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WARRANTY

Keithley Instruments, Inc. warrants this product to be free from defects in material and workmanship for a period ofrh year fro
date of shipment.

Keithley Instruments, Inc. warrants the following items for 90 days from the date of shipment: probes, cables, rechatgeable bat
ies, diskettes, and documentation.

During the warranty period, we will, at our option, either repair or replace any product that proves to be defective.

To exercise this warranty, write or call your local Keithley representative, or contact Keithley headquarters in Clevelayil) Ohi

will be given prompt assistance and return instructions. Send the product, transportation prepaid, to the indicatedili#grvice fac
Repairs will be made and the product returned, transportation prepaid. Repaired or replaced products are warranteader the bala
of the original warranty period, or at least 90 days.

LIMITATION OF WARRANTY

This warranty does not apply to defects resulting from product modification without Keithley’s express written consentg or misus
of any product or part. This warranty also does not apply to fuses, software, non-rechargeable batteries, damage fresk-battery |
age, or problems arising from normal wear or failure to follow instructions.

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING ANY IMPLIED
WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE. THE REMEDIES PROVIDED HEREIN
ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES.

NEITHER KEITHLEY INSTRUMENTS, INC. NOR ANY OF ITS EMPLOYEES SHALL BE LIABLE FOR ANY DIRECT,
INDIRECT, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OF ITS INSTRU-
MENTS AND SOFTWARE EVEN IF KEITHLEY INSTRUMENTS, INC., HAS BEEN ADVISED IN ADVANCE OF THE POS-
SIBILITY OF SUCH DAMAGES. SUCH EXCLUDED DAMAGES SHALL INCLUDE, BUT ARE NOT LIMITED TO: COSTS
OF REMOVAL AND INSTALLATION, LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY PERSON, OR DAM-
AGE TO PROPERTY.
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Safety Precautions

The following safety precautions should be observed before usingUsers of this product must be protected from electric shock at all

this product and any associated instrumentation. Although some in-times. The responsible body must ensure that users are prevented

struments and accessories would normally be used with non-hazaccess and/or insulated from every connection point. In some cases,

ardous voltages, there are situations where hazardous conditionconnections must be exposed to potential human contact. Product

may be present. users in these circumstances must be trained to protect themselves
from the risk of electric shock. If the circuit is capable of operating

This product is intended for use by qualified personnel who recog-at or above 1000 voltso conductive part of the circuit may be

nize shock hazards and are familiar with the safety precautions re-exposed.

quired to avoid possible injury. Read the operating information

carefully before using the product. As described in the International Electrotechnical Commission

(IEC) Standard IEC 664, digital multimeter measuring circuits

(e.g., Keithley Models 175A, 199, 2000, 2001, 2002, and 2010) are

Responsible body is the individual or group responsible for the use Installation Category II. All other instruments’ signal terminals are

and maintenance of equipment, for ensuring that the equipment isInstallation Category I and must not be connected to mains.

operated within its specifications and operating limits, and for en-

suring that operators are adequately trained. Do not connect switching cards directly to unlimited power circuits.
They are intended to be used with impedance limited sources.

Op.erato.rs use the product for its intended function. They mugt be NEVER connect switching cards directly to AC mains. When con-
trained in electrical safety procedures and proper use of the instruyq ting sources to switching cards, install protective devices to lim-
ment. They must be protected from electric shock and contact W|thit fault current and voltage to the card.

hazardous live circuits.

The types of product users are:

Before operating an instrument, make sure the line cord is connect-

¢ X - ) ed to a properly grounded power receptacle. Inspect the connecting
to keep it operating, for example, setting the line voltage or replac-

h 4 - | ‘cables, test leads, and jumpers for possible wear, cracks, or breaks
ing consumable materials. Maintenance procedures are described iy ot e each use

the manual. The procedures explicitly state if the operator may per-
form them. Otherwise, they should be performed only by service For maximum safety.
personnel. '

Maintenance personnel perform routine procedures on the product

do not touch the product, test cables, or any
other instruments while power is applied to the circuit under test.
ALWAY'S remove power from the entire test system and discharge
any capacitors before: connecting or disconnecting cables or jump-
ers, installing or removing switching cards, or making internal
changes, such as installing or removing jumpers.

Service personnel are trained to work on live circuits, and perform
safe installations and repairs of products. Only properly trained ser-
vice personnel may perform installation and service procedures.

Exercise extreme caution when a shock h_azard is pres_ent. LethaDo not touch any object that could provide a current path to the
voltage may be present on cable connector jacks or test fixtures. Thcommon side of the circuit under test or power line (earth) ground.
American National Standards Institute (ANS') states that a ShOCkA|Ways make measurements with dry hands while standing on a

hazard exists when voltage levels greater than 30V RMS, 42.4Vqry, insulated surface capable of withstanding the voltage being
peak, or 60VDC are preseit.good safety practice is to expect measured.

that hazardous voltage is present in any unknown circuit before
measuring.



The instrument and accessories must be used in accordance with itfhe WARNING heading in a manual explains dangers that might
specifications and operating instructions or the safety of the equip-result in personal injury or death. Always read the associated infor-
ment may be impaired. mation very carefully before performing the indicated procedure.

Do not exceed the maximum signal levels of the instruments and acThe CAUTION heading in a manual explains hazards that could
cessories, as defined in the specifications and operating informadamage the instrument. Such damage may invalidate the warranty.
tion, and as shown on the instrument or test fixture panels, or

switching card. Instrumentation and accessories shall not be connected to humans.

When fuses are used in a product, replace with same type and ratin§efore performing any maintenance, disconnect the line cord and
for continued protection against fire hazard. all test cables.

. . . . To maintain protection from electric shock and fire, replacement
Chassis connections must only be used as shield connections for 0 Maintain protection from electric shock a d fire, replaceme

. L . components in mains circuits, including the power transformer, test
measuring circuits, NOT as safety earth ground connections. . . .
leads, and input jacks, must be purchased from Keithley Instru-

ments. Standard fuses, with applicable national safety approvals,
ay be used if the rating and type are the same. Other components
at are not safety related may be purchased from other suppliers as
long as they are equivalent to the original component. (Note that se-

ifa @ screw is present, connect it to safety earth ground using theIected parts should be purchased only through Keithley Instruments

wire recommended in the user documentation. to maintain accuracy gnd fgnctlonallty of the product.) If you are
unsure about the applicability of a replacement component, call a

Keithley Instruments office for information.

If you are using a test fixture, keep the lid closed while power is ap-
plied to the device under test. Safe operation requires the use of%
lid interlock.

TheA symbol on an instrument indicates that the user should re-

fer to the operating instructions located in the manual. . .
P 9 To clean an instrument, use a damp cloth or mild, water based

The& symbol on an instrument shows that it can source or mea_cleaner. Clean the exterior of the instrument only. Do not apply

sure 1000 volts or more, including the combined effect of normal cleaner directly to the instrument or allow liquids to enter or spill

and common mode voltages. Use standard safety precautions ttggst:%rms;gjsrziin(té Prog‘;f;:a;igﬁ%ﬂs;g;% Cflc:::lijrllts?;)llaart?ovr\ln?:tgoa
avoid personal contact with these voltages. 9. q

computer) should never require cleaning if handled according to in-
structions. If the board becomes contaminated and operation is af-
fected, the board should be returned to the factory for proper
cleaning/servicing.

Rev. 2/99
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Performance Verification

1.1 Introduction 1.4 Line power: Covers power line voltage ranges during
testing.

The procedures in this section are intended to verify that ] .

Model 6517A accuracy is within the limits stated in the 15 Recommended equipment: Summarizes recom-

instrument one-year accuracy specifications. These proce- mended test equipment and pertinent specifications.

dures can be performed when the instrument is first receive

to ensure that no damage has occurred during shipment. Ver-'

ification may also be performed whenever there is a question

of instrument accuracy, or following calibration, if desired. 1.7 Restoring default conditions: Gives step-by-step
procedures for restoring default conditions before

Verification limits: Explains how reading limits were
calculated.

WARNING each test procedure.
The information in this section is 1.8 Offset voltage and bias current calibration: Covers
intended for use only by qualified ser- methods to null offset voltage and bias current.

vice personnel. Do not attempt these

procedures unless you are qualified to 1.9 Meter verification procedures: Details procedures to

verify accuracy of Model 6517A measurement func-

do so. tions: volts, amps, coulombs, and ohms.
1.10 Voltage source verification: Covers verifying voltage
NOTE source output accuracy.
If the instrument is still under warranty, 1.11 Temperature verification: Explains how to check

and its performance is outside specified

. . temperature measurement accuracy.
limits, contact your Keithley representa-

tive or the factory to determine the correct 1.12 Humidity verification: Summarizes the basic proce-
course of action. dure to check humidity measurement accuracy.
This section includes the following: 1.2 Environmental conditions

12 Environmental conditions: Covers the temperature  \rification measurements should be made at an ambient
and humidity limits for verification. temperature of 18° to 28°C (65° to 82°F), and at a relative

1.3 Warm-up period: Describes the length of time the humidity of less than 70% unless otherwise noted.

Model 6517A should be allowed to warm up before
testing.

1-1



Performance Verification

1.3  Warm-up period 15.1 Meter performance verification equipment

The Model 6517A must be allowed to warm up for at least Table 1-1 lists all test equipment required for verifying the
one hour before performing the verification procedures. If measurement accuracy of Model 6517A meter functions.
the instrument has been subjected to temperature extremeshis equipment will allow you to check the accuracy of the

(outside the range stated in paragraph 1.2), allow additionainstrument volts, amps, and coulombs functions.

time for internal temperatures to stabilize. Typically, it takes
one additional hour to stabilize a unit that has been in an
environment 10°C (18°F) above or below the specified tem-
perature range.

The test equipment should also be allowed to warm up for
the minimum period specified by the manufacturer.

1.4  Line power

The Model 6517A should be tested while operating from a
line voltage within the range determined by the rear panel
LINE VOLTAGE switch setting, at a frequency of 50 or
60Hz.

15 Recommended test equipment

The following paragraphs list test equipment recommended
for performing the verification procedures for the various
Model 6517A functions. Alternate equipment may be used
as long as that equipment has specifications comparable to or
better than those listed in the table.

NOTE

Make all input low connections directly to
the triax INPUT connector instead of us-
ing COMMON to avoid internal voltage
drops that could affect measurement accu-
racy. Use the connecting methods shown
in this section to avoid this problem.

1-2

NOTE

The Model 5156 Electrometer Calibration
Standard is recommended for verifying
accuracy of the 20pA-2pA amps ranges, the
2GQ-200QQ resistance ranges, and all cou-
lombs ranges. Alternate resistance and
capacitance standards may be substituted as
long as those standards are characterized to
an uncertainty at least four times better than
equivalent Model 6517A specifications.

NOTE

The ohms function and its accuracy are
derived from the voltage source and current
measurement function and their respective
specifications. If both the voltage source and
current measurement function meet their
accuracy specifications, it is not necessary to
independently  verify ohms  function
accuracy. The ohms verification procedure in
this manual (paragraph 1.9.4) is provided for
those who require Artifact Standard
Verification. Because of limitations in high-
value standard resistor accuracy,
characterized resistors are required in
addition to the Model 5156 Electrometer
Calibration Standard.
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Table 1-1

Recommended test equipment for meter performance verification

Mfg. Model Description Specifications

Fluke 5700A Calibrator +5ppm basic uncertainty.
DC \oltage:
1.9V: £7ppm
19V: £5ppm
190V:£7ppm
DC current:

19uA: +576ppm
190pA: £103ppm
1.9mA: £55ppm
19mA: £55ppm
Ohms:

1.9MQ (nominal)
19MQ (nominal)
100MQ (nominal)
Keithley [5156 Electrometer Calibration Standard | 100MQ? [2uA, 200nA]
1GQ [2nA, 20nA, 2Q)]
10GQ [200pA, 20Q)]
1002 [20pA, 200Q32]
1nF [2nC, 20nC]
100nF [200nC, 2uC]

Characterized resistors 1708
(Artifact Verification Only) 10TQ
100TQ
Keithley [4801 Low-noise coax cable

Keithley |7078-TRX-BNC | Triax-to BNC adapter

BNC to dual banana plug adapter
Keithley |237-ALG-2 Triax to alligator clip cable*
Keithley |CAP-31 Triax shielding cap

1. 90-day calibrator specifications shown include total absolute uncertainty at specified output.

2. Equivalent resistance and capacitance standards may be substituted if characterized to four times better uncertainty than
equivalent Model 6517A specifications.

3. Resistors must be characterized to four times better uncertainty than equivalent Model 6517A specifications.

*Short red and black clips to make triax short.

1.5.2 Voltage source verification equipment 1.5.3 Temperature verification equipment

Table 1-2 summarizes equipment recommended to perforrrTable 1-3 lists temperature verification equipment.
voltage source verification.

Table 1-2
Recommended test equipment for voltage source verificatior

Table 1-3
Temperature verification equipment

— — Mfg. |Model Description Specifications
Mfg. Model | Description | Specifications*
. . Omega| CL-307K| Type K Thermo- |-190°C to
Keithley | 2001 | Multimeter | 200V range: £41ppm couple Calibrator/ |+1300°C, £0.49
1000V range: +47ppm Simulator '
Keithley | 8607 | Dual banana
plug cable

*1-year multimeter specifications are for full-range input.

1-3
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1.5.4 Humidity verification equipment

Table 1-4 summarizes test equipment recommended to ver

ify the accuracy of the Model 6517A humidity measurement
function.

Table 1-4
Humidity verification equipment

Mfg. |Model | Description Specifications*

Fluke | 5700A| DC voltage calibratar 0V, 0.5V, 1V,
+5ppm basic
accuracy

Banana plugs to clip
leads

2, 1in. lengths of
solid #20AWG wire

* DC voltage calibrator with better than 0.25% basic accuracy may be
substituted.

16

The verification limits stated in this section have been calcu-
lated using only Model 6517A one-year accuracy specifica-
tions, and do not include test equipment uncertainty. In case:
where the Model 6517A apparently does not meet its pub-
lished specifications based on stated reading limits, reading
limits should be recalculated using both Model 6517A accu-
racy specifications and the total absolute uncertainty of the
verification equipment.

Verification limits

Reading limit calculation example

As an example of how reading limits can be calculated using
test equipment uncertainty, assume that the 200uA range i
being tested using a 190uA input value, and the various spec
ifications are as follows:

1-4

¢ Model 6517A 200pA range one-year accuracy: +(0.1%
of reading + 5 counts)

« Calibrator total absolute uncertainty at 1904A output:
+103ppm

The calculated limits are:

Reading limits = 190pA + [(190uA¢ 0.1% + 0.005pA) +
(190pA x 103ppm)]

Reading limits = 190pA = 0.21457pA

Reading limits = 189.7854uA to 190.2146uA

1.7  Restoring default conditions

Before performingach performance verification procedure,
restore instrument bench default conditions as follows:

1. From the normal display mode, press the MENU key.
The instrument will display the following:
MAIN MENU
SAVESETUP COMMUNICATION CAL

. Select SAVESETUP, and press ENTER. The following
will be displayed:
SETUP MENU
SAVE RESTORE POWERON RESET

. Select RESET, and press ENTER. The display will then
appear as follows:
RESET ORIGINAL DFLTS
BENCH GPIB

. Select BENCH, then press ENTER. The following will
be displayed:
RESETTING INSTRUMENT
ENTER to confirm; EXIT to abort

. Press ENTER again to confirm instrument reset. The

instrument will return to normal display with bench
defaults restored.
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1.8 Offset Vo|tage and bias current Wait until the instrument completes this step before con-

; : tinuing.
calibration
3. Removing the triax shorting cable, and connect the triax

Before performing meter verification procedures (checking  shielding (non-shorting) cap in its place.
accuracy of the volts, amps, coulombs, and ohms measure-4. Send the following command to the instrument over the

ment functions), the offset voltage and bias current calibra-  IEEE-488 bus:

tion procedure should be performed, as described in the  :CAL:UNPR:IOFF

following paragraphs. 5. Wait until the instrument completes bias current calibra-
tion, then remove the cap from the rear panel INPUT
connector.

1.8.1 Front panel offset calibration

To calibrate voltage offset and input bias current from the 19
front panel, proceed as follows: )

1. Turn on the Model 6517A, and allow a one-hour warm- The following paragraphs contain procedures for verifying
up period before calibrating offsets. instrument one-year accuracy specifications for the follow-

2. From normal display, press the MENU key. ing functions:

3. Select CAL, then press ENTER. « DC volts

4. Choose OFFSET-ADJ, then press ENTER. The instru-

Meter verification procedures

X « DC amps
ment will prompt you as follows:
CONNECT TRIAX SHORT * Coulombs
Press ENTER to continue. ¢ Ohms
5. Connect the shorted triax cable (short red and black
clips) to the rear panel INPUT connector, then press NOTE
ENTER. The instrument will then perform voltage off- Ohms accuracy specifications are derived
set calibration, during which it will display the follow- from both amps and voltage source speci-
ing message: fications. Thus, it is not necessary to sepa-
Performing V offset calibration rately verify the accuracy of the ohms

6. The Model 6517A will then prompt you as follows: function. As long as the amps function and
CONNECT TRIAX CAP voltage source meet their respective accu-

racy specifications, ohms function accu-

Press ENTER to continue .
racy is assured.

7. Removing the triax short, and connect the triax shield-
ing (non-shorting) cap in its place.
8. Press ENTER. The Model 6517A will perform offset |f the Model 6517A meter functions are out of specifications

current verification, during which it will display the fol- - and not under warranty, refer to the calibration procedures in
lowing message: Section 2.
Performing | offset calibration

9. Press EXIT as necessary to return to normal display WARNING
once both offset calibration procedures are completed. The maximum INPUT level (H1 to LO)

is 250V peak. The maximum common-

1.8.2  IEEE-488 bus offset calibration mode voltage is SO0V peak.
Exceeding these values may cause dam-
To calibrate voltage offset and input bias current using IEEE- age to the unit.

488 bus commands, proceed as follows: . . .
P Some of the procedures in this section

1. Turn on the Model 6517A, and allow a one-hour warm- may expose you to hazardous voltages.
up period before calibrating voltage and current offsets. Use standard safety precautions when

2. Connect the triax shorting cable to the rear panel INPUT such hazardous voltages are encoun-
connector, then send the following command over the tered to avoid personal injury caused by
IEEE-488 bus: electric shock.

:CAL:UNPR:VOFF
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Model 6517A through a scanner or other 6517A
switching equipment. DCV Applied DC Reading limits
range voltage (18° to 28°C, 1 year)
19.1 DCvolts verification 2V 1.90000V | 1.89949V to 1.900515
DC voltage accuracy is verified by applying accurate DC 22(?8(/ igoogggx ggggggx :o googi%
voltages from a DC voltage calibrator to the Model 6517A ' : 0 '

NOTE Table 1-5

Do not connect test equipment to the Limits for DC volts verification

INPUT jack and verifying that the displayed readings fall 1. Repeat procedure for negative voltages of same magnitude.

within specified ranges. 2. Reading limits shown are calculated only from Model 6517A one-
year accuracy specifications and do not include test equipment
. uncertainty.
Follow the steps below to verify DCV measurement
accuracy.
1. Connect the Model 6517A to the calibrator, as shown in 1.9.2 DC amps verification

10.

11.

1-6

Figure 1-1. Be sure to connect calibrator HI to Model pc amps accuracy is checked by applying accurate DC cur-
6517A INPUT HI and calibrator LO to the Model rents to the instrument INPUT jack and then verifying that
6517A INPUT LO using the low-noise coax cable, the current readings fall within appropriate limits. Note that
BNC-to-dual banana plug adapter, and the triax-to-BNC to separate current verification procedures are provided
adapter as shown. because of the different equipment required. Basically, the

Turn on the Model 6517A and the calibrator, and allow amps verification procedures are divided into the following
a one-hour warm-up period before making two groups:

measurements.
Restore Model 6517A factory default conditions, as * 20PA —2piA range verification using a DC voltage cal-
explained in paragraph 1.7. !brat_or and the Kelthlgy Model_5156 Electromgter Cal-
Select the Model 6517A 2V DC range, and make sure ibration Sandard, which contains standard resistors.
the filter is enabled. e 20pA — 20mA range verification using a DC current
calibrator.
NOTE
Do not use auto-ranging for any of the ver- 20pA-2pA range verification
ification tests because auto-range hystere- Accuracy of the 20pA-2pA ranges is verified by applying
sis may cause the Model 6517A to be on accurate currents derived from DC voltages and resistance
an incorrect range. standards, and then checking the displayed readings against

calculated limits. Note that it is necessary to calculate read-

. With zero check enabled, press REL to zero correct thelngd limits for each range separately from the exact values of

instrument. the resistance standards supplied with those standards.

. Set the calibrator output to 0.00000VDC, and disable

Follow the steps below to verify measurement accuracy of

zero check. Allow the reading to settle completely
the 20pA to 2pA ranges.

before continuing.

. Enable the Model 6517A REL mode. Leave REL en- 1. Connect the Model 6517A to the DC voltage calibrator

abled for the remainder of the DC volts verification and the calibration standards box, as shown in Figure
tests. 1-2. Initially, make connections to the calibration stan-

. Set the calibrator output to +1.90000VDC, and allow the dard using the 1006 resistor.

reading to settle.

. Verify that the Model 6517A reading is within the limits NOTE

summarized in Table 1-5. It is not necessary to connect the calibra-

Repeat steps 8 and 9 for the 20V and 200V ranges using tion standard to the Model 6517A DIGI-
the test voltages listed in Table 1-5. TAL /O port when performing the
Repeat the procedure for each of the ranges with nega- verification procedures.

tive voltages of the same magnitude as those listed in Ta-

ble 1-5.
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Low-noise Coax BNC Cable

Input Triax-to-BNC Adapter

Calibrator iU ©
: Output o 0o OO0 ooo oo @
- BNC-to-dual
Model 6517 Electrometer Banana Plug DC Voltage Calibrator

Adapter (Connect
Cable Shield to

Output LO)
Figure 1-1
Connections for DC volts verification
DC Voltage Calibrator
Model 6517 Electrometer
g ==
BNC-to-dual
Banana Plug
Adapter
COOoOOoOoomoooo oo
A @ OO0 OO0 OOOoOOO
YYYYYYYYYY P Connect Cable U o G e | o | o o I G [ )
Shield to O 00 | OO, OO ©
5—’ Output LO 00O0 OC o OO e
Low-noise
Triax Cable Coax Cable

Note: Connect Calibrator to
Appropriate Resistor,
Link Shield and Chassis.

Model 5156 Electrometer Calibration Standard

Figure 1-2
Connections for 20pA—2pA range verification

2. Turn on the Model 6517A and the DC calibrator, and 7. Record the actual resistance values (see Model 5156 cal-

allow a one-hour warm-up period before making mea- ibration data) in the appropriate column of Table 1-6.
surements. 8. Calculate the actual calibration voltage from the desired
3. Restore Model 6517A factory default conditions, as current and the actual value of the 1@D@&sistor as
explained in paragraph 1.7. determined from the calibration data as follows:
4. Select the amps function and the 20pA range on the V=IR
Model 6517A.
5. With zero check enabled, press REL to zero correct thewnhere: | = desired current applied to Model 6517A
instrument. V = actual voltage from DC voltage calibrator

6. Set the calibrator output to 0.0000V, then disable zero
check. Enable the REL mode to null offsets.

R = actual value of calibration standard resistance

1-7
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10.
11.

12.

13.

20pA — 20mA range verification

After calculating the actual voltage values, record them Proceed as follows:

where indicated in Table 1-6. 1

. Set the DC calibrator to the actual voltage.

Make sure the DC voltage calibrator is in operate.
Allow the reading to settle completely, then note the
reading on the Model 6517A display. Verify that the
reading is within the limits listed in Table 1-6.

Reverse the calibrator voltage polarity, then make sure
the magnitude of current reading is within limits.

Repeat steps 4 through 12 for the 200pA through 2pA
ranges using the appropriate DC voltage and standard ~
resistor listed in Table 1-6. For each range, be sure to:

» Compute the actual calibrator voltage.
» Set the DC voltage calibrator to the correct setting.
* Null offsets using REL.

» Make connections to the appropriate standard resis-
tance in the calibration standard test box.

Measurement accuracy of the 20uA-20mA ranges is verified
by applying accurate currents from a DC current calibrator

and then verifying that the Model 6517A reading is within

9.

specified limits.

1-8

10.

Connect the Model 6517A to the DC current calibrator
using the low-noise coax cable, triax-to-BNC adapter,
and BNC-to-dual banana plug adapter, as shown in Fig-
ure 1-3. Be sure to connect the calibrator output HI ter-
minal to Model 6517A INPUT HI, and connect
calibrator output LO to Model 6517A INPUT LO.

2. Turn on the Model 6517A and the calibrator, and allow

a one-hour making
measurements.
Restore Model 6517A factory default conditions, as ex-

plained in paragraph 1.7.

warm-up period before

4. Select the amps function and the 20pA range on the

Model 6517A.

. With zero check enabled, press REL to zero correct the

instrument.

6. Set the calibrator output to 0.000pA then disable zero

check. Enable REL to null offsets.

. Set the calibrator output to +19.0000pADC, and disable

Model 6517A zero check.

. Allow the reading to settle, then verify that the Model

6517A reading is within the limits for the selected mea-
surement range, as summarized in Table 1-7.

Repeat steps 5 through 8 for the remaining ranges and
currents listed in Table 1-7.

Repeat the procedure for each of the ranges with nega-
tive currents of the same magnitude as those listed in
Table 1-7.

Table 1-6
Reading limits for verification of 20pA-2A ranges
Nominal | Standard
6517A | voltage | resistor Actual Applied Actual Reading limits
range value value resistance current voltage* (1 year, 18° to 28°C)
20pA| 1.9000V| 100 Q 19pA V| 18.8070 to 19.1930pA
200pA| 1.9000V 10GQ Q 190pA V| 188.095 to 191.905pA
2nA| 1.9000V 1GQ Q 1.9nA V| 1.89590 to 1.91410nA
20nA| 1.9000V| 100MQ Q 19nA V| 18.9615 to 19.0385nA
200nA| 19.0000V 100MQ Q 190nA V| 189.615 to 190.385nA
2pA| 190.000v 100MQ Q 1.9pA V| 1.89800 to 1.90200pA

current.

* \oltage calculated as follows: V = IR, where V is calibrator voltage, R is actual value of resistance standard, andd epydisitl
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Low-noise Coax BNC Cable

Triax-to-BNC Adapter

- K ©
™ de e
\_E 5—/ BNC-to-dual
Model 6517 Electrometer - Banana Plug

Adapter (Connect

Cable Shield to

Output LO)
Figure 1-3
Connections for 20pA—20mA range verification
Table 1-7
Limits for 20pA—20mA range verification
6517A | Applied DC Reading limits
range current (1 year, 18° to 28°C)
20pA| 19.0000pA 18.9805pA to 19.0195pA
200pA| 190.000pA 189.805pA to 190.195pA
2mA| 1.90000mA  1.89800mA to 1.90200mA
20mA| 19.0000mA  18.9805mA to 19.0195mA

1.
2.

Repeat procedure for negative currents.

Reading limits shown calculated only from Model 6517A one-year
accuracy specifications and do not include test equipment
uncertainty.

1.9.3 Coulombs verification

Coulombs verification is performed by applying accurately
known charge values derived from a voltage source and &
capacitor to the Model 6517A INPUT jack, and then verify-

ing that Model 6517A readings fall within specified limits.

Follow the steps below to verify coulombs measurement ac-10.

curacy.

1. Connect the Model 6517A to the calibration standard

then to the voltage calibrator, as shown in Figure 1-4.
Initially, make the connections to the 1nF capacitor.
Turn on the Model 6517A and the DC voltage calibrator,
and allow a one-hour warm-up period before making
measurements.

Restore Model 6517A factory default conditions, as
explained in paragraph 1.7. Also make sure that the off-
set-nulling procedure discussed in paragraph 1.8 has
been performed.

4.

5.

DC Current Calibrator

Select the coulombs function and the 2nC range on the
Model 6517A.
Compute the desired calibrator voltages as follows:

V =

oo

Where: V = calibrator voltage in volts
Q = charge in coulombs
C = standard capacitance value in farads

After calculating the voltage values, enter them where
indicated in Table 1-8.

. With zero check enabled, press REL to zero correct the

instrument.

. Disable zero check, and set the voltage calibrator output

to 0.0000V.

8. Set the calibrator output to the calculated voltage. Allow

9.

the reading to settle completely.

Compare the Model 6517A displayed reading with the
limits shown in Table 1-8.

Set the calibrator output to 0.000000V, and enable zero
check.

11. Repeat steps 5 through 10 for the remaining ranges

listed in Table 1-8. For each range, be sure to:

» Set the Model 6517A to the appropriate range.

» Make connections to the correct capacitor in the cali-
bration standard.

» Set the calibrator to OV with zero check disabled.

» Set the voltage calibrator to the calculated voltage
value.

» Compare the Model 6517A reading with the stated
reading limits.
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DC Voltage Calibrator

Model 6517 Electrometer

Low-noise

Connect Cable
Coax Cable Shield to
Output LO
Charge Filter 1060 (0) (©) 1060
OUIPUT Note: Connect voltage calibrator
@ 1ce to appropriate capacitor

Be sure shield to Chassis
link is connected.

@ 100MQ

Triax Cable

Model 5156 Electrometer Calibration Standard

Figure 1-4
Connections for coulombs verification

Table 1-8
Limits for coulombs verification
Nominal
6517A | Standard | voltage Actual Reading limits
range | capacitor! | value? Charge voltage® (1 year, 18° to 28°C)

2nC 1nF 1.90000V 1.9nC
20nC 1nF 19.0000V 19nC
200nC 1nF 190.000v] 190nC
2uC| 100nF 19.0000v] 1.9uC
INominal value of capacitor in calibration unit.

°DC voltage applied by calibrator (nominal value)
3Actual voltage: V=Q/C.

1.89235 to 1.90765nC
18.9235 to 19.0765nC
189.235 to 190.765nC
1.89235 to 1.90765uC

<<<<
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1.9.4 Ohms verification Step 1: Select the auto voltage source mode

Ohms function accuracy is verified by connecting accurat 1- Press CONFIG and then R.-
resistance standards to the Model 6517A and then verifyir 2- Select VSOURCE in the displayed menu, and then

that the readings on the display fall within the required range  Press ENTER.
The following paragraphs discuss the required resistanc 3. Select AUTO in the VSOURCE SETTING menu, and

standards, how to compute voltage source values, and provi ~ then press ENTER.

detailed procedures for verifying accuracy of the ohm: 4. Press EXIT to return to normal display.

function.

Step 2: Select internal voltage source connections

1. Press CONFIG and then OPER.
2. Select METER-CONNECT in the CONFIGURE
V-SOURCE menu, and then press ENTER.

NOTE

Ohms specifications are dervied from amps
and voltage source specifications. Thus, it is
not necessary to verify ohms separately.

However, the following procedure is pro- 3. Select ON in the SOURCE-METER CONNECT
vided for those who wish to perform an menu, and then press ENTER.
Artifact Standard Verification. 4. Press EXIT to return to normal display.

Required standard resistors . o
q Step 3: Disable voltage source resistive limit

Resistance standards required include: 1. Press CONFIG and then OPER.

+ Resistance calibrator (2M200MQ ranges) 2. Select RESISTIVE-LIMIT in the displayed menu, and
then press ENTER.

3. Select OFF, and then press ENTER.

4. Press EXIT to return to normal display.

* Model 5156 Electrometer Calibration Standard
(2GQ-200(2 ranges)

¢ Characterized resistors (2F200TQ ranges)

See Table 1-1 for detailed information on these recommendStep 4: Remove ground link

standard resistors. Remove the shorting link between COMMON and chassis
. L ground on the rear panel. Floating COMMON will elimi-
Calculating ohms reading limits nate ground loops that might result in noise problems.

Ohms reading limits must be calculated from the actual stal
dard resistance value and the appropriate Model 6517A speopn0-200MQ range verification

ifications. For example, assume that the2f@nge is being
tested, and the specifications are: 1. Connect the Model 6517A to the resistance calibrator,

as shown in Figure 1-5.

° - 0,
Model 6517A 2@ range accuracy: +(0.225% of rdg + 1 2. Turn on the Model 6517A and the calibrator, and allow

count) . .
a one-hour warm-up period before making
* 1GQ resistor actual value: 1.0255 measurements.
Reading limits = 1.025@ +[(1.025@2 x 0.225%) + 10R)] explained in paragraph 1.7.
Reading limits = 1.025Q + 2.31625M) 4. Select the ohms function by pressing R.
Reading limits = 1.02268Gto 1.02732® 5. Select the Model 6517A 2Mrange, and make sure the
filter is enabled.
NOTE 6. Set the calibrator resistance to a nominal D9Msis-
Before performing the ohms verification tance value.
procedures, calculate the reading limits for 7. Place the voltage source in operate.
each range, and enter the limits where indi- 8. Make sure zero check is disabled, and allow the reading
cated in Table 1-9. to settle. Verify that the displayed ohms reading is with-

in limits for the selected range listed in Table 1-9.
9. Repeat steps 5 through 8 for the ZDMnd 200M2
Before performing the ohms verification procedures, you mus  ranges.
make certain that the instrument is properly configured 210. Turn off the Model 6517A voltage source, then discon-
follows. Failure to do so will result in erroneous or erratic nect the resistance calibrator from the Model 6517A.
measurements.

Instrument setup
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Triax Cable

Voltage Source HI

)

HI OO0 o000 00O
= 0 [BEs oo oo oo
do OO0 000 00O
© 00 (OO oo OO @
OO0 OC O OO s

Resistance Calibrator

Figure 1-5
Connections for ohms verification (Z24200MQ ranges)

Table 1-9
Limits for ohms verification
Model
6517A Nominal Reading limits?
range resistance’ (1 year, 18°-28°C)
2MQ 1.9MQ to ™
20MQ 19MQ to ™
200MQ 100MQ to ™
2GQ 1GQ to G
20CQ 10GQ to G
200 1002 to G
2TQ 1TQ to Qr
20TQ 10TQ to Qr
200TQ 100TQ to Qr

1Resistance calibrator used for 2v200MQ ranges. Model 5156 Calibration
Standard used for 22002 ranges. Characterized resistance standards
used for 2T2-200TQ ranges. Standards must be characterized to uncertainty
at least four times better than equivalent Model 6517A specifications and
mounted in shielded test box. (See Figure 1-8.)

2Reading limits calculated from actual resistance value and Model 6517A
specifications. See text.
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2GQ-200GQ range verification

1.

aprwn

o

Connect the nominal X0 characterized resistor from
the Model 5156 Calibration Standard to the Model
6517A. (See Figure 1-6.)

Select the ohms function.

Place the voltage source in operate.

Select the 2Q range on the Model 6517A.

Make sure that zero check is disabled, and allow the
reading to settle.

Verify that the displayed reading is within the calculated
reading limits listed in Table 1-9.

Repeat steps 4 through 6 for the 20@nd 200®
ranges.

Turn off the voltage source, then disconnect the calibra-
tion standard from the Model 6517A.

2TQ-200TQ range verification

1.

Connect the nominal IT characterized resistor to the
Model 6517A. (See Figure 1-7.)

NOTE

Standard resistors must be characterized
to an uncertainty at least four times better

Model 5156 Electrometer Calibration Standard

w

than the equivalent Model 6517A accu-
racy specifications. These resistors must
be mounted in specially shielded test fix-
tures to minimize noise. (See Figure 1-8
for details on test fixture construction.)

WARNING

Hazardous voltage (400V) will be used
in the following steps. Do not touch con-
necting cables or test leads while the
voltage source is in operate.

Select the 2D range on the Model 6517A.

Place the voltage source in operate.

Make sure that zero check is disabled, and allow the
reading to settle.

5. Verify that the displayed reading is within the calculated

limits listed in Table 1-9.

. Repeat steps 2 through 5 for the @0&nd 200T2

ranges.

. Turn off the voltage source, then disconnect the standard

resistor from the Model 6517A.

— Voltage Source HI

100GQ @
w@® @

100nF @
V

Note: Be sure shield and
Chassis are linked.

Connect to
Center Conductor

Triax Cable

Figure 1-6
Connections for ohms verification (Z25200&2 ranges)

Model 6517 Electrometer %—‘
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Voltage Souce HlI

Triax Cable

\_‘% Model 6517 Electrometer :—l

Figure 1-7
Connections for ohms verification (@F200TQ ranges)

Metal Test
Box

—{—

Connect to Center
Conductor

Shielded Characterized Resistor
(See Figure 1-8 for construction details)

Connect LO to Box

Female Triax jack

Connect Resistor to HI

I Connect LO to Box

EE\

Female BNC jack

(Teflon Insulated)

Characterized Standard
Resistor (1TQ, 10TQ, 100TQ)

Note: Standard resistor must be
properly characterized

(see text)

Figure 1-8
Shielded fixture construction

1.10 \Voltage source verification 2.

\oltage source output accuracy is checked by programming 3,
the voltage source to specific values and measuring the out
put voltage using a precision digital multimeter.

WARNING

Hazardous voltages will be used in the
following steps. Use caution when work-

ing with hazardous voltages. 5

Proceed as follows to check the accuracy of the voltage 6.

source.
7.

1. Turn onthe Model 6517A and the DMM, and allow both
instruments to warm up for at least one hour before mak- 8.
ing measurements.

1-14

Set the DMM to the DCV function, and enable auto-
ranging.

Temporarily short the ends of the DMM test leads
together, then enable the DMM REL mode. Leave REL
enabled for the remainder of the test.

. With the Model 6517A voltage source in standby

(turned off), connect the DMM to the Model 6517A
V-SOURCE OUT jacks, as shown Figure 1-9. Be sure
to connect Model 6517A output HI to the DMM input
HI, and output LO to input LO as shown.

Program the Model 6517A voltage source for an output
value of 0.000V, and place the voltage source in operate.
Verify that the DMM reading is within the limits shown

in the first line of Table 1-10.

Repeat steps 5 and 6 for each voltage output value listed
in Table 1-10.

Repeat the procedure for negative output voltages with
the same magnitudes listed in Table 1-10.



Input HI

Performance Verification

Figure 1-9

Model 2001 DMM

Connections for voltage source verification

Table 1-10

Limits for voltage source verification

6517A
programmed
source output

Voltage source output limits

(1 year, 18° to 28°C)

0.000V
25.000V
50.000V
75.000V
100.000V
250.00V
500.00V
750.00V
1000.00V

0.01V to +0.01V
24.9525 to 25.0475
49.915V to 50.085V
74.8775V to 75.1225V
99.84V to 100.16V
249.525V to 250.475V
499.15V to 500.85
748.775V to 751.225V
998.4V to 1001.6V

1. Output limits shown are based only on Model 6517A one-year accu-

racy specifications and do include DMM uncertainty.

2. Repeat procedure for negative output voltages of same magnitude.

1.11 Temperature verification

Output LO Output HI

‘ :
Input LO \_: Model 6517 Electrometer 5—‘

Proceed as follows:

1.

Accuracy of the Model 6517A temperature measurement
function is checked by connecting a thermocouple calibrator

to the Model 6517A and then verifying that the temperature

reading is within required limits.

Connect the type K thermocouple calibrator to the
Model 6517A EXT TEMP jack, as shown in Figure
1-10.

. Turn on the Model 6517A, and allow a one-hour warm-

up period before making measurements.

. Enable the Model 6517A external temperature display

with the DISPLAY PREV key.

. Set the thermocouple calibrator to -25°C, and allow the

temperature reading to settle.

. Verify that the Model 6517A temperature reading is

within the limits stated in Table 1-11.

. Repeat steps 6 and 7 for each calibrator temperature set-

ting listed in Table 1-11.

Table 1-11
Reading limits for temperature verification

Calibration Temperature reading
temperature | limits (1 year, 18° to 28°C)
-25°C -26.42°C to -23.58°C
0°C -1.5°C to 1.5°C
50°C 48.35°C to 51.65°C
100°C 98.2°C to 101.8°C
150°C 148.05°C to 151.95°C
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EXT Temp
Jack

Type K
Thermocouple Wire

or

( K
\ co
o
i
i B
| opTion sLo

Type K
Thermocouple Simulator/Calibrator

Figure 1-10
Connections for temperature verification

1.12 Humidity verification

Humidity measurement accuracy is checked by applying an
accurate 0-1V DC voltage to the Model 6517A and verifying
that the humidity readings are within specified limits.

Proceed as follows:

1.

3.

4.

With the power off, connect the DC calibrator to the
Model 6517A HUMIDITY connector, as shown in Fig-
ure 1-11. Use short lengths of solid #22AWG copper
wire and alligator clips to make the connections, and be
sure to observe proper polarity (calibrator HI to HU-
MIDITY +V and calibrator LO to HUMIDITY -V).

. Turn on the power to the Model 6517A and the calibra-

tor, and allow a one-hour warm-up period before mak-
ing measurements.

Select the Model 6517A humidity display with DIS-
PLAY PREV key.

Set the DC calibrator output to +0.2500V.

CAUTION

Do not exceed +2V input to the
HUMIDITY jack, and be sure to
observe proper polarity. Failure to do so
may result in damage to the unit.

1-16

5.

6.

KETTHLEY]

yp { ,
V \_% Model 6517 Electrometer %—I

Allow the reading to settle, then verify that the Model
6517A humidity reading is within the limits summa-
rized in Table 1-12.

Repeat steps 4 and 5 for each of the voltage/humidity
reading combinations summarized in Table 1-12.

Table 1-12

Limits for humidity verification
Applied | Humidity reading limits
voltage (1 year, 18° to 28°C)
0.0000V 0% to 1%
0.2500V 24% to 26%
0.5000V 49% to 51%
0.7500V 74% to 76%
1.0000V 99% to 101%
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Note: Connect: Calibrator HI to V+
Calibrator LO to V-

Output HI

SYdl
000

! Model 6517 Electrometer g—‘ Output LO
Figure 1-11
Connections for humidity verification

DC Voltage Calibrator
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Calibration

2.1  Introduction 23
This section gives detailed procedures for calibrating the
Model 6517A. Basically, there are four parts to the compre- 54
hensive calibration procedure: '
« Meter calibration (volts, amps, and coulombs) 25
« Temperature calibration
< \oltage source calibration
« Humidity calibration 2.6

Meter calibration requires accurate calibration equipment to,, 5
supply precise DC voltages, DC currents, and charge values
Voltage source calibration requires an accurate DMM to
measure DC voltages. Temperature calibration requires spe
cial temperature calibration equipment, while an accurate2.8
voltage source is needed for humidity calibration.

A single-point calibration feature is also available to allow
you to calibrate a single function or range without having to
perform the entire calibration procedure.

2.9
WARNING
] ] ] 2.10
The procedures in this section are
intended only for qualified service per-
sonnel. Do not attempt to perform these
procedures unless you are qualified to 911
do so. '
Section 2 includes the following information: 212

2.2 Environmental conditions: States the temperature

and humidity limits for calibration.

Warm-up period: Discusses the length of time the
Model 6517A should be allowed to warm up before
calibration.

Line power: States the power line voltage limits when
calibrating the unit.

Recommended calibration equipment: Summarizes
all test equipment necessary for calibrating the Model
6517A.

Calibration lock: Explains how to unlock calibration
using the CAL switch.

Calibration errors: Discusses front panel error mes-
sages that might occur during calibration and also
explains how to check for errors over the bus.

Front panel calibration: Covers calibration of all
Model 6517A functions from the front panel.
Functions calibrated include volts, amps, coulombs,
the voltage source, as well as the temperature and
humidity functions.

IEEE-488 bus calibration: Details calibration of all
instrument functions over the IEEE-488 bus.

Single-point calibration: Outlines the basic methods

for calibrating only a single function or range instead
of having to go through the entire calibration
procedure.

Programming calibration dates: Covers the proce-
dures for programming the calibration date and cali-
bration due date.

Calibration temperature difference: Discusses how
to determine the internal temperature difference.
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2.2  Environmental conditions

Recommended calibration equipment

\Voltage and 20pA-20mA current calibration procedures Table 2-1 summarizes test equipment recommended for cal-
should be performed at an ambient temperature of 23° £5°Cibrating the various Model 6517A functions. Alternate
and at a relative humidity of less than 70% unless otherwiseequipment may be used as long as that equipment has speci-
noted. 20pA-2uA current and coulombs calibration should fications equal to or better than those listed in the table.

be performed at 23°£3°C because of Model 5156 tempera-

ture restrictions.

NOTE

If the instrument is normally used over a
different ambient temperature range, cali-
brate the instrument at the center of that
temperature range.

2.3 Warm-up period

The Model 6517A must be allowed to warm up for at least

one hour before calibration. If the instrument has been sub-

jected to temperature extremes (outside the range stated i
paragraph 2.2), allow additional time for internal tempera-
tures to stabilize. Typically, it takes one additional hour to
stabilize a unit that is 10°C (18°F) outside the specified tem-
perature range.

The calibration equipment should also be allowed to warm
up for the minimum period specified by the manufacturer.

2.4 Line power

The Model 6517A should be calibrated while operating from
a line voltage within the range specified by the LINE VOLT-
AGE switch on the rear panel, at a line frequency of 50 or
60Hz.

2-2

NOTE

The Model 5156 Electrometer Calibration
Standard is recommended for calibrating the
20pA-2pA amps ranges and all coulombs
ranges. Alternate resistance and capacitance
standards may be used as long as those
standards are characterized to an uncertainty
that is at least four times better than
equivalent Model 6517A specifications.

NOTE

Make all input low connections directly to
the triax INPUT connector instead of
COMMON to avoid calibration errors
caused by internal voltage drops. Use the
connecting methods shown in this section
to avoid this problem.



Table 2-1

Calibration

Recommended calibration equipment

Mfg. Model Description Specifications*
Fluke 5700A Calibrator +5ppm basic uncertainty
DC \Voltage:
1.9V: £7ppm
19V: £5ppm
190V: £7ppm
DC current:
19pA: £576ppm
190pA: £103ppm
1.9mA: £55ppm
19mA: £55ppm
Keithley 5156 Electrometer Calibration Standard 1@
1GQ
10GQ
1002
1nF
100nF
Keithley 2001 Multimeter 1000V range: t47p6m
200V range: #41ppm
Keithley 8607 Dual banana plug cable
Keithley 4801 Low-noise coax cable
Keithley 7078-TRX-BNC | Triax-to BNC adapter
BNC to dual banana plug adapter
Keithley 237-ALG-2 Triax to alligator clips cable*
Keithley CAP-31 Triax shielding cap
Banana plugs to clip leads
2, 1in. lengths of solid #20AWG wire
Omega CL-307-K Type K thermocouple simulator/calibrator 0°C (OmV), 100°C (4.095mV) =(

D.04%

1. 90-day calibrator specifications shown include total absolute uncertainty at specified output.

2. Nominal values for calibration standards shown. Alternate standards may be used if those standards are charactefizedytatieest four
times better than equivalent Model 6517A specifications.

3. 1-year multimeter specifications are for full-range input.

*Short red and black clips together to make triax short.
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2.6  Calibration lock 2.7.2 |EEE-488 bus error reporting

2.6.1 Unlocking calibration You can detect errors over the bus by testing the state of EAV

(Error Available) bit (bit 2) in the status byte. (Use the *STB?
Before performing calibration, you must first unlock calibra- query or serial polling to request the status byte.) If you wish
tion by momentarily pressing in on the recessed CAL switch. to generate an SRQ (Service Request) on errors, send “*SRE
The instrument will display the following message: 4" to the instrument to enable SRQ on errors.

CALIBRATION UNLOCKED

! You can query the instrument for the type of error by using
Comprehensive cal can now be run

the appropriate calibration error query. The Model 6517A

N . , . will respond with the error number and a text message
If you attempt caI|bra.t|on without Per,fOfm'”Q the unlocking describing the nature of the error. Paragraph 3.8 in Section 3
procedure, the following message will be displayed: discusses error queries, and Appendix B summarizes calibra-

CALIBRATION LOCKED tion errors.
Press the CAL switch to unlock

2.6.2 |EEE-488 bus calibration lock status 2.8  Front panel calibration

You can determine the status of the calibration lock over theThe front panel comprehensive calibration procedure cali-

bus by using the appropriate query. To determine calibrationbrates meter functions (volts, amps, and coulombs) as well as
lock status, send the following query: the voltage source, and the temperature and humidity func-

tions. Calibration should be performed at least once a year.

:CAL:PROT:SWIT?
_ ) _ o The procedures below will take you step-by-step through
The instrument will respond with the calibration lock status: complete Model 6517A calibration from the front panel and

0: comprehensive calibration locked include the following:

1: comprehensive calibration unlocked « Meter calibration (volts, amps, coulombs)

. . . . * Temperature calibration
Refer to Section 3 for more details on calibration commands. P

* \oltage source calibration
* Humidity calibration

2.7 Calibration errors
NOTE

If you wish to calibrate only a single func-
tion or range, refer to the single-point cal-
ibration procedures covered in paragraph
2.10.

The Model 6517A checks for errors after each calibration
step, minimizing the possibility that improper calibration
may occur due to operator error. The following paragraphs
discuss both front panel and bus error reporting.

2.1.1 Front panel error reporting 2.8.1 Front panel calibration summary

If an error is detected during comprehensive calibration, the
instrument will display an appropriate error message (see
Appendix B).

Table 2-2 summarizes the front panel calibration procedure.
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Table 2-2

Calibration

Front panel calibration summary

Step | Description Equipment/connections
1 |Warm-up, unlock calibration None
2 Offset voltage adjustment Triax shorting cap to INPUT jack
3 Bias current adjustment Triax shielding cap to INPUT
4 | Zero voltage calibration Triax short to INPUT
5 +2V calibration \oltage calibrator to INPUT
6 -2V calibration \oltage calibrator to INPUT
7 +20V calibration \oltage calibrator to INPUT
8 -20V calibration \oltage calibrator to INPUT
9 +200V calibration \oltage calibrator to INPUT
10 |-200V calibration \oltage calibrator to INPUT
11 |Zero current calibration Triax shield to INPUT
12 | +20pA calibration Voltage/cal unit to INPUT
13 |-20pA calibration Voltage/cal unit to INPUT
14 | +200pA calibration Voltage/cal unit to INPUT
15 |-200pA calibration Voltage/cal unit to INPUT
16 |+2nA calibration Voltage/cal unit to INPUT
17 |-2nA calibration Voltage/cal unit to INPUT
18 |+20nA calibration Voltage/cal unit to INPUT
19 |-20nA calibration Voltage/cal unit to INPUT
20 |+200nA calibration Voltage/cal unit to INPUT
21 |-200nA calibration Voltage/cal unit to INPUT
22 | 2pA calibration Voltage/cal unit to INPUT
23 |-2pA calibration Voltage/cal unit to INPUT
24 | 20pA calibration Current calibrator to INPUT
25 |-20pA calibration Current calibrator to INPUT
26 | 200pA calibration Current calibrator to INPUT
27 |-200pA calibration Current calibrator to INPUT
28 |+2mA calibration Current calibrator to INPUT
29 |[-2mA calibration Current calibrator to INPUT
30 |+20mA calibration Current calibrator to INPUT
31 |-20mA calibration Current calibrator to INPUT
32 | 2nC zero calibration Voltage/cal unit to INPUT
33 | +2nC calibration Voltage/cal unit to INPUT
34 |-2nC calibration Voltage/cal unit to INPUT
35 |20nC zero calibration Voltage/cal unit to INPUT
36 | +20nC calibration Voltage/cal unit to INPUT
37 |-20nC calibration Voltage/cal unit to INPUT
38 |200nC zero calibration Voltage/cal unit to INPUT
39 |+200nC calibration Voltage/cal unit to INPUT
40 |-200nC calibration Voltage/cal unit to INPUT
41 | 2uC zero calibration Voltage/cal unit to INPUT
42 | +2uC calibration Voltage/cal unit to INPUT
43 |-2uC calibration Voltage/cal unit to INPUT
44 | 0°C temperature calibration Thermocouple cal to EXT TEMP
45 |100°C temperature calibration Thermocouple cal to EXT TEMP
46 |0V 100V range voltage source cal |DMM toV SOURCE OUT
47 |40V voltage source calibration DMM to V SOURCE OUT
48 | 100V voltage source calibration DMM to V SOURCE OUT
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Table 2-2
Front panel calibration summary (cont.)
Step | Description Equipment/connections

49 [-100V voltage source calibration | DMM to V SOURCE OUT
50 |0V 1000V range voltage source ¢gaddMM to V SOURCE OUT
51 |400V voltage source calibration |DMM to V SOURCE OUT
52 {1000V voltage source calibration| DMM to V SOURCE OUT
53 |[-1000V voltage source calibrationDMM to V SOURCE OUT
54 |Humidity OV calibration DC calibrator to HUMIDITY
55 |Humidity 0.5V calibration DC calibrator to HUMIDITY
56 |Humidity 1V calibration DC calibrator to HUMIDITY

2.8.2 Front panel calibration procedure

The paragraphs that follow will take you step-by-step the

comprehensive calibration

procedure, which calibrates all

Model 6517A functions, including volts, ohms, amps, the
voltage source, temperature, and humidity.

Step 1: Prepare the Model 6517A for Calibration

1. With the power off,

connect the Model 5156

Electrometer Calibration Standard to the rear panel

DIGITAL I/O jack using
2-1). Note that the cali
the 20pA - 2uA amps
ranges.

the supplied cable (see Figure
bration unit is used to calibrate
ranges as well as all coulombs

NOTE

The calibration standard must be con-
nected to the Model 6517A DIGITAL I/O
port in order to operate properly. Do not
connect any equipment except the Model
5156 Calibration Standard to the Model
6517A DIGITAL I/O port during calibra-
tion. Other equipment may be affected by
digital signals present during calibration.

2. Turn on the power, and

allow the Model 6517A to warm

up for at least one hour before performing calibration.

3. Unlock comprehensive

calibration by briefly pressing in

on the recessed front panel CAL switch, and verify that
the following message is displayed:

CALIBRATION UNLOCKED

Comprehensive cal can now be run

2-6

4. Enter the front panel calibration menu as follows:
a. From normal display, press MENU. The instrument
will display the following:

MAIN MENU
SAVESETUP COMMUNICATION CAL

b. Select the CAL/CAL-OPT/CONTROL menu. The
instrument will then prompt you as to whether or not
you intend to use the calibration standard:

USE CAL OPTION
YES NO

c. SelectYES, then press ENTER followed by EXIT.

NOTE

The calibration option must be enabled in
order to use the recommended calibration
standard. See paragraph 2.11 for details.

d. The unit will then display the following prompt:

PERFORM CALIBRATION
COMPREHENSIVE POINT-CALS p»
e. Select COMPREHENSIVE, then press ENTER.
5. At this point, the instrument will display the following
message to indicate that you have chosen the full cali-
bration procedure:

FULL CALIBRATION
Press ENTER to continue; EXIT to p
<« abort calibration sequence
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Model 5156 Electrometer Calibration Standard

Model 6517 Electrometer

Digital Cable (Supplied with 5156) ggg,:ﬁéﬂc'{g
Caution: Do not connect any equipment
except Model 5156 Calibration
Standard to Model 6517 DIGITAL I/O
port during calibration.
Figure 2-1
Calibration unit connections
Step 2: Offset Calibration Step 3: Volts Calibration
1. Press ENTER. The instrument will display the follow- 1. Remove the triax shielding cap from the INPUT jack,
ing prompt. and connect the DC voltage calibrator to the INPUT
jack in its place, as shown in Figure 2-2. Note that these
CONNECT TRIAX SHORT connections are made using a low-noise coax cable, a
ENTER to continue; EXIT to abort triax-to-BNC adapter, and a BNC-to-dual banana plug
2. Connect the shorted triax cable (connect red and black ~ adapter.
clips together) to the instrument INPUT jack. 2. Following the zero check calibration step, the instru-

3. Press ENTER. The instrument will then begin voltage ~ Ment will prompt you to connect OV DC:
offset calibration. While calibration is in progress, the

following will be displayed: CONNECTOV
’ ENTER to continue; EXIT to abort
Performing V offset calibration 3. Set the DC voltage calibrator output to 0.00000V DC,
4. When the voltage offset calibration step is completed, ~ and allow a short time period for settling.
the following message will be displayed: 4. Press ENTER to continue. During OV DC calibration,
the Model 6517A will display the following:
CONNECT TRIAX CAP
ENTER to continue, EXIT to abort Performing OV calibration

5. Disconnect the triax short from the INPUT jack, and 5. Next, the unit will prompt for a 1.9V DC input:
connect the triax shielding (non-shorting) cap to the
INPUT jack in its place. E,\ﬁENRI\tIECTt-Z'OQCE)SFT)? Vb .

6. Press ENTER to begin the bias current calibration step. © continue, 0 anor
During this step, the instrument will display:

Performing | Bias calibration
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Low-noise Coax BNC Cable

Triax-to-BNC Adapter

[ ©
Calibrator ;J @
Output 0 00 OO OO OO @
5—’ o e s [ o
~ BNC-to-dual
Model 6517 Electrometer Banana Plug DC Voltage Calibrator

Adapter (Connect

Cable Shield
Output LO)

Figure 2-2
Connections for DC volts calibration

10.

11.

2-8

to

Set the output of the DC voltage calibrator to exactly 12. Repeat steps 5 through 11 for 20V and 200V ranges

+1.900000V, then press the Model 6517A ENTER key.
The instrument will then prompt for the exact calibra-
tion value:

1.9000000 V
Use A, v, «,  ENTER,EXIT or INFO

If necessary, use the range and cursor keys to set the dit

using the values summarized in Table 2-3. After per-
forming all volts calibration points, continue with amps
calibration detailed below.

Table 2-3
\olts calibration summary

played value to the exact calibrator voltage value.

NOTE

Applied
calibration
voltage

6517A

range Comments

For optimum accuracy, it is recommended
that you use the default values throughout
the entire calibration procedure.

After setting the calibration value, press ENTER to con-
tinue. During this step, the instrument will display the
following:

0.0000000Vv DC

+1.9000000V DQ
-1.9000000V DC
+19.000000V DQ
-19.000000V DC
+190.00000V DQ
-190.00000V DC

\olts zero cal

Positive 95% of full range
Negative 95% of full range
Positive 95% of full range
Negative 95% of full range
Positive 95% of full range
Negative 95% of full range

2V
2V
20V
20V
200V
200V

Performing 2 V Calibration

Next, the unit will prompt you to apply -1.9V:
CONNECT -2.000000 V

ENTER to continue; EXIT to abort

Set the DC voltage calibrator output to exactly
-1.9000000V DC, then press ENTER. Again, the unit
will prompt you for the actual applied voltage:

-1.9000000 V
ENTER to continue; EXIT to abort

Again, set the displayed value to agree with the calibra-
tor voltage, then press ENTER. During this step, the unit
will display the following:

Performing -2V Calibration

Step 4: Amps Calibration
1. At this point, the Model 6517A will display the follow-

ing message:
CONNECT TRIAX CAP
ENTER to continue; EXIT to abort

Connect the triax shielding cap to the INPUT jack.
. Press the Model 6517A ENTER key. During this cali-
bration step, the instrument will display the following:

Performing O A Calibration
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DC Voltage Calibrator

Model 6517 Electrometer
BNC-to-dual
Banana Plug
Adapter
oo oooooom
NL_] @ OO oo oooo.om
Connect Cable @) OO OO OO
Shield to o 00 |COCOC oo OO @
Output LO o [ e s o [ =
Low-noise
Triax Cable Coax Cable

Note: Connect Calibrator to
Appropriate Resistor.
Link Chassis and Shield
(See Text)

Model 5156 Electrometer Calibration Standard

Figure 2-3
Connections for 20pA—2pA range calibration

4. Connect the Model 5156 Electrometer Calibration Stan- 7. Adjust the calibrator voltage to agree with the exact dis-
dard and the DC voltage calibrator to the Model 6517A play value, then press the ENTER key. During this step,

INPUT jack, as shown in Figure 2-3. Initially, make the instrument will display the following:

connections to the 10AG resistance in the standards .

box Performing 20 pA cal
5. After the zero current calibration step, the instrument 8: Next, the instrument will prompt you as follows:

will prompt you as follows: CONNECT -2V to 100G

CONNECT 2V to 100G ENTER to continue; EXIT to abort

ENTER to continue; EXIT to abort 9. Press the Model 6517A ENTER key. The instrument
6. Set the DC voltage calibrator to exactly 1.900000v DC.  Will prompt for the exact calibration value:

Make sure the 1008 resistor in the calibration stan- -1.9000000 V

dard is connected, then press the Model 6517A ENTER
key. The instrument will prompt for the exact calibration
value:

Use A, v, ««, > ENTER,EXIT or INFO

10. Set the calibrator output to the display value, then press
the ENTER key. The unit will display the following dur-
1.9000000 V ing this calibration step:

Use 4, v, <, B ENTEREXIT or INFO Performing -20 pA Calibration

NOTE 11. Repeat steps 5 through 10 for the 200pA through 2pA
ranges using the voltages and resistance standards sum-
marized in Table 2-4.

12. Disconnect the calibration standard and voltage calibra-
tor from the instrument, and connect the DC current cal-
ibrator directly to the Model 6517A INPUT jack (see
Figure 2-4).

13. At this point, the Model 6517A will display the
following:

CONNECT 19.00000 pA
ENTER to continue; EXIT to abort

For all calibration steps that involve the
Model 5156, you can set calibration values
in either one of two ways: (1) set the cali-
brator output to agree with the displayed
value, or (2) adjust the display to agree
with the calibrator value.

2-9
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Low-noise Coax BNC Cable

Triax-to-BNC Adapter

BNC-to-dual
Banana Plug

Adapter (Connect

Cable Shield to

Output LO)

Figure 2-4
Connections for 20pA—20mA range calibration

Table 2-4 16.

Amps calibration summary (20pA-2pA ranges)

LActual resistance standard value determined from calibration data sup-
plied with standard.

2Actual calibration current : | = V/R, where is the calibration voltage,
and R is the actual resistance standard value. When using the Model
5156 Electrometer Calibration Standard, the Model 6517A automati-
cally calculates the actual current from the actual standard value and the
calibrator voltage.

14. Press the Model 6517A ENTER key. The unit will
prompt for the exact calibration value:

19.000000 pA
Use A, v, «, B ENTEREXIT, or INFO

15. Set the calibrator output to exactly +19.000000uA DC,
make certain that the displayed value agrees with the
applied current, then press the ENTER key. During this
calibration phase, the unit will display the following:

Performing 20 pA cal

2-10

6517A | Calibrator | Resistance! | Nominal?
range voltage standard current
— 0.00000V 1002 OpA 17.

20pA | 1.900000V | 100 19pA

20pA | -1.900000V | 100 -19pA
200pA 1.900000V 10GQ 190pA
200pA | -1.900000V 10GQ -190pA

2nA 1.900000V 1GQ 1.9nA

2nA | -1.900000V 1GQ -1.9nA 18.
20nA 1.900000V 100MQ 19nA

20nA -1.900000V 100MQ -19nA
200nA 19.00000V 100MQ 190nA
200nA | -19.00000V 100MQ -190nA

2uA | 190.0000V | 100MQ 1.9uA

2uA | -190.0000V | 100MQ -1.9pA 19.

0 00O |00 oo .o @
o o o s ) o [

DC Current Calibrator

After this step has been completed, the instrument will
prompt for the next calibration value:

CONNECT -20.00000 pA
ENTER to continue; EXIT to abort

Set the calibrator output to exactly -19.00000pA DC,

then press the Model 6517A ENTER key. The unit will
then display the actual calibration value:

-19.000000 pA
Use A, v, «, B ENTEREXIT, or INFO

If necessary, adjust the displayed value to agree with the
calibrator current, then press the ENTER key. During
this calibration step, the unit will display the following
message:

Performing -20 pA cal
Repeat steps 13 through 18 for the 200upA through

20mA ranges using the calibrator current values sum-
marized in Table 2-5.

Table 2-5
Amps calibration summary (20pA-20mA ranges)
6517A range | Calibration current
20pA 19.00000pA
20pA -19.00000pA
200pA 190.0000pA
200pA -190.0000pA
2mA 1.900000mA
2mA -1.900000mA
20mA 19.00000mA
20mA -19.00000mA
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Model 6517 Electrometer

DC Voltage Calibrator

[ | G0 G G | G J ()

Low-noise
Coax Cable

() OO
OO0 OO Coooo
OO0 OoOoOo O,
(G| G D G | G G o G | O @
0| G | G ) G | GRS ) G | G e

o@D

@)
%0
Q0

Connect Cable
Shield to
Output LO

(©) 1060
@ 160

Charge Filter
OUTPUT

@ 100MQ

Triax Cable

Note: Connect voltage calibrator
to appropriate capacitor.
Be sure shield to chassis
link is connected. (See Text)

Model 5156 Electrometer Calibration Standard

Figure 2-5
Connections for coulombs calibration

Step 5: Coulombs Calibration
1.

Connect the calibration standard and DC voltage cali-
brator to the Model 6517A INPUT jack, as shown in 8.
Figure 2-5. Initially, make connections to the 1nF capac-
itor in the standards box.

Set the output voltage of the DC calibrator to 0.00000V.
Press the ENTER key to begin zero check A calibration.
During this step, the instrument will display: 9.

Performing 2nC zero check A cal
After zero cal, the instrument will display the following:

CONNECT 2V to 1000pF
ENTER to continue; EXIT to abort

10.

. Press the ENTER key, and note that the instrument dis-11.

plays the actual calibration value:

+1.9000000 V
Use A, v, €,  ENTER,EXIT or INFO

Set the DC calibrator voltage to +1.9000000V DC. If
necessary, set the displayed calibration value to agreel3.
with the actual calibrator voltage, then press the ENTER
key. During this step, the instrument will display the
following:

12.

Performing 2 nC cal

. Set the calibrator output to 0V, then press the ENTER

key to automatically perform 2nC zero check B
calibration.

After zero check calibration, the instrument will prompt
you for the next calibration step:

CONNECT -2V to 1000p

ENTER to continue; EXIT to abort

Set the DC voltage calibrator to -1.900000V, and allow
sufficient time for settling.

Press the ENTER key, and note that the instrument dis-
plays the exact calibration value:

-1.9000000 V
Use A, v, ««,  ENTER,EXIT or INFO

If necessary, adjust the display to agree with the exact
calibration value.

Press the Model 6517A ENTER key. During this cali-
bration phase, the instrument will display the following:

Performing -2nC cal

Repeat steps 4 through 12 for the remaining coulombs
ranges using the voltage values and capacitance stan-
dards values summarized in Table 2-6.
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Table 2-6 3. Set the thermocouple calibrator output to 0°C (0mV),
Coulombs calibration summary then press the Model 6517A ENTER key. During this
step, the instrument will display the following:
6517A | Calibration | Standard? Nominal?
range voltage capacitance charge Performing 0 V Temp Calibration
2nC 1.900000V 1nE 1.9nC 4. Next, the inst_rumc_ant wi!l prompt you for the 100°C
2nC -1.900000V 1nF -1.9nC (4095mV) calibration pOInt:
20nC 19.00000V 1nF 19nC CONNECT 4.095mV/100°C
20nC | -19.00000V InF -19nC )
200nC | 1.900000V 100nF 190nC 5. Set the thermocouple calibrator output to 100°C, then
200nC | -1.900000V 100nF -190nC press the Model 6517A ENTER key. During this step,
2uC 19.00000V 100nF 1.9uC the instrument will display the following message:
2uc -19.00000V 100nF -1.9uC Performing 4.095mV Temp Calibration
INominal capacitance standard shown. Refer to calibration data for
 actual value. o _ _ Step 7: Voltage Source Calibration
Charge calculated from: Q = CV, where C is capacitance standard
value, and V is the calibrator voltage. When using the Model 5156 WARNING
Electrometer Calibration Standard, the Model 6517A automatically
calculates the charge from the actual capacitance value and the applied Hazardous voltages will be present

calibrator voltage. when performing the following steps.

Avoid touching terminals while per-

Step 6: Temperature Calibration forming these procedures.

1. Connect the thermocouple calibrator to the Model

6517A EXT TEMP jack, as shown in Figure 2-6. 1. After temperature calibration has been completed, the
2. Atthe end of the coulombs calibration phase, the instru-  instrument will prompt you to connect the voltmeter to
ment will prompt you for the first temperature calibra- the voltage source output jacks:
tion point:
P V-SOURCE CALIBRATION
CONNECT 0ov/0°C Connect Vsource to voltmeter
ENTER to continue; EXIT to abort 2. Select the DCV function and the auto-range mode on the
DMM.

EXT Temp ~ -
Jack © S S5
=

Type K f
Thermocouple Wire i %—’
v Model 6517 Electrometer
Type K

Thermocouple Simulator/Calibrator

Figure 2-6
Connections for temperature calibration
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3. Temporarily short the ends of the DMM test leads, then Table 2-7
enable the DMM REL mode. Leave REL enabled for the Voltage source calibration summary
remainder of the tests.

4. Connect the DMM to the V SOURCE OUT jacks, as |Nominal|
shown in Figure 2-7. output | Display prompt Comments
5. Press ENTER. The Model 6517A will prompt you for |ov DMM RDG: +0.00000 V | 100V range cali-
OV output: bration
+40V DMM RDG: +40.0000 V
V-SOURCE 0: 100V RNG +100V | DMM RDG: +100.0000 V
Press ENTER to output OV -100V | DMM RDG: -100.0000 V
6. Press ENTER, and note that the instrument prompts for| v DMM RDG: 0.00000V |1000V range cali-
the actual DMM reading: bration
+400V |DMM RDG: +400.000 V
DMM RDG: +0.00000 V +1000V | DMM RDG: +1000.000 /
Use A, Vv, €, > ENTER,EXIT or INFO 1000V | DMM RDG: -1000.000 V

7. A_dJUSt the Model 6517_A display so that it agrees exactly NOTE: For each calibration step, adjust the displayed value to agree
with the voltage reading on the DMM, then press the jth the DMM reading.
ENTER key.
8. Repeat steps 6 and 7 for each voltage source output val
ue summarized in Table 2-7. For each step, be sure to ad
just the Model 6517A display to agree exactly with the
DMM reading.

Input HI Output LO Output HI

Lg |
Input LO —— Model 6517 Electrometer %_l

Model 2001 DMM

Figure 2-7
Connections for voltage source calibration
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Step 8: Humidity Calibrati

1. At the end of the voltage source calibration phase, the
instrument will prompt you for humidity calibration:

on

HUMIDITY CALIBRATION

Connect 0 V to humidity in

2. Connect the DC voltage calibrator to the rear panel 8.
HUMIDITY jack, as shown in Figure 2-8.
3. Set the DC calibrator output to 0.00000V, then press the

put

Model 6517A ENTER key.

4. Repeat steps 2 and 3 for 0.5V and 1V input, as summa-

rized in Table 2- 8.

Table 2-8

Humidity calibration summary

Note that the present date is used as the default dis-
played date, which is displayed in mm (month), dd
(date), yy (year) format.
2. Change the displayed date to today's date, then press the
ENTER key. You will then be given an opportunity to
confirm or change your selection.
The unit will then prompt for the next calibration date:

NEXT CAL: mm/dd/yy

The default displayed next calibration date is one year
from today's date and is displayed in mm (month), dd
(date), yy (year) format.

4. Set the next calibration date to the desired value, then
press ENTER. Again, you will be given the opportunity
to confirm or change the date.

Step 10: Complete Calibration

Calibration Calibrator
point voltage At the end of a successful calibration procedure, the instru-
oV 0.00000V ment will display the following:
0.5V 0.50000V CALIBRATION SUCCESS
v 1.00000V ENTER to save; EXIT to abort
As displayed, press the ENTER key to save new calibration
Step 9: Enter Calibration Dates constants, or press EXIT to abort the calibration procedure.
1. At the end of humidity calibration steps, the unit will NOTE

prompt you to enter the calibration date:

CAL DATE: mm/dd/yy

Note: Connect: Calibrator HI to V+
Calibrator LO to V-

{

Figure 2-8

Connections for humidity calibration
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If you abort calibration, constants derived
during the present calibration procedure
will not be saved, and previous calibration
values will be retained.

Output HI

©)
18) co B0 oo .o @
o s s [ o

Output LO l
DC Voltage Calibrator



Calibration

2.9  |EEE-488 bus calibration ‘CAL:PROT:SWIT?
) . A returned value of 1 indicates that cali-
29.1 Calibration commands bration is locked, while a returned value of

Refer to Section 3 or Appendix C for a complete listing of 0 shows that calibration is unlocked.

calibration commands. Section 3 also provides a detailed

discussion of each command. 5. Make sure the primary address of the Model 6517A is

the same as the address specified in the program you
. . . will be using to send commands. (Use the MENU key
2.9.2 IEEE-488 bus comprehensive calibration and the COMMUNICATION menu to access the

procedure |IEEE-488 address.)

Follow the procedure outlined below to perform comprehen- ) . .
sive calibration over the IEEE-488 bus. The bus commandsSteFJ 2: Ofiset Calibration
and appropriate parameters are separately summarized fdPerform the steps below to perform the various offset cali-
each step. bration steps. Table 2-9 summarizes these steps.

1. Connect the shorted triax cable (connect red and black
clips) to the instrument INPUT jack.
Step 1: Prepare the MOdeI 6517A fOI’ Ca“bra“on 2. Send the fo”owing command over the bus:

1. Connect the Model 6517A to the IEEE-488 bus of the -CAL:UNPR:VOFE
computer using a shielded IEEE-488 cable such as the
Keithley Model 7007.

2. Connect the calibration standard to the Model 6517A
DIGITAL 1/O jack (see Figure 2-1).

Procedure

Wait until the instrument completes this step before con-
tinuing. (See paragraph 3.9.)
3. Disconnect the triax shorting cap from the INPUT jack,
and connect the triax shielding (non-shorting) cap to the
NOTE INPUT jack in its place.

The calibration standard must be con- 4. Send the following command to the instrument:

nected to the DIGITAL I/O port in order to -CAL:UNPR:IOFF
operate properly. Do not connect any
equipment except the Model 5156 Elec-
trometer Calibration Standard to the
Model 6517A DIGITAL /O port during

calibration. Digital signals present during

Wait until the instrument completes this step before
continuing.

Step 3: Initiate Calibration

calibration may affect other equipment. Send the following command over the bus to initiate
calibration:
3. Turn on the power, and allow the Model 6517A to warm ‘CAL:PROTINIT

up for at least one hour before performing calibration.
4. Unlock calibration by briefly pressing in on the recessedrable 2-9

front panel CAL switch, and verify that the following Offset calibration steps

message is displayed:

CALIBRATION UNLOCKED
Comprehensive cal can now be run

Step Bus command Connections*

Offset voltage :CAL:UNPR:VOFF | Triax shorting cabl
Bias current |:CAL:UNPR:IOFF Triax shielding cap

NOTE * Connect indicated triax cap or cable to INPUT jack.

D

You can query the instrument for the state
of the comprehensive CAL switch by
using the following query:
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Step 4: Volts Calibration

5. Send the following command to the instrument:

Perform the steps below to calibrate the Model 6517A volts
function. Table 2-10 summarizes these steps.

1. Remove the triax shielding cap from the INPUT jack,
and connect the DC voltage calibrator to the INPUT
jack in its place (see Figure 2-2).

2. Set the DC voltage calibrator output to 0.00000V DC,
and allow a short time period for settling.

3. Send the following command to the instrument:

:CAL:PROT:VZERO2

NOTE
Throughout the entire calibration proce-

dure, be sure to allow the instrument to

complete each command before sending

the next one. See paragraph 3.9 in Section
3 for information on how to determine

when each command has been completed.

4. Set the calibrator output voltage to +1.900000V, and

allow time for settling.

2-16

Table 2-10

7.

:CAL:PROT:V2 1.9
NOTE

If you are using calibration values other
than those given, be sure to change
command parameters  accordingly.
However, for optimum accuracy, it is

recommended that you use the stated
calibration values throughout the entire
calibration procedure.

6. Set the calibrator output voltage to -1.90000V, and allow

for settling time.
Send the following command:

:CAL:PROT:VN2 -1.9

. Repeat steps 3 through 7 for the +20V, -20V, +200V, and

-200V steps using the calibrator voltages and commands
summarized in Table 2-10. For each step, be sure to set
the calibrator voltage properly, and use the correct bus
command.

IEEE-488 bus volts function calibration summary

Volts calibration
step

Calibrator
voltage

Bus commands*

2V range zero
+2V step

-2V step

20V range zero
+20V step
-20V step
200V range zero
+200V step
-200V step

0.000000V DC
+1.900000V DC
-1.900000V DC
0.000000V DC
+19.00000V DC
-19.00000V DC
0.000000V DC
+190.0000V DC
-190.0000V DC

:CAL:PROT:VZERO2
:CAL:PROT:V21.9
:CAL:PROT:VN2 -1.9
:CAL:PROT:VZERO20
:CAL:PROT:V20 19
:CAL:PROT:VN20 -19
:CAL:PROT:VZERO200
:CAL:PROT:V200 190
:CAL:PROT:VNZ200 -190

*Bus command parameters based on recommended calibrator voltages. Substi-
tute appropriate numeric parameter if using different calibrator voltages.
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Step 5: Amps Calibration 6. Repeat steps 4 and 5 for the 200pA through 2uA ranges
using the calibration values summarized in Table 2-11.

For each step, be sure to connect the appropriate resis-
tance, set the DC calibrator voltage as required, and use

Perform the following steps to calibrate the amps function.
Table 2-11 and Table 2-12 summarize these steps.

1. Connect the triax shielding cap to the INPUT jack. the correct command.
2. Send the fo”owing Commands to the instrument: 7. Disconnect the calibration standard and Voltage calibra-
tor, and connect the traix cap to the INPUT jack.
-CAL:PROT.AZERO20P 8. Send the following command:
:CAL:PROT:AZERO200P
:CAL:PROT:AZERO2N :CAL:PROT:AZERO20U
‘CAL:PROT:AZERO20N :CAL:PROT:AZERO200U
:CAL:PROT:AZERO200N -CAL:PORT:AZERO2M

:CAL:PROT:AZERO2U

:CAL:PROT:AZERO20U ‘CAL:PROT.AZERO20M

:CAL:PROT:AZERO200U 9. Connect the DC current calibrator to the INPUT jack.

:CAL:PROT:AZERO2M

:CAL:PROT:AZERO20M 10. Set the DC current calibrator output to +19.00000uA,
3. Connect the Model 5156 Calibration Standard and the then send the following command:

DC voltage calibrator to the Model 6517A INPUT jack ‘CAL:PROT:A20U 19E-6

(see Figure 2-3). Initially, make connections to the 11
1002 resistance in the standards box.
4. Set the DC voltage calibrator to exactly +1.900000V

. Set the DC current calibrator output to -19.00000uA,
then send the following command:

DC, then send the following command to the :CAL:PROT:AN20U -19E-6
Instrument: 12. Repeat steps 10 and 11 for the 200pA through 20mA
-CAL:PROT-A20PCARD 1.9 ranges using the calibration currents and commands

) summarized in Table 2-12.
5. Set the DC voltage calibrator output to -1.900000V DC,
then send the following command to the unit:

:CAL:PROT:AN20PCARD -1.9
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Table 2-11
IEEE-488 bus amps calibration summary (20pA-2pA ranges)
Calibration Resistance® Nominal?
voltage standard current Calibration command
Triax cap 1002 OpA :CAL:PROT:AZERO20P
Triax cap 10GQ OpA :CAL:PROT:AZERO200P
Triax cap 1G6Q OnA :CAL:PROT:AZERO2N
Triax cap 100MQ OnA :CAL:PROT:AZERO20N
Triax cap 100MQ OnA :CAL:PROT:AZERO200N
Triax cap 100MQ OpA :CAL:PROT:AZERO2U
1.900000V 100 19pA :CAL:PROT:A20PCARD 1.9
-1.900000V 100 -19pA :CAL:PROT:AN20PCARD -1.9
1.900000V 10GQ 190pA :CAL:PROT:A200PCARD 1.9
-1.900000V 10GQ -190pA :CAL:PROT:AN200PCARD -1.9
1.900000V 1GQ 1.9nA :CAL:PROT:A2NCARD 1.9
-1.900000V 1GQ -1.9nA :CAL:PROT:AN2NCARD -1.9
1.900000V 100MQ 19nA :CAL:PROT:A20NCARD 1.9
-1.900000V 100MQ -19nA :CAL:PROT:AN20NCARD -1.9
19.00000V 100MQ 190nA :CAL:PROT:A200NCARD 19
-19.00000V 100MQ -190nA :CAL:PROT:AN200NCARD -19
190.0000V 100MQ 1.9pA :CAL:PROT:A2UCARD 190
-190.0000V 100MQ -1.9pA :CAL:PROT:AN2UCARD -190

LActual resistance standard value determined from calibration data supplied with standard.

2pctual calibration current : | = V/R, where is the calibration voltage, and R is the actual resistance standard value.
When using the Model 5156 Electrometer Calibration Standard, the Model 6517A automatically calculates the cur-
rent from the applied voltage and actual resistance value.

Table 2-12

IEEE-488 bus amps calibration summary (20pA-20mA ranges)
Calibration

current Calibration command

Triax cap :CAL:PROT:AZERO20U

Triax cap :CAL:PROT:AZERO200U

Triax cap :CAL:PROT:AZERO2M

Triax cap :CAL:PROT:AZERO20M

19.00000pA [:CAL:PROT:A20U 19E-6
19.00000pA |:CAL:PROT:AN20U -19E-6
190.0000pA |:CAL:PROT:A200U 190E-6
190.0000pA  |:CAL:PROT:AN200U -190E-6
1.900000mA |:CAL:PROT:A2M 1.9E-3
1.900000mA |:CAL:PROT:AN2M -1.9E-3
19.00000mA |:CAL:PROT:A20M 19E-3
19.00000mA |:CAL:PROT:AN20M -19E-3
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Step 6: Coulombs Calibration 6. Set the calibrator output voltage to -1.900000V, then

. . send:
Perform the steps below to calibrate the coulombs function

over the bus. Table 2-13 summarizes the necessary steps. :CAL:PROT:CN2NCARD -1.9

1. Connect the calibration standard and DC voltage cali- - Repeat steps 3 to 6 for the remaining coulombs calibra-
brator to the Model 6517A INPUT jack (see Figure 2-5).  tion steps summarized in Table 2-13.
Initially, make connections to the 1nF capacitor in the

standards box. Step 7: Temperature Calibration
2. Setthe OUtpUt VOItage of the DC calibrator to 0.00000V. Follow the Steps below to calibrate the Model 6517A tem-
3. Send the following command over the bus: perature function.

‘CAL:PROT:CZEROAZN 1. Connect the thermocouple calibrator to the Model
4. Set the calibrator output voltage to +1.900000V, then 6517A EXT TEMP jack (see Figure 2-6).

send the following command over the bus: 2. Set the thermocouple calibrator output to 0°C, then send

the following command:
:CAL:PROT:C2NCARD 1.9
5. Set the calibrator output voltage to 0.000000V, then ‘CAL:PROT.TZERO
send the following command: 3. Set the thermocouple calibrator output to 100°C, then

send the following command:
:CAL:PROT:CZEROB2N

:CAL:PROT:T100

Table 2-13

IEEE-488 bus coulombs calibration summary

Calibration Standard® Nominal?

voltage capacitance charge Calibration command
0.000000V 1nF onC :CAL:PROT:CZEROA2N
1.900000V 1nF 1.9nC :CAL:PROT:C2NCARD 1.9
0.000000V 1nF onC :CAL:PROT:CZEROB2N
-1.900000V 1nF -1.9nC :CAL:PROT:CN2NCARD -1.9
0.000000V 1nF onC :CAL:PROT:CZEROA20N
19.00000V 1nF 19nC :CAL:PROT:C20NCARD 19
0.000000V 1nF onC :CAL:PROT:CZEROB20N
-19.00000V 1nF -19nC :CAL:PROT:CN20NCARD -19
0.000000V 100nF onC :CAL:PROT:CZEROA200N
1.900000V 100nF 190nC :CAL:PROT:C200NCARD 1.9
0.000000V 100nF onC :CAL:PROT:CZEROB200N
-1.900000V 100nF -190nC :CAL:PROT:CN200NCARD -1.9
0.000000V 100nF oucC :CAL:PROT:CZEROA2U
19.00000V 100nF 1.9uC :CAL:PROT:C2UCARD 19
0.000000V 100nF oucC :CAL:PROT:CZEROB2U
-19.00000V 100nF -1.9uC 100nF :CAL:PROT:CN2UCARD -19

INominal capacitance standard shown. Refer to calibration data for actual value.

2Charge calculated from: Q = CV, where C is capacitance standard value, and V is the calibrator voltage. When using the
Model 5156 Electrometer Calibration Standard, the Model 6517A automatically computes the charge from the applied
voltage and the actual capacitance value.
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Step 8: Voltage Source Calibration

Perform the steps below to calibrate the Model 6517A volt-
age source. Table 2-14 summarizes these steps.

WARNING

Hazardous voltages will be present
when performing the following steps.
Avoid touching terminals while per-
forming this procedure.

. Select the DCV function and the auto-range mode on the
DMM.

. Temporarily short the ends of the DMM test leads, then
enable the DMM REL mode. Leave REL enabled for the
remainder of the tests.

. Connect the DMM to the V SOURCE OUT jacks (see
Figure 2-7).

. Send the following command to the instrument:

:CAL:PROT:VSETZ100

Table 2-14

5. After settling, note the DMM reading, then send the

actual DMM reading as a numeric parameter included
with the following command:

:CAL:PROT:VSRCZ100 <DMM_reading>

For example, if the actual DMM reading were 0.005V,
you would send the following command:

:CAL:PROT:VSRCZ100 5E-3

. Repeat steps 4 and 5 for each voltage source output

value listed in Table 2-14. Keep in mind that each cali-
bration point is a two-step process:

» First send the appropriate VSET command to pro-
gram the voltage source to the correct output value.

* Note the DMM voltage reading, then include that
reading as a numeric parameter with the correspond-
ing VSRC command. Be sure to include the minus
sign for negative parameters.

IEEE-488 bus voltage source calibration summary

Calibration step

Calibration command*

Output OV (100V range)
Program OV DMM reading
Output +40V

Program +40V DMM reading
Output +100V

Program +100V DMM reading
Output -100V

Program -100V DMM reading
Output OV (1000V range)
Program OV DMM reading
Output +400V

Program +400V DMM reading
Output +1000V

Program +1000V DMM reading
Output -1000V

Program -1000V DMM reading

:CAL:PROT:VSETZ100
:CAL:PROT:VSRCZ100 <DMM_reading>
:CAL:PROT:VSET40

:CAL:PROT:VSRC40 <DMM_reading>
:CAL:PROT:VSET100
:CAL:PROT:VSRC100 <DMM_reading>
:CAL:PROT:VSETN100
:CAL:PROT:VSRCN100 <DMM_reading>
:CAL:PROT:VSETZ1000
:CAL:PROT:VSRCZ1000 <DMM_reading>
:CAL:PROT:VSET400
:CAL:PROT:VSRC400 <DMM_reading>
:CAL:PROT:VSET1000
:CAL:PROT:VSRC1000 <DMM_reading>
:CAL:PROT:VSETN1000
:CAL:PROT:VSRCN1000 <DMM_reading>

* <DMM_reading> parameter is actual DMM reading obtained after programming voltage source output using

VSET command from previous step.
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Step 9: Humidity Calibration 2.10 Single-point calibration

Eeff‘?(;_m ';he ;teps lr)]elow to calibrate the I\_/Ioddel_ 65136‘ Normally, the complete comprehensive calibration proce-
umidity function. These steps are summarized in Table g, o should be performed to ensure that the entire instrument
2-15. is properly calibrated. In some instances, however, it may be

1. Connect the DC voltage calibrator to the rear pane|desirable to calibrate only certain ranges or functions. For
HUMIDITY jack (see Figure 2-8). those cases, a single-point calibration feature is included in

2. Set the DC calibrator output to 0.00000V, then send thethe Model 6517A.

following command over the bus: . . . .
The following paragraphs give an overview of performing

:CAL:PROT:HUMZERO single-point calibration, both from the front panel and over
3. Repeat steps 2 and 3 for 0.5V and 1V input using thethe IEEE-488 bus. For details on specific procedures and test

calibrator voltages and commands summarized in Table€duipment connections, refer to paragraphs 2.8 and 2.9 of
2.15. this section. For comprehensive information on IEEE-488

bus calibration commands, see Section 3.

Table 2-15
IEEE-488 bus humidity calibration summary Remember that calibration must first be unlocked. To unlock
comprehensive calibration, press in on the CAL switch.
Calibration Calibrator
point voltage Calibration command
OV (0% RH) | 0.00000V |:CAL:PROT:HUMZERO 2.10.1 Front panel single-point calibration
0, . . .
2'\?\/1%50%//0?#) 288888& gitEEg$ngmg5 Front panel single-point calibration can be performed by
( 6RH) | 1. i i i using the POINT-CALS selection in the CALIBRATION

menu. You will then be prompted as to which function to cal-
ibrate using the following menu:

Step 10: Program Calibration Dates
) ) VOLTS AMPS CHARGE V-SOURCE p
To set the calibration date and next due date, use the foIIow-< EXT-TEMP HUMIDITY ZEROCHECK

ing commands to do so:

If you choose VOLTS, AMPS, or CHARGE, you can then
choose whether to calibrate all ranges for that function, or
just a single range. For example, the menu selections for the
volts function include:

:CAL:PROT:DATE <yr>, <mon>, <date> (calibration date)

:CAL:PROT:NDUE <yr>, <mon>, <date> (next calibration due
date)

Note that the year, month, and date must be separated b&HOOSE VOLTS RANGE
commas. The allowable range for the year is from 1994 to, /| ,, 20V 200V
2093, the month is from 1 to 12, and the date is from 1 to 31.

) . ) With the ALL selection, all steps for that function will be car-
Step 11: Save Calibration Constants ried out without duplicating the zero calibration step for that

Calibration is now complete, so you can store the calibrationtange. See paragraph 2.8 for details on front panel compre-
constants in EEPROM by sending the following command: hensive calibration steps.

‘CAL:PROT:SAVE Once you have calibrated all desired functions and ranges,
exit the calibration menu by pressing the EXIT key. You will
NOTE then be prompted as to whether or not the new calibration
Calibration will be temporary unless you points are to be saved. To make changes permanent, save cal-
send the SAVE command. ibration; however, choose not to save calibration if you wish

calibration to be only temporary.
Step 12: Lock Out Calibration Example

To lock out further calibration, send the following command agsyme that you wish to calibrate the volts function. Follow
after completing the calibration procedure: the steps below to do so:

:CAL:PROT:LOCK
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10.

11.

12.

13.

Turn on the Model 6517A, and allow the instrument to
warm up for at least one hour before performing
calibration.

. Press in on the front panel CAL switch to unlock

calibration.
Press the MENU key. The instrument will display the
following menu:

MAIN MENU
SAVESETUP COMMUNICATION CAL

. Select CAL, then press ENTER. If the optional Model

5156 Calibration Standard is connected to the DIGITAL
I/O port, the following prompt will be displayed:

USE CAL OPTION CARD?
YES NO

Select yes, then press ENTER.
The following menu will be displayed:

PERFORM CALIBRATION
COMPREHENSIVE  POINT-CALS

Select POINT-CALS, then press ENTER. The Model
6517A will prompt you to select the function:

POINT-CALS
VOLTS AMPS CHARGE VSOURCE p»

<« EXT-TEMP HUMIDITY ZEROCHECK

. Select VOLTS, then press ENTER. The unit will prompt

you to choose the range:
CHOOSE VOLTS RANGE
ALL 2v 20V 200V

Select the desired option, then press ENTER. If you
wish to calibrate all volts ranges, choose ALL; other-

wise, select the range to be calibrated, then press the

ENTER key.

Follow the prompts regarding the various calibration
steps, and refer to paragraph 2.8 for additional
information.

Repeat the above steps for other calibration points, if
desired.

If desired, select CAL-DATES in the calibration menu,

then set the calibration date and due date accordingly.

Press EXIT as necessary to return to normal display. If

you wish calibration to be permanent, select the save
option; valid calibration constants will be saved, and
calibration will be locked out.

2.10.2 1EEE-488 bus single-point calibration

To perform IEEE-488 bus single-point calibration, simply

connect the appropriate signal, then send the corresponding
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calibration commands. Keep in mind that all commands for

a given range or function must be sent in order to completely
calibrate that range or function. (See paragraph 2.9 for more
information on commands and procedures.)

Remember that you must unlock calibration first. Also, it is
strongly recommended that you perform voltage offset, bias
current, and zero check calibration before calibrating a volts,
amps, or coulombs range or function.

Before sending any calibration commands, you must send
the “:CAL:PROT:INIT” command to initialize calibration.
After calibrating the desired point(s), you must then save the
new calibration constants by sending the
“:CAL:PROT:SAVE” command over the bus. You can then
lock out calibration by sending “:CAL:PROT:LOCK".

Example

As an example, assume that you intend to calibrate the 20V
range of the volts function. The basic steps are summarized
below:

1. Turn on the Model 6517A power and allow the instru-

ment to warm up for at least one hour before performing

calibration.

Press the front panel CAL switch to unlock calibration.

. Send the following command over the bus to initiate
calibration:

:CAL:PROT:INIT

Perform voltage offset, bias current, and zero check cal-
ibration as outlined in Step 2 of the IEEE-488 bus cali-
bration procedure in paragraph 2.9.2.

Connect the DC voltage calibrator to the INPUT jack
(see Figure 2-2).

Set the output voltage of the DC calibrator to
0.000000V, then send the following command:

5.

6.

:CAL:PROT:VZERO20

Set the output voltage of the DC calibrator to
+19.00000V, then send the following command:

7.

:CAL:PROT:V20 19

Set the output voltage of the DC calibrator to -19.00000V,
then send the following command:

:CAL:PROT:VN20 -19

. Repeat steps 6 through 8 as desired for other calibration
points.

If desired, send the following commands to program the
calibration date and calibration due date:

10.

:CAL:PROT:DATE <yr>,<mon>,<date>
:CAL:PROT:NDUE <yr>,<mon>,<date>
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Here, <yr> is the year (1994-2093), <mon> is the month 2.

(1-12), and <date> can have any value between 1 and 31

11. Send the following command to save calibration
constants:

:CAL:PROT:SAVE

12. Finally, send the following command to lock out g
calibration:

:CAL:PROT.LOCK

2.11 Programming calibration dates

Normally calibration dates are programmed when the instru-
ment is calibrated. However, you can change these dates ¢
any time by using the basic procedure outlined below.

1. From normal display, press the MENU key, and note
that the instrument displays the following:

MAIN MENU
SAVESETUP COMMUNICATION CAL

Select CAL, then press ENTER. The following options
will be displayed:

PERFORM CALIBRATION
COMPREHENSIVE POINT-CALS p»

<« CAL-DATES OFFSET-ADJ CAL-OPT

. Select CAL-DATES, and note that unit displays the fol-

lowing selections:

CALIBRATION DATES
VIEW DISPLAY-AT-POWERUP CHANGE

. Choose the option based on the desired action:

VIEW: Allows you to view the last calibration and cali-
bration due dates.

DISPLAY-AT-POWERUP: Allows you to select
whether or not calibration dates are automatically dis-
played at power-up (choose YES to enable, NO to dis-
able calibration date display at power-up).

CHANGE: Use this option to change the last calibration
date or the calibration due date. Simply follow the dis-
play prompts to change the dates as desired.

2-23



31

This section contains detailed information on the various
Model 6517A IEEE-488 bus calibration commands. Section

Calibration Command Reference

Introduction

3.6

2 of this manual covers detailed calibration procedures. For3:7

information on additional commands to control other instru-

ment functions, refer to the Model 6517A User Manual.

Information in this section includes:

3.2

3.3

3.4

3.5

Command summary: Summarizes all commands
necessary to perform comprehensive calibration.

Miscellaneous commands: Covers commands that
initiate calibration, program calibration dates, lock out
calibration, and save calibration constants.

Meter commands: Details those commands used to

3.8

3.2

Temperature calibration commands: Discusses
commands required to calibrate the temperature
function.

Humidity calibration commands: Covers commands
used for calibrating the humidity function.

Calibration errors: Summarizes bus calibration error
commands, and discusses how to obtain error
information.

Detecting calibration step completion: Covers how
to determine when each calibration step is completed
by using the *OPC and *OPC? commands.

Command summary

calibrate the Model 6517A meter functions (volts, Table 3-1 summarizes Model 6517A calibration commands.

amps, and coulombs).

Voltage source calibration commands: Outlines

those commands used to calibrate the Model 6517A

voltage source.
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Table 3-1
IEEE-488 bus calibration command summary
Command Description
CALibration: Calibration subsystem
PROTected: Commands protected by CAL switch
INITiate Required before performing ANY cal steps
VZERO2 2V range zero step
V2 <Nrf> +2V step
VN2 <Nrf> -2V step
VZERO20 20V range zero step
V20 <Nrf> +20V step
VN20 <Nrf> -20V step
VZERO200 200V range zero step
V200 <Nrf> +200V step
VN200 <Nrf> -200V step
AZERO20P 20pA range zero step
A20P <Nrf> +20pA step
A20PCARD <Nrf> +20pA step (using cal standard)
AN20P <Nrf> -20pA step

AN20PCARD <Nrf>
AZERO200P
A200P <Nrf>
A200PCARD <Nrf>
AN200P <Nrf>
AN200PCARD <Nrf>
AZERO2N

A2N <Nrf>
A2NCARD <Nrf>
AN2N <Nrf>
AN2NCARD <Nrf>
AZERO20N

A20N <Nrf>
A20NCARD <Nrf>
AN20N <Nrf>
AN20NCARD <Nrf>
AZERO200N
A200N <Nrf>
A200NCARD <Nrf>
AN200N <Nrf>
AN200NCARD <Nrf>
AZERO2U

A2U <Nrf>
A2UCARD <Nrf>
AN2U <Nrf>
AN2UCARD <Nrf>
AZERO20U

A20U <Nrf>
AN20U <Nrf>
AZERO200U
A200U <Nrf>
AN200U <Nrf>

-20pA step (using cal standard)
200pA range zero step

+200pA step

+200pA step (using cal standard)
-200pA step

-200pA step (using cal standard)
2nA range zero step

+2nA step

+2nA step (using cal standard)
-2nA step

-2nA step (using cal standard)
20nA range zero step

+20nA step

+20nA step (using cal standard)
-20nA step

-20nA step (using cal standard)
200nA range zero step

+200nA step

+200nA step (using cal standard)
-200nA step

-200nA step (using cal standard)
2UA range zero step

+2A step

+2A step (using cal standard)
-2lA step

-2UA step (using cal standard)
20pA range zero step

+20pA step

-20UA step

200pA range zero step

+200pA step

-200pA step
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Table 3-1

IEEE-488 bus calibration command summary (cont.)

Command Description

CALibration:

PRQOTected:

AZERO2M 2mA range zero step
A2M <Nrf> +2mA step
AN2M <Nrf> -2mA step
AZERO20M 2mA range zero step
A20M <Nrf> +20mA step
AN20M <Nrf> -20mA step
CZEROA2N 2nC range zero check part A
C2N <Nrf> +2nC step
C2NCARD <Nrf> +2nC step (using cal standard)
CZEROB2N 2nC range zero check part B
CN2N <Nrf> -2nC step
CN2NCARD <Nrf> -2nC step (using cal standard)
CZEROA20N 20nC range zero check part A
C20N <Nrf> +20nC step
C20NCARD <Nrf> +20nC step (using cal standard)
CZEROB20N 20nC range zero check part B
CN20N <Nrf> -20nC step
CN20NCARD <Nrf> -20nC step (using cal standard)
CZEROA200N 200nC range zero check part A
C200N <Nrf> +200nC step
C200NCARD <Nrf> +200nC step (using cal standard)
CZEROB200N 200nC range zero check part B
CN200N <Nrf> -200nC step
CN200ONCARD <Nrf> -200nC step (using cal standard)
CZEROA2U 2uC range zero check part A
C2U <Nrf> +2uC step
C2UCARD <Nrf> +2uC step (using cal standard)
CZEROB2U 2uC range zero check part B
CN2U <Nrf> -2UC step
CN2UCARD <Nrf> -2UC step (using cal standard)
TZERO OmV (0°C) temperature step
T100 +4.095mV (100°C) temperature step
VSETZ100 Set voltage source to OV for next command
VSRCZ100 <Nrf> \oltage source 100V range 0V cal
VSETZ1000 Set voltage source to OV for next command
VSRCZ1000 <Nrf> \oltage source 1000V range 0V cal
VSET40 Set voltage source to +40V
VSRC40 <Nrf> \oltage source +40 V cal
VSET100 Set voltage source to +100V
VSRC100 <Nrf> \oltage source +100V cal
VSETN100 Set voltage source to -100V
VSRCN100 <Nrf> \oltage source -100V cal
VSET400 Set voltage source to +400V
VSRC400 <Nrf> \oltage source +400V cal
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3-4

Table 3-1
IEEE-488 bus calibration command summary (cont.)
Command Description
CALibration:
PRQOTected:
VSET1000 Set voltage source to +1000V
VSRC1000 <Nrf> \oltage source +1000 V cal
VSETN1000 Set voltage source to -1000 V
VSRCN1000 <Nrf> \oltage source -1000 V cal
HUMZERO Humidity input 0 V step
HUMO5 Humidity input 0.5V step
HUM1 Humidity input 1.0 V step
LOCK Re-locks the calibration paths. (A new CAL switch
press and CAL:PROT:INIT command are required
before any cal commands can be performed again.)
SAVE Saves the cal constants in NVRAM

DATE <yyyy, mm, dd>

DATE?

NDUE <yyyy, mm, dd>
NDUE?

SWITch?

CALTEMP

CALibration:
UNPRotected:

VOFFset
IOFFset
EERR?
VERR?
AERR?
CERR?
TERR?
FERR?
OPTion?

Calibration date yyyy = year (1994-2093), mm = month

(1-12), dd =date (1-31)
Request calibration date
Calibration due date
Request calibration due date
Request CAL switch state (0 = unlocked, 1 = locke
Acquire the calibration temperature.

These commands not protected by CAL switch

Perform offset voltage calibration
Perform bias current calibration
Request cal execution error status
Request voltage function cal errors
Request amps function cal errors
Request coulombs function cal errors
Request temperature function cal errors
Request factory calibration errors
Request option presence status

1)

NOTE: Upper-case letters indicate short form of each command. For example, instead of sending “:CALibration:PRO-
Tected:INITiate”, you can send “:CAL:PROT:INIT".
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3.3  Miscellaneous commands

Miscellaneous commands are those commands that have such functions as initiating calibration, saving calibration conste
locking out calibration, and programming date parameters.

3.3.1 G:INIT (:CALibration:PROTected:INITiate)

Purpose
Format
Parameter

Description

Programming Note

Example

To initiate calibration.

:cal:protinit

None

The :INIT command enables Model 6517A calibration when performing these procedures over
the bus. In general, this command must be sent to the unit before sending any other comprehe

sive calibration command.

The :INIT command should be sent only once before performing either complete or single-point
calibration. Do not send :INIT before each calibration step.

:CAL:PROT:INIT Initiate calibration

3.3.2 :LOCK (caLibration:PROTected:LOCK)

Purpose
Format
Parameter

Description

Programming Note

Example

To lock out calibration.
:cal:protlock
None

The :LOCK command allows you to lock out comprehensive calibration after completing those
procedures. Thus, :LOCK performs the opposite of pressing in on the front panel CAL switch.

To unlock comprehensive calibration, press in on the CAL switch with the power turned on.

:CAL:PROT:LOCK Lock out calibration
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3.3.3 :SWITch? (caLibration:PROTected:SWITch?)

Purpose
Format

Response

Description

Example

To read calibration lock status.
.cal:protswit?

0 Calibration locked
1 Calibration unlocked.

The :SWITch? query requests status from the Model 6517A on calibration locked/unlocked
state. Calibration must be unlocked by pressing in on the CAL switch while power is turned on
before calibration can be performed.

:CAL:PROT:SWIT? Request CAL switch status.

3.34 SAVE (:CALibration:PROTected:SAVE)

Purpose
Format
Parameter

Description

Programming Note

Example
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To save calibration constants in EEPROM after the calibration procedure.
:cal:protsave
None

The :SAVE command stores internally calculated calibration constants derived during compre-
hensive calibration in EEPROM. EEPROM is non-volatile memory, and calibration constants
will be retained indefinitely once saved. Generally, :SAVE is sent after all other calibration steps
(except for :LOCK).

Calibration will be only temporary unless the :SAVE command is sent to permanently store cal-
ibration constants.

:CAL:PROT:SAVE Save calibration constants



335 DATE

Purpose
Format

Parameters

Query Format
Response

Description

Programming Note

Examples

Calibration Command Reference

(:CALibration:PROTected:DATE)

To send the calibration date to the instrument.

:cal;protdate <yr>, <mon>, <day>

<yr> = year (yyyy, 1994 to 2093)

<mon> = month (mm, 1 to 12)

<day> = day of month (dd, 1 to 31)

:cal:protdate?

<yr>, <mon>, <day>

The :DATE command allows you to store the calibration date in instrument memory for future
reference. You can read back the date from the instrument over the bus by using the :DATE? que
ry, or by using the CAL-DATES selection in the front panel CAL menu.

The year, month, and day parameters must be delimited by commas.

:CAL:PROT:DATE 1998,9,21
:CAL:PROT:DATE?

Send cal date (9/21/98).
Request date.

3.3.6 :NDUE (:CALibration:PROTected:NDUE)

Purpose
Format

Parameters

Query Format
Response

Description

Programming Note

Examples

To send the next calibration due date to the instrument.

:cal;protndue <yr>, <mon>, <day>

<yr> = year (yyyy, 1994 to 2093)

<mon> = month (mm, 1 to 12)

<day> = day of month (dd, 1 to 31)

.cal:protndue?

<yr>, <mon>, <day>

The :NDUE command allows you to store the date when calibration is next due in instrument
memory. You can read back the next due date from the instrument over the bus by using th
:NDUE? query, or by using the CAL-DATES selection in the front panel CAL menu.

The next due date parameters must be delimited by commas.

:CAL:PROT:NDUE 1998,9,21
:CAL:PROT:NDUE?

Send due date (9/21/98).
Request due date.
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3.3.7 :DATA? (cCALibration:PROTected:DATA?)

Purpose
Format
Response

Description

Programming Note

Example

To download calibration constants from the Model 6517A.

.cal:protdata?

<Cal_1><Cal_2>,...<Cal_n>

The :DATA? query allows you to request calibration constants stored in EEROM from the
instrument. This command can be used to compare present constants with those from a previous
calibration procedure to verify that calibration was performed properly. The returned values are
floating-point ASCII numbers delimited by commas (,).

See Appendix B for summary of constants returned by the :DATA? query.

:CAL:PROT:DATA? Request calibration constants.

3.3.8 :OPT? (:CALibration:UNPRotected:OPTion?)

Purpose
Format

Response

Description

Example

To detect the presence of the optional calibration standard.
:cal:protopt?

0 Cal standard not present
5156-CALOPT Cal standard present

The :OPT? query allows you to determine whether or not the optional Model 5156 Electrometer
Calibration Standard is connected to the Model 6517A DIGITAL I/O port. The unit will respond
with the appropriate string depending on whether or not the calibration standard is connected
and operational.

:CAL:PROT:OPT? Request option presence status.

3.39 :CALTEMP (cALibration:PROTected:CALTEMP)

Purpose
Format
Response

Description

Example
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To acquire the calibration temperature.
:cal:protcaltemp
None

The :CALTEMP command acquires the temperature at which the Model 6517A was calibrated.
The command should be sent without the thermocouple connected to the Model 6517A and may
be issued at any point during calibration. When calibrating from the front panel, the calibration
temperature will be acquired when the calibration dates and constants are saved. (This command
is supported with main firmware revision level BO7 or later.)

:CAL:PROT:CALTEMP Acquire calibration temperature.
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3.4 Meter commands

Meter commands include those necessary to null offsets and calibrate the volts, amps, and coulombs measurement functic

3.4.1 Offset commands

Purpose
Format
Parameter

Description

Programming Note

Example

Purpose
Format
Parameter

Description

Programming Note

Example

:VOFF  (:CALibration:UNPRotected:VOFFset)

To null voltage offsets.
:cal:unpr.voff
None

The :VOFF command performs voltage offset calibration and is normally used as part of the cal-
ibration procedure. :VOFF can also be sent during normal operation to null voltage offsets at
any time.

1. :VOFF is not protected by the CAL switch.

2. When :VOFF is used as part of the normal calibration procedure, voltage offset compensa
tion constants are permanently saved. When :VOFF is sent during normal operation (with
calibration locked), voltage offset compensation is only temporary.

:CAL:PROT:VOFF Perform voltage offset calibration

:IOFF (:CALibration:UNPRotected:|OFFset)
To null bias current.

:cal:unprioff

None

The :IOFF command performs bias current calibration and is normally used as part of the cali-
bration procedure. :IOFF can also be sent during normal operation to null bias current at any
time.

1. :IOFF is not protected by the CAL switch.

2. When :IOFF is used as part of the normal calibration procedure, bias current compensatiol
constants are permanently saved. When :IOFF is sent during normal operation (with calibra-
tion locked), bias current compensation is only temporary.

:CAL:PROT:IOFF Perform bias current calibration

3-9
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3.4.2 \olts function calibration commands

Purpose To calibrate voltage function ranges.
Format See Table 3-2.
Parameter See Table 3-2.
Table 3-2
\olts function calibration commands and parameters
Range Command format* <Cal_voltage> parameter limits (V)
2V :cal:prot:vzero2 None
:cal:prot:v2 <Cal_voltage> 0.951t0 2.05
:cal:prot:vn2 <Cal_voltage> -0.95 to -2.05
20V :cal:prot:vzero20 None
:cal:prot:v20 <Cal_voltage> 9.51t020.5
:cal:prot:vn20 <Cal_voltage> -9.5t0-20.5
200V :cal:prot:vzero200 None
:cal:prot:v200 <Cal_voltage> 95 to 205
:cal:prot:vn200 <Cal_voltage> -95 to -205
* Command short form shown.
Description The :V commands calibrate the three volts function ranges: 2V, 20V, and 200V. Each range

requires three commands, corresponding to zero, positive full range, and negat