[:DC] (none)
MODE? (none)

NOTE:  FUNC may be used as an alias for MODE
PORT0 (space)OFF or 0 (space)ON or 1 CS
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Table 4-1. Summary of Commands and Parameters (continued)

Command Parameters Type1

RES[:LEV][:IMM] (space)<NRf+>[suffix] CS
RES[:LEV][:IMM]? (none) or (space)MIN or (space)MAX
RES[:LEV]:TRIG (space)<NRf+>[suffix]
RES[:LEV]:TRIG? (none) or (space)MIN or (space)MAX
RES:RANG (space)<NRf+>[suffix]
RES:RANG? (none) or (space)MIN or (space)MAX
RES:TLEV (space)<NRf+>[suffix]
RES:TLEV? (none) or (space)MIN or (space)MAX
STAT:CHAN:COND? (none) CS
STAT:CHAN:ENAB (space)<NRf+>
STAT:CHAN:ENAB? (none) or (space)MIN or (space)MAX
STAT:CHAN[:EVEN]? (none)
STAT:CSUM:ENAB (space)<NRf+> CI
STAT:CSUM:ENAB? (none) or (space)MIN or (space)MAX
STAT:CSUM[:EVEN]? (none)
STAT:OPER:COND? (none)
STAT:OPER:ENAB (space)<NRf+>
STAT:OPER:ENAB? (none) or (space)MIN or (space)MAX
STAT:OPER[:EVEN]? (none)
STAT:OPER:NTR (space)<NRf+>
STAT:OPER:NTR? (none) or (space)MIN or (space)MAX
STAT:OPER:PTR (space)<NRf+>
STAT:OPER:PTR? (none) or (space)MIN or (space)MAX
STAT:QUES:COND? (none)
STAT:QUES:ENAB (space)<NRf+>
STAT:QUES:ENAB? (none) or (space)MIN or (space)MAX
STAT:QUES[:EVEN]? (none)
SYST:ERR? (none) CI
TRAN:DCYC (space)<NRf+>[suffix] CS
TRAN:DCYC? (none) or (space)MIN or (space)MAX
TRAN:FREQ (space)<NRf+>[suffix]
TRAN:FREQ? (none) or (space)MIN or (space)MAX
TRAN:MODE (space)CONT or (space)PULS or (space)TOGG
TRAN:MODE? (none)
TRAN:[:STAT] (space)OFF or 0;(space)ON or 1
TRAN:[:STAT]? (none)
TRAN:TWID (space)<NRf+>[suffix]
TRAN:TWID? (none) or (space)MIN;or (space)MAX
TRIG[:IMM] (none) CI
TRIG:SOUR (space)BUS or (space)EXT or (space)HOLD or (space)LINE

or (space)TIM
TRIG:SOUR? (none)
TRIG:TIM (space)<NRf+>
TRIG:TIM? (none) or (space)MIN or (space)MAX

NOTE:   LINE and TIM not valid for Single Electronic Loads
VOLT[:LEV][:IMM] (space)<NRf+>[suffix] CS
VOLT[:LEV][:IMM]? (none) or (space)MIN or (space)MAX
VOLT[:LEV]TRIG (space)<NRf+>[suffix]
VOLT[:LEV]TRIG? (none) or (space)MIN or (space)MAX
VOLT:SLEW (space)<NRf+>[suffix]
VOLT:SLEW? (none) or (space)MIN or (space)MAX
VOLT:TLEV (space)<NRf+>[suffix]
VOLT:TLEV? (none) or (space)MIN or (space)MAX
1 CI = channel independent CS = channel specific
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Table 4-2.  Summary of Error Messages
Error Number Error String  (Description/Explanation/Examples)

-100
-101
-102
-103
-104
-105
-108
-109
-112
-113
-121
-123
-124
-128
-131
-138
-141
-144
-148
-150
-151
-158
-160
-161
-168
-170
-171
-178
-180
-181
-183

Command error [generic]
Invalid character
Syntax error [unrecognized command or data type]
Invalid separator
Data type error [e.g., "numeric or string expected, got block data’’]
GET not allowed
Parameter not allowed [too many parameters]
Missing parameter [too few parameters]
Program mnemonic too long [maximum 12 characters]
Undefined header [operation not allowed]
Invalid character in number [includes "9" in octal data "#q", etc.]
Exponent too large [numeric overflow; exponent magnitude >32 k]
Too many digits [number too long; more than 255 digits received]
Numeric data not allowed
Invalid suffix [unrecognized units, or units not appropriate]
Suffix not allowed
Invalid character data [bad character, or unrecognized]
Character data too long [maximum length is 12 characters]
Character data not allowed
String data error
Invalid string data [e.g., END received before close quote]
String data not allowed
Block data error
Invalid block data [e.g., END received before length satisfied]
Block data not allowed
Expression error
Invalid expression [e.g., illegal character in expression]
Expression data not allowed
Macro error
Invalid outside macro definition [e.g., ’$1’ outside macro definition]
Invalid inside macro definition

-200
-220
-221
-222
-223
-240

Execution error [generic]
Parameter error
Settings conflict [uncoupled parameters]
Data out of range [e.g., frequency too high for this instrument]
Too much data [out of memory; block, string, or expression too long]
Hardware error

-310
-313
-330
-350

System error
Calibration memory lost [out of cal due to memory failure]
Self-test failed [more specific data after ";"]
Too many errors [error queue overflow]

-400
-410
-420
-430
-440

Query error
Query INTERRUPTED [query followed by DAB or GET before response complete]
Query UNTERMINATED [addressed to talk, incomplete program message received]
Query DEADLOCKED [input buffer and output buffer full; can’t continue]
Query UNTERMINATED after indefinite response [indefinite response request not the last request in
message unit]
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The Channel Status Enable register can be programmed to specify which channel status event bits are logically-ORed to
become the corresponding channel bit in the Channel Summary Event register.

Figure 5-1.  Electronic Load Status Registers
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Manual Updates

The following updates have been made to this manual since the print revision indicated on the title page.

4/15/00

All references to HP have been changed to Agilent.
All references to HP-IB have been changed to GPIB.
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