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The Agilent Technologies E3631A is ahigh performance 80 watt-triple output DC
power supply with GPIB and RS-232 interfaces. The combination of bench-top and
system featuresin this power supply provides versatile solutionsfor your design and
test requirements.

Convenient bench-top features

e Triple output

» Easy-to-use knob control for voltage and current settings

« Highly visible vacuum-fluorescent display for voltage and current meters
» Tracking operation for +25V outputs

» Excellent load and line regulation and low ripple and noise

» Operating states storage

» Portable, ruggedized case with non-skid feet

Flexible system features

* GPIB (IEEE-488) and RS-232 interfaces are standard

* SCPI (Standard Commands for Programmable | nstruments) compatibility
* 1/O setup easily done from front-panel

Agilent E3631A
Triple Output
DC Power Supply



The Front Panel at a Glance
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1 Meter and adjust selection keys 7 1/0O Configuration / Secure key

2 Tracking enable/disable key 8 Output On/Off key

3 Display limit key 9 Control knob

4 Recall operating state key 10 Resolution selection keys

5 Store operating state / Local key 11 Voltage/current adjust selection key

6 Error / Calibrate key



Meter and adjust selection keys Select the output voltage and current of any one
supply (+6V, +25V, or -25V output) to be monitored on the display and allow knob
adjustment of that supply.

2 Tracking enable / disable key Enables / disables the track mode of £25V supplies.

3 Display limitkey Shows the voltage and current limit values on the display and allows
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knob adjustment for setting limit values.

Recall operating state key Recalls a previously stored operating state from location
nn e op3e )

Store operating state / Local key1 Stores an operating state in location "1", "2", or
"3" [ or returns the power supply to local mode from remote interface mode.

Error / Calibrate key2 Displays error codes generated during operations, self-test
and calibration / or enables calibration mode (the power supply must be unsecured
before performing calibration).

I/O Configuration / Secure key3 Configures the power supply for remote interfaces
/ or secure and unsecure the power supply for calibration.

Output On/Off key Enables or disables all three power supply outputs. This key
toggles between two states.

Control knob Increases or decreases the value of the blinking digit by turning
clockwise or counter clockwise.

Resolution selection keys Move the flashing digit to the right or left.

Voltage/current adjust selection key Selects the knob function to voltage control
or current control.

The key can beused asthe"Local" key when the power supply isin the remoteinterface mode.
2You can enable the "calibration mode" by holding down this key when you turn on the power
supply.

3You can use |t as the" Secure” or "Unsecure'” key when the power supply isin the calibration
mode.



Front-Panel Voltage and Current Settings

You can set the voltage and current from the front panel using the following
method.

Use the voltage/current adjust selection key, the resolution selection keys, and
the control knob to change the limiting or limitings value of voltage or current.

(
Voltage + +
Current
>

1 Pressthe key after turning on the power supply.

2 Setthe knob to the voltage control mode or current control mode using the voltage/
current adjust selection key.

3 Move the blinking digit to the appropriate position using the resolution selection keys.

4 Change the blinking digit to the desired value using the control knob.

5 Press the key to enable the output. After about 5 seconds, the

display will go to the output monitor mode automatically to display the voltage and
current at the output.

Note All front panel keys and controls can be disabled with remote interface commands.
The Agilent E3631A must bein "Local" mode for the front panel keys and controlsto
function.




Display Annunciators
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Adrs  Rmt +8V 425V -25V CAL Track Lmt Unreg

Adrs Power supply is addressed to listen or talk over a remote interface.

Rmt Power supply is in remote interface mode.

+6V Displays the output voltage and current for +6V supply. Knob is active
for 6V supply.

+25V Displays the output voltage and current for +25V supply. Knob is active
for +25V supply.

-25V Displays the output voltage and current for -25V supply. Knob is active
for -25V supply

CAL Power Supply is calibration mode.

Track The output of +25V and -25V supplies are in track mode.

Lmt The display shows the voltage and current limit values of a selected
supply.

ERROR Hardware or remote interface command errors are detected and also the
error bit has not been cleared.

OFF The three output of the power supply is disabled.

Unreg The displayed output is unregulated (output is neither CV nor CC).

cVv The displayed output is in constant-voltage mode.

CcC The displayed output is in constant-current mode.

To review the display annunciators, hold down key as you
turn on the power supply.



The Rear Panel at a Glance

45 Agilent

SER
oPT

Made In Kores
Gl € e Q)
LR 88750 ¢ @ @
WARNING:
NO OPERATOR SERVICEABLE
PARTS INSIDE, REFER SERVICING @
TO SERVICE TRAINED PERSONNEL.

FOR CONTINUED FIRE PROTECTION,
USE SPECIFIED ~LINE FUSE.

X K
| ° ° - e crrr ]
scoo

1 Power-line voltage setting 4 Power-line module
2 Power-line fuse-holder assembly 5 GPIB (IEEE-488) interface connector
3 AC inlet 6 RS-232 interface connector

Use the front-panel key to:

» Select the GPIB or RS-232 interface (see chapter 3 in User's Guide).
» Setthe GPIB bus address (see chapter 3 in User's Guide).

» Setthe RS-232 baud rate and parity (see chapter 3 in User's Guide).



In This Book

Specifications Chapter 1 lists the power supply’s specifications and describes how
to interpret these specifications.

Quick Start Chapter 2 preparesthe power supply for use and helpsyou get familiar
with the front-panel features.

Calibration Procedures Chapter 3 provides performance verification and
calibration procedures.

Theory of Operation Chapter 4 describes block and circuit level theory related to
the operation of the power supply.

Service Chapter 5 provides guidelines for returning your power supply to Agilent
Technologies for servicing, or for servicing it yourself.

Replaceable Parts Chapter 6 contains a detailed parts list of the power supply.

Backdating Chapter 7 describesthe difference between this manual and older i ssues
of thismanual.

Schematics Chapter 8 contains the power supply's schematics, disassembly
drawings, and component locator drawings.

If you have questions relating to the operation of the power supply, call
1-800-829-4444 in the United States, or contact your nearest Agilent Technologies Sales
Office.
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Specifications



Specifications

The performance specifications are listed in the following pages. Specifications are
warranted in the temperature range of 0 to 40°C with aresistive load. Supplemental
characteristics, which are not warranted but are descriptions of performance
determined either by design or testing. Chapter 3 "Calibration Procedures’ contains
procedures for verifying the performance specifications. All specifications apply to
the three outputs unless otherwise specified.
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Chapter 1 Specifications
Performance Specifications

Performance Specifications

Output Ratings (@ 0°C - 40°C)

+6V Output Oto+6V;0to5A
+25V Output Oto+25V;0to1 A
-25V Output Oto-25V;0tol1 A

Programming Accuracy[” 12 months (@ 25°C * 5°C), (% of output + offset)

+6V Output +25V Output -25V Output
Voltage 0.1% + 5 mV 0.05% + 20 mV 0.05% + 20 mV
Current 0.2% + 10 mA 0.15% + 4 mA 0.15% + 4 mA

Readback Accuracy[” 12 months (over GPIB and RS-232 or front panel with respect
to actual output @ 25°C + 5°C), (% of output + offset)

+6V Output +25V Output -25V Output
Voltage 0.1% + 5 mV 0.05% + 10 mV 0.05% + 10 mV
Current 0.2% + 10 mA 0.15% + 4 mA 0.15% + 4 mA

Ripple and Noise (with outputs ungrounded, or with either output terminal grounded,
20 Hz to 20 MHz)

+6V Output +25V Output -25V Output
Voltage <0.35 mV rms <0.35 mV rms <0.35 mV rms

<2mV p-p <2mV p-p <2mV p-p
Current <2 mA rms <500 pA rms <500 pA rms

Common mode current <1.5 pA rms

Load Regulation, +(% of output + offset)
Change in output voltage or current for any load change within ratings

Voltage <0.01% + 2 mV
Current <0.01% + 250 pA

Line Regulation, *(% of output + offset)
Change in output voltage and current for any line change within ratings

Voltage <0.01% + 2 mV
Current <0.01% + 250 pA

(1 Accuracy specifications are after an 1-hour warm-up and calibration at 25°C
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Chapter 1 Specifications
Performance Specifications

Programming Resolution

+6V Output +25V Output -25V Output
Voltage 0.5mVv 1.5mV 1.5mV
Current 0.5mA 0.1 mA 0.1 mA

Readback Resolution

+6V Output +25V Output -25V Output
Voltage 0.5mVv 1.5mV 1.5mV
Current 0.5 mA 0.1 mA 0.1 mA

Meter Resolution

+6V Output +25V Output -25V Output
Voltage 1mVv 10 mV 10 mV
Current 1mA 1mA 1mA

Transient Response Time

Less than 50 psec for output recover to within 15 mV following a change in output
current from full load to half load or vice versa

Command Processing Time

Programming Commands : Maximum time for output to change after receipt of APPLy
and SOURce commands : <50 msec

Readback Command : Maximum time to readback output by MEASure? command :
<100 msec

The Other Commands : < 50 msec

Tracking Accuracy
The +25V outputs track each other within + (0.2% of output + 20 mV).

15



Chapter 1 Specifications
Supplemental Characteristics

Supplemental Characteristics

Output Programming Range (maximum programmable values)

+6V Output +25V Output -25V Output
Voltage 0to 6.18V 0to 25.75V 0to-25.75V
Current Oto5.15A O0to 1.03 A 0to1.03 A

Temperature Coefficient, £(% of output + offset)
Maximum change in output/readback per °C after a 30-minute warm-up

+6V Output +25V Output -25V Output
Voltage 0.01% + 2 mV 0.01% + 3 mV 0.01% + 3 mV
Current 0.02% + 3 mA 0.02% + 0.5 mA 0.02% + 0.5 mA

Stability, (% of output + offset)

Following a 30-minute warm-up, change in output over 8 hours under constant load,
line, and ambient temperature

+6V Output +25V Output -25V Output
Voltage 0.03% + 1 mV 0.02% + 2 mV 0.02% + 2 mV
Current 0.1% + 3 mA 0.05% + 1 mA 0.05% + 1 mA

Voltage Programming Speed

Maximum time required for output voltage to settle within 1% of its total excursion (for
resistive load). Excludes command processing time.

+6V Output +25V Output -25V Output
Full load Up 11 msec 50 msec 50 msec
Full load Down 13 msec 45 msec 45 msec
No load Up 10 msec 20 msec 20 msec
No load Down 200 msec 400 msec 400 msec

Isolation

The 0-6V supply is isolated from the +25V supply up to +240 Vdc. Maximum isolation
voltage from any terminal to chassis ground +240 Vdc.

AC Input Ratings (selectable via rear panel selector)

std 115 Vac + 10%, 47 to 63 Hz
opt OE3 230 Vac + 10%, 47 to 63 Hz
opt OE9 100 Vac *+ 10%, 47 to 63 Hz

Maximum Input Power
350 VA with full load

16




Chapter 1 Specifications
Supplemental Characteristics

Cooling
Fan cooled

Operating Temperature

0 to 40°C for full rated output. At higher temperatures, the output current is derated
linearly to 50% at 55°C maximum temperature.

Output Voltage Overshoot

During turn-on or turn-off of ac power, output plus overshoot will not exceed 1V if the
output control is set to less than 1 V. If the output control is set to 1 V or higher, there
is no overshoot.

Programming Language
SCPI (Standard Commands for Programmable Instruments)

State Storage Memory
Three (3) user-configurable stored states

Recommended Calibration Interval
1 year

Dimensions”
212.6 mmW x 132.6 mmH x 348.2 mmD (8.4 x 5.2 x 13.7 in)
*See the next page for detailed information.

Weight
Net 8.2 kg (18 Ib)
Shipping 11 kg (24 Ib)
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Figure 1-1. Dimensions of Agilent E3631A Power Supply
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Quick Start

One of the first things you will want to do with your power supply isto become
acquainted with its front panel. Written procedures in this chapter prepare the power
supply for use and familiarize you with most front-panel operations.

The power supply is shipped from the factory configured in the front-panel
operation mode. At power-on, the power supply is automatically set to operatein
the front-panel operation mode. When in this mode, the front-panel keys can be
used. When the power supply isin remote operation mode, you can return to front-
panel operation mode at any time by pressing the key if you did not
previously send the front-panel lockout command. A change between front-panel
and remote operation modes will not result in a change in the output parameters.

When you press the key (the L mt annunciator blinks), the
display of the power supply goesto the limit mode and the present limit val ues of
the selected supply will bedisplayed. In thismode, you can al so observethechange
of thelimit values when adjusting the knob. If you pressthe key
againor let thedisplay time-out after several seconds, the power supply will return
the display to the meter mode (the L mt annunciator turns off). In this mode, the
actual output voltage and current will be displayed.

All outputs of the power supply can be enabled or disabled from the front panel

using the key. When the output of the power supply is off, the
OFF annunciator turns on and the three outputs are disabled.

The display provides the present operating status of the power supply with
annunciatorsand also informsthe user of error codes. For exampl e, the+6V supply
isoperatingin CV mode and controlled from thefront panel, thenthe CV and +6V
annunciators will turn on. If, however, the power supply isremotely controlled,
the Rmt annunciator will also turn on, and when the power supply is being
addressed over GPIB interface, the Adr s annunciator will turn on. see " Display
Annunciators' on page 5 for more information.

Throughout this chapter the key to be pressed is shown in the left margin.
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Chapter Quick Start
To prepare the power supply for use

Output On/Off

4

To prepare the power supply for use

The following steps help you verify that the power supply is ready for use.

Check thelist of supplied items.

Verify that you havereceived thefollowing itemswith your power supply. If anything
is missing, contact your nearest Agilent Technologies Sales Office.

[ One appropriate power cord for your location.

[ One User's Guide.

This Service Guide.

[ Certificate of Calibration.

Verify that the correct power -linevoltage setting isselected and that the corr ect
power-line fuseisinstalled.

Thelinevoltageis set to 100, 115 or 230 Vac from the factory according to the input
power option selected when you ordered the power supply. Changethevoltage setting
if itisnot correct for your location (see the next page for detailed information). For
100 or 115 Vac operation, the correct fuseis 2.5 AT (Agilent part number 2110-0913)
and for 230 Vac operation, the correct fuse is 2 AT (Agilent part number 2110-0587).

Connect the power cord and turn on the power supply.

A power-on self-test occurs automatically when you turn on the power supply. The
front-panel display will light up while the power supply performs its power-on self-
test. After performing the self-test, the power supply will go into the power-on / reset
state; al outputs are disabled (the OFF annunciator turnson); the display is selected
for the +6V supply (the +6V annunciator turns on); the knob is selected for voltage
control.

Enable the outputs

Pressthe key to enable the outputs. The OFF annunciator turns off
andthe+6V and CV annunciatorsarelit. Theblinking digit can beadjusted by turning
the knob. Notice that the display isin the meter mode. "M eter mode" means that the
display shows the actual output voltage and current.
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Chapter Quick Start

To prepare the power supply for use

1 Removethe power cord. Remove
the fuse-holder assembly with a flat-
blade screwdriver from the rear

2 Install the corect line fuse. Remove
the power-line voltage selector from
the power-line module.

RN
100 or 115 Vac, 25 AT fuse \‘a
Z

N\
230 Vac, 2 AT fuse N

3 Rotate the power-line voltage
selector until the correct voltage

appears.

4 Replace the power-line voltage
selector and thefuse-hol der assembly
in the rear panel.

100, 115 or 230 Vac

Install the correct fuse and verify that the correct line voltage appears in the

window.
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Chapter Quick Start
To check the rated voltages of the power supply

Output On/Off

2

To check the rated voltages of the power supply

The following procedures check to ensure that the power supply developsits rated
voltage outputswith no load and properly respondsto operation from the front panel.

For each step, use the keys shown on the left margins.

Turn on the power supply.

The power supply will go into the power-on/ reset state; all outputs are disabled (the
OFF annunciator turns on); the display is selected for the + 6V supply (the +6V
annunciator turns on); and the knob is selected for voltage control.

Enable the outputs.

The OFF annunciator turns off and the +6V and CV annunciatorsarelit. Theblinking
digit can be adjusted by turning the knob. Notice that the display isin the meter mode.
"Meter mode" means that the display shows the actual output voltage and current.

Check that thefront-panel voltmeter properly respondsto knob control for +6V
supply. ()

Turn the knob clockwise or counter clockwise to check that the voltmeter responds
to knob control and the ammeter indicates nearly zero.

Ensur ethat thevoltage can be adjusted from zero to themaximum rated value.

1
()
Adjust the knob until the voltmeter indicates 0 volts and then adjust the knob until
the voltmeter indicates 6.0 volts.

Lvou can use the resolution selection keys to move the blinking digit to the right or |eft when
setting the voltage.
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Chapter Quick Start
To check the rated voltages of the power supply

Check thevoltage function for the +25V supply.

Select the meter and adjust selection key for the +25V supply. The CV annunciator
isstill lit and the +25V annunciator will turn on. Repeat steps (3) and (4) to check the
voltage function for the +25V supply.

Check thevoltage function for the -25V supply.

Sel ect the meter and adjust selection key for the -25V supply. The CV annunciator is
still lit and the -25V annunciator will turn on. Repeat steps (3) and (4) to check the
voltage function for the -25V supply.

25



Chapter Quick Start
To check the rated currents of the power supply

Output On/Off

Display Limit

3

To check the rated currents of the power supply

The following procedures check to ensure that the power supply developsits rated
current outputs with a short and properly responds to operation from the front panel.

For each step, use the keys shown on the |eft margin.

Turn on the power supply.

The power supply will go into the power-on/ reset state; all outputs are disabled (the
OFF annunciator turns on); the display is selected for the + 6V supply (the +6V
annunciator turns on); and the knob is selected for voltage control.

Connect a short across (+) and (-) output terminals of +6V supply with an
insulated test lead.

Enable the outputs.

The OFF annunciator turns off and the +6V annunciator turnson. The CV or CC
annunciator islit depending on the resistance of the test lead. The blinking digit can
be adjusted by turning the knob. Notice that the display isin the meter mode. "Meter
mode" means that the display shows the actual output voltage and current.

Adjust thevoltage limit valueto 1.0 volt. (

Set the display to the limit mode (the L mt annunciator will be blinking). Adjust the
voltage limit to 1.0 volt to assure CC operation. The CC annunciator will light.

Check that the front-panel ammeter properly respondsto knob control for the
+6V supply. ()

Set the knob to the current control, and turn the knob clockwise or counter clockwise
when the display is in the meter mode (the L mt annunciator is off). Check that the
ammeter responds to knob control and the voltmeter indicates nearly zero (actually,
the voltmeter will show the voltage drop caused by the test |ead).
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Note

Chapter Quick Start
To check the rated currents of the power supply

Enslurethat thecurrent can beadjusted from zeroto the maximum rated value.
@

Adjust the knob until the ammeter indicates 0 amps and then until the ammeter
indicates 5.0 amps.

Check the current function for the +25V supply.

Disable the outputs by pressing the key and connect a short across
(+) and (COM) output terminal sof the+25V supply with aninsulated test |ead. Repeat

steps (3) through (6) after selecting the meter and adjust selection key for the +25V
supply.

Check the current function for the-25V supply.

Disable the outputs by pressing the key and connect a short across
(-) and (COM) output terminalsof the +25V supply with aninsul ated test |ead. Repeat

steps (3) through (6) after selecting the meter and adjust selection key for the -25V
supply.

If an error has been detected during the output checkout procedures, the ERROR
annunciator will turn on. See "Error Messages' for more information, starting on
page 113 in chapter 5 of the User's Guide.

1You can use the resolution selection keys to move the blinking digit to the right or
left when setting the current.
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Chapter Quick Start
To use the power supply in constant voltage mode

Output On/Off

Display Limit

4

To use the power supply in constant voltage mode

To set up the power supply for constant voltage (CV) operation, proceed as follows.
For each step, use the keys shown on the |eft margin.

Connect a load to the desired output terminals.
With power-off, connect aload to the desired output terminals.

Turn on the power supply.

The power supply will go into the power-on/ reset state; all outputs are disabled (the
OFF annunciator turns on); the display is selected for the +6V supply (the +6V
annunciator turns on); and the knob is selected for voltage control.

Enable the outputs.

The OFF annunciator turns off and the +6V and CV annunciatorsarelit. Theblinking
digit can be adjusted by turning the knob. Notice that the display isin the meter mode.
"Meter mode" means that the display shows the actual output voltage and current.
To set up the power supply for +25V supply or -25V supply operation, you should

press the or key to select the display and adjust for +25V supply or -
25V supply before proceeding to the next step.

Set the display for the limit mode.

Noticethat the L mt annunciator blinks, indicating that thedisplay isinthelimit mode.
When thedisplay isin thelimit mode, you can see the voltage and current limit values
of the selected supply.

In constant voltage mode, the voltage val ues between meter mode and limit mode
arethe same, but the current values are not. Further if the display isin the meter
mode, you cannot see the change of current limit value when adjusting the knob.
We recommend that you should set the display to "limit" mode to see the change
of current limit value in constant voltage mode whenever adjusting the knob.

28




Display Limit

7

Note

Chapter Quick Start
To use the power supply in constant voltage mode

Adjust theknob for the desired current limit. Q) 1

Check that the L mt annunciator still blinks. Set the knob for current control. The
second digit of ammeter will be blinking. Adjust the knob to the desired current limit.

Adjust theknob for the desired output voltage. () 1

Set the knob for voltage control. The second digit of the voltmeter will be blinking.
Adjust the knob to the desired output voltage.

Return to the meter mode.

key or let the display time-out after several secondsto return to the
meter mode. Notice that the L mt annunciator turns off and the display returnsto the

meter mode. In the meter mode, the display shows the actual output voltage and
current of the selected supply.

Verify that the power supply isin the constant voltage mode.

If you operate the +6V supply in the constant voltage (CV) mode, verify that CV and
+6V annunciators are lit. If you operate the power supply for +25V supply or -25V
supply, the+25V or -25V annunciator will turn on. If the CC annunciator islit, choose
ahigher current limit.

During actual CV operation, if aload change causesthe current limit to be exceeded,
the power supply will automatically crossover to constant current mode at the preset
current limit and the output voltage will drop proportionately.

Lvou can use the resolution selection keys to move the blinking digit to the right or |eft when
setting the voltage and current.
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Output On/Off

Display Limit

To use the power supply in constant current mode

To set up the power supply for constant current (CC) operation, proceed as follows.
For each step, use the keys shown on the |eft margin.

Connect a load to the output terminals of the desired supply.
With power-off, connect aload to the desired output terminals.

Turn on the power supply.

The power supply will go into the power-on/ reset state; all outputs are disabled (the
OFF annunciator turns on); the display is selected for the +6V supply (the +6V
annunciator turns on); and the knob is selected for voltage control.

Enable the outputs

The OFF annunciator turns off and the +6V and CV annunciatorsarelit. Theblinking
digit can be adjusted by turning the knob. Notice that the display isin the meter mode.
"Meter mode" means that the display shows the actual output voltage and current.
To set up the power supply for +25V supply or -25V supply operation, you should

press the or key to select the display and adjust for +25V supply or -
25V supply before proceeding to the next step.

Set the display for the limit mode.

Noticethat the L mt annunciator blinks, indicating that thedisplay isinthelimit mode.
When thedisplay isin thelimit mode, you can see the voltage and current limit values
of the selected supply.

In constant current mode, the current values between meter mode and limit mode
are the same, but the voltage values are not. Further if the display isin the meter
mode, you cannot see the change of voltage limit val ue when adjusting the knob.
We recommend that you should set the display to "limit" mode to see the change
of voltage limit value in constant current mode whenever adjusting the knob.
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Chapter Quick Start
To use the power supply in constant current mode

Adjust theknob for the desired voltagelimit. () 1

Check that the knob is till selected for voltage control and the L mt annunciator
blinks. Adjust the knob for the desired voltage limit.

Adjust theknob for the desired output current. (1

Set the knob for current control. The second digit of the ammeter will be blinking.
Adjust the knob to the desired current output.

Return to the meter mode.

Press the key or |et the display time-out after several seconds to
return the meter mode. Notice that the L mt annunciator turns off and the display
returns to the meter mode. In the meter mode, the display shows the actual output
voltage and current of the selected supply.

Verify that the power supply isin the constant current mode.

If you operate the +6V supply in the constant current (CC) mode, verify that CC and
+6V annunciators are lit. If you operate the power supply for +25V supply or -25V
supply, the+25V or -25V annunciator will turn on. If the CV annunciator islit, choose
ahigher voltage limit.

During actual CC operation, if aload change causesthe voltage limit to be exceeded,
the power supply will automatically crossover to constant voltage mode at the preset
voltage limit and the output current will drop proportionately.

LYou can use the resolution selection keys to move the blinking digit to the right or |eft when
setting the voltage and current.
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To use the power supply in track mode

The +25V supplies provide 0 to £25 V tracking outputs. In the track mode, two
voltages of the £25V supplies track each other to within +(0.2% of output + 20 mV)
for conveniencein varying the symmetrical voltages needed by operational amplifiers
and other circuits using balanced positive and negative inputs.

To operate the power supply in the track mode, proceed as follows:

Set the +25V supply tothe desir ed voltage as described in previous section " To
use the power supply in constant voltage mode" (see page 28 for detailed
infor mation).

Enable the track mode.

The key must be depressed for at least 1 second to enable the track mode.

When the track modeisfirst enabled, the -25V supply will be set to the same voltage
level asthe +25V supply. Once enabled, any change of the voltage level in either the
+25V supply or the -25V supply will be reflected in other supply. The current limit
isindependently set for each of the +25V or the -25V supply and is not affected by
the track mode.

Verify that £25V suppliestrack each other properly.

You can verify that the voltage of the -25V supply tracks that of the +25V supply
within £(0.2% of output + 20 mV) from the front-panel display by comparing the
voltage values of the +25V supply and the -25V supply.

In thetrack mode, if the CC annunciator islit when the display is selected for the
+25V supply, choose a higher current limit for the +25V supply. If the CC
annunciator is lit when the display is selected for the

-25V supply, choose a higher current limit for the -25V supply.
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To store and recall the instrument state

You can store up to three different operating statesin non-volatile memory. Thisalso
enables you to recall the entire instrument state with just afew key presses from the
front panel.

The memory locations are supplied from the factory for front panel operation with
the following states: display and knob selection for + 6V output; * RST values of
voltageand current limitsfor three outputs; output disabled; and track off state. * RST
values for +6V supply are0V and 5 A and 0V and 1 A for the +25V supplies.

The following steps show you how to store and recall an operating state.

Set up the power supply for the desired oper ating state.

Thestoragefeature"remembers' the display and knob sel ection state, thelimit values
of voltage and current for three outputs, output on/off state, and track mode state.

Turn on the storage mode.

Three memory locations (humbered 1, 2, and 3) are available to store the operating
states. The operating states are stored in non-volatile memory and are remembered
when being recalled.

Store 1

This message appears on the display for approximately 3 seconds.
Storethe operating statein memory location " 3" .
Turn the knob to the right to specify the memory location 3.

Store 3

To cancel the store operation, let the display time-out after 3 seconds or press any
other function key except the key. The power supply returns to the normal
operating mode and to the function pressed.

33



Chapter Quick Start
To store and recall the instrument state

Savetheoperating state.
The operating stateis now stored. To recall the stored state, go to the following steps.

done

This message appears on the display for approximately 1 second.

Turn on therecall mode.
Memory location "1" will be displayed in the recall mode.

recall 1

This message appears on the display for approximately 3 seconds.
Recall the stored operating state. ()
Turn the knob to the right to change the displayed storage location to "3".

recall 3

If this setting is not followed within 3 seconds with a[Recall] key stroke, the power
supply returnsto normal operating mode and will not recall the instrument state 3
from memory.

Restore the operating state.

The power supply should now be configured in the same state aswhen you stored the
state on the previous steps.

done

This message appears on the display for approximately 1 second.
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To rack mount the power supply

The power supply can be mounted in a standard 19-inch rack cabinet using one of
three optional kitsavailable. A rack-mounting kit for asingleinstrument isavailable
as Option 1CM (P/N 5062-3957). Installation instructions and hardware areincluded
with each rack-mounting kit. Any Agilent Technologies System |1 instrument of the
same size can be rack-mounted beside the Agilent E3631A power supply. To rack
mount the power supply, follow these procedures.

Remove the front and rear bumpers before rack-mounting the power supply.

Y d
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ooodo 0og
Uooao —J

O

©©00OO

Front

[\ /]

Rear (bottom view)

To remove the rubber bumper, stretch a corner and then slide it off.

- ()
00000 00
o000 0 —

O

O

To rack mount a single instrument, order adapter kit 5063-9243.
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To rack mount two instruments of the same depth side-by-side, order lock-link
kit 5061-9694 and flange kit 5063-9214.

To install two instruments in a sliding support shelf, order suport shelf 5063-
9256, and slide kit 1494-0015.
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Cdlibration Procedures

This chapter contains procedures for verification of the power supply's performance
and calibration (adjustment). The chapter is divided into the following sections:

» Agilent Technologies Calibration Services, page 40
» Cadlibration Interval, page 40

« Automating Calibration Procedures, page 41

» Recommended Test Equipment, page 41

e Test Considerations, page 42

» Performance Verification Tests, page 43

* Measurement Techniques, page 44

» Constant Voltage (CV) Verifications, page 47

» Constant Current (CC) Verifications, page 55

» Performance Test Record for Agilent E3631A, page 60
» Calibration Security Code, page 62

» Calibration Count, page 66

e Calibration Message, page 66

» General Cdlibration/Adjustment Procedure, page 67
» Aborting a Calibration in Progress, page 72

» Calibration Record for Agilent E3631A, page 73

* Error Messages, page 74

» Cadlibration Program, page 76

The performance verification tests for constant voltage (CV) and constant current
(CC) operations use the power supply's specifications listed in chapter 1,
Specifications, starting on page 12.
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Closed-Case Electronic Calibration The power supply features closed-case
electronic calibration since no internal mechanical adjustments are required for
normal calibration. The power supply calculates correction factors based upon the
input reference value you enter. The new correction factors are stored in non-volatile
memory until the next calibration adjustment is performed. (Non-volatile memory
does not change when power has been off or after aremote interface reset.)

Agilent Technologies Calibration Services

When your power supply is due for calibration, contact your local Agilent
Technologies Service Center for alow-cost calibration. The Agilent E3631A power
supply is supported on calibration processes which allow Agilent Technologies to
provide this service at competitive prices.

Cdlibration Interval

The power supply should be calibrated on aregular interval determined by the
accuracy requirements of your application. A 1-year interval is adequate for most
applications. Agilent Technologies does not recommend extending calibration
intervals beyond 1 year for any application. Agilent Technologies recommends that
complete re-adjustment should always be performed at the calibration interval. This
will increase your confidence that the Agilent E3631A will remain within
specification for the next calibration interval. Thiscriteriafor re-adjustment provides
the best long-term stability.
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Automating Calibration Procedures

You can automate the compl ete verification procedures outlined in this chapter if you
have access to programmabl e test equipment. You can program the instrument
configurations specified for each test over the remote interface. You can then enter
readback verification data into a test program and compare the results to the
appropriate test limit values.

You can aso enter calibration constants from the remote interface. Remote operation
issimilar to the local front-panel procedure. You can use a computer to perform the
adjustment by first selecting the required setup. The cdibration value is sent to the
power supply andthen thecalibrationisinitiated over theremoteinterface. The power
supply must be unsecured prior to initiating the calibration procedure. An Agilent
BASIC program for calibration over the GPIB interfaceis listed at the end of this
chapter.

For further details on programming the power supply, see chapters 3 and 4 in the
Agilent E3631A User's Guide.

Recommended Test Equipment

The test equipment recommended for the performance verification and adjustment
procedures is listed below. If the exact instrument is not available, use the accuracy

requirements shown to select substitute calibration standards.

Table 3-1. Recommended Test Equipment

Instrument

Requirements

Recommended
Model

Use

GPIB Controller

Full GPIB capabilities

Agilent 82341C
interface card

Programming and
readback accuracy

100 MHz real time
digitizing scope with a

Display transient response

Oscilloscope 400 MSa/s minimum Agilent 54602A and ripple & noise
sampling rate waveform
Probe: single-ended

RMS Voltmeter 20 MHz Measure rms ripple & noise

Digital Voltmeter

Resolution: 0.1 mV
Accuracy: 0.01%

Agilent 34401A

Measure dc voltages

Electronic Load

Voltage Range: 50 Vdc
Current Range: 10 Adc
Open and Short Switches

Agilent 6063A

Measure load and line
regulations and transient
response time.

Resistor (Shunt)

Transient On/Off
Resistive Loads (R,) %'523’110000\,\//\/ Measure ripple and noise
Current monitoring 0.1Q, 0.01% Constant current test setup
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Caution

Test Considerations

To ensure proper instrument operation, verify that you have selected the correct
power-line voltage prior to attempting any test procedurein this chapter. See page 23
in chapter 2 for more information.

Ensure the calibration ambient temperature is stable and between 20°C and 30°C.
Ensure ambient relative humidity is less than 80%.
Allow a 1-hour warm-up period before verification or calibration.

Keep cables and test |eads as short as possible, consistent with the impedance
requirements.

Use shielded cablesto connect the monitoring device such as oscilloscopeor RMS
voltmeter to the power supply.

Ensure all the devices are firmly connected. The alligator or crocodile clip is not
recommended for use in device connection.

The tests should be performed by qualified personnel. During performance
verification tests, hazardous voltages may be present at the outputs of the power

supply.
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Performance Verification Tests

The performance verification tests use the power supply's specifications listed in

chapter 1, " Specifications', starting on page 12.

You can perform two different levels of performance verification tests:

o Sdf-Test A seriesof internal verification teststhat provide high confidence that
the power supply is operational .

» PerformanceVerification Tests These tests can be used to verify the power
supply's specificationsfollowing repairsto specific circuits. The performance test
procedures must be performed on each output.

Self-Test
A power-on self-test occurs automatically when you turn on the power supply. This
limited test assures you that the power supply is operational.

The complete self-test is enabled by pressing the key (actually any front
panel keysexcept the key) and the power-line switch simultaneously and then
continuing to pressthe key for 5 seconds. The complete self-test will be
finished in 2 more seconds.

You can also perform aself-test from theremote interface (seechapter 3inthe Agilent
E3631A User's Guide).

» If the self-test is successful, "PASS" is displayed on the front panel.

» If theself-test fails, "FAIL" isdisplayed and the ERROR annunciator turnson. If
repair is required, see chapter , "Service", starting on page 92, for further details.

 If self-test passes, you have ahigh confidencethat the power supply isoperational.

Performance Verification Tests

These tests can be used to verify the power supply's specifications following repairs
tospecificcircuits. Thefollowing sectionsexplainall verification proceduresin detail .
All of the performance test specifications are shown in each test.
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Measurement Techniques

Setup for Most Tests

Most tests are performed at the front terminals as shown in the following figure.
Measure the dc voltage directly at the (+) and (-) terminals on the front panel.

ELECTRONIC LOAD

O
O+

- -8 ANNAS - - -
RL
(CC TESTS) Sl (CV TESTS)
S
+ O+ : e/ ‘ o +
DVM | ' DVM
or RMS + < Rm or
VOLTMETER - O ‘ ! - SCOPE
.
(5 POWER SUPPLY 9
UNDER
TEST

Figure 3-1. Performance Verification Test Setup
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General M easurement Techniques

To achieve best results when measuring |oad regulation, peak-to-peak voltage, and
transient response time of the power supply, measuring devices must be connected
through the holeintheneck of the binding post at (A) whiletheload resistor isplugged
into the front of the output terminals at (B). A measurement made across the load
includes the impedance of the leadsto the load. The impedance of the load leads can
easily be severa orders of the magnitude greater than the power supply impedance
and thus invalidate the measurement. To avoid mutual coupling effects, each
measuring device must be connected directly to the output terminal sby separate pairs
of leads.

QUTPUT TERMINAL

R ——

Figure 3-2. Front Panel Terminal Connection

Electronic L oad

Many of the test procedures require the use of avariable load resistor capable of
dissipating the required power. Using a variable load resistor requires that switches
be used to connect, disconnect, and short the load resistor. An electronic load, if
available, canbe used in place of avariableload resistor and switches. The electronic
load is considerably easier to use than load resistors. It eliminates the need for
connecting resistors or rheostats in parallel to handle power, it is much more stable
than carbon-pile load, and it makes easy work of switching between load conditions
asisrequired for theload regul ation and load transient response tests. Substitution of
the electronic load requires minor changes to the test proceduresin this chapter.
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Current-Monitoring Resistor

To eliminate output current measurement error caused by the voltage dropsin the
leads and connections, connect the current monitoring resistor between the (-) output
terminal and theload asafour-terminal device. Connect the current-monitoring leads
inside the load-lead connections directly at the monitoring points on the resistor
element (see Ry, in Figure 3-1).

Programming

Most performancetests can be performed only from the front panel. However, aGPIB
or RS-232 controller is required to perform the voltage and current programming
accuracy and readback accuracy tests.

The test procedures are written assuming that you know how to program the power
supply either from the front panel or from an GPIB or RS-232 controller. Complete
instructions on front panel and remote programming are given in the Agilent E3631A
User's Guide.

Voltage and Current Values

Thefull-scale and maximum values of each supply are listed below. You can usethis
table when you test CV and CC performance verification tests.

Table 3-2. Power Supply Voltage and Current Values

Output F{J/II-ScaIe Max. Prog. Full-Scale Max. Prog.
oltage Voltage Current Current
+6V Output +6V +6.18 V 5A 5.15A
+25V Output +25V +25.75 1A 1.03A
-25V Output -25V -25.75 1A 1.03A

46



Chapter Calibration Procedures
Constant Voltage (CV) Verifications

Constant Voltage (CV) Verifications

Constant Voltage Test Setup

If more than one meter or a meter and an oscilloscope are used, connect each to the
(+) and (-) terminalsby a separate pair of leadsto avoid mutua coupling effects. Use
coaxial cable or shielded 2-wire cable to avoid noise pick-up on the test leads.

Voltage Programming and Readback Accuracy

Thistest verifies that the voltage programming and GPIB or RS-232 readback
functions are within specifications. Note that the readback values over the remote
interface should be identical to those displayed on the front panel.

You should program the power supply over the remote interface for thistest to avoid
round off errors.

Turn off the power supply and connect a digital voltmeter between the (+) and (-)
terminals of the output to be tested as shown in Figure 3-1.

Turnonthepower supply. Enablethe outputs and select the desi red output to be tested
by sending the commands:

OUTP ON
INST {P6V|P25V|N25V}

Program the selected output to zero volts and maximum programmable current (see
Table 3-2) by sending the commands:

VOLT 0
CURR 5.15 for the +6V supply or
CURR 1.03 for the £25V supply

Record the output voltage reading on the digital voltmeter (DVM). The readings
should be within the limits specified below for each output tested. Also, notethat the
CV, Adrs, Lmt, and Rmt annunciators are on.

Output Programming Accuracy
+6V 0x5mv
+25V 0+ 20 mv
-25V 0+ 20 mv
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Readback the output voltage of the selected output over the remote interface by

sending the command:

MEAS:VOLT? {P6V|P25V|N25V}

Record the value displayed on the controller. This value should be within the limits
specified below for each output tested.

Output Programming Accuracy
+6V DVM £ 5 mV
+25V DVM * 10 mV
25V -(DVM % 10 mV)

Program the selected output's voltage to full scale value by sending the commands.

VOLT 6.0 forthe+6V supply or
VOLT 25.0 forthex 25V supply

Record the output voltage reading on the digital voltmeter (DVM). The readings
should be within the limits specified below for each output tested.

Output Programming Accuracy
+6V 6VE1lmV
+25V 25V * 325 mV
25V -(25V +32.5mV)

Readback the output voltage of the selected output over the remote interface by

sending the command:

MEAS:VOLT? {P6V|P25V|N25V}

Record the value displayed on the controller. This value should be within the limits

specified below for the output to be tested.

Output Programming Accuracy
+6V DVM £ 11 mV
+25V DVM * 22.5 mV
-25V -(DVM * 22.5 mV)

Repeat steps (1) through (10) for the remaining outputs.
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CV Load Regulation

Thistest measurestheimmediate changeinthe output voltage resulting from achange
in the output current from full to no load.

Turn off the power supply and connect adigital voltmeter between the (+) and (-)
terminals of the output to be tested as shown in Figure 3-1.

Turn on the power supply and select the desired output to be tested using the meter
and adjust selection key on the front panel. Enable the outputs and set the display to
the limit mode. When the display isin the limit mode, program the current of the
selected output to the maximum programmable value and the voltage to the full rated
value (see Table 3-2).

Operatetheelectronic loadin constant current mode and set its current to thefull rated
value of the output to be tested (see Table 3-2). Check that the front panel CV
annunciator remains lit. If not lit, adjust the load so that the output current drops
dlightly until the CV annunciator lights. Record the output voltage reading on the
digital voltmeter.

Operate the electronic load in open mode (input off). Record the output voltage
reading on the digital voltmeter immediately. The difference between the digital
voltmeter readingsin steps (3) and (4) isthe CV load regulation. The difference of
the readings during the immediate change should be within the limit specified bel ow
for each output tested.

Output Programming Accuracy
+6V 2.6 mV
+25V 4.5 mV
-25V 4.5 mV

Repeat steps (1) through (4) for the remaining outputs.
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CV Line Regulation

Thistest measures the immediate change in output voltage that results from achange
in ac line voltage from the minimum val ue (10% bel ow the nominal input voltage) to
maximum value (10% above the nominal input voltage).

Turn off the power supply and connect a digital voltmeter between the (+) and (-)
terminals of the output to be tested as shown in Figure 3-1.

Connect the ac power line through a variabl e voltage transformer.

Turn on the power supply and select the desired output to be tested using the meter
and adjust selection key on the front panel. Enable the outputs and set the display to
the limit mode. When the display isin the limit mode, program the current of the
selected output to the maximum programmable value and the voltage to full rated
value (see Table 3-2).

Operatetheelectronic loadin constant current mode and set its current to thefull rated
value (see Table 3-2) of the output to be tested. Check that the front panel CV
annunciator remains lit. If not lit, adjust the load so that the output current drops
dlightly until the CV annunciator lights.

Adjust the transformer to low line voltage limit (104 Vac for nomina 115 Vac, 90
Vacfor nominal 100V ac, or 207 Vacfor nomina 230V ac). Record the output reading
on the digital voltmeter.

Adjust the autotranformer to high line voltage (127 Vac for nominal 115 Vac, 110
Vac for nominal 100 Vac, or 253 Vac for nominal 230 Vac). Record the voltage
reading on the digital voltmeter immediately. The difference between the digital
voltmeter readingsin steps (5) and (6) isthe CV lineregulation. The difference of the
readings during the immediate change should be within the limit specified below for
each output tested.

Output Difference
+6V 2.6 mV
+25V 4.5 mV
-25V 4.5 mV

Repeat steps (1) through (6) for the remaining outputs.
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Normal Mode Voltage Noise (CV Ripple and Noise)

The normal mode voltage noiseisin the form of ripple related to the line frequency
plus some random noise. The normal mode voltage noise is specified asthe RMS or
peak-to-peak output voltagein afrequency range from 20 Hz to 20 MHz.

Turn off the power supply and connect the output to be tested as shown in Figure 3-3
to an oscilloscope (ac coupled) between (+) and (-) terminals.

Turn on the oscilloscope. Configure the oscilloscope as shown below:
» Set the oscilloscope to AC mode and bandwidth limit to 20 MHz.
» Set the vertical sensitivity to 3 mV/div.

* Set the horizonta sweep speed to 10 ms/div.

» Enable auto/continuous triggering.

» Enable Vpp measurement function.

Connect aresistiveload (1.2 Qfor +6 V supply and 25 Q for +25V supplies) asshown
in Figure 3-3 (see Table 3-2).

Turn on the power supply and select the output to be tested using the meter and adjust
selection key on the front panel. Enable the outputs and set the display to the limit
mode. When the display isin the limit mode, program the current of the selected
output to the maximum programmable value and the voltage to the full-scale value
(see Table 3-2).

Check that the front panel CV annunciator remainslit. If not lit, adjust the load down
dlightly.

Note that the waveform on the oscilloscope does not exceed the peak-to-peak limit
of 2mV for each of the three outputs.

Disconnect the oscilloscope and connect a RM S voltmeter in its place as shown in
Figure 3-4. The RM Svoltage reading does not exceed the RM S limit of 0.35 mV for
each of the three outputs.

Repeat steps (1) through (7) for the remaining outputs.
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Figure 3-3. Peak-to-Peak Ripple/Noise Measurement Setup
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Figure 3-4. RMS Ripple/Noise Measurement Setup
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Common M ode Current Noise

The common mode current isthat ac current component which exists between any or
all outputsor output lines and chassis ground. Common mode noise can be aproblem
for very sensitive circuitry that is referenced to earth ground. When a circuit is
referencedto earth ground, alow level line-rel ated ac current will flow from the output
terminalsto earth ground. Any impedance to earth ground will create a voltage drop
equal to the output current flow multiplied by the impedance.

Turn off the power supply and connect a 100 kQ2 resistor (Rg) and a 2200 pF capacitor
in parallel between the (-) terminal and chassis ground for +6V output or between the
(COM) terminal and chassis ground for +25V outputs.

Connect a digital voltmeter across Rg.

Turnonthe power supply and select the output to be tested using the meter and adjust
selection key on the front panel. Enable the outputs and set the display to the limit
mode. When the display isin the limit mode, program the current of the selected
output to the maximum programmable value and the voltage to the full-scale value
(see Table 3-2).

Record the voltage across Rg and convert it to current by dividing by the resistance
(DVM reading/100 kQ). Note that the current islessthan 1.5 uA for each of thethree
outputs.

Repeat steps (1) through (4) for the remaining outputs.
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Load Transient Response Time

Thistest measures the time for the output voltage to recover to within 15 mV of
nominal output voltage following a load change from full load to half 1oad, or half
load to full load.

Turn off the power supply and connect the output to be tested as shown in Figure 3-1
with an oscilloscope. Operate the electronic load in congtant current mode.

Turn on the power supply and select the output to be tested using the meter and adjust
selection key on the front panel. Enable the outputs and set the display to the limit
mode. When the display isin the limit mode, program the current to the maximum
programmable value and the voltage to the full-scale value (see Table 3-2).

Set the electronic load to transient operation mode between one half of the output's
full scale value and the output's full scale value at a 1 kHz rate with 50% duty cycle.

Set the the oscill oscope for ac coupling, internal sync, and lock on either the positive
or negative load transient.

Adjust thethe oscilloscope to display transients as shown in Figure 3-5. Note that the
pulse width (t,-t;) of the transients at 15 mV from the base line is no more than 50
usec for each of the three outputs.

Repeat steps (1) through (5) for the remaining outputs.

Figure 3-5. Transient Response Time
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Constant Current (CC) Verifications

Constant Current Test Setup

Follow the general setup instructions in the "Measurement Techniques' section
starting on page 44 and the specific instructions will be given in the following

paragraphs.

Current Programming and Readback Accuracy

Thistest verifies that the current programming and GPIB or RS-232 readback
functions are within specifications. Note that the readback values over the remote
interface should be identical to those displayed on the front panel. The accuracy of
the current monitoring resistor must be 0.1% or better.

You should program the power supply over the remote interface for thistest to avoid
round off errors.

Turn off the power supply and connect a 0.1 current monitoring resistor (Ry,) across
the output to betested and adigital voltmeter acrossthe current monitoringresistor (Ry).

Turnonthepower supply. Enablethe outputs and select the desi red output to be tested
by sending the commands:

OUTP ON
INST {P6V|P25V|N25V}

Program the selected output voltage to 5.0 volts and the current to 0 amps by sending
the commands:

VOLT 5
CURR O

Divide the voltage drop (DVM reading) across the current monitoring resistor (Ry)
by its resistance to convert to amps and record this value (15). This value should be
within thelimits specified bel ow for each output tested. Also, notethat the CC, Adrs,
L mt, and Rmt annunciators are on.

Output Programming Accuracy
+6V 0AX10mA
+25V 0AX4mA
-25V 0AX4mA
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Readback the output current from the selected output over the remote interface by
sending the command:

MEAS:CURR? {P6V|P25V|N25V}

Record the value displayed on the controller. This value should be within the limits
specified below for each output tested.

Output Readback Accuracy
+6V lo £ 10 mA
+25V lox 4 mA
-25V lox 4 mA

Program the sel ected output current to the full scale value (see Table 3-2) by sending
the commands:

CURR 5.0 for the +6V supply or
CURR 1.0 for the £25V supply

10

11

Divide the voltage drop (DVM reading) across the current monitoring resistor (Ry;)
by its resistance to convert to amps and record this value (1o). This value should be

within the limits specified below for each output tested.

Output Programming Accuracy
+6V 5A 20 mA
+25V 1A£55mA
-25V 1A£55mA

Readback the output current from the selected output over the remote interface by
sending the command:

MEAS:CURR? {P6V|P25V|N25V}

Record the value displayed on the controller. This value should be within the limits
specified below for each output tested.

Output Readback Accuracy
+6V lo £ 20 mA
+25V lo £ 5.5 mA
-25V lo £ 5.5 mA

Repeat steps (1) through (10) for the remaining outputs.
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CC Load Regulation

Thistest measures theimmediate change in output current resulting from achangein
the load from full rated output voltage to short circuit.

Turn off the power supply and connect the output to tested as shown in Figure 3-1 with
the digital voltmeter connected acrossthe 0.1 current monitoring resistor (Ry).

Turn on the power supply and select the desired output to be tested using the meter
and adjust selection key on the front panel. Enable the outputs and set the display to
the limit mode. When the display isin the limit mode, program the voltage to the
maximum programmabl e value and the current to the full rated value (see Table 3-2).

Operate the electronic load in constant voltage mode and set its voltage to the full
rated value of the output to be tested (see Table 3-2). Check that the CC annunciator
ison. If it is not, adjust the load so that the output voltage drops slightly. Record the
current reading by dividing the voltage reading on the digital voltmeter by the
resistance of the current monitoring resistor.

Operate the electronic load in short (input short) mode. Record the current reading
immediately by dividing the voltage reading on thedigital voltmeter by the resistance
of the current monitoring resistor. The difference between the current readingsin step
(3) and (4) isthe load regulation current. The difference of the readings during the
immediate change should be within the limit specified below for each output tested.

Output Difference
+6V 0.75 mA
+25V 0.35 mA
-25V 0.35 mA

Repeat steps (1) through (4) for the remaining outputs.
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CC Line Regulation

Thistest measures the immediate change in output current that results from achange
in ac line voltage from the minimum val ue (10% bel ow the nominal input voltage) to
the maximum value (10% above nominal voltage).

Turn off the power supply and connect the output to be tested as shown in Figure 3-1
with the digital voltmeter connected across the current monitoring resistor (Ry).

Connect the ac power line through a variabl e voltage transformer.

Turn on the power supply and select the desired output to be tested using the meter
and adjust selection key on the front panel. Enable the outputs and set the display to
the limit mode. When the display isin the limit mode, program the voltage to the
maximum programmabl e value and the current to the full rated value (see Table 3-2).

Operate the electronic load in constant voltage mode and set its voltage to the full
rated value of the output to be tested (see Table 3-2). Check that the CC annunciator
remainslit. If not lit, adjust theload so that the output voltage drops slightly until the
CC annunciator lights.

Adjust the transformer to low line voltage limit (104 Vac for nomina 115 Vac, 90
Vacfor nominal 100 Vac, or 207 VVac for nominal 230 Vac). Record the output current
reading by dividing the voltage reading on the digita voltmeter by the resistance of
the current monitoring resistor.

Adjust thetransformer to 10% above the nominal linevoltage (110 Vacfor a100 Vac
nominal input, 127 Vacfora115Vac nominal input or 253 Vacfor a230 Vac nomina
input). Record the current reading immediately by dividing the voltage reading on the
digital voltmeter by the resistance of the current monitoring resistor. The difference
between the current readings in step (5) and (6) is the load regulation current. The
difference of the readings during the immediate change should be within the limit
specified below for each output tested.

Output Difference
+6V 0.75 mA
+25V 0.35 mA
-25V 0.35 mA

Repeat steps (1) through (6) for the remaining outputs.
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Normal Mode Current Noise (CC Ripple and Noise)

The normal mode current noise is specified as the rms output current in afrequency
range 20 Hz to 20 MHz with the power supply in constant current operation.

1 Turn off the power supply and connect the output to be tested as shown in Figure 3-1
with aload resistor (1.2Q for +6V supply and 25Q for +25V supplies) across output
terminals to be tested. Connect arms voltmeter acrossthe load resistor. Use only a
resistive load for thistest.

2 Turn on the power supply and select the output to be tested using the meter selection
key onthefront panel. Enablethe outputs and set the display to thelimit mode. When
thedisplay isinthelimit mode, program the current to full-scal evalue and the voltage
to the maximum programmable value.

3 The output current should be at the full-scale rating with the CC annunciator on. If
not lit, adjust thel oad so that the output voltagedropsslightly until the CC annunciator
lights.

4 Divide the reading on the rms voltmeter by theload resistance to obtain rms current.
The readings should be within the limit specified below for each output tested.

Output Specification
+6V 2mA
+25V 0.5 mA
-25V 0.5 mA

5 Repeat steps (1) through (4) for the remaining outputs.
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Performance Test Record for Agilent E3631A

CV Performance Test Record

Test Description Actual ?p(.ecmcatlons —
Result Upper Limit Lower Limit

CV Programming Accuracy @ 0 volts

(DVM reading)

+6V supply +0.0050 V -0.0050 V

+25V supply +0.0200 V -0.0200 V

-25V supply +0.0200 V -0.0200 V
CV Readback Accuracy @ 0 volts

+6V supply DVM +0.0050 V [DVM - 0.0050 V

+25V supply DVM +0.0100V |[DVM - 0.0100 V

-25V supply -(DVM + 0.0100) V | -(DVM - 0.0100) V

CV Programming Accuracy @ Full Scale
(DVM reading)
+6V supply
+25V supply
-25V supply

6.0110V 5.9890 V
25.0325 Vv 24.9675V
-25.0325 V -24.9675 V

CV Readback Accuracy @ Full Scale
+6V supply

DVM + 0.0110 V |DVM -0.0110 V

+25V supply DVM +0.0225V |[DVM - 0.0225 V
-25V supply -(DVM + 0.0225) V | -(DVM - 0.0225) V
CV Load Regulation Maximum change:
+6V supply <2.6 mV
+25V supply <4.5 mV
-25V supply <4.5 mV
CV Line Regulation Maximum change:
+6V supply <2.6 mV
+25V supply <4.5 mV
-25V supply <4.5 mV
CV Ripple/Noise
+6V supply <2mV p-p, 0.35 mV rms for each of the
+25V supply three outputs
-25V supply
CV Current Noise (Common Mode)
+6V supply
+25V supply <1.5 pA for each of the three outputs
-25V supply

Load Transient Response Time
+6V supply
+25V supply

-25V supply

<50 usec for each of three outputs
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CC Performance Test Record

Test Description éggﬂﬁtl S.pe.cmcatlons —
Upper Limit Lower Limit

CC Programming Accuracy @ 0 amps (lp)

+6V supply +0.0100 A -0.0100 A

+25V supply +0.0040 A -0.0040 A
CC Readback Accuracy @ 0 amps

+6V supply lo +0.0100 A lo - 0.0100 A

+25V supply lo +0.0040 A lo - 0.0040 A
CC Programming Accuracy @ Full Scale (lp)

+6V supply 5.0200 A 4.9800 A

+25V supply 1.0055 A 0.9945 A

-25V supply 1.0055 A 0.9945 A
CC Readback Accuracy @ Full Scale

+6V supply lo + 0.0200 A lo-0.0200 A

+25V supply lo +0.0055 A lo - 0.0055 A

-25V supply lo + 0.0055 A lp - 0.0055 A
CC Load Regulation Maximum change:

+6V supply <0.75 mA

+25V supply <0.35 mA

-25V supply <0.35 mA
CC Line Regulation Maximum change:

+6V supply <0.75 mA

+25V supply <0.35 mA

-25V supply <0.35 mA
CC Ripple/Noise

+6V supply <2mA

+25V supply <0.5 mA

-25V supply <0.5 mA
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Calibration Security Code

Thisfeature allowsyou to enter asecurity code (electronic key) to prevent accidental
or unauthorized calibrations of the power supply. When you first receive your power
supply, it issecured. Before you can calibrate the power supply, you must unsecureit
by entering the correct security code. A procedure to unsecure the power supply is
given on the following page.

e Thesecurity codeisset to "HP003631" when the power supply is shipped fromthe
factory. The security codeis stored in non-volatile memory, and does not change
when power has been off or after aremote interface reset.

» To secure the power supply from the remote interface, the security code may
contain upto 12 alphanumeric characters as shown below. Thefirst character must
bealetter, but the remaining characters can belettersor numbers. Y ou do not have
to use al 12 characters but the first character must always be a letter.

A (12 characters)

» To secure the power supply from the remote interface so that it can be unsecured
from the front panel, use the eight-character format shown below. The first two
charactersmust be"H P" and the remaining characters must be numbers. Only the
last six characters are recognized from the front panel, but all eight charactersare
required. To unsecure the power supply fromthe front panel, omit the "H P" and
enter the remaining numbers as shown on the following pages.

HP (8 characters)

 If you forget your security code, you can disable the security feature by adding a
jumper inside the power supply, and then entering a new code. See the procedure
on page 65.
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To Unsecurethe Power Supply for Calibration

The power supply can use a calibration security code to prevent unauthorized or
accidental calibration. This procedure shows you how to unsecure the power supply
for calibration from the front panel.

Turn on thefront-panel calibration mode.

secured

Turn on the calibration mode by pressing the "Calibrate" key while simultaneously
turning on the power supply then continue to hold the "Calibrate" key for about 5
seconds until abeep is heard.

If the power supply is secured, you will see the above message from the front panel
for approximately one second. The "CAL MODE" messageisthen displayed on the
front panel.

Moveto the security code by pressing the " Secure" key.

000000 code

Enter the security code using the knob and resolution selection keys.

003631 code

The security code is set to "HP003631" when the power supply is shipped from the
factory. Thesecurity codeisstored in non-volatile memory and doesnot change when
the power has been off or after aremote interface reset.

To enter the security code from the front panel, enter only thelast six digits. To enter
the security code from the remote interface, you may enter up to 12 characters.

Use the resolution selection keysto move left or right between digits. Use the knob
to changethe digits. Noticethat the security code may be different if the security code
has been changed from the default setting.
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4 Unsecur e the power supply.

unsecured

The power supply is unsecured when you press the key. You will seethe
above message from the front panel for one second. The "CAL MODE" message is
displayed on the front panel after above message.

5 Turn off the calibration mode.

Turn off the power supply to exit the calibration mode.

To re-secure the power supply (following calibration), perform this procedure
again.
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To Unsecurethe Power Supply Without the Security Code

To unsecure the power supply without the correct security code (when you forget the
security code), follow the steps below. See "Electrostatic Discharge (ESD)
Precautions' in chapter before beginning this procedure.

Disconnect the power cord and all load connections from front terminals.
Remove the instrument cover.

Connect the power cord and turn on the calibration mode by pressing the " Calibrate"
key while simultaneously turning on the power supply then continue to hold the
"Calibrate" key for about 5 seconds until a beep is heard. Be careful not to touch the
power line connections.

Apply ashort between the two exposed metal pads on JP1 (located near main
controller U17 on the top board). The exposed metal pads are outlined with a small
rectangular silkscreen. (Seethe component locator drawing for the E3631-60002 top
PC board on page 105.)

While maintaining the short, move to the security code and enter any unsecure code
in the calibration mode. The power supply is now unsecured.

Remove the short at JP1. (An error occurs if not removed.)
Turn off and reassemble the power supply.
Now you can enter anew security code. Be sureyou take note of the new security code.
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Calibration Count

The calibration count feature provides an independent "serialization" of your
calibrations. You can determinethe number of timesthat your power supply hasbeen
calibrated. By monitoring the calibration count, you can determine whether an
unauthorized calibration has been performed. Since the value increments by one for
each calibration parameter (see Table 3-3 on the next page), acomplete calibration
increases the value by 6 counts.

» Thecdlibration count is stored in non-volatile memory and does not change when
power has been off or after aremote interface reset. Y our power supply was
calibrated before it left the factory. When you receive the power supply, read the
calibration count to determine its value.

» Thecdlibration count increments up to amaximum of 32,767 after which it wraps
around to 0. No way is provided to program or reset the calibration count.

Calibration Message

You can use the calibration message feature to record calibration information about
your power supply. For example, you can store suchinformation asthelast calibration
date, the next calibration due date, the power supply's serial number, or eventhename
and phone number of the person to contact for a new calibration.

You can record and read information in the calibration message from the remote
interface only.

» The calibration message may contain up to 40 characters.

» The calibration message is stored in non-volatile memory and does not change
when power has been off or after aremote interface reset.
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General Calibration/Adjustment Procedure

The calibration procedures from the front panel are described in this section. For
output voltage calibration, disconnect all loads from the power supply and connect a
DVM across the output terminals to be calibrated. For output current calibration,
disconnect all loadsfrom the power supply, connect an appropriate current monitoring
resistor across the output terminals to be calibrated, and connect a DVM across the
terminal s of the monitoring resistor.

Thefollowing table shows calibration parameters and points which should be used to
calibrate the output voltage and current for each of the three outputs.

Table 3-3. Parameters for Calibration

: : Voltage/ Calibration Point
Output Calibration Parameter Current mnemonic
V LO
CAL SETUP 1 Voltage
V HI
+6V output
ILO
CAL SETUP 2 Current A
V LO
CAL SETUP 3 Voltage VhI
+25V output
V LO
CAL SETUP 4 Current A
V LO
CAL SETUP 5 Voltage
V HI
-25V output
ILO
CAL SETUP 6 Current T
Note You can terminate any CAL SETUP without changing its calibration constants by

turning off power.
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To calibratethe output voltages and currents of the power supply from the front panel,
proceed as follows:

Unsecurethe power supply.

To calibrate the output voltage and current, you must unsecure the power supply
according to the procedure given on page 63.

Disconnect all loads from the power supply and connect a DVM across output
terminals of the +6V output.

Turn on the calibration mode.

cal mode

Turn on the calibration mode by pressing the "Calibrate" key while simultaneously
turning on the power supply then continue to hold the "Calibrate" key for about 5
seconds until abeep is heard.

Make sure that the power supply isin "CV" mode. If the power supply isnotin"CV"
mode, an error occurs.

Move down a level to the voltage calibration mode for the +6V supply.

cal setup 1

The display shows the above message to indicate that the power supply is ready for
the voltage calibration of +6V supply.

Select the first voltage calibration point for the +6V supply.

v [0 +0.1000 v

The display showsthefirst voltage calibration point for the +6V supply.

Read the DVM and changethefirst voltage value on the display to match the
measur ed voltage.

For example, if the DVM reading is 0.0860 V, adjust the voltage to 0.0860 V using
the knob and resolution selection keys.

v 10 +0.0860 v
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Pressing the" Calibrate" key savesthe change and selectsthe second voltage
calibration point for the +6V supply.

v hi +5.7000v

If the entered number iswithin an acceptablerange, an "ENTERED" message appears
for one second. The display now shows the second voltage calibration point for the
+6V supply. If the entered number is not correct, an "INVALID DATA" message

appearsfor one second and the display showsthe first voltage calibration point again.

Read the DVM and changethe second voltage value on the display to match the
measur ed voltage.

For example, if the DVM reads 5.9990 V, adjust the voltage to 5.9990 V using the
knob and arrow keys.

v hi +5.9990v

Pressing the" Calibrate" key savesthe new calibration constants for the +6V
output voltage and goesto the current calibration mode for the +6V supply.

cal setup 2

If the entered number is within an acceptable range, a"CALIBRATING" message
appears for one second to indicate that the calibration is successful and that new
calibration constants of "SETUP 1" are stored. Then, the display shows the above
message to indicate that the power supply isready for the current calibration for +6V
supply.

If the entered number is not correct, an "INVALID DATA" message appears for one
second and the display shows the second voltage calibration point again. If the
calibrationfails,a"CAL FAIL" messageappearsfor one second and the display shows
the"CAL SETUP 1" for the voltage calibration of the +6V supply again.

Connect an appropriate shunt (see Table 3-1 on page 41) acrossthe +6V supply's
output terminals, and connect a digital voltmeter acrossthe shunt resistor for the
current calibration.
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10 Select thefirst current calibration point for the +6V supply.

i l0+0.100 a

The display showsthefirst current calibration point for the +6V supply.

11 Read the DVM and changethefirst current value on the display to match the
computed current (DVM reading <+ by shunt resistance).

For example, if the computed value is 0.099 A, adjust the current to 0.099 A using
the knob and arrow keys.

Notice that you should wait for the DVM reading to stabilize for accurate calibration.

I l0+0.099 a

12 Pressing the" Calibrate" key saves the change and selects the second current
calibration point for the +6V supply.

i hi +4.750 a

If the entered number iswithin an acceptablerange, an "ENTERED" message appears
for one second. The display now shows the second current calibration point for the
+6V supply. If the entered number is not correct, an "INVALID DATA" message
appearsfor one second and the display showsthe first current calibration point again.
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Read the DVM and changethe second current value on the display to match the
computed current (DVM reading <+ by shunt resistance).

For example, if the computed value is 4.999 A, adjust the current to 4.999 A using
the knob and arrow keys.

Notice that you should wait for the DVM reading to stabilize for accurate calibration.

I hi +4.999 a

Pressing the" Calibrate" key savesthe new calibration constants for the +6V
output current and goesto the voltage calibration mode for the +25V supply.

cal setup 3

If the entered number is within an acceptable range, a"CALIBRATING" message
appears for one second to indicate that the calibration is successful and that new
calibration constants of "SETUP 2" are stored. Then, the display shows the above
message to indi cate that the power supply isready for thevoltage calibration for +25V
supply.

If the entered number is not correct, an "INVALID DATA" message appears for one
second and the display shows the second voltage calibration point again. If the
calibrationfails,a"CAL FAIL" messageappearsfor one second and the display shows
the"CAL SETUP 2" for the current calibration of the +6V supply again.

Repeat steps (5) through (14) for thevoltageand current calibration of the +25V
supply (replace +6V with +25V in all the text).

You can calibrate the output voltage and current of the+25V supply easily inthe same
manner. Notice that you should connect a shunt across (+) and (COM) terminals of
the £25V supply for the +25V supply current calibration.

Repeat steps (5) through (14) for the voltage and current calibr ation of the -25V
supply (replace +6V with -25V in all the text).

You can also calibrate the output voltage and current of the -25V supply easily inthe
same manner. Notice that you should connect a shunt across (-) and (COM) terminals
of the £25V supply for the -25V supply current calibration.
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Aborting a Calibration in Progress

Sometimesit may be necessary to abort a calibration after the procedure has already
been initiated. You can abort a calibration at any time by turning the power supply
off from the front panel. When performing a calibration from the remote interface,
you can abort a calibration by issuing a remote interface device clear message or by
pressing the front-panel "Local" key.
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Calibration Record for Agilent E3631A

Supply
Step Calibration Description “ﬁc?;gr(%r{'/&r;t being
Adjusted
1 Unsecure the power supply (see page 63).
5 Turn on "CAL MODE"(simultaneously press "Calibrate" and "Power" keys) until
a beep is heard.
3 Move down menu to "CAL SETUP 1" (press "Calibrate" key). +6 supply
"V LO 0.1000 V" appears on the display (change the display to match the DVM
4 reading; then press “"Calibrate" key). V. | +6supply
5 Y H_I +§.7000 V" ap"pears on t"he display (change the display to match the DVM V| +6 supply
reading; then press "Calibrate" key).
6 "CAL SETUP 2" now appears on the display (press "Calibrate" key). +6 supply
7 "I'LO 0.100 A" appears on the display (change the display to match the computed A |46 supol
current through 0.1Q resistor; then press "Calibrate" key). PPy
8 "I'HI +4.750 A" appears on the display (change the display to match the computed A |46 supol
current through 0.1Q resistor; then press "Calibrate" key). pply
9 "CAL SETUP 3" now appears on the display (press "Calibrate" key). +25 supply
"V LO 0.5000 V" appears on the display (change the display to match the DVM
10 reading; then press "Calibrate" key). V' | *+25 supply
"V HI +24.750 V" appears on the display (change the display to match the DVM
1 reading; then press “"Calibrate" key). V' | *+25 supply
12 "CAL SETUP 4" now appears on the display (press "Calibrate" key). +25 supply
"I'LO 0.100 A" appears on the display (change the display to match the computed
13 current through 0.1Q resistor; then press "Calibrate" key). A | +25 supply
"I'HI +0.950 A" appears on the display (change the display to match the computed
14 current through 0.1Q resistor; then press "Calibrate" key). A |+25 supply
15 "CAL SETUP 5" now appears on the display (press "Calibrate" key). -25 supply
"V LO -0.5000 V" appears on the display (change the display to match the DVM B
16 reading; then press "Calibrate" key). v 25 supply
"V HI -24.750 V" appears on the display (change the display to match the DVM B
o reading; then press "Calibrate" key). v 25 supply
18 "CAL SETUP 6" now appears on the display (press "Calibrate" key). -25 supply
19 "I'LO 0.100 A" appears on the display (change the display to match the computed A |-25 supl
current through 0.1Q resistor; then press "Calibrate" key). pply
20 I HI +0.950 A" appears on the display (change the display to match the computed A |-25 supply

current through 0.1Q resistor; then press "Calibrate" key).
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Error Messages

The following tables are abbreviated lists of error messages for the E3631A. The
errors listed are the most likely errors to be encountered during calibration and
adjustment. A more complete list of error messages and descriptionsis contained
chapter 5 of the E3631A User's Guide.

System Error M essages

Error Error Message

-330 Self-test failed

-350 Too many errors

501 Isolator UART framing error

502 Isolator UART overrun error

511 RS-232 framing error

512 RS-232 overrun error

513 RS-232 parity error

514 Command allowed only with RS-232

521 Input buffer overflow

522 Output buffer overflow

550 Command not allowed in local

800 P25V and N25V coupled by track system
801 P25V and N25V coupled by trigger subsystem

Self-Test Error M essages
Error Error Message

601 Front panel does not respond
602 RAM read/write failed

603 A/D sync stuck

604 A/D slope convergence failed
605 Cannot calibrate rundown gain
606 Rundown gain out of range

607 Rundown too noisy

608 Serial configuration readback failed
624 Unable to sense line frequency
625 I/O processor does not respond
626 I/O processor failed self-test
630 Fan test failed

631 System DAC test failed

632 P6V hardware test failed

633 P25V hardware test failed

634 N25V hardware test failed

in
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Calibration Error M essages

Error Error Message

701 Cal security disabled by jumper

702 Cal secured

703 Invalid secure code

704 Secure code too long

708 Cal output disabled

711 Cal sequence interrupted

712 Bad DAC cal data

713 Bad readback cal data

740 Cal checksum failed, secure state

741 Cal checksum failed, string data

742 Cal checksum failed, store/recall data in location 1
743 Cal checksum failed, store/recall data in location 2
744 Cal checksum failed, store/recall data in location 3
745 Cal checksum failed, DAC cal constants

746 Cal checksum failed, readback cal constants

747 Cal checksum failed, GPIB address

748 Cal checksum failed, internal data
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Calibration Program

This section contains an Agilent BASIC program for calibration over the GPIB
interface. This program makes software adjustments to the E3631A power supply
using a current shunt and a digital mutimeter which is connected to the controller. In
this program a 0.01 ohm current shunt is used. Be sure to change the value of the
variable"Current_shunt" to the value of the current shunt used and the GPIB address
for the power supply and the digital voltmeter.

This program makes software adjustments to the E3631A on the GPIB bus
using an Agilent 34401A and a current shunt. In the program a 0.01 ohm
current shunt is used to measure current. Be sure to change the value of
the variable ‘Current_shunt’ to the value of the current shunt used.

CLEAR SCREEN
DIM Cal msg$[40], Sec _code$[40],Sec code$ [10]
REAL Dmm_rdg, Current_shunt

Current_shunt=.01 ! Current Shunt value in Ohms

Sec_Code$="HP003631" ! Assign the security code.

ASSIGN @Dmm TO 722 ! Assign address 22 to the Dmm.

ASSIGN @Psup TO 705 ! Assign address 5 to the power supply.
CLEAR 7 Clear GPIB, Dmm and Power Supply.

OUTPUT @Psup; "*CLS"
OUTPUT @Dmm; " *RST"
OUTPUT @Psup; "*RST"
OUTPUT @ Psup; "CAL:STR?"
ENTER @Psup;Cal msgs$

Clear power supply errors.
Clear Dmm.

Reset power supply.

Read the calibration message.

PRINT TABXY (5,2),"Calibration message of Power Supply is: ";Cal msg$
1

! Set the Calibration security to off, and check to be sure

! it is off. TIf not successful, print message to screen and end.

1

OUTPUT @Psup; "CAL:SEC:STAT OFF, ";Sec_code$

OUTPUT @Psup; "CAL:SEC:STAT?"

ENTER @Psup; ;A

IF A=1 THEN
PRINT TABXY(5,5),"****** Unable to Unsecure the Power supply **x**xn
GOTO 1430

END IF

!
! Perform the voltage calibration by stepping through one

! power supply at a time. Alert the operator to hook up the
! connection before calibrating.

1

FOR I=1 TO 3

OUTPUT @Psup; "INST:NSEL ";I !Select the output to be calibrated.
! Alert operator to connect lead
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...continued

PRINT TABXY(10,10)

PRINT TABXY(10,11)," Using the annunciator, note the output selected."
PRINT TABXY(10,12)," Connect the selected output to the DMM. Observe"
PRINT TABXY(10,13)," Polarity."
( )
( )
( )

, Nkkkhkkhhkhkhkhkkhkhkdkhkhkhkdhkhkhkhkkhhkddhkhhkhkkhkhkhkkdkhkdkdhkhdkdhkkdkhkdkhkkdxkkxx

’
PRINT TABXY 10, 14 , Nkkkhkdhhkhkhkhkkhkhkdkhkhkhkdhhkhkhkhkkhhkddhkhhkhkkhkhkhkkdkhkdkdhkhdkdkhkkdkkdkkkdkxkkxx

PRINT TABXY (10,15
PRINT TABXY (10,16

,"Press ‘C’ to continue, or 'E’ to Exist, then"
, "press ’'Enter’"

Ch$:"C"

INPUT Ch$

IF Ch$="E" OR Ch$="e" THEN GOTO 1420

OUTPUT @Psup;"OUTP ON" ! Turn on Power supply output.

CLEAR SCREEN

OUTPUT @Psup; "CAL:VOLT:LEVel MIN" ! Set output to minimum calibration
value

WAIT 1 ! Allow output to settle.

OUTPUT @Dmm; "MEAS:VOLT:DC? " ! Measure output with Dmm.

ENTER @Dmm;Dmm_rdg ! Sotre in variable Dmm_ rdg.

PRINT Dmm_rdg

OUTPUT @Psup;"CAL:VOLT:DATA ";Dmm _rdg ! Send stored value to power

supply

OUTPUT @Psup;"CAL:VOLT:LEVel MAX"
WAIT 1

OUTPUT @Dmm; "MEAS:VOLT:DC?"

ENTER @Dmm;Dmm_rdg

PRINT Dmm_rdg

OUTPUT @Psup; "CAL:VOLT:DATA ";Dmm_rdg ! Send stored value to power

Set output to maximum cal value.
Allow output to settle.
Measure output with Dmm.

!
!
!
! Store in variable Dmm_rdg.

supply
OUTPUT @Psup; "OUTP OFF"
OUTPUT @Psup; "SYST:ERR?"
ENTER @Psup;Errors$
1
! Check to see if there is an error. If there is an error,

! display the error and exit the program.
1
IF Error$="+0,""No error""" THEN
PRINT "Voltage calibration complated for Power Supply ";I
ELSE

PRINT "ERROR:";Error$;" Power Supply ";I;" Voltage not Calibrated"
GOTO 1420
END IF
NEXT I

PRINT TABXY(10,5), "VOLTAGE CALIBRATION COMPLETE"
PRINT TABXY(10,7),"BEGIN CURRENT CALIBRATION"

Perform the CURRENT calibration by stepping through one
power supply at a time. Alert the operator to hook up the
connection before calibrating.

FOR I=1 TO 3

OUTPUT @Psup; "INST:NSEL ";I !Select the output to be calibrated.
! Alert operator to connect lead
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...continued
910 PRINT TABXY(10,9) IIl***************************************************ll
920 PRINT TABXY(10,10)," Connect a CURRENT SHUNT to the Dmm for measuring"
930 PRINT TABXY (59,10)," current."
940 PRINT TABXY(10,11)," Using the annunciator, note the output selected."
950 PRINT TABXY(10,12)," Connect the selected output to the shunt. Observe"
960 PRINT TABXY (60,12)," Polarity"
970 PRINT TABXY(lO,lB) , UE S S S S S S S SRS RS SRS R SRS R EREREEEEEEEEEEEEEEEEEEEEEESEEES M
980 PRINT TABXY(10,15),"Press 'C’to continue, or 'E’ to Exit, then"
990 PRINT TABXY(10,16), "press 'Enter’"
1000 Chs="C"
1010 INPUT Chs$
1020 IF Ch$="E" OR Ch$="e" THEN GOTO 1420
1030 OUTPUT @Psup;"OUTP ON" ! Turn on Power supply output.
1040 CLEAR SCREEN
1050 OUTPUT @Psup;"CAL:CURR:LEVel MIN" ! Set output to minimum cal value.
1060 WAIT 1 ! Allow output to settle.
1070 OUTPUT @Dmm; "MEAS:VOLT:DC? " ! Measure output with Dmm.
1080 ENTER @Dmm;Dmm_rdg ! Store in variable Dmm_rdg.
1090 Dmm_rdg=Dmm_rdg/Current shunt ! Scale reading to amps.
1100 IF I=3 THEN DMM rdg=-DMM_ rdg ! For -25V, Current is positive
1110 PRINT Dmm_rdg
1120 OUTPUT @Psup; "CAL:CURR:DATA ";Dmm _rdg ! Send stored value to power
1130 ! supply
1140 OUTPUT @Psup; "CAL:CURR:LEVel MAX" ! Set output to maximum cal value.
1150 WAIT 1 ! Allow output to settle.
1160 OUTPUT @Dmm; "MEAS:VOLT:DC? " ! Measure output with Dmm.
1170 ENTER @Dmm;Dmm_rdg ! Store in variable Dmm_rdg.
1180 Dmm_rdg=Dmm_rdg/Current shunt ! Scale reading to amps.
1190 IF I=3 THEN DMM rdg=-DMM_ rdg ! For -25V, Current is positive
1200 PRINT Dmm_rdg
1210 OUTPUT @Psup;"CAL:CURR:DATA ";Dmm _rdg ! Send stored value to power
1220 ! supply.
1230 OUTPUT @Psup;"OUTP OFF" ! Turn off Power supply output.
1240 OUTPUT @Psup; "SYST:ERR?"
1250 ENTER @Psup;Errors$
1260 !
1270 ! Check to see if there is an error. If there is an error,
1280 ! display the error and exit the program.
1290 !
1300 IF Error$="+0, No error""" THEN
1310 PRINT "Current calibration completed for Power Supply ";I
1320 ELSE
1330 PRINT "ERROR:";Error$;" Power Supply ";I;" Current not Calibrated"
1340 GOTO 1420
1350 END IF

1360 NEXT I
1370 CLEAR SCREEN
1380 PRINT TABXY(10,5), "CURRENT CALIBRATION COMPLETE"

1390 ! Create a time stamp and output to power supply

1400 Cal msg$ "Last Calibrated "$DATES (TIMEDATE) &" "&TIMES (TIMEDATE)
1410 OUTPUT @Psup; "CAL:STR """;Cal msgs$;""""

1420 OUTPUT @Psup;"CAL:SEC:STAT ON, ";Sec codes$

1430 END
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Theory of Operation

This chapter provides block diagram level descriptions of the power supply. The
descriptions provide a basi ¢ understanding of circuit operation and areintended asan
aidintroubleshooting. It isassumed in the following discussionsthat you are familiar
with the operating and programming instructions presented in the E3631A User's
Guide. Subjects covered include the following:

» Block Diagram Overview, page 82

e AC Input and Bias Supplies, page 84
» Foating Logic, page 85

¢ D-to-A Converter, page 87

¢ A-to-D Converter, page 88

» Power Mesh and Control, page 89

» Earth-Referenced Logic, page 91

» Front Panel, page 91
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Block Diagram Overview

This discussion pertains to the block diagram on the next page. The power supply's
circuitry isdivided into two major blocks: the floating circuitry and the ground
referenced circuitry. All power mesh and control circuits, display circuit, and digital
circuits are contained in the floating circuitry. This circuitry also contains the power
supply's main controller. The ground referenced circuitry provides the interface
between the user and the power supply.

Thefloating circuitry can beviewed in four pieces, the DAC system, the digital logic
section (floating logic), the power mesh and control section (+6V and 25V power
circuits), and the front panel (display and keyboard) section.

Thefloatinglogicreceivesdigital signalsfromtheearth-referencedlogicandthe DAC
converts them to analog signal s which are sent to the power control circuitsin order
to program the power supply's output voltage and current. The power supply can aso
be commanded to send measurement and status data back to the remote interface
controller and/or the VFD (vacuum fluorescent display) display on the front panel.
The datais processed and sent back via the floating logic and earth-referenced logic.

The power mesh and control circuits contains voltage and current control circuits
which allows the power supply to operate in either the constant voltage (CV) or
constant current (CC) mode. The control circuits compare the power supply's output
voltage or current with the programmed value and generates a control signal which
varies the conduction of the series pass transistor to raise or lower the output as
required.

The front panel circuits consist of VFD control, display high voltage drivers, and
keyboard scanning. Communication between the front panel and floating logic
circuits is accomplished through a 4-wire bi-directional serial interface.

The ground referenced circuitry uses a controller configured as a slave to the main
controller. This controller establishes external 1/0 communication with the main
controller through abi-directional, optically isolated, serial communicationslink. The
earth referenced controller controlslow-level GPIB (IEEE-488) and RS-232 interface
operation.

Separatereference and biassuppliesareprovided for thefl oating and ground reference
circuitry. The front panel operates from the floating circuitry with its logic common
different from the main controller logic common.
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Block Diagram
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AC Input and Bias Supplies

The ac mains are connected by a fused power module. This module incorporatesthe
functions of mains connection, fusing, and line voltage selection (100/115/230 Vac).
The line voltage selection function of the module selects which primary winding of
power transformer is energized. The transformer secondary windings are connected
to the main pc board through connectors.

The bias supplies are consists of four sections; +15 Vdc for the +6V power circuits;
+15Vdc, +5Vdc and -5.1 Vdc for the 25V power circuits and floating logic; £16.4
Vdcforthedisplay; and +5 Vdc for the earth referenced logic. Power-on reset signals
are provided by the +5 Vdc supply of the floating logic.

The +15 Vdc for the +6V power circuits are produced by rectifiers CR15 and CR16,
filter capacitors C43 and C44, and voltage regulators U24 and U25 on the bottom
board. These supplies provide bias voltages for the +6V power circuits.

The+16.4Vdcforthedisplay circuitsare produced by rectifier CR20, filter capacitors
C44 and C45, and voltage regulators U24 and U25 on the top board. A separate
winding of power transformer provides a center tapped 6 Vrms filament supply for
the display.

The+15Vdcforthe+25V power circuitsare derivedfrom £16.4 Vdc by diodes CR15
through CR18 on the top board. These supplies provide bias voltages for the £25V
power circuits.

The floating +5 Vdc and -5.1 Vdc supplies are produced from +16.4 VVdc supplies.
VR2 on the top board forms a clamp circuit to provide over voltage protection in the
event of aregulator failure. The ADC REF signal is derived from +15 Vdc supply
and the TURN_ON RESET signal isderived from +5 Vdc supply. The FAN FAIL
signal is asserted when the fan current through R73 on the top board is not detected.
The TURN_ON RESET signal holds the main controller and other logic in a reset
state until after the +5 Vdc logic power isfully operational. This signal is generally
active only following application of line power to the instrument.

The+5V dc earth referenced supply isproduced by rectifier CR3, filter capacitor C15,
and regulator U11 on the bottom board. The GPIB (IEEE-488) and RS-232 computer
interfaces are powered from this supply.
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Floating Logic

The floating common logic controls operation of the entire instrument. All output
functions and bus command interpretation is performed in the main controller U17.
Thefront panel and the earth referenced logic operate as savesto U17. Thefloating
common logic is comprised of the main controller U17, custom gate array U16, the
program ROM U14, RAM U15, calibration EEPROM U18, and the 12 MHz clock
oscillator Y1 on the top board . Non-volatile EEPROM U18 stores calibration
constants, calibration secure code, and calibration count. Power-on reset is provided
to the main controller by the voltage regulator U1 on the top board.

The main controller U17 isa 16-bit micro controller. It controls such features as
receive and transmit serial port, timer/counter ports, an 8-bit pulse width modulated
DAC port, and sel ectable input 10-bit successive approximation a-to-d convert ports.
A conventional address/data bus is used to transfer data between the main controller
and external ROM and RAM. When the address|atch enable (ALE) signal goes high,
address data is present on the address/data bus. ASIC U16 latches the address data
and decodes the correct chip enable (low true) for external ROM and RAM accesses
and for read/write accessesto theinternal registers of U16. The system memory map
is shown below.

0000y - 1IFF7y  U15 8kx8 RAM
1FF8, - IFFFy U16 Gate Array
2000y - FFFF,  U14 Program ROM

Program ROM U214 contains four 64k x 8 data banks of data. Banks are selected by
controlling A16 and A17 ROM addressbitsdirectly from the main controller port bits.

Custom gate array U16 performs address latching and memory map decoding
functionsasdiscussed above. Inaddition, U16 containsavariety of internal read/write
registers. Theread (XRD) and write (XWR) signalstransfer data out of and into U16
whenitisaddressed. Therearefour internal registersin U16: aninternal configuration
register, an 8 bit counter register, aseria transmit/receive register, and an internal
status register.

The counter register is used to capture the ADC slope count at the COMP input. The
COMP input functions as both a clocked comparator and the slope counter input for
the ADC. Inboth casesthe counter register capturesthelower 8 bitsof a24-bit counter.
The upper 16 bits of the count are captured by the SYNC input to U17.

Theserial register isused to send and receive seria databytesfrom themain controller
to the DAC system, or to communicate with the front panel controller. The serial
register is multiplexed to these two circuits. The transmission rate is selected to 1.5
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M bits/second for the DAC system and 93.75 k bits/second for communication with
the front panel controller. The general seria interface is a 3-bit interface as shown
below.

U18 Internal Signal Configuration Signals Front Panel Signals
Serial Clock SERCK XFPSK
Data OUT (send) SERDAT FPDI
Data IN (receive) SERRBK FPDO

Serial dataisreceived simultaneously as serial datais clocked out. Front panel data
is exchanged in both directions whenever a byte is sent from U16 on the top board.
Theinput dataof DAC is strobed to outputs by U17 signal SERSTB. Interrupts from
the front panel are detected by U16 and signaled to the CHINT. The main controller
FPINT signals the front panel controller that U16 has data to send.

The power supply's calibration correction dataarestoredina128 x 16 bit non-volatile
electrically erasable ROM U18 on the top board. This non-volatile ROM read/write
datais accessed by a 4-bit serial protocol controlled by U17.

The main controller has an on-chip 10-bit successive approximation ADC. The
FLASH input is used to sample the residual charge on the main integrating ADC
output of U8 on the top board.

Port bits are also configured to measure the input power line frequency (L SENSE).
Frequencies from 55 Hz to 66 Hz are measured as 60 Hz. All other line input
frequencies are assumed to be 50 Hz.

The main controller communicates with the earth referenced controller U10 on the
bottom board through an optically isolated (U1 and U2 on the bottom board)
asynchronous serial link. Datais sent in an 11-bit frame at arate of 187.5 k bits/
second. When the RS-232 interface is sel ected, datais sent across theisolated link at
93.75 k bits/second. The 11-bit data frame is configured for one start bit, eight data
bits, one control bit, and one stop bit.
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D-to-A Converter

All referencevoltagesof power circuitsarederived from theinterna voltagereference
of system DAC U12 on the top board. The system DAC track/hold amplifier outputs
areusedto provide controllablereferencevoltagesto three power circuits. The system
DAC isprogrammed and responds to the main controller viainternal 3-wire serial
data bus SERCLK, SERRBK, and SERSTB. The system DAC is mutiplexed to 6
track/hold amplifiers through U13 on the top board. Each track/hold amplifier is
refreshed approximately every 13 msec to maintain its output setting. Changesto
track/hold amplifier outputs are accomplished by dwelling on that position for an
extended period.

VT ! +25 CV REF
.
W +25 CC REF

WL ' -25 CV REF

sgRiaL | SERCLK Mpae MUX v

SERRBK
12 ;
DATA u U3 Lo P

ERSTB B
SERS §|: T

A= ———— +6 CV REF

YW ! +6V CC REF
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A-to-D Converter

The analog-to-digital converter (ADC) is used to change dc voltages into digital
information. The circuitry consists of an integrator amplifier (U6 and U8), current
steering switch U5, resistors (R5, R4, R15 and R16), voltage reference (U3A and
U3B), ADC controller U16, and residue ADC U17 on the top board.

The ADC method used by the Agilent E3631A iscalled multisiopelll. Multislopelll
is a charge balancing continuously integrating anal og-to-digital converter. The input
voltage continuously forces charge onto the integrator capacitors C18 and C19
through R15 on the top board.

Switch U5 steers fixed positive or negative reference currents onto the integrator
capacitorsto cancel, or balance the accumulated input charge. The level shifted (R19
and R20 on the top board) output of the integrator is checked every 2.66 pA by the
U16 COMP input. Logic state machines in U16 control the U5 current steering to
continuously seek an approximate 2.5 V level on the integrator amplifier output,
FLASH. If the ADC input voltage ADC REF is between £15 V, the integrator output
(FLASH) will remain withinthe 0V to 5V range of the U17 on-chip ADC. Aninput
greater than +15V may cause the integrator output in U8 at pin 6 (U8-6) to saturate
at about -15 V. An input less than -15 V may cause U8 to saturate with an output of
about +15V. The U17 ADC input (FLASH) isclampedto OV or 5V by R21 and
CR3 to protect U17.

Theintegrator amplifier is formed by U6 and U8. Resistors R10 and R11 affect the
amplifier stability. Amplifier oscillation may occur if their values are incorrect.
Amplifier U6 improves the offset voltage characteristics of integrator amplifier U8
on the top board.

Each analog-to-digital conversion occurs continuously. The ADC starts by clearing
theintegrator slope count in U16. At the end of theintegration period, the slope count
islatched. The slope count provides the most significant bits of the input voltage
conversion. The least significant bits are converted by the on-chip ADC of U17.
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Power Mesh and Control

For the £25V power mesh and control circuit, a preregul ator is added ahead of the
series pass transistor to minimize the power dissipated in the series pass transistor by
controlling the dc level across the input filter capacitor, depending on the output
voltage.

To achievethis, tap switching isaccomplished by a TRIAC and one bridge diode and
the TRIAC control circuit in each power circuit; Q10 and CR29 on the top board for
+25V power circuit, Q3 and CR7 on the top board for -25V power circuit. By turning
onor off the TRIAC, these circuits allow theinput capacitors (C54, C55, and C56 for
+25V power circuit and C34, C35, and C36 for -25V power circuit) to chargeto one
of two discrete voltage levels, depending on the output voltage required. When the
TRIAC isnot fired, the bridge diode conducts and the low voltage of two discrete
voltage levelsis devel oped across the input filter capacitors.

The TRIAC control circuit determines whether TRIAC is to be fired by monitoring
the output voltage and comparing this value against internally derived reference
levels.

The series pass transistor is part of a feedback loop which consists of the driver and
the Constant V oltage/Constant Current error amplifier. The feedback loop provides
"fine and fast" regulation of the output while the preregulator feedback loop handles
large, relatively slow, regulation demands.

The series passtransistor is madeto alter its conduction to maintain a constant output
voltage or current. The voltage developed across the current sampling resistorsisthe
input to the constant current error amplifier. The constant voltage error amplifier
obtainsitsinput by sampling the output voltage of the supply. Any changesin output
voltage or current are detected and amplified by the constant voltage or constant
current error circuit and applied to the series pass transistor in the correct phase and
amplitude to counteract the change in output voltage or current.
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Two error amplifiers are included in a CV/CC supply, one for controlling output
voltage, the other for controlling output current. Since the constant voltage amplifier
tends to achieve zero output impedance and alters the output current whenever the
load resistance changes, while the constant current amplifier causes the output
impedance to be infinite and changes the output voltage in response to any load
resistance change, itisobviousthat thetwo amplifierscan not operate simultaneously.
For any given value of load resistance, the power supply must act either as a constant
voltage source or as a constant current source - it can not be both; transfer between
these two modesis accomplished at avalue of load resistance equal to the ratio of the
output voltage control setting to the output current control setting.

Full protection against any overload condition is inherent in the Constant VVoltage/
Constant Current design principle since thereisnot any load condition that can cause
an output which lies outside the operating region. For either constant voltage or
constant current operation, the proper choice of front panel voltage and current limit
settings insures optimum protection for the load device aswell as full protection for
the power supply.

Thediodes connected acrossthe output terminalsinreverse polarity protect the output
electrolytic capacitor and the series pass transistors from the effects of areverse
voltage applied across the output terminals.

The +6V power mesh and control circuits are similar to those of the +25V power
circuits except that thethe TRIAC preregulator isnot used. Theac input, after passing
through power transformer, is rectified and filtered. By feedback action, the series
pass transistor alters its conduction to keep the regulated dc output voltage constant.

The +6V and the +25V power mesh and control circuits are isolated from each other
and the two outputs of the +25V power mesh and control circuit share acommon
output terminal.
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Earth-Referenced Logic

Microprocessor U10 on the bottom board handles GPIB (IEEE-488) control through
bus interface chip U8 and bus receiver/driver chips U6 and U7 on the bottom board.
The RS-232 interface is a so controlled through microprocessor U10. RS-232
transceiver chip U12 on the bottom board provides the required level shifting to
approximate +9 volt logic level s through on-chip charge-pump power suppliesusing
C11and C12 onthebottom board. Communication between the earth referenced logic
interface circuits and the floating logic is accomplished through an optically-isol ated
bi-directional serial interface. Isolator U2 on the bottom board couplesdatafrom U10
to processor U17 onthetop board. Isolator U1 on the bottom board couples datafrom
U17 on the top board to microprocessor U10 on the bottom board.

Front Panel

The front panel circuits consist of vacuum fluorescent display control, display high
voltagedrivers, and keyboard scanning. Communication between the front panel and
floating logic circuitsisaccomplished through a4-wirebi-directional serial interface.
Themain controller U17 can cause ahardware reset tofront-panel controller by signal
IGFPRES. The front panel logic operates from -11.4 volts (logic 1) and -16.4 volts
(logic 0). Thefront panel logic high supply (-11.4 volts) is produced by the-16.4 volts
bias supply and the voltage regulator U2 on the front panel board. The four serial
communication signalsarelevel shifted by the comparator U8 from thefloating logic
0V to5V levelstothe-16.4V to-11.4V levels present on the front panel assembly.
U6 acts asthe serial shift register interface for the front-panel controller U7 on the
front panel board.

Display anode and grid voltages are +16.4 volts for an "on" segment and -16.4 volts
for an"off" segment. The-10.2 V cathode biasfor the display is provided by filament
winding center tap bias circuit VR3, R43, and C32 on the top board. Keyboard
scanning is accomplished through a conventional scanned row-column key matrix.
Keysarescanned by outputing dataat front-panel controller U7 port pinsP0.0through
P0.3 to poll each key column for akey press. Column read-back data are read by the
microprocessor at port pins P1.0 through P1.3 for decoding and communication to
the floating logic circuits.

91



Service



Service

This chapter discussesthe proceduresinvolved for returning afailed power supply to
Agilent Technologies for service or repair. Subjects covered include the following:

» Operating Checklist, page 94

» Types of Service Available, page 95

» Repacking for Shipment, page 96

» Electrostatic Discharge (ESD) Precautions, page 97
» Surface Mount Repair, page 97

» To Replace the Power-Line Fuse, page 97

« Troubleshooting Hints, page 98

o Sef-Test Procedures, page 100
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Operating Checklist

Before returning your power supply to Agilent Technologies for service or repair
check the following items:

Isthe Power Supply Inoper ative?

O Verify that the ac power cord is connected to the power supply.
O Verify that the front-panel power switch is depressed.

O Verify that the power-line fuseisinstalled:
Usethe 2.5 AT, 250 V fuse for 100 or 115 Vac operation.
Use the 2 AT, 250 V fuse for 230 Vac operation.

O Verify the power-line voltage setting.
See "To prepare the power supply for use" page 22.

Doesthe Power Supply Fail Self-Test?

O Verify that the correct power-line voltage is selected.
See "To prepare the power supply for use" page 22.

O Remove all load connections to the power supply.
Ensure that all terminal connections are removed while the self-test is
performed.
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Types of Service Available

If your power supply fail swithin oneyearsof original purchase, Agilent Technologies
will repair or replaceit free of charge. If your unit fails after your one year warranty
expires, Agilent will repair or replaceit asavery competitive price. Agilent will make
the decision locally whether to repair or replace your unit.

Standard Repair Service (worldwide)

Contact your nearest Agilent Technologies Service Center. They will arrange to have
your power supply repaired or replaced.

Express Exchange (U.S.A. only)

You can receive areplacement Agilent E3631A via overnight shipment for low
downtime.

Call 1-800-258-5165 and ask for "Express Exchange."

* Youwill beaskedfor your shipping addressand acredit card number to guarantee
return of your failed power supply.

 If youdo not return your failed power supply within 45 days, your credit card will
be billed for anew Agilent E3631A.

« If you choose not to supply a credit card number, you will be asked to send your
failed unit to adesignated Agilent Service Center. After thefailed unit isreceived,
Agilent will send your replacement unit.

Agilent Technologies will immediately send areplacement Agilent E3631A to you

via overnight shipment.

» The replacement unit will have a different serial number than your failed unit.

« If you cannot accept anew serial number for the replacement unit, usethe Standard
Repair Service option described above.

 If your failed unit was"in-warranty," your replacement unit continues the original
one year warranty period. You will not be billed for the replacement unit aslong
asthe failed unit is received by Agilent Technologies.

 If your oneyear warranty hasexpired, Agilent will bill you for the Agilent E3631A
exchange price- lessthan anew unit price. Agilent warrantsexchange unitsagainst
defects for 90 days.
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Repacking for Shipment

For the Express Exchange Service described on the previous page, return your failed
Agilent E3631A to the designated Agilent Service Center using the shipping carton
of the exchange unit. A shipping label will be supplied. Agilent will notify you when
your failed unit has been received.

If theinstrument isto be shipped to Agilent Technologiesfor serviceor repair, be sure

to:

» Attach atag to the power supply identifying the owner and indicating the required
service or repair. Include the instrument model number and full serial number.

» Place the power supply initsoriginal container with appropriate packaging
meaterial.

» Secure the container with strong tape or metal bands.

If the original shipping container isnot available, place your unit in acontai ner which
will ensure at least 4 inches of compressible packaging material around al sides for
the power supply. Use static-free packaging materials to avoid additional damage to
your unit.

Agilent Technol ogies suggests that you always insure shipments.
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Electrostatic Discharge (ESD) Precautions

Almost al electrical components can be damaged by electrostatic discharge (ESD)
during handling. Component damage can occur at el ectrostatic discharge voltages as
low as 50 volts.

The following guidelines will help prevent ESD damage when serving the power
supply or any electronic device.

» Disassemble instruments only in a static-free work area.

» Useaconductive work areato dissipate static charge.

» Useaconductive wrist strap to dissipate static charge accumul ation.
e Minimize handling.

» Keep replacement partsin original static-free packaging.

» Removeall plastic, styrofoam, vinyl, paper, and other static-generating materials
from theimmediate work area

* Useonly anti-static solder suckers.

Surface Mount Repair

Surface mount components should only be removed using soldering irons or
disordering stations expressly designed for surface mount components. Use of
conventional solder removal equipment will almost always result in permanent
damage to the printed circuit board and will void your Agilent Technol ogies factory
warranty.

To Replace the Power-Line Fuse

The power-linefuse islocated within the power supply'sfuse-holder assembly on the
rear panel (see page 23). For 100 or 115 Vac operation, you must use a 2.5 AT slow-
blow fuse (Agilent part number 2110-0913). For 230 Vac operation, you must use a
2 AT slow-blow fuse (Agilent part number 2110-0587).
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Troubleshooting Hints

This section provides a brief check list of common failures. Before troubleshooting
or repairing the power supply, make sure that the failure isin the instrument rather
than any external connections. Also make sure that the instrument is accurately
calibrated. The power supply's circuits allow troubleshooting and repair with basic
equipment such as a digit multimeter and a 100 MHz oscilloscope.

Unit isInoperative

O Verify that the ac power cord is connected to the power supply.
O Verify that the front-panel power switch is depressed.

O Verify that the power-line fuseisinstalled:
Usethe 2.5 AT, 250 V fuse for 100 or 115 Vac operation..
Use the 2 AT, 250 V fuse for 230 Vac operation..

O Verify the power-line voltage setting.
See "To prepare the power supply for use" page 22.

Unit ReportsErrors 740 to 748

These errors may be produced if you accidentally turn off power the unit during a
calibration or while changing a non-volatile state of the instrument. Recalibration or
resetting the state should clear the error. If the error persists, a hardware failure may
have occurred.

Unit Fails Salf-Test

Verify that the correct power-line voltage setting is selected. Also, ensure that all
terminal connectionsare removed whilethe self-testisperformed. Failure of the DAC
U12 on the top board will cause many self-test failures.
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Bias Supplies Problems
Check that theinput to the voltage regulatorsof the biassuppliesisat least 1V greater

than their output.

Circuit failures can cause heavy loads of the bias supplies which may pull down the

regulator output voltages.

Check the voltages of bias supplies as tabul ated bel ow.

Table 0-1. Bias Supplies Voltages

Bias Supply Minimum | Maximum Check At
+5V Floating 475V 5.25V U1 pin 2 (on the top Board)
-5.1V Floating -4.75V -5.25V Anode of VR4 (on the top Board)
+15V Floating (+25V supplies) |14.25V 15.75V Cathode of CR16 (on the top Board)
-15V Floating (+25V supplies) |-14.25V -15.75V Anode of CR18 (on the top Board)
+15 Floating (+6V supplies) 14.25V 15.75V U25 pin 2 (on the bottom Board)
-15 Floating (+6V supplies) -14.25V -15.75 U24 pin 3 (on the bottom Board)
+5V Ground Ref. 475V 5.25V U11 pin 3 (on the bottom Board)

Some circuits produce their own local bias supplies from the main bias supplies. Be
sureto check that theselocal bias supplies are active. In particular, the ADC (analog-
to-digital converter), ac input, and front panel sections have local bias supplies.
Alwayscheck that the power suppliesarefreeof ac oscillations using an oscilloscope.
Failure of bias supplies will cause many self-test failures.
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601

602

603

604

Salf-Test Procedures

Power -On Self-Test

Each time the power supply is powered on, a set of self-tests are performed. These
tests check that the minimum set of logic and measurement hardware are functioning
properly. The power-on self-test performs checks 601 through 604 and 624 through
634.

Complete Self-Test

Hold any front panel key except the"Error" key for more than 5 seconds whileturning
on the power to perform a complete self-test. The power supply beeps when the test
starts. The tests are performed in the order shown bel ow.

Front Panel Doesnot respond The main controller U17 on thetop board attempts
to establish serial communications with the front panel controller U7 on the front
panel board. During thistest, U7 turns on all display segments. Communi cation must
function in both directions for thistest to pass. If thiserror is detected during power-
on self-test, the power supply will beep twice. This error is only readable from the
remote interface.

RAM read/writefailed This test writes and reads a 55, and AA}, checker board

pattern to each address of ram U15 on the top board. Any incorrect readback will
cause atest failure. Thiserror isonly readable from the remote interface.

A/D sync stuck The main controller issuesan A/D sync pulseto U17 and U16 on
thetop board to latch the valuein the ADC slope counters. A failureisdetected when
asyncinterrupt is not recognized and subsequent time-out occurs.

A/D slopeconvergencefailed Theinput amplifier isconfigured to the measure zero
(M2Z) statein the 10 V range. Thistest checks whether the ADC integrator produces
nominally the same number of positive and negative slope decisions ¢10%) during a
20 msinterval.
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Cannot calibrate rundown gain  Thistest checks the nominal gain between
integrating ADC and the U17 on-chip ADC. This error isreported if the procedure
can not run to completion due to a hardware failure.

Rundown gain out of range Thistest checksthe nominal gain between the
integrating ADC and the U17 on-chip ADC. The nominal gain is checked to +10%
tolerance.

Rundown too noisy Thistest checksthe gain repeatability between the integrating
ADC and the U17 on-chip ADC. The gain test (606) is performed eight times. Gain
noise must be less that +64 Isb's of the U17 on-chip ADC.

Serial configuration readback failed Thistest re-sendsthe last 3 byte serial
configuration datato all the serial path (SERDAT, SERBCK, SERCLK). Thedatais
then clocked back into U16 on the top board and compared against the original 3 bytes
sent. A failure occursif the data do not match. This tests checksthe serial data path
through U11 on the top board.

Unableto senselinefrequency Thistest checksthat the LSENCE logic input U17
on thetop board istogging. If no logic input detected, the power supply will assume
a 50 Hz line operation for all future measurements.

I/0 processor did not respond Thistest checks that communications can be

established between U16 on the top board and U10 on the bottom board through the
optically isolated (U1 and U2 onthe bottom board) serial datalink. Failureto establish
communication in either direction will generate an error. If thiscondition is detected
at power-on self-test, the power supply will beep and the error annunciator will be on.

I/0O processor failed self-test Thistest causes the earth referenced processor U10
on the bottom board to execute an internal, ram test. Failure will generate an error.

Fan test failed Thistest checksif the fan current is flowing. If the current is not
detected at power-on self-test, the power supply will beep and the error annunciator
will be on.

System DAC test failed Thistest checksif the DAC hardwareis functiona. The

main controller U17 sends a reference voltage datato DAC and converts the DAC
output to digital data to see if the digital datais within avalid range.
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632 P6V hardwaretest failed Thistest checksthethe status of voltage and current error
amplifiers for +6V power circuit. If both amplifiers are not operational, the power
supply will beep and the error annunciator will be on.

633 P25V hardwaretest failed Thistest checks the the status of voltage and current
error amplifiersfor +25V power circuit. If both amplifiers are not operational, the
power supply will beep and the error annunciator will be on.

634 N25V hardwaretest failed Thistest checksthe the status of voltage and current
error amplifiersfor -25V power circuit. If both amplifiers are not operational, the
power supply will beep and the error annunciator will be on.
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Schematics

This chapter contains component locator drawings, and schematics for the power
supply. The block diagram is also shown in chapter 4.

« E3631-60002 Component Locator, page 106
« E3631-60003 Component Locator, page 107
« E3631-60004 Component Locator, page 108
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Warranty

This Agilent product is war-
ranted against defects in mate-
rials and workmanship for a
period of one year from date of
shipment. Duration and condi-
tions of warranty for this prod-
uct may be superseded when
the product is integrated into
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During the warranty period,
Agilent will, at its option,
either repair or replace prod-
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tive. The warranty period
begins on the date of delivery
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Warranty Service

For warranty service or repair,
this product must be returned
to aservice facility designated
by Agilent.

For products returned to Agi-
lent for warranty service, the
Buyer shall prepay shipping
charges to Agilent and Agilent
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and taxes for products returned
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Limitation of Warranty
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maintenance.
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or malfunctions of Agilent
products that result from the
Buyer’s circuitry. In addition,
Agilent does not warrant any
damage that occurs as a result
of the Buyer's circuit or any
defects that result from Buyer-
supplied products.

Totheextent allowed by local
law, Agilent makes no other
warranty, expressed or
implied, whether written or
oral with respect to this
product and specifically dis-
claimsany implied warranty
or condition of merchantabil-
ity, fitnessfor a particular
purpose or satisfactory qual-
ity.

For transactionsin Australia
and New Zealand: The war-
ranty terms contained in this
statement, except to the extent
lawfully permitted, do not
exclude, restrict, or modify and
are in addition to the manda-
tory statutory rights applicable
to the sale of this product.

Exclusive Remedies

To the extent allowed by local
law, the remedies provided
herein are the Buyer’s sole and

exclusive remedies. Agilent
shall not be liable for any
direct, indirect, special, inci-
dental, or consequential dam-
ages (including lost profit or
data), whether based on war-
ranty, contract, tort, or any
other legal theory.

Notice

The information contained in
this document is subject to
change without notice.

To the extent allowed by

local law, Agilent makes no
warranty of any kind with
regard to this material, includ-
ing, but not limited to, the
implied warranties of mer-
chantability and fitness for a
particular purpose.

To the extent allowed by loca
law, Agilent shall not beliable
for errors contained herein or
for incidental or consequential
damagesin connection with
the furnishing, performance, or
use of this material. No part of
this document may be photo-
copied, reproduced, or trans-
lated to another language
without the prior written con-
sent of Agilent.

Restricted Rights

The Software and Documenta-
tion have been developed
entirely at private expense.
They are delivered and
licensed as“ commercial com-
puter software” as defined in
DFARS 252.227-7013 (Oct
1988), DFARS 252.211-7015
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“commercid item” as defined
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isapplicable. You have only
those rights provided for such
Software and Documentation
by the applicable FAR or
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for the product involved.

Safety Information

Do not install substitute parts
or perform any

unauthorized modification to
the product. Return the product
to an HP Sales and Service
Office for service and repair to

ensure that safety features are
maintained.

Safety Symbols

Warning

Calls attention to a procedure,
practice, or condition, that
could possibly cause bodily
injury or death.

Caution

Calls attention to a procedure,
practice, or condition that
could possibly cause damage
to equipment or permanent
loss of data.

Earth ground symbol.
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Chassis ground symbol.

A

Refer to the manual for

cific Warning or Caution infor-
mation to avoid personal injury
or equipment damage.
Hazardous voltages may be
present.

Warning

No operator serviceable parts
inside. Refer servicing to ser-
vice-trained personnel.

Warning

For continued protection
against fire, replace theline
fuse only with afuse of the
specified type and rating.
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