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 Remote Operation
 

 Introduction
 
 Chapter 3 introduced you to the basics of remote operation and provided a few simple examples using a Series 200
computer as the GP-IB controller. This chapter contains all the information required to control your power supply remotely
and discusses in greater detail how each of the commands can be implemented. The material covered is intended for any
controller capable of using the GP-IB interface functions mentioned in Interface Function, on this page.
 
 Four major sub-sections are discussed. These are:
 
 1. GP-IB Operation
 2. Programming Syntax
 3. Initial Conditions
 4. Power Supply Commands
 
 The GP-IB section briefly describes the GP-IB interface functions to get you acquainted with remote programming using
the GP-IB. Under Programming Syntax, the syntax of all commands, the numeric data formats and the programmable
ranges for all models are given. Initial Conditions highlights the initial values of all the parameters at power-on. Power
Supply Commands will describe all the commands which can be used to program the supply’s functions including status
reporting, error handling, protection features, and voltage and current programming. The power supply commands are
summarized in Appendix C.
 
 The examples are written in a generic form to make adaptation to your controller easy. You should be famili ar with the use
of your controller and its instruction set and how the power supply commands can be incorporated in your controller
commands. If you are not familiar with the operation of the power supply, you are advised to read through Chapters 2
through 4 first.
 

 GP-IB Operation
 
 Interface Function
 
 Remote control is implemented by the GP-IB. It enables instructions to be sent from an external computer equipped with a
GP-IB interface. The power supply implements the following IEEE-488 Interface Functions:
 
 SH1- Source Handshake
 SR1 - Service Request
 AH1 - Acceptor Handshake
 RL1 - Remote/Local
 T6 - Talker
 PP1 - Parallel Poll
 L4- Listener
 DC1 - Device Clear
 
 The source handshake, acceptor handshake, talker and listener functions are implemented by the interface circuits of the
power supply and the controller. The ADDR annunciator indicates when the power supply is addressed to listen or talk.
(The talker function includes the Serial Poll, see page 62).
 
 Service Request. This is a message which can be initiated by the power supply to request service from the controller.
When the supply is requesting service, it asserts the service request (SRQ) line on the GP-IB to interrupt the controller
providing the controller is configured to service interrupts. A service request can be generated whenever there is a fault on
one of the outputs (up to 4 outputs), a programming error has occurred, or at power on providing certain commands are
sent. Service request commands are discussed in detail  on page 76.
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 The SRQ annunciator on the front panel display is turned on when the power supply is requesting service from the
computer and remains on until the controller conducts a serial poll. A serial poll removes the service request and turns off
the SRQ annunciator regardless of whether the condition that caused the service request continues to exist. The service
request is also removed when you send the "CLR" command (see page 73).
 
 Remote/Local. The power supply can receive programming information either from the GP-IB (remote) or from the front
panel (local). When the power supply is in remote, the state of the supply cannot be changed by using the front panel keys,
although the LCL key will remain enabled. Remote operation takes precedence over local operation, hence if the supply is
accepting commands remotely and you attempt to change it to local operation, the supply will not allow any local settings
and will remain in remote. You can prevent the front panel from sending programming information by sending the local
lockout command. This command is sent only from the GP-IB. If you change from local to remote or vice-versa, there will
be no change in the programmed settings.
 
 Parallel Poll. Parallel Poll allows the controller to receive at the same time one bit of data from each of up to eight
instruments connected to the bus. Agilent power supplies designate bit #6, the RQS bit of the serial poll register for this
operation. By checking the status of this bit, the computer can quickly determine which instruments on the bus requested
service. Once an instrument is identified, the computer can perform a serial poll to find out the exact cause of the request.
Parallel Poll does not reset this service request bit (RQS) in the power supply.
 

 NOTE IEEE-488 does not define what data an instrument should put on a bus in response to parallel poll. Many
instruments such as Agilent Technologies power supplies indicate the state of their RQS bit, but the
operator should not assume that all instruments on the bus respond to parallel poll with their RQS bit.

 
 Unless remotely configured, the power supply will  respond with a 1 on one of the GP-IB data lines if it is requesting
service and its address is between 0 and 7. Addresses 0 through 7 define which data line (1 through 8) the supply will
respond on. If the address is set to 8 or greater, the supply will not respond unless remotely configured.
 
 The power supply may be remotely configured to respond with a 0 or 1, on any of the data lines, to indicate that it is
requesting service. This is done in accordance with IEEE-488 1978.
 
 Serial Poll. In a serial poll, the controller polls each instrument on the bus one at time. The power supply responds by
placing the contents of the eight-bit serial poll register on the GP-IB data lines. Page 75 discusses the Serial Poll Register
and defines the function of each of the bits. Af ter the serial poll, the service request is cleared and the SRQ annunciator at
the front panel is reset (off) . However, the condition that generated the service request may still be present. See page 76.
 
 Device Clear. The Device Clear command is typicall y used in systems to send all devices in the system to a known state
with a single command. It may be implemented as an addressed or an unaddressed command. The power supply CLR
command performs the same function as Device Clear (see page 73).
 
 GP-IB Address Selection
 
 You can find out the present address or change the address of the supply by using the front panel ADDR key as described
in Chapter 3. Any address 0 through 30 is a valid address. If you program an address outside this range you will  get a
number range error.
 

 NOTE Care should be taken to not select the controller address.
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 Power-On Service Request (PON)
 
 The power supply can request service from the controller when the power is turned on. This request can be enabled or
disabled by sending a PON command (see page 77). When the request is enabled, the supply can generate an SRQ at
power-on or when there is a momentary loss in power. You can execute a serial poll to clear the service request. Table 5-7
details the conditions under which a PON command will generate an SRQ.
 

 NOTE The power supply has a non-volatile memory in which it stores certain system variables. Some of these
variables are the calibration constants, the present supply address, and the present setting of the PON
command.

 

 Programming Syntax
 
 The following paragraphs describe the syntax of the device command that is used to program your power supply. As shown
in Figure 5-1, the device command is a specific part of the program statement that your computer will accept. The first part
of the statement is computer as well as programming language specific. Figure 5-1 shows the structure of a typical
programming statement for an Agilent Series 200 computer. If you are using a different computer or programming
language, refer to your computer programming manual to determine the correct syntax for this portion of the program
statement. This section of the manual is only concerned with the device command portion (the part inside the quotes for
Series 200 computers with BASIC) of the program statement.
 

 
 Figure 5-1. Typical Program Statement for Series 200 Computers

 
 Figure 5-2 shows the possible syntax forms for the device commands that are used to program the power supply. Syntax
forms for the calibration commands that are discussed in Appendix A are also included. The oblong shape at the left of the
syntax forms contains the command header which must be entered as shown in Tables 5-1 and 5-2. Commands are accepted
in either uppercase or lowercase letters (ASCII characters). Circles contain characters that must be entered exactly as
shown. Characters such as a space <SP> or a comma are used to separate elements in the command string. Characters such
as a line feed < LF > or a semicolon are used to terminate the command string. Rectangles contain parameters that follow
the command header lines and arrows indicate the correct paths through the syntax diagrams.
 
 Numeric Data
 
 The power supply will accept numeric data in implicit point, explicit point, or scientif ic notation. A general syntax diagram
for numeric data is included in Figure 5-2. Implicit point notation means that numbers do not contain a decimal point;
integers for example. Numbers written in explicit notation contain a decimal point, such as 12.35. In scientific notation, the
letter E stands for "10 raised to". For example, 1.2E3 is read as 1.2 times 10 raised to the 3rd power, which equals 1,200.
Plus and minus signs are considered numeric characters and are optional. If  you program a number with an accuracy that is
greater than the resolution of the supply, the number will automatically be rounded to the nearest multiple of the power
supply’s resolution. Table 5-1 gives the ranges for numeric data that is sent to the supply.
 
 The power supply will also return numeric data (ASCII characters) to your computer. The format of the numbers returned
depends upon the type of data requested. Table 5-2 gives the format for data returned to the computer in response to any of
the queries that are listed.
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 Figure 5-2 (Sheet 1 of 2). Syntax Forms for Power Supply Commands
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 Figure 5-2 (Sheet 2 of 2).  Syntax Forms for Power Supply Commands
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 Table 5-1. Power Supply Commands
 Command  Header  *Output Channel  Data Range  Syntax (Fig. 5-2)

 Set Voltage  VSET  1,2,3,4  See Table 5-4  C4
 Set Current  ISET  1,2,3,4  See Table 5-4  C4
 Set Overvoltage  OVSET  1,2,3,4  See Table 5-4  C4
 OC Protection On/Off  OCP  1,2,3,4  0,1(off,on)  C4
 Output On/Off  OUT  1,2,3,4  0,1(off,on)  C4
 Set the State of all
Outputs at Power-On

 DCPON  ----  0,1(off,on) CC+
2,3 (off ,on) CC-

 C4

 Unmask  UNMASK  1,2,3,4  0-255  C4
 Reprogram Delay
 (in seconds)

 DLY  1,2,3,4  0-32 (LSB=0.004)  C4

 Reset Overvoltage  OVRST  1,2,3,4     --  C3
 Reset Overcurrent  OCRST  1,2,3,4     --  C3
 Service Request  SRQ  --  0,1,2,3  C2
 Power-On SRQ
On/Off

 PON  --  0,1(off, on)  C2

 Display On/Off  DSP  --  0,1(off, on)  C2
 Display Characters
 (up to 12 characters)

 DSP  --  "string"  C6

 Store Settings  STO  --  1-10  C2
 Recall Settings  RCL  --  1-10  C2
 Clear Supply  CLR  --     --  C1
 *Output channels 3 and 4 are not used in all models (see Table 5-4).
 

 Table 5-2. Power Supply Queries
 Query  Header

 (Note 7)
 Channel
 (Note 1)

 Response
 (Notes 5 and 6)

 Initial Value  Syntax
 (Fig. 5-2)

 Voltage Setting  VSET ?  1,2,3,4  SZD.DDD  0  Q2
 Current Setting  ISET ?  1,2,3,4  SZD.DDD

SZZD.DD(Note 2)
 Min. Value

 (see Table 5-4)
 Q2

 Voltage Output  VOUT ?  1,2,3,4  SZD.DDD  --  Q2
 Current Output  IOUT ?  1,2,3,4  SZD.DDD SD.DDDD

(Note 3)
 --  Q2

 OVP Setting  OVSET ?  1,2,3,4  SZZD.DD  Full Scale
 (See Table 5-4)

 Q2

 OC Protection On/Off  OCP ?  1,2,3,4  ZZD  0(0ff)  Q2
 Output On/Off  OUT ?  1,2,3,4  ZZD  1(0n)  Q2
 Unmask Setting  UNMASK ?  1,2,3,4  ZZD  0(cleared)  Q2
 Delay Setting  DLY ?  1,2,3,4  <sp>ZD.DDD  0.02 sec  Q2
 Status  STS ?  1,2,3,4  ZZD  --  Q2
 Accumulated Status  ASTS ?  1,2,3,4  ZZD  --  Q2
 Fault  FAULT ?  1,2,3,4  ZZD  --  Q2
 Error  ERR ?  --  ZZD  --  Q1
 Service Request Setting  SRQ ?  --  ZZD  0(0ff)  Q1
 Power-On SRQ On/Off  PON ?  --  ZZD  Last stored value  Q1
 Display On/Off  DSP ?  --  ZZD  1(0n)  Q1
 Model Number  ID ?  --  Agilent 662XA (Note

4)
 --  Q1

 Selftest  TEST ?  --  ZZD  --  Q1
 Calibration Mode  CMODE ?  --  ZZD  0(0ff)  Q1
 S = Sign       Z = Digit with leading zeros put out as spaces.        D= Digit         <sp > = space
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 NOTES:
  1. Output channels 3 and 4 are not used in all models. (See Table 5-4).
  2. Applies to 80 W Low V output.
  3. Applies to 40 W High V and 80 W High V outputs.
  4. ’’X’’ depends upon model.
  5. A space is returned for a + sign.
  6. All responses are followed by a < CR > and < LF > (EOI asserted with < LF > ).
  7. Spaces are allowed between the header and the question mark.
 
 Order of Execution
 
 When you send a set of instructions to the power supply, they are executed in the order in which they are received. The
power supply completes the execution of the present command before executing another command. To send more than one
command within the power supply command string, use a semicolon to separate the commands. This maximizes the rate at
which the power supply accepts commands.
 
 Terminators
 
 Terminators mark the end of a command string. As shown in Figure 5-2, the semicolon, line feed < LF >, and carriage
return line feed < CR > < LF > are the characters that indicate the end of a message to the power supply. When you are
using the Agilent Series 200 computer with BASIC to send a command using the standard format (see Figure 5-1), the
computer automatically sends < CR > < LF > on the data bus following the command.
 

 Initial Conditions
 
 Immediately after power on, the power supply automatically undergoes a self- test and sets all parameters to their initial
values. Table 5-3 lists the parameters and their initial values.
 

 Table 5-3. Initial Conditions
 Parameter  Initial Value
 Voltage   0
 Current  Minimum current limit
 Reprogramming Delay  20 mS
 Store/Recall Registers  0 volts and min. current limit
 Overvoltage (OV)  23 V on low voltage outputs and 55 V on high

voltage outputs
 Output Channels  On
 OCP Enabled  Off
 UNMASK Register  0 (cleared)
 SRQ  0 (Off)
 Front Panel Metering  Output #1
 Power Supply Address  Last stored value (Factory set to 5)
 Local Control  On (enabled)
 PON Bit  On
 PON SRQ  Last stored value (Factory set to 0)
 Cal Mode  Off

 
 

 Power Supply Commands
 
 This section discusses the commands which you will use to program the supply’s voltage and current, protection circuits,
and enhanced features like storage and recall registers, and reprogramming delay. When programming, you should be
aware that the current, voltage and overvoltage ranges for each output of your supply may differ. Table 5-4 shows these
values for the power supply. If you send values out of these ranges, you will get a number range error. A summary of all
commands appears in Appendix C.
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 The output voltage of some output channels exceeds the safe operating limit of 42.2 V. To avoid any
electrical shock, program the voltage to zero volts or turn off ac input power before changing any rear
panel connections. Make certain all straps are properly connected, terminal block screws are

      securely tightened and terminal block covers are replaced before reapplying power.
 
 Voltage Programming
 
 To program voltage, send the output channel and the programmed value. In the example below, output 1 is programmed to
5 V.
 

 VSET 1,5
 
 The values you send must always be volts. For example if you want to program 450 milli volts, convert to volts and then
send the command:
 

 VSET 1,.45
 
 If  the output channel is operating in constant voltage mode (CV annunciator on) then the actual voltage is the programmed
voltage, but in CC mode of operation (CC annunciator on), the programmed voltage is the voltage limit for that output.
 
 To readback the programmed voltage setting for output 1, send the query:
 

 VSET? 1
 
 and address the supply to talk. If you want to know the value of the actual output voltage of output 1, send the query:
 

 VOUT? 1
 
 The results are placed on the GP-IB and read into the controller when the supply is addressed to talk.
 

 NOTE The power supply will round the VSET and ISFT settings to the nearest multiple of their resolution.
Table 5-4 lists the average resolution of these settings.

 
 Current Programming
 
 To program the current, send the output channel and the programmed value in amps. In the example below, output is
programmed to 1.15 amps.
 

 ISET 1,1.15
 
 The value you send must always be in amps. For example if you want to program 95 mil liamps, convert to amps and then
send the command
 

 ISET 1,.095
 
 If  the output channel is in constant current (CC) mode of operation, then the actual current is the programmed current but if
the output is in the CV mode, the programmed current is the current limit of that output.
 
 To readback the programmed current for output 1, send the query and addressing the supply to talk.
 

 ISET? 1
 
 You can also instruct the supply to measure the actual output current at output channel 1 by sending the following query
and address the supply to talk.
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 IOUT? 1
 
 The results are placed on the GP-IB and read into the controller .
 
 

 Table 5-4. Programmable Output Ranges for the Agilent 662lA-6624A and 6627A Supplies
 Model  Output

Channel
 Operating
Range *

 Output Voltage
(Avg.

Resolution)

 Output
Current-(Avg.
Resolution) **

 Overvoltage
Range(Avg.
Resolution

 6621A  1 & 2  Low  0 to 7.07 V  0.13 to 10.30 A  0 to 23 V
  (80 W Low V)  High  0 to 20.2 V  0.13 to 4.12 A  (0.10 V)
    (0.006 V)  (0.050 A)  

 6622A  1 & 2  Low  0 to 20.2 V  0.07 to 4.12 A  0 to 55 V
  (80 W High V)  High  0 to 50.5 V  0.07 to 2.06 A  (0.25 V)
    (0.015 V)  (0.020 A)  

 6623A  1  Low  0 to 7.07 V  0.08 to 5.15 A  0 to 23 V
  (40 W Low V)  High  0 to 20.2 V  0.08 to 2.06 A  (0.10 V)
    (0.006 V)  (0.025 A)  
  2  Low  0 to 7.07 V  0.13 to 10.30  0 to 23 V
  (80 W Low V)  High  0 to 20.2 V  0.13 to 4.12 A  (0.10 V)
    (0.006 V)  (0.050 A)  
  3  Low  0 to 20.2 V  0.05 to 2.06 A  0 to 55 V
  (40 W High V)  High  0 to 50.5 V  0.05 to 0.824 A  (0.25 V)
    (0.015 V)  (0.010 A)  

 6624A  1 & 2  Low  0 to 7.07 V  0.08 to 5.15 A  0 to 23 V
  (40 W Low V)  High  0 to 20.2 V  0.08 to 2.06 A  (0.10 V)
    (0.006 V)  (0.025 A)  
  3 & 4  Low  0 to 20.2 V  0.05 to 2.06 A  0 to 55 V
  (40 W High V)  High  0 to 50.5 V  0.05 to 0.824 A  (0.25 V)
    (0.015 V)  (0.010 A)  

 6627A  1-4  Low  0 to 20.2 V  0.05 to 2.06 A  0 to 55 V
  (40 W High V)  High  0 to 50.5 V  0.05 to 0.824 A  (0.25 V)
    (0.015 V)  (0.010 A)  

 
 *The maximum programmable voltage values for each range are 1% higher than the rated voltage and the maximum
programmable current values for each range are 3% higher than the rated current.
 
 **E ach output channel "wakes up" with current programmed to a small positi ve value. This permits the output channel’s
output voltage to be programmed up without specifically programming the current. An output channel, in fact, cannot be
programmed to zero amps. If the output channel receives a command to go to zero amps, or any positive current below the
minimum programmable current, it will set itself to the minimum. Note that you can use the DCPON command to cause the
ouput channels to wake up with the current programmed to a small negative value. This prevents current overshoots at turn
on if the unit is operating in constant current mode.
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 Range Switching
 
 Each output operates in the boundaries of either the low range or the high range as specified in Table 5-4. Refer to page 43
for a detailed description of the dual range operation. The range is selected based on the programmed parameters. If the last
parameter (voltage or current) programmed is outside of the existing range, the supply will automatically switch ranges. A
sequence of examples are given on the next page to illustrate this operation. Output 1, used in the examples, is a 40 W Low
V output.

 Example 1: VSET 1,5; ISET 1,2
 
 This example programs output 1 to 5 V and 2 A. These values are in the quadrant of the characteristic curve which has
 voltage and current boundaries common to both high and low operating ranges.
 

 Example 2: VSET 1,20
 

 Now output 1 is in the high range programmed to 20 V and 2A.
 

 Example 3: VSET 1,5; ISET 1,3
 
 Output 1 is now in the low range programmed to 5 V and 3A.
 

 Example 4: VSET 1,10
 

 Now output 1 is in the high range and the current is automatically scaled back from 3 A to the lower current limit of
 2.06 A. The output is operating in the same range as that of Example 2.
 

 Example 5: VSET 1,20; ISET 1,3
 
 The ISET command will cause the voltage to be scaled back to the low range limit of 7.07 V and the output will operate
within the boundaries of the low range as in Example 3.
 

 NOTE When the range is automaticall y switched, as in examples 4 and 5, the "coupled parameter’’ bit (CP) in the
status register (see Table 5-5) is set to indicate that range switching occurred.

 
 Output On/Off
 
 The OUT command disables/enables an output channel of the power supply. It will not disturb any other programmed
function nor will it reset the protection circuits. You can control individual outputs with the OUT command as shown
below. For example, to disable output channel 1 send the following:
 

 OUT 1,0
 
 To enable output channel 1 send the following command
 

 OUT 1,1
 
 You can find out the present state of output 1 by sending the query:
 

 OUT? 1
 
 and addressing the supply to talk. The response from the supply is either a "0" to indicate output 1 is off or a "1’’ to indicate
that the output is on. When disabled, the output behaves as if it were programmed to zero volts and minimum
 current.
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 Overvoltage (OV) Protection
 
 The programmable OV is a protection feature which can be set by the operator to protect the load against excessive voltage.
When the actual voltage exceeds the programmed overvoltage setting for a given output channel, the OV is tripped.  The
OV circuit will  fire the SCR crowbar which shorts across the output and the output assumes a low impedance state.
 
 For example, to program the OV of output channel 1 to 9.5 V send the following command:
 

 OVSET 1,9.5
 
 To find out the OV setting for output channel 1 send the following query and address the supply to talk:
 

 OVSET? 1
 
 To enable an output after it went into overvoltage, you must first remove the overvoltage condition and then send the OV
reset command.
 
 To reset output 1 send:
 

 OVRST 1
 
 If  you send the reset command without first removing the OV condition, the supply will  fire the OV again.
 

 NOTE If  the programmable OV fails, the supply has a fixed OV circuit which will fire the SCR crowbar if the
voltage exceeds 120% of the maximum rated output. The fixed OV circuit will also fire the SCR crowbar
if  the supply is off (line cord disconnected) and an external source is supplying voltage which exceeds
120% of the maximum rated output.

 
 Overcurrent Protection (OCP)
 
 The OCP is a protection feature employed by the power supply to guard against excessive output currents. When the output
enters the + CC mode and the OCP is enabled, the OCP circuit down programs the output voltage and disables the output.
 
 To enable the OCP, for output channel 1, send the command
 

 OCP 1,1
 
 To disable the OCP, send the command
 

 OCP 1,0
 
 You can find out the OCP setting by sending the following query and addressing the power supply to talk.
 

 OCP? 1
 
 The response from the power supply is either a "0" to indicate that OCP is off or a ’’1" to indicate that it is on. To reset the
output channel after an overcurrent trip, you can either disable the OCP and send the reset command, or you can reduce the
output current below the programmed current and then send the reset command. To reset output 1, send the command:
 

 OCRST 1
 
 

 NOTE The supply can report a fault condition when an output is in overvoltage or overcurrent. Although the
OVRST and OCRST commands reenable the output, they do not clear the fault register. As a
housekeeping measure, it is advisable to always clear the fault register by querying its value after an OV
or OC reset.
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 Multiple Output Storage & Recall
 
 The power supply has 10 internal registers each of which can store the voltage and current settings of all the outputs. By
storing voltage and current settings for all outputs and recalling them later, you can have significant savings in
programming time. (See Supplemental Characteristics in Table 1-1).
 
 At power-on, each of the registers contain 0 volts and the minimum current limit. To store voltage and current settings, you
must specify the register (1 to 10). For example to store the present settings of current and voltage of all your supply’s
outputs in register 2, send the following command:
 

 STO 2
 
 This command will take the programmed voltage and current settings of all output channels and store them in register 2.
 
 You can set the power supply outputs to these stored voltage and current settings by sending the recall command.
 

 RCL 2
 
 When a register is recalled, the outputs will be set sequentially (output 1, output 2, etc.). If you attempt to recall registers
which were not previously stored, then the supply will return the power-on values for that register (0 volts and minimum
current limit). If  you recalled registers outside the 1 to 10 range, you will get a number range error.
 
 The Clear Command
 
 This command will return the power supply to its power-on state and all parameters are returned to their initial power-on
values except for the following:
 

 1. The store/recall registers are not cleared.
 2. The power supply remains addressed to listen.
 3. The PON bit in the serial poll register is cleared.

 
 To Clear the power supply, send the following command:
 

 CLR
 
 Status Reporting
 
 The power supply has the abilit y to report its internal status to the user whenever it is asked to do so. Depending on the type
of status the user requested, the supply will  interrogate the status, accumulated status, mask, or fault registers present in
each output. The status register can report status independently or it can work together with the mask and fault registers to
report a fault. The accumulated status register records every status condition the output experienced since the time it was
last read. Figure 5-3 shows a conceptual model of the operation of these registers.
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 Figure 5-3. Functional Relationship of Status Registers

 
 The supply has one serial poll register which services all outputs and provides the user with other power supply status-
related information as discussed on page 75.
 
 Status Register. Each output channel of the power supply maintains its present status in an 8-bit register. This status
register reports the status of the output channel whenever it is queried. A "1" in any of the bit positions indicates that the
condition is true. As long as the condition continues to be true, the bit will remain set. Assignments for the bits are shown in
Table 5-5.
 
 Decoding of the reading is based on the weighted number placed on each bit of the 8-bit status registers. For example, bit
position 5 in the register has a bit weight of 32 (see Table 5-5). Each bit is assigned to a particular condition and the
corresponding bit weight is used to identify that condition. When set, bit 5 indicates that the associated output is in the
unregulated state. If this is the only bit that is set, the number 32 will be returned when the output’s status register is
queried.
 

 Table 5-5. Bit Alignment for the Status, A Status, Fault, and Mask Register
 Bit Position  7  6  5  4  3  2  1  0
 Bit Weight  128  64  32  16  8  4  2  1
 Meaning  CP  OC  UNR  OT  OV  -CC  +CC  CV
 Where
 
 CV = Constant Voltage Mode
 + CC = Positive Constant Current Mode
 - CC = Negative Current Limit Mode
 OV = Overvoltage Protection circuit tripped
 OT = Over Temperature Protection circuit tripped
 UNR = Unregulated Mode
 OC = Over Current Protection tripped
 CP = Coupled parameter (See Note)
 
 Note: When the range is automatically switched as discussed on page70, the CP bit is set. It is cleared when you send a
voltage or current value that causes no range change.
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 To query an output channel for its status, you must specify the output channel. For example, to find out the status at output
2 send the following query and address the supply to talk:
 

 STS? 2
 
 Accumulated Status Register. Each output channel of the power supply also maintains a cumulative status in its
accumulated status (astatus) register. This register records every status condition the power supply output entered since it
was last queried. When queried, it returns a decimal number which is decoded as shown below. The astatus register is reset
to the present value of the status register after it is queried. The bits are assigned as in Table 5-5. Here is an example to help
you decode the decimal number (from 0 to 255) returned when the astatus register is queried. If the output channel was in
overvoltage since the last reading of the astatus register and that channel is presently operating in constant voltage mode,
the reading you will get when you query the register will be 9. To decode this we use table 5-5.
 

 9 = 8 + 1
 OV  + CV

 
 For example, to query the astatus register of output 2, send the following query and address the supply to talk.
 

 ASTS? 2
 
 The Mask and Fault Register. The fault register works in conjunction with the mask register. These are two eight bit
registers which report any fault condition on a particular output channel.  The mask register is used to set up the conditions
that generate a fault which is latched into the fault register. The user can then read the fault register to determine the fault.
When a bit in the fault register is set, the power supply can generate a service request for that output providing the service
request command on fault (SRQ 1 or SRQ 3) was previously sent. See page 76 for a discussion on service request.
 
 To understand how these two registers work, we must include the status register in this discussion. Recall that the status
register takes its input from the power supply and the user cannot change its contents. The mask register takes its inputs
from the user, and the power supply cannot change its contents. The fault register takes its inputs from both the mask and
the status registers. You can find out the setting of the mask register of output 2 by sending the following query and
addressing the supply to talk:
 

 UNMASK? 2
 
 The response will be a numeric code between 0 and 255 which can be decoded by consulting Table 5-5. You can set the
conditions to generate a fault by setting (unmasking) one or more bits in the mask register. The conditions will remain
unmasked until you change them. To unmask conditions in output 2 for example, send the following command:
 

 UNMASK 2,XXX
 
 where XXX specifies the numeric code (0 to 255) for the unmasked conditions (see Table 5-5). If during operation, the
output experiences any of the previously unmasked conditions, it will set the corresponding bit(s) in its fault register.
 
 Remember that the bits in the fault register can be set when there is a change in either the status register or the mask
register. Each output has its status, mask, and fault registers arranged as shown in Figure 5-3 and Table 5-5. The mask
register, which is set by the user, is used to specify which bits in the status register are enabled (unmasked) to set bits in the
fault register. A bit is set in the fault register when the corresponding bit in the status register changes from "0’’ to "1" and
the corresponding bit in the mask register is a "1". Also, if a bit in the status register is already set and then the
corresponding bit in the mask register is set (unmasked), the corresponding bit in the fault register will be set.
 
 In addition, if both status and mask register bits remain set after the fault register was read (and cleared), the fault register
will  remain cleared as long as there are no changes in either the status or mask registers with the following exception.
Executing a VSET, ISET, RCL, OVRST, OCRST, or OUT on/off  command, will cause the CV, + CC, - CC, or UNR bit
(as applicable) in the fault register to be set. Note that the fault register is cleared immediately after it is read.
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 As shown in Figure 5-3, if one or more bits in the fault register of a given output channel are set, then the FAU bit for that
output in the serial poll register will also be set and a service request may be generated (see page 76). To read the fault
register of output 2 and find out which bits are set, send the following query and address the supply to talk:
 

 FAULT? 2
 
 The power supply responds with a number which can be decoded from Table 5-5. For example, the number 9 (8 + 1)
indicates that the OV and the CV bits in the fault register are set.
 

 NOTE If  the condition(s) generating the fault(s) is (are) removed but the fault register is not read, the bit(s) in the
fault register will remain set.

 
 The Serial Poll Register. The serial poll register is an 8 bit register which the supply uses to keep track of its internal
operating status and to determine the operating status of each of its outputs. Table 5-6 defines each bit.
 

 Table 5-6. Bit Assignment of the Serial Poll Register
 Bit Position  7  6  5  4  3  2  1  0
 Bit Weight  128  64  32  16  8  4  2  1
 Meaning  PON  RQS  ERR  RDY  FAU 4  FAU 3  FAU 2  FAU 1
 
 The first four bits (0 to 3) in the register tell whether or not a particular output has a fault. If there is a fault in one of the
outputs, then the corresponding FAU bit will be set. Thus if output 1 has a fault, then FAU 1 will be set. In models with
only three outputs, FAU 4 will always be zero and in two output models, FAU 3 and FAU 4 will always be zero.
 
 The RDY bit is set when processing is complete and is cleared when the supply is processing commands.
 
 The ERR bit is set when a programming or hardware error occurs and is cleared when the error query (ERR?) is received.
The error annunciator on the front panel informs the user when this bit is set or cleared.
 
 The RQS bit is set when the power supply generates a service request and cleared after a serial poll is done (see the
following paragraph, Service Request Generation).
 
 The PON bit is set at power on and cleared when a CLR command is sent.
 
 
 Service Request Generation
 
 When operating your supply, you may want it to request service every time a fault or a programming error condition
occurs. To do this you send a service request (SRQ) command. When the condition is true, the power supply responds by
setting the RQS bit in the serial poll register, setting the SRQ annunciator on the front panel, and issuing an SRQ over the
GP-IB.
 
 The 662xA supplies can generate a service request for any of the following reasons: (refer to Table 5-7).
 
• An Output Fault. If  there is a fault on one or more of the output channels and you previously sent the SRQ 1 or

 SRQ 3 command (see Service Request Enable/Disable information below), then an SRQ will  be generated.
 
• An Error. If  there is an error (see Tables 5-8) and you previously sent the SRQ 2 or SRQ 3 command, (see Service

Request Enable/Disable information below), then the supply will generate a service request.
 
• Power-on. At power-on, the PON bit of the serial poll register is set but the supply will  only generate an SRQ if you

previously sent a PON 1 command.
 
• Input Line Voltage Dropout. Same as power-on condition.
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 To find out the nature of the service request, you must do a serial poll. This will  isolate the output that generated the request
by checking which of the FAU bits are set in the case of a fault, or checking to see if the error bit is set in the case of an
error. If  the SRQ on faults was set, then send the fault query.
 

 FAULT? 2 (using output 2 as an example)
 
 and address the supply to talk if you want to find out which of the conditions you unmasked in Figure 5-3 are true. For
example if the supply was in overvoltage and that condition was unmasked then the response from the fault query will be
’’8" (see Table 5-5).
 

 NOTE When you query the fault, the fault register is cleared. Performing a serial poll will  reset the PQS bit but
will  not clear the fault register.

 
 If  the SRQ on error was set, then you can send the error query ERR? and address the supply to talk. The response will
identify the error by its code (see Table 5-8).
 
 Service Request Enable/Disable. You can query the status of the service request enable/disable function by sending
the query:
 

 SRQ?
 
 and addressing the power supply to talk. The response from the supply is one of the following:
 

 0, 1, 2, or 3
 

 0--indicates that the service request capabilit y (except for power-on; see The Power On-Service Request
      information below) is disabled.
 
 1--indicates that it is enabled for output fault conditions.
 
 2--indicates that it is enabled for error conditions.
 
 3--indicates that it is enabled for both fault and error conditions

 
 The ability  to generate service requests can be enabled or disabled using the SRQ command as described below.
 
 To disable the service request capabilit y, except for power-on, send:
 

 SRQ 0
 
 To enable the service request capabilit y for all output faults,
 

 SRQ 1
 
 To enable the service request capabilit y for errors, send:
 

 SRQ 2
 
 To enable the service request capabilit y for both faults and errors, send:
 

 SRQ 3
 
 The Power-On Service Request. You can also cause the power supply to request service every time it is switched on
or every time there is a temporary loss in power. To do this send the following command:
 

 PON 1
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 If  you want to disable this facility, send the command.
 

 PON 0
 
 If  you want to find out if the power-on SRQ is enabled or disabled, send the following query:
 

 PON ?
 
 and address the supply to talk. The supply will respond with a 1 or 0 as discussed above.
 

 NOTE The power-on (PON) SRQ mode is stored in the non-volatile memory of the supply so that although the
supply may be switched off, it will  remember the status of the last PON command at power-on and
respond accordingly.

 
 Table 5-7 summarizes all the conditions under which a service request will be generated.
 
 

 Table 5-7 Condition for Generating a Service Request
 Condition  Commands Sent  State of

  PON  SRQ  RQS Bit
    
• Any  0  0  0
    
• Power-on  1  -  1
    
• Error  -  2 or 3  1
    
• Fault - 1 or 3 1

Reprogramming Delay

The power supply may switch modes or become unregulated momentarily after a new output value is programmed.
Because of their short duration, these cases may not ordinarily  be considered a fault but the supply will  recognize this
deviation and generate a fault signal. To prevent this, the reprogramming delay feature is implemented.

Reprogramming delay will delay the onset of certain fault conditions and prevent the power supply from registering a fault
when these conditions are true. When the delay is in effect, the CV, + CC, - CC and UNR bits of the status register are
masked and cannot communicate with the mask and fault registers and the OCP function. This will prevent the supply from
registering a fault should any of these bits become set during the delay period. Reprogramming delay is initiated when any
of the following functions are executed:

VSET: ISET: RCL: OVRST: OCRST; OUT on/off

At power-on reprogramming delay is set to 20 mS. You can specify new values between 0 and 32 S in steps of 4 mS. If you
specify a value which is not a multiple of 4 mS, the supply will round off  the set value to the nearest 4 mS multiple.

To program a new value of 80 mS in output 2 for example, send the following:

DLY 2,.08

If  you send a value outside the 0 to 32 S range you will get a programming error. You may use the programming response
times in the specifications table to give you an idea of a typical delay setting. However, the appropriate delay setting will
also depend on load capacitance, load resistance, and current limit setting.  See page 51 for output capacitor considerations.

To query the reprogramming delay setting of a particular output channel, send the following query:

DLY? 2 (using output 2 as an example)
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and address the supply to talk. The response will be a numeric value between 0 and 32.

Display On/Off

When the display is on, the commands sent across the GP-IB may experience a slower processing time because the
processor must also spend time to monitor the outputs and update the display. You can shorten your command processing
time by turning off  the display. To turn off  the display, send the command:

DSP 0

To re-enable the display send the command:

DSP 1

You can also find out the status of the display by sending the following query and addressing the supply to talk:

DSP?

The response will be either a "1’’ or a "0’’.

Message Display Capability. The display command can also be used to display messages on the front panel. Messages
may consist of a maximum of twelve alphanumeric characters. Only upper case alpha characters, numbers, and spaces will
be displayed.

For example, to display the message "OUTPUT 2 OK” send the following command:

DSP "OUTPUT 2 OK"

NOTE The BASIC programming statement for a series 200/300 computer would be as follows:

OUTPUT 705; ''DSP'"'OUTPUT 2 OK""

Other Queries

In the examples discussed above, you saw how to use queries for each function discussed. The following paragraphs
describe other queries which were not previously covered.

ERROR Query. The power supply can detect both programming and hardware errors. You can use either the front panel
(see page 87) or the GP-IB to find out the type of error. Upon detecting an error, the error annunciator on the front panel
and the ERR bit in the serial poll register will be set. When in local mode the supply will display the error name in response
to pressing the ERR key on the front panel. Over the GP-IB, only the error code will be returned. After a query, the error bit
is cleared. A description of these codes is given in Table 5-8. To find out what the error is, send the following query and
address the supply to talk:

ERR?

The supply will respond with an error code number (see Table 5-8).

ID Query. If you want to know the model number of the power supply you are working with, you can send the ID? query
over the GP-IB. To do this send the following over the GP-IB and address the supply to talk.

ID?
The supply will respond with its model number.

Test Query. You can get the power supply to perform a limited self-test at any time during its operation by sending the
TEST? query over the GP-IB. This test does not affect the analog control circuits of the supply and it can be performed
while the outputs are connected to external circuits. For tests of the analog control circuits refer to Chapter 3. Responses to
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the test query are described in Table 5-9. This test cannot be done from the front panel. To instruct the power supply to
carry out a self-test, send the following query and address the supply to talk:

TEST?

Calibration Mode Query. To be able to calibrate your power supply, the calibration mode (CMODE) must be turned on
(See Appendix A for a detailed description of the calibration procedure). To find out if the CMODE is on or off , send the
following query over the GP-IB and address the supply to talk:

CMODE?

The supply will respond with a ’’1" which indicates that CMODE is on or a "0" which indicates that CMODE is off .

DCPON. The DCPON command sets the state of all outputs at power-on. You can specify if the outputs wake up enabled
or disabled when the unit is turned on. To enable all outputs at turn-on send:

DCPON 1

To disable all outputs at turn-on send:
DCPON 0

Note that these commands set the output voltage to zero and the output current to a slightly positive value when the
OUTPUT OFF command is issued. Therefore, the constant voltage feedback loop is active and the outputs are in constant
voltage mode when programmed “OFF”.

Starting with firmware revision A.00.04 and later, two additional commands let you set the output current to a slightly
negative value when the OUPUT OFF command is issued, causing the outputs to be in constant current mode when
programmed “OFF”. The benefit of being in constant current mode when the output is off is that if the load impedance and
the voltage and current settings are such that the unit is forced into constant current mode at turn on, then the current
feedback loop will be active during the transition to OUTPUT ON, and there will be no output current overshoot due to
mode crossover.

To enable all outputs in constant current mode at turn on send: DCPON 2

To disable all outputs in constant current mode at turn-on send: DCPON 3
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Table 5-8. Error Messages
Front Panel
Response

GP-IB
Code

Explanation

.
NO ERROR 0 This is the response to the ERR? query when there are no errors.

INVAL ID CHAR 1 You sent the supply a character it did not recognize.

INVAL ID NUM 2 Format of your number is incorrect. Check number syntax.

INVAL ID STR 3 or 28 Occurs when you send a command the supply does not understand.

SYNTAX ERROR 4 Either too many parameters are sent without delimiters or the number
representation is incorrect. Follow the Syntax Diagram in Figure 5-2. Check
spaces and delimiters.

NUMBER RANGE 5 An out of range number was sent. Send a new number within the legal range.

NO QUERY 6 Computer addressed the supply to talk, but it did not first request data. Send
query first then address supply to talk.

DISP LENGTH 7 Quoted string exceeds the display length of 12 characters. Shorten string to a
maximum of 12 characters.

BUFFER FULL 8 This error may occur if too many numbers are sent. Error #4 or #5 may occur
fi rst.

EEPROM ERROR 9 EEPROM is not responding correctly to programming commands. An
instrument failure has occurred and service is required.

HARDWARE ERR 10 An output error has occurred in an unknown output. Service is required.

HDW ERR CH 1 11 Errors 11 through 14 refer to a specific output where there is an output error.
Service is required.

HDW ERR CH 2 12 Same as in Error #11

HDW ERR CH 3 13 Same as in Error #11

HDW ERR CH 4 14 Same as in Error #11

NO MODEL NUM 15 The interface cannot find its model number. There may be a hardware failure
or the instrument may require reprogramming. Service is required.

CAL ERROR 16 You tried to use either a calibration command with CMODE off  or the
calibration failed while in CMODE. Enable CMODE and check numbers sent
during calibration. Also, there could be a hardware error.

UNCALIBRATED 17 There is an incorrect checksum in the EEPROM possibly as a result of
incorrect calibration procedure. Recalibrate, and if the problem persists, your
supply has a hardware failure.
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Table 5-8. Error Messages (continued)
Front Panel
Response

GP-IB
Code

Explanation

CAL LOCKED 18 Calibration was attempted with the Calibration Jumper on the GP-IB board in
the lockout position. Reposition jumper if desired. See Service Manual.

SKIP SLF TST 22 The self test jumper on the GP-IB board is in the Skip Self Test position. No
self-test was done. This is for diagnostics only. See Service Manual.

Table 5-9. TEST? Responses
Code Explanation

0 This is the response to the TEST? query when there are no errors.

20 The timer has failed self-test. Refer to the troubleshooting section in the Service Manual.

21 The RAM has failed self-test. Refer to the troubleshooting section in the Service Manual.

27 The ROM has failed the checksum test. Refer to the troubleshooting section in the Service Manual.




