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WARRANTY

Keithley Instruments, Inc. warrants this product to be free from defects in material and workmanship for a
period of 3 years from date of shipment.

Keithley Instruments, Inc. warrants the following items for 90 days from the date of shipment: probes, cables,
rechargeable batteries, 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
Cleveland, Ohio. You will be given prompt assistance and return instructions. Send the product, transportation
prepaid, to the indicated service facility. Repairs will be made and the product returned, transportation prepaid.
Repaired or replaced products are warranted for the balance 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
consent, or misuse of any product or part. This warranty also does not apply to fuses, software, non-rechargeable
batteries, damage from battery leakage, 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 INSTRUMENTS AND SOFTWARE EVEN IF KEITHLEY INSTRUMENTS, INC., HAS
BEEN ADVISED IN ADVANCE OF THE POSSIBILITY OF SUCH DAMAGES. SUCH EXCLUDED DAM-
AGES SHALL INCLUDE, BUT ARE NOT LIMITED TO: COSTS OF REMOVAL AND INSTALLATION,
LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY PERSON, OR DAMAGE TO PROPERTY.

KEITHLEY

Keithley Instruments, Inc. 28775 Aurora Road  Cleveland, Ohio 44139 « 440-248-0400 » Fax: 440-248-6168
1-888-KEITHLEY (534-8453)  www.keithley.com

Sales Offices: ~ BELGIUM: Bergensesteenweg 709 « B-1600 Sint-Pieters-Leeuw « 02-363 00 40 « Fax: 02/363 00 64
CHINA: ‘Yuan Chen Xin Building, Room 705 ¢ 12 Yumin Road, Dewai, Madian * Beijing 100029 « 8610-8225-1886 « Fax: 8610-8225-1892
FINLAND: Tietdjéantie 2 « 02130 Espoo « Phone: 09-54 75 08 10 « Fax: 09-25 10 51 00
FRANCE: 3, allée des Garays » 91127 Palaiseau Cédex * 01-64 53 20 20 « Fax: 01-60 11 77 26
GERMANY: Landsberger Strasse 65 « 82110 Germering « 089/84 93 07-40 « Fax: 089/84 93 07-34
GREAT BRITAIN: Unit 2 Commerce Park, Brunel Road « Theale « Berkshire RG7 4AB » 0118 929 7500 » Fax: 0118 929 7519
INDIA: 1/5 Eagles Street « Langford Town ¢ Bangalore 560 025, INDIA « 080 212 8027 « Fax : 080 212 8005
ITALY: Viale San Gimignano, 38 » 20146 Milano « 02-48 39 16 01 « Fax: 02-48 30 22 74
JAPAN: New Pier Takeshiba North Tower 13F « 11-1, Kaigan 1-chome  Minato-ku, Tokyo 105-0022 « 81-3-5733-7555 « Fax: 81-3-5733-7556
KOREA: 2FL., URI Building « 2-14 Yangjae-Dong * Seocho-Gu, Seoul 137-888 « 82-2-574-7778 « Fax: 82-2-574-7838
NETHERLANDS: Postbus 559 « 4200 AN Gorinchem « 0183-635333 « Fax: 0183-630821
SWEDEN: c/o Regus Business Centre * Frosundaviks All€ 15, 4tr « 169 70 Solna « 08-509 04 600 « Fax: 08-655 26 10
TATWAN: 1FL., 85 Po Ai Street « Hsinchu, Taiwan, R.O.C. « 886-3-572-9077+ Fax: 886-3-572-9031

11/02






Model 2750 Multimeter/Switch System
User’s Manual

©2001, Keithley Instruments, Inc.
All rights reserved.
Cleveland, Ohio, U.S.A.
Third Printing, November 2002
Document Number: 2750-900-01 Rev. C



Manual Print History

The print history shown below lists the printing dates of all Revisions and Addenda created
for this manual. The Revision Level letter increases alphabetically as the manual undergoes sub-
sequent updates. Addenda, which are released between Revisions, contain important change in-
formation that the user should incorporate immediately into the manual. Addenda are numbered
sequentially. When a new Revision is created, all Addenda associated with the previous Revision
of the manual are incorporated into the new Revision of the manual. Each new Revision includes
a revised copy of this print history page.

Revision A (Document Number 2750-900-01) ......ccverireviierieeieeiieeee e eve e March 2001
Revision B (Document Number 2750-900-01) ......cceceverererirenieereieeseseeeeeeeenes November 2001
Revision C (Document Number 2750-900-01) ......ccoevireviienieeieeireeeee e November 2002

All Keithley product names are trademarks or registered trademarks of Keithley Instruments, Inc.
Other brand names are trademarks or registered trademarks of their respective holders.



NSNI"RY  Safety Precautions

The following safety precautions should be observed before using this product and any associated instrumentation. Although
some instruments and accessories would normally be used with non-hazardous voltages, there are situations where hazardous
conditions may be present.

This product is intended for use by qualified personnel who recognize shock hazards and are familiar with the safety precautions
required to avoid possible injury. Read and follow all installation, operation, and maintenance information carefully before us-
ing the product. Refer to the manual for complete product specifications.

If the product is used in a manner not specified, the protection provided by the product may be impaired.
The types of product users are:

Responsible body is the individual or group responsible for the use and maintenance of equipment, for ensuring that the equip-
ment is operated within its specifications and operating limits, and for ensuring that operators are adequately trained.

Operators use the product for its intended function. They must be trained in electrical safety procedures and proper use of the
instrument. They must be protected from electric shock and contact with hazardous live circuits.

Maintenance personnel perform routine procedures on the product to keep it operating properly, for example, setting the line
voltage or replacing consumable materials. Maintenance procedures are described in the manual. The procedures explicitly state
if the operator may perform them. Otherwise, they should be performed only by service personnel.

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

Keithley products are designed for use with electrical signals that are rated Installation Category I and Installation Category II,
as described in the International Electrotechnical Commission (IEC) Standard IEC 60664. Most measurement, control, and data
I/O signals are Installation Category I and must not be directly connected to mains voltage or to voltage sources with high tran-
sient over-voltages. Installation Category II connections require protection for high transient over-voltages often associated with
local AC mains connections. Assume all measurement, control, and data I/O connections are for connection to Category I sourc-
es unless otherwise marked or described in the Manual.

Exercise extreme caution when a shock hazard is present. Lethal voltage may be present on cable connector jacks or test fixtures.
The American National Standards Institute (ANSI) states that a shock hazard exists when voltage levels greater than 30V RMS,
42.4V peak, or 60VDC are present. A good safety practice is to expect that hazardous voltage is present in any unknown
circuit before measuring.

Operators of this product must be protected from electric shock at all times. The responsible body must ensure that operators
are prevented access and/or insulated from every connection point. In some cases, connections must be exposed to potential
human contact. Product operators in these circumstances must be trained to protect themselves from the risk of electric shock.
If the circuit is capable of operating at or above 1000 volts, no conductive part of the circuit may be exposed.

Do not connect switching cards directly to unlimited power circuits. They are intended to be used with impedance limited sourc-
es. NEVER connect switching cards directly to AC mains. When connecting sources to switching cards, install protective de-
vices to limit fault current and voltage to the card.

Before operating an instrument, make sure the line cord is connected to a properly grounded power receptacle. Inspect the con-
necting cables, test leads, and jumpers for possible wear, cracks, or breaks before each use.

When installing equipment where access to the main power cord is restricted, such as rack mounting, a separate main input pow-
er disconnect device must be provided, in close proximity to the equipment and within easy reach of the operator.

For maximum safety, do not touch the product, test cables, or any other instruments while power is applied to the circuit under
test. ALWAYS remove power from the entire test system and discharge any capacitors before: connecting or disconnecting ca-
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bles or jumpers, installing or removing switching cards, or making internal changes, such as installing or removing jumpers.

Do not touch any object that could provide a current path to the common side of the circuit under test or power line (earth) ground. Al-
ways make measurements with dry hands while standing on a dry, insulated surface capable of withstanding the voltage being measured.

The instrument and accessories must be used in accordance with its specifications and operating instructions or the safety of the
equipment may be impaired.

Do not exceed the maximum signal levels of the instruments and accessories, as defined in the specifications and operating in-
formation, and as shown on the instrument or test fixture panels, or switching card.

When fuses are used in a product, replace with same type and rating for continued protection against fire hazard.

Chassis connections must only be used as shield connections for measuring circuits, NOT as safety earth ground connections.

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

If @ or ,J, is present, connect it to safety earth ground using the wire recommended in the user documentation.
The A symbol on an instrument indicates that the user should refer to the operating instructions located in the manual.

The A symbol on an instrument shows that it can source or measure 1000 volts or more, including the combined effect of
normal and common mode voltages. Use standard safety precautions to avoid personal contact with these voltages.

The WARNING heading in a manual explains dangers that might result in personal injury or death. Always read the associated
information very carefully before performing the indicated procedure.

The CAUTION heading in a manual explains hazards that could damage the instrument. Such damage may invalidate the war-
ranty.

Instrumentation and accessories shall not be connected to humans.
Before performing any maintenance, disconnect the line cord and all test cables.

To maintain protection from electric shock and fire, replacement components in mains circuits, including the power transformer,
test leads, and input jacks, must be purchased from Keithley Instruments. Standard fuses, with applicable national safety ap-
provals, may be used if the rating and type are the same. Other components that are not safety related may be purchased from
other suppliers as long as they are equivalent to the original component. (Note that selected parts should be purchased only
through Keithley Instruments to maintain accuracy and functionality of the product.) If you are unsure about the applicability
of a replacement component, call a Keithley Instruments office for information.

To clean an instrument, use a damp cloth or mild, water based cleaner. Clean the exterior of the instrument only. Do not apply
cleaner directly to the instrument or allow liquids to enter or spill on the instrument. Products that consist of a circuit board with
no case or chassis (e.g., data acquisition board for installation into a computer) should never require cleaning if handled accord-
ing to instructions. If the board becomes contaminated and operation is affected, the board should be returned to the factory for
proper cleaning/servicing.
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Getting Started

Quick Start — Of the following section topics, three can be used immediately to quickly
acquaint yourself with fundamental instrument operations. Use QS1 to familiarize your-
self with front panel controls, use QS2 to power-up the instrument, and, finally, use QS3 to
perform exercises to operate the instrument.

QSl1

QS2

QS3

General information — Covers general information that includes warranty infor-
mation, contact information, safety symbols and terms, inspection, and available
options and accessories.

Model 2750 features — Summarizes the features of Model 2750.

Plug-in switching modules — Summarizes the capabilities of the Keithley
Model 77XX series switching modules.

Front and rear panel familiarization — Summarizes the controls and connectors
of the instrument.

Rack mounting — Covers the options available for rack mounting the Model 2750
in a standard 19-inch rack.

Power-up — Covers line power connection, line voltage setting, fuse replacement,
power line frequency, and the power-up sequence.

Display — Provides information about the display of the Model 2750.

Defaults and user setups — Lists the *RST and factory default settings, and cov-
ers the three setup configurations available to the user.

Remote programming information — Explains how SCPI commands are pre-
sented in this manual.

Quick start exercises — Provides abbreviated operating information and exercises
(front panel and remote programming) to acquaint a user with operation basics.
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General information

Warranty information

Warranty information is located at the front of this manual. Should your Model 2750
require warranty service, contact the Keithley representative or authorized repair facility in
your area for further information. When returning the instrument for repair, be sure to fill
out and include the service form at the back of this manual to provide the repair facility
with the necessary information.

NOTE The service form requires the serial number of the Model 2750. The serial num-
ber is located on the rear panel. It can also be read from the front panel by
selecting the SNUM item of the SETUP menu. Press SHIFT and then SETUP to
access the menu. For remote operation, the serial number can be read using the
*IDN? command (see Section 12 for details).

Contact information

Worldwide phone numbers are listed at the front of this manual. If you have any questions,
please contact your local Keithley representative or call a Keithley Application Engineer at
1-800-348-3735 (U.S. and Canada only).

Safety symbols and terms

The following symbols and terms may be found on the instrument or used in this manual:

The A symbol on an instrument indicates that the user should refer to the operating
instructions located in the manual.

The A symbol on the instrument shows that high voltage may be present on the termi-
nal(s). Use standard safety precautions to avoid personal contact with these voltages.

The WARNING heading used in this manual explains dangers that might result in per-
sonal injury or death. Always read the associated information very carefully before per-
forming the indicated procedure.

The CAUTION heading used in this manual explains hazards that could damage the
instrument. Such damage may invalidate the warranty.
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Inspection

Model 2750 was carefully inspected electrically and mechanically before shipment. After
unpacking all items from the shipping carton, check for any obvious signs of physical
damage that may have occurred during transit. (There may be a protective film over the
display lens, which can be removed). Report any damage to the shipping agent immedi-
ately. Save the original packing carton for possible future shipment. The following items
are included with every Model 2750 order:

e Model 2750 with line cord.

» Safety test leads (Model 1751).

* Accessories as ordered.

» Hardware for rack mounting.

e Certificate of calibration.

*  Model 2750 User’s Manual (P/N 2750-900-00).

¢ Manual Addenda (pertains to any improvements or changes concerning the instru-
ment or manual).

If an additional manual is required, order the appropriate manual package. The manual
packages include a manual and any pertinent addenda.

Options and accessories

Plug-in switching modules

NOTE Table I-1 provides a side-by-side comparison of the following Keithley switch-
ing modules. All multiplexer modules can be configured as two independent
multiplexers.

NOTE The Model 77XX Series Switching Modules Instruction Manual provides operat-
ing and service information for the switching modules. This manual is supplied
with each switching module.

Model 7700 — This differential multiplexer provides 20 channels of 2-pole input, or 10
channels of 4-pole input. The internal cold junction allows direct-connection of thermo-
couples. It also has two 2-pole channels used exclusively for current input.

Model 7701 — This differential multiplexer provides 32 channels of 2-pole input, or 16
channels of 4-pole input.

Model 7702 — This differential multiplexer provides 40 channels of 2-pole input, or 20
channels of 4-pole input. It also has two 2-pole channels used exclusively for current
input.
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Model 7703 — This differential multiplexer provides 32 channels of 2-pole input, or 16
channels of 4-pole input.

Model 7705 — This control module provides 40 independent 1-pole switching (SPST)
channels that are isolated from the internal DMM.

Model 7706 — This all-in-one module provides 20/10 channels of 2/4-pole input, 16 digi-
tal outputs, two analog outputs, one 32-bit counter with gating and totalizer.

Model 7707 — This module provides 10 channels of 2-pole input, or 5 channels of 4-pole
input. Also provides 32 digital inputs/outputs.

Model 7708 — This differential multiplexer provides 40 channels of 2-pole input, or 20
channels of 4-pole input. The internal cold junction allows direct-connection of thermo-
couples for temperature measurements.

Model 7709 — This module is configured as a 6 X 8 matrix (six rows, eight columns). The
matrix consists of 48 crosspoint channels and two backplane isolation channels. For sys-
tem channel operation, row 1 is connected to DMM Input. For 4-wire measurements, row
2 is connected to DMM Sense.

Connector and adapter kits for switching modules

Model 7788 DB-50 connector kit — Contains two male DB-50 solder cup connectors
with strain relief connector shells. These connectors mate to the female connectors of the
Models 7703 and 7705 switching modules.

Model 7789 50/25-pin solder cup connector kit — Contains one male DB-50 and one
male DB-25 solder cup connectors. These connectors mate to the female connectors on the
Models 7701 and 7709 switching modules.

Model 7790 ribbon cable adapter kit — Contains one female DB-50, one male DB-50
and one male DB-25 IDC ribbon cable connectors. These connectors are used with the
Models 7701, 7707 and 7709 switching modules.

Cables and adapters (GPIB and trigger link)

Models 7007-1 and 7007-2 shielded GPIB cables — Connect Model 2750 to the GPIB
bus using shielded cables and connectors to reduce electromagnetic interference (EMI).
Model 7007-1 is one meter long; Model 7007-2 is two meters long.

Models 8501-1 and 8501-2 trigger link cables — Connect Model 2750 to other instru-
ments with Trigger Link connectors (e.g., Model 7002 Switch System). Model 8501-1 is
one meter long; Model 8501-2 is two meters long.

Model 8502 trigger link adapter — Lets you connect any of the six trigger link lines of
Model 2750 to instruments that use the standard BNC trigger connectors.

Model 8503 DIN to BNC trigger cable — Lets you connect trigger link lines one (Volt-
meter Complete) and two (External Trigger) of Model 2750 to instruments that use BNC
trigger connectors. Model 8503 is one meter long.
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Rack mount kit

Model 4288-7 rack mount kit — Mounts a Model 2750 in a standard 19-inch rack.
Includes rear brackets to provide additional support for a mainframe that has two or more
switching modules installed.

NOTE The Model 2750 includes hardware that allows it to be mounted to the front rails
of a standard 19-inch rack. With two or more switching modules installed, rear
support brackets may be required. The Model 4288-7 rack mount kit includes
rear support brackets.

Model 2750 features

Model 2750 is a 6Y2-digit high-performance multimeter/data acquisition system. It can
measure voltage (DC and AC), current (DC and AC), resistance (2- and 4-wire), tempera-
ture (thermocouple, thermistor, and 4-wire RTD), frequency and period, and test
continuity.

The Model 2750 has five slots that will accommodate Keithley Model 7700 series switch-
ing modules (Table 1-1). Each channel of a switching module that is closed or scanned is
measured by the Model 2750. For scanning, each channel can have its own unique setup
(i.e., function, range, digits, etc.).

More information on the measurement capabilities of the Model 2750 is provided in
“DMM measurement capabilities,” page 3-2. A connection guide for the Model 7700 is

provided in Appendix B. Specifications for the Model 2750 and 7700 switching module
are provided in Appendix A.

Additional features of Model 2750 include:

» Setup storage — Five instrument setups (three user, *RST defaults and factory
defaults) can be saved and recalled.

« Offset compensated ohms — A two-measurement process for 4-wire ohms to can-
cel the effects of thermal EMFs. Available for the 1Q2, 10Q2, 100Q, 1kQ, and 10k€2,
ranges.

* Dry circuit ohms — Low voltage mode (20mV open-circuit clamping) for 4-wire
ohms measurements. Available for the 1Q, 10€2, 100€2, and 1k€2 ranges.

* Math — mX+b, percent, and reciprocal (1/X) calculations provide mathematical
manipulation of readings.

» Relative — Null offsets or establish baseline values.

« Ratio and channel average — Ratio and average calculations for two switching
module channels.

» Buffer — Store up to 110,000 readings in the internal buffer.
« Limits — Two sets of high and low reading limits to test devices.
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» Digital I/O port — Five digital limit test output lines to control external circuitry.
The digital trigger link and hardware interlock input can also be accessed at this

port.

e Monitor — The Model 2750 can monitor a selected channel. A scan can be trig-
gered to start when the Monitor detects a reached reading limit.
* Remote interface — Model 2750 can be controlled using the IEEE-488 interface
(GPIB) or the RS-232 interface.

Plug-in switching modules

Up to five Keithley Model 77XX series switching modules can be installed in the Model
2750. A side-by-side comparison of the switching modules is provided in Table 1-1.

Basic close/open operation for switching module channels is provided in Section 2,
while scanning is covered in Section 7. Connection information for the Model 7700
switching module is provided in Appendix B. For all other switching modules, connec-
tion information is provided in the packing list that was shipped with each switching

module.
Table 1-1
Model 77XX series switching modules
Model 7700 Model 7701 Model 7702 Model 7703 Model 7705
2-pole operation | 20 channels 32 channels 40 channels 32 channels N/A
4-pole operation | 10 channel pairs | 16 channel pairs | 20 channel pairs | 16 channel pairs | N/A
1-pole operation | N/A N/A N/A N/A 40 channels
Measure volts  |300V Max 150V Max 300V Max 300V Max 300V Max
Measure amps | Ch 21 and 22, No Ch 41 and 42, No No
3A Max 3A Max

Measure ohms | 2/4-wire 2/4-wire 2/4-wire 2/4-wire No
Cold junction | Yes No No No No

for thermo-

couples
Relay type1 Latching elec- |Latching elec- |Latching elec- |Non-latching Latching elec-

Connector type
Conﬁguration2

Unique features

tromechanical
Oversized screw
terminals
Multiplexer

All DMM
functions

tromechanical

1 female DB-50
1 female DB-25
Multiplexer

All DMM
functions except
amps

tromechanical
Oversized screw
terminals
Multiplexer

All DMM
functions

reed

2 female
DB-50s
Multiplexer

All DMM
functions except
amps

tromechanical
2 female
DB-50s
Independent
SPST channels
Multiple chan-
nel operation
only
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Table 1-1 (continued)
Model 77XX series switching modules

Connector type

Conﬁguration2
Unique features

tromechanical
Mini screw
terminals
Multiplexer
16 digital out-
puts, 2 analog
outputs, one
counter,
totalizer

tromechanical

1 male DB-50

1 female DB-25
Multiplexer

32 digital
inputs/outputs

tromechanical
Oversized screw
terminals
Multiplexer

All DMM func-
tions except
amps

Model 7706 Model 7707 Model 7708 Model 7709
2-pole operation | 20 channels 10 channels 40 channels 8 channels
4-pole operation | 10 channel pairs | 5 channel pairs |20 channel pairs |4 channel pairs
1-pole operation | N/A N/A N/A N/A
Measure volts | 300V Max 300V 300V Max 300V Max
Measure amps | No No No No
Measure ohms | 2/4-wire 2/4-wire 2/4-wire 2/4-wire
Cold junction | Yes No Yes No

for thermo-
couples
Relay type1 Latching elec- |Latching elec- |Latching elec- |Latching elec-

tromechanical

1 female DB-50
1 female DB-25
Matrix

6 X 8 matrix.
For system
channel opera-
tion, rows 1 and
2 connect to
DMM

1. Latching relays hold their open/close state after the Model 2750 is turned off. When turned on, all relays open after a few seconds.
2. All multiplexers can be configured as two independent multiplexers.



1-8 Getting Started Model 2750 Multimeter/Switch System User’s Manual

Pseudocards

Using remote programming, you can assign a pseudocard to an empty switching module
slot. With a pseudocard “installed,” the Model 2750 will operate as if the switching mod-
ule is installed in the Model 2750. This feature allows you to configure your system with-
out having the actual switching module installed in the unit. There is a pseudocard for
every Keithley Model 77XX series switching module. For details, see ‘“Pseudocards,”
page 2-5.

Identifying installed switching modules

On power-up, the model numbers of installed switching modules are displayed briefly.
While in the normal display state, slot indicators on the right side of the display indicate
which slots have a switching module or pseudocard installed.

NOTE IfaModel 7700, 7701, 7702, 7703, 7705, 7708, or 7709 switching module is
removed while the Model 2750 is on, the slot indicator for that slot will remain
on, and the instrument will operate as if the module is installed. That is, the
Model 2750 will operate as if the pseudocard is installed.

If a Model 7706 or 7707 is removed while power is on, error +523 “Card hard-
ware error” will occur, and the module will be removed from the system.

In general, it is not recommended to install or remove switching modules with
the power on.

The CARD menu and remote query commands can be used to identify modules installed
in the mainframe. For details, see “Switching module installation and connections,”
page 2-3.
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Front and rear panel familiarization

Front panel summary
The front panel of Model 2750 is shown in Figure 1-1.

Figure 1-1
Model 2750 front panel
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NOTE Most keys provide a dual function or operation. The nomenclature on a key indi-
cates its unshifted function/operation, which is selected by pressing the key.
Nomenclature (in blue) above a key indicates its shifted function. A shifted func-
tion is selected by pressing the SHIFT key and then the function/operation key.

1 Special keys and power switch:

SHIFT Use to select a shifted function or operation.
LOCAL Cancels GPIB remote mode.
POWER Power switch. In position turns 2750 on (I), out position turns it off (O).

2 Function and operation keys:

Top Row

Unshifted

DCV Selects DC voltage measurement function.

ACV Selects AC voltage measurement function.

DCl Selects DC current measurement function.

ACI Selects AC current measurement function.

Q2 Selects 2-wire resistance measurement function.

Q4 Selects 4-wire resistance measurement function.

FREQ Selects frequency measurement function.

TEMP Selects temperature measurement function.

Shifted

MATH Configures and controls mX+b, percent, or reciprocal (1/X) calculation.
OUTPUT Configures and controls digital and audio (beeper) output for limits.
RATIO Enables/disables channel ratio.

CH-AVG Enables/disables channel average.

CONT Configures and controls continuity test.

OCOMP Enables/disables offset compensated ohms with Q4 function selected.
PERIOD Selects period measurement function.

SENSOR Configures temperature measurements.
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Middle Row

Unshifted

EXTRIG Selects external triggering (front panel, bus, trigger link) as the trigger source.

TRIG Triggers a measurement when in external triggering (EX TRIG).

STORE Sets the number of readings to store and enables the buffer.

RECALL Displays stored readings and buffer statistics. Use the «, >, A, and ¥ keys to navigate
through buffer.

FILTER Enables/disables filter for selected function.

REL Enables/disables relative for selected function.

«and p Dual function — Manually scans switching channels. When in a menu, these keys
control cursor position for making selections or change values.

Shifted

DELAY Sets user delay between trigger and measurement.

DRYCKT Selects dry circuit ohms (Q4 must first be selected).

LIMITS Sets upper and lower limits for readings.

ON/OFF Enables/disables limits.

TYPE Configures and enables filter for selected function.

MONITOR Selects and enable/disables monitor channel.

CH-OFF Disables channel for a scan (must be in scan channel setup mode).

CARD Identifies switching modules installed in mainframe. Set up switching modules that
require configuration. View closed channels and channel settings for switching mod-
ules that require configuration.

Bottom Row

Unshifted

OPEN Opens closed channel.

CLOSE Closes specified channel.

STEP Steps through channels; sends a trigger after each channel.

SCAN Scans through channels; sends a trigger after last channel.

DIGITS Sets display resolution for all functions.

RATE Sets measurement speed (fast, medium, or slow) for all functions.

EXIT Cancels selection, moves back to measurement display.

ENTER Accepts selection, moves to next choice or back to measurement display.

Shifted

SAVE Saves up to three instrument setups for future recall, and selects power-on setup.

SETUP Restores a default setup (factory or *RST) or a saved setup. Enables/disables buffer
auto clear, auto scan, and auto channel configuration. Sets timestamp, date, and
time. Displays serial number of Model 2750.

CONFIG Selects and configures a simple scan or an advanced scan.

HALT Disables step/scan.

TEST Selects the calibration menu, display test or the key-press test.

LSYNC Enables/disables line cycle synchronization. When enabled, noise induced by the
power line is reduced at the expense of speed.

GPIB Enables/disables GPIB and selects address.

RS-232 Enables/disables RS-232 interface; selects baud rate, flow control, and terminator.

Dual function — Selects the next higher/lower measurement range for the selected
function. When in a menu, these keys make selections or change values.
Enables/disables autorange for the selected function.
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4 Display annunciators:

* (asterisk) Readings being stored in buffer.
< (more) Indicates additional selections are available.
) (speaker) Beeper on for continuity or limits testing.

Digital input/output or analog output active (set to non-default value).
4W 4-wire resistance or 4-wire RTD temperature reading displayed.
DCKT Dry circuit resistance reading displayed.
~AC AC function selected (ACV, dB, or ACI).

AUTO Auto range enabled.

BUFFER Recalling readings stored in buffer.

CHAN Setup or a reading for a switching channel displayed.
DELTA Channel average enabled.

ERR Questionable reading, or invalid cal step.

FAST Fast reading rate selected.

FILT Filter enabled for selected function.

HIGH Reading has reached or exceeded the enabled high limit.
LSTN Instrument addressed to listen over GPIB.

LOW Reading has reached or exceeded the enabled low limit.
MATH mX+b, percent, or reciprocal (1/X) calculation enabled.
MED Medium reading rate selected.

MON Monitor channel displayed.

OCOMP 4-wire offset compensated ohms enabled.

RATIO Channel ratio enabled.

REAR Front panel input terminals disconnected.

REL Relative enabled for selected function.

REM Instrument in GPIB remote mode.

SCAN Scanning operation being performed.

SHIFT Accessing a shifted key.

SLOW Slow reading rate selected.

SRQ Service request over GPIB.

STAT Displaying buffer statistics.

STEP Stepping operation being performed.

TALK Instrument addressed to talk over GPIB bus.

TIMER Timer controlled triggering in use.

TRIG External triggering selected (trigger link, TRIG key, or GPIB).

5 Slot indicators:

Lit lamp indicates that the slot has a switching module or pseudocard installed in it. When the VIEW
option of the CARD menu is used, only the lamp that corresponds to the selected slot is turned on.

6 INPUTS switch:

Use to select front panel inputs (out; F) position, or switching module inputs (in; R) position.

NOTE For remote programming, the following command queries the INPUTS switch
position:

SYSTem: FRSwitch? ' Query INPUTS switch; 0 = rear, 1 = front.

7 Front panel inputs:

INPUT HI and LO Used for DCV, ACV, 22, CONT, FREQ, PERIOD, and thermocouple/thermistor
TEMP measurements.

SENSE Hl and LO Use with INPUT HI and LO for €24 and RTD TEMP measurements.

AMPS Use with INPUT LO for DCI and ACI measurements.

Amps fuse holder Holds current fuse for front panel amps input.
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Rear panel summary

The rear panel of Model 2750 is shown in Figure 1-2. As shown, slot covers are installed
on unused slots.

WARNING Slot covers must be installed on unused slots to prevent personal con-
tact with high voltage circuits.

Figure 1-2
Model 2750 rear panel
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1 DIGITAL I/O
Male DB-9 connector for digital input (trigger link in) and digital outputs.

2 TRIG LINK

Eight-pin micro-DIN connector for sending and receiving trigger pulses among connected instruments.
Use a trigger link cable or adapter, such as Models 8501-1, 8501-2, 8502, and 8503.

3 RS-232
Female DB-9 connector for RS-232 operation. Use a straight-through (not null modem) DB-9 shielded
cable.
4 IEEE-488
Connector for IEEE-488 (GPIB) operation. Use a shielded cable, such as Models 7007-1 and 7007-2.
5 Power module
Contains the AC line receptacle, power line fuse, and line voltage setting. The instrument can be con-

figured for line voltages of 100V/120V/220V/240VAC at line frequencies of 50 or 60Hz.

WARNING Slot covers must be installed on unused slots to prevent personal con-
tact with high voltage circuits.

6 Slots 1 through 5

Five slots to accommodate Keithley Model 77XX series switching modules. The Model 2750 is shipped
from the factory with slot covers installed. Please note additional slot covers can be requested from Kei-
thley Instruments.
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Rack mounting

The Model 2750 can be mounted in a standard 19-inch rack. For a mainframe that has one
or no switching modules installed, the Model 2750 can be secured to the front rails of the

rack.

The hardware necessary to secure the mainframe to the front rails of the rack is supplied
with the Model 2750. The supplied hardware kit includes four dress screws and four
retaining clips. Each retaining clip has a captive nut.

Perform the following steps to mount the Model 2750 to front rails of the rack:

WARNING Make sure the Model 2750 is turned off, the line cord is disconnected,

and it is not connected to any external circuitry.

Select a location in the rack. The mainframe takes up 3%2-inches of vertical space.

Using Figure 1-3 as a guide, install two retaining clips on the left front rail. Slide
each retaining clip over a mounting hole such that the captive nut is positioned on
the inside of the rack cabinet. In a similar manner, install two retaining clips on the
right front rail.

Remove the four foot assemblies from the bottom of the Model 2750. The retaining
screw for an assembly is located under the rubber foot. Simply pull off the rubber
feet to gain access to the screws. Retain these foot assemblies for future use.
Position the Model 2750 in the rack and loosely attach the front panel to the rack
rails using the four supplied dress screws.

Tighten the four dress screws.

CAUTION For a Model 2750 that has two or more installed switching modules,

rear brackets are required to support the additional weight. The Model
4288-7 is a rack mount kit for the Model 2750 that uses rear support
brackets.

Figure 1-3
Rack preparation
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Power-up

Line power connection
Follow the procedure below to connect the Model 2750 to line power and turn on the
instrument.
1. Check to see that the line voltage indicated in the window of the fuse holder assem-
bly (Figure 1-4) is correct for the operating voltage in your area. If not, refer to the
next procedure, “Setting line voltage and replacing fuse,” page 1-15.

CAUTION Operating the instrument on an incorrect line voltage may cause dam-
age to the instrument, possibly voiding the warranty.

2. Before plugging in the power cord, make sure that the front panel power switch is
in the off (O) position.

3. Connect the female end of the supplied power cord to the AC receptacle on the rear
panel. Connect the other end of the power cord to a grounded AC outlet.

WARNING The power cord supplied with the Model 2750 contains a separate
ground wire for use with grounded outlets. When proper connections
are made, instrument chassis is connected to power line ground
through the ground wire in the power cord. Failure to use a grounded
outlet may result in personal injury or death due to electric shock.

4. Turn on the instrument by pressing the front panel power switch to the on (l)

position.
Figure 1-4
Power module
Model 2750
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Fuse Holder Assembly
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Line frequency

The Model 2750 will operate at line frequencies from 45Hz to 66Hz, and 360Hz to 440Hz.
There are no user-settings for line frequency. It is automatically sensed at power-up. The
following command can be used to read the line frequency:

SYSTem:LFRequency? ' Query power line frequency.

Setting line voltage and replacing fuse

A rear panel fuse located next to the AC receptacle protects the power line input of the
instrument. If the line voltage setting needs to be changed or the line fuse needs to be
replaced, perform the following steps.

WARNING Make sure the instrument is disconnected from the AC line and other
equipment before changing the line voltage setting or replacing the line
fuse.

1. Place the tip of a flat-blade screwdriver into the power module by the fuse holder
assembly (Figure 1-4). Gently push in and up. Release pressure on the assembly
and its internal spring will push it out of the power module.

2. Remove the fuse and replace it with the type listed in Table 1-2.

CAUTION For continued protection against fire or instrument damage, only
replace fuse with the type and rating listed. If the instrument repeat-
edly blows fuses, locate and correct the cause of the trouble before
replacing the fuse.

3. If configuring the instrument for a different line voltage, remove the line voltage
selector from the assembly and rotate it to the proper position. When the selector is
installed into the fuse holder assembly, the correct line voltage appears sideways in
the window.

4. Install the fuse holder assembly into the power module by pushing it in until it
locks in place.

Table 1-2
Fuse ratings

Line voltage Fuse rating Keithley P/N

100/120V 0.630A, 250V, slow-blow 5x20mm | FU-106-.630
220/240V 0.315A, 250V, slow-blow 5x20mm |FU-106-.315
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Power-up sequence

On power-up, the Model 2750 performs self-tests on its EPROM and RAM and momen-
tarily lights all segments and annunciators. If a failure is detected, the instrument momen-
tarily displays an error message and the ERR annunciator turns on. (Error messages are
listed in Appendix C).

NOTE If a problem develops while the instrument is under warranty, return it to
Keithley Instruments, Inc., for repair.

If the instrument passes the self-tests, the firmware revision levels are displayed. An exam-
ple of this display is:

REV: A01 A01

where: First AO1 is the main board ROM revision.
Second A01 is the display board ROM revision.

Installed switching modules are then displayed. For example, if there is a Model 7700
switching module installed in all five slots, the following messages will be displayed:

1: 7700 2: 7700
3:7700 4: 7700
5: 7700

If a slot is empty, the message “NONE” will be displayed instead.

If the saved power-on setup is not the factory defaults setup (SYSTem:POSetup PRESet),
a message to identify the setup will be briefly displayed (‘“Defaults and user setups,”
page 1-19).

After the power-up sequence, the instrument begins its normal display of readings.

NOTE The serial number of the Model 2750 can be displayed by selecting the SNUM
item of the SETUP menu. Press SHIFT and then SETUP to access the menu.
For remote operation, the serial number can be read using the *IDN? command
(see Section 12 for details).

Keyclick

With keyclick enabled, an audible “click” will sound when a front panel key is pressed.
Perform the following steps to disable or enable keyclick:

1. Press SHIFT and then LOCAL to display the present state of KEYCLICK (ON or
OFF).
2. Press A or V¥ to display the desired keyclick state and press ENTER.
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Display

Remote programming

The following command controls keyclick:

SYSTem:KCLick <b> ' Enable or disable keyclick.
where: <b>= ON or OFF

NOTE Keyclick ON is the FACTORY, *RST, and SYSTem:PRESet default.

Readings are displayed in engineering units (i.e., 100.23mV), while annunciators indicate
various states of operation. See “Front panel summary,” page 1-9, for a complete listing of
display annunciators.

NOTE The display test allows you to test display digit segments, annunciators and the
red slot indicator LEDs. The key test checks the functionality of front panel keys.
These tests are accessed by pressing SHIFT and then TEST. Refer to the Model
2750 Service Manual for details.

Status and error messages

Status and error messages are displayed momentarily. During operation and programming,
you will encounter a number of front panel messages. Typical messages are either of status
or error variety, as listed in Appendix C.

Remote programming — display

Using remote programming, the Model 2750 can display a custom ASCII message (up to
12 characters). Also, the front panel display and controls can be disabled.

Display commands

The commands are listed in Table 1-3. Details on these commands follow the table.

NOTE Optional command words and queries are not included in Table 1-3. Table 15-2
provides an unabridged list of all display commands.

Table 1-3
Display commands
Command Description Default*

DISPlay: TEXT:DATA <a> | Define message (<a> = ASCII characters, (none)
up to 12).

DISPlay: TEXT:STATe <b> | Enable or disable message mode (<b>= ON OFF
or OFF).

DISPlay:ENABIe <b> Enable or disable the front panel display OFF
(<b> = ON or OFF).

*#*SYSTem:PRESet and *RST have no effect on DISPlay commands. The listed defaults are power-on defaults.
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DISPlay:TEXT:DATA <a> Define text message

This command defines the text message for display. A message can be as long as 12 char-
acters. A space counts as a character. Excess message characters results in an error. The
characters must be enclosed in either single quotes (* *) or double quotes (““ ).

DlSPlay:TEXT:STATe ON | OFF Control (on/off) message for display

This command enables and disables the text message mode. When enabled, a defined mes-
sage is displayed. When disabled, the message is removed from the display.

A user defined text message remains displayed only as long as the instrument is in remote.
Taking the instrument out of remote (by pressing the LOCAL key or sending GTL) can-
cels the message and disables the text message mode.

DISPlay:ENABle ON | OFF Control display circuitry

This command is used to enable and disable the front panel display circuitry. When dis-
abled, the instrument operates at a higher speed. While disabled, the display is blanked.

All front panel controls (except LOCAL) are disabled. Normal display operation can be
resumed by using the ENABIle command to enable the display or by putting the Model
2750 into local mode (press LOCAL).

Programming example

The following command sequence displays the text message “TESTING”:

DISP:TEXT:DATA 'TESTING' ' Define text message.
DISP:TEXT:STAT ON ' Enable text message mode.
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Defaults and user setups

Model 2750 can be restored to one of two default setup configurations (FACTory or
*RST), or three user-saved (SAVO0, SAV1, or SAV2). As shipped from the factory,
Model 2750 powers up to the factory (FACT) default settings.

NOTE Closed channels can be saved in a user setup (SAV0, SAVI, or SAV2). When the
setup is restored, those channels (and only those channels) will be closed. FACT
and *RST defaults opens all channels.

The factory default setup provides continuous triggering, while the *RST default setup
places the Model 2750 in the one-shot trigger mode. With one-shot triggering, a measure-
ment is performed whenever the TRIG key is pressed or an initiate command is sent over
the remote interface.

The factory and *RST default settings are listed in Table 1-4. Setting differences (Set Diff)
between the two default setups are indicated by checkmarks (v).

For remote programming, the SYSTem:PRESet and *RST commands are used to reset the
instrument. The *RST command returns the instrument to the *RST defaults and, for the
most part, the SYSTem:PRESet command returns the instrument to the factory default
conditions. The exceptions are explained as follows:

» Auto scan and auto channel configuration — FACTory defaults disable auto scan
and auto channel configuration, while SYSTem:PRESet has no effect. The *RST
defaults (front panel and remote operation) have no effect.

e Memory buffer auto clear — FACTory defaults enable buffer auto clear, while
SYSTem:PRESet has no effect. The *RST defaults (front panel and remote opera-
tion) have no effect.

The instrument will power up to whichever default setup is saved as the power-on setup.

NOTE At the factory, the factory default setup is saved as the SAVO, SAV1, or SAV2
setups.
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Saving and restoring setups

Saving a user setup
1. Configure Model 2750 for the desired measurement application.
2. Press SHIFT and then SAVE to access the save setup menu.
3. Press p to place the cursor on the present setup (SAVO, SAV1, or SAV2).
4. Use the A or ¥ key to display the desired setup and press ENTER. The instrument

returns to the normal measurement state.

Saving a power-on setup

1. Configure Model 2750 for the desired measurement application.
2. Press SHIFT and then SAVE to access the save setup menu.
3. Press the A key to display the present power-on (PWR-ON) setup: FACT, *RST,
SAVO0, SAV1, or SAV2.
4. Press p to place the cursor on the present power-on setup.
5. Use the A or ¥ key to display the desired setup and press ENTER. The instrument
returns to the normal measurement state.
Restoring a setup
1. Press SHIFT and then SETUP to access the restore setup menu.
2. Press p to place the cursor on the present RESTORE setup (FACT, *RST, SAVO,
SAV1, or SAV2).
3. Use the A or ¥ key to display the desired setup and press ENTER. The instrument
returns to the normal measurement state.
NOTE If the settings for a user setup or power-on setup do not match the switching

module types presently installed in the Model 2750, error +520 (Saved setup
scancard mismatch) occurs when the setup is recalled. The scan list will reset to
the factory defaults and all channels will open. However, the saved setup is still
retained in memory and can be restored when the matching switching module is
later installed.
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Table 1-4
Default settings
Setting Factory *RST Set Diff
Auto channel configuration No (off) No effect v
Autozero On On
Buffer No effect No effect
Auto clear Yes (on) No effect v
Channel Average Off Off
Closed channels None None
Closure count interval No effect No effect
Continuity
Beeper On On
Digits 4> digits 4Y> digits
Range 1kQ 1kQ
Rate Fast (0.1 PLC) Fast (0.1 PLC)
Threshold level 10Q 10Q
Current (AC and DC)
Bandwidth (AC) 30 30
Digits (AC) 5V digits 5Y2 digits
Digits (DC) 6Y2 digits 6Y% digits
Filter On Off v
Window 0.1% 0.1%
Count 10 10
Type Moving Repeat v
Range Auto Auto
Rate (DC) Slow (5 PLC) Slow (5 PLC)
Rel Off Off
Dry circuit ohms Off Off
Frequency and Period
Digits 62 digits 62 digits
Range 10V 10V
Rate (aperture) 1 second 1 second
Rel Off Off
Function DCV
GPIB No effect No effect
Address No effect (16 at factory) No effect (16 at factory)
Keyclick On On
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Table 1-4 (continued)

Default settings
Setting Factory *RST Set Diff
Limits Off Off
LO Limit 1 -1 -1
HI Limit 1 +1 +1
LO Limit 2 2 -2
HI Limit 2 +2 +2
Line Synchronization Off Off
Math
mX+B Off Off
Scale Factor 1.0 1.0
Offset 0.0 0.0
Units “X” “X”
Percent Off Off
Reference 1.0 1.0
1/X (Reciprocal) Off Off
Monitor Off Off
Output
Beeper Never Never
Digital Output Off Off
Logic Sense High High
Pulse No (off) No (off)
Ratio Off Off
Resistance (2 and Q4)
Digits 62 digits 6% digits
Filter On Off v
Window 0.1% 0.1%
Count 10 10
Type Moving Repeat v
Offset compensation (OCOMP) | Off Off
Dry circuit Off Off
Range Auto Auto
Rate Slow (5 PLC) Slow (5 PLC)
Rel Off Off
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Table 1-4 (continued)

Default settings
Setting Factory *RST Set Diff
RS-232 Off Off
Baud rate No effect No effect
Flow control XonXoFF XonXoFF
Terminator No effect No effect
Scanning Disabled Disabled
Auto scan No (off) No effect v
Type (Simple or Advanced) No effect No effect
Simple scan
Minimum channel 101, 201, 301, 401, or 501 | 101, 201, 301, 401, or 501
Maximum channel No effect No effect
Timer Off Off
Reading count No effect No effect
Advanced scan
Setup No effect No effect
Immediate trigger On On
Limit triggers Off Off
Timer Off Off
Reading count No effect No effect
Temperature
Digits 5V digits 5V digits
Filter On Off v
Window 0.1% 0.1%
Count 10 10
Type Moving Repeat v
Rate Slow (5 PLC) Slow (5 PLC)
Rel Off Off
Sensor Thermocouple Thermocouple
Junction See Note See Note
Open detector No (off) No (off)
Type K K
Units °C °C
Timestamp No effect No effect
Triggering Continuous One-shot v
Delay Auto Auto
Source Immediate Immediate
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Table 1-4 (continued)

Default settings
Setting Factory *RST Set Diff
Voltage (AC and DC)
dB Off Off
Reference 1.0 1.0
Digits (AC) 5% digits 5% digits
Digits (DC) 62 digits 6'% digits
Filter On Off v
Window 0.1% 0.1%
Count 10 10
Type Moving Repeat v
Range Auto Auto
Rate (DC) Slow (5 PLC) Slow (5 PLC)
Rel Off Off

Note: With a Model 7700, 7706, or 7708 installed, the default sensor junction is Internal. Otherwise, the Simulated (23°C) junction is

selected.

Remote programming — default and user setups

Default and user setup commands are listed in Table 1-5.

NOTE The SYSTem:PRESet and *RST defaults are listed in the SCPI tables in

Section 15.
Table 1-5
Default setup commands
Commands Description
SYSTem:PRESet Restore SYSTem:PRESet defaults.
*RST Restore *RST defaults.
*SAV <NRf> Save settings as user-setup; <NRf>=0, 1 or 2.
*RCL <NRf> Restore user-saved setup; <NRf>=0, 1 or 2.
SYSTem:POSetup <name> Specify power-on setup; <name> = RST, PRESet, SAVO,
SAV1, or SAV2.
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Programming example

*SAV 2 ' Save present setup in memory location 2.
SYST:POS SAV2 ' Specify SAV2 setup as the power-on setup.

*RST ' Return 2750 to RST defaults.

*RCL 2 ' Return 2750 to setup stored in memory location 2.

Remote programming information

Remote programming information is integrated with front panel operation throughout this
manual. Programming commands are listed in tables, and additional information that per-
tains exclusively to remote operation is provided after each table. The tables may refer-
ence you to other sections of this manual.

NOTE  Except for Section 11 through Section 15, most programming tables in this man-
ual are abridged. That is, they exclude most optional command words and query
commands. Optional command words and query commands are summarized as
follows.

Optional command words — In order to be in conformance with the IEEE-488.2 stan-
dard, Model 2750 accepts optional command words. Any command word that is enclosed
in brackets ([]) is optional and does not have to be included in the program message.

Query commands — Most command words have a query form. A query command is

identified by the question mark (?) that follows the command word. A query command
requests (queries) the programmed status of that command. When a query command is
sent and Model 2750 is addressed to talk, the response message is sent to the computer.

NOTE For complete details, see “Programming syntax,” page 10-11.

Quick start exercises

This section topic summarizes the following basic instrument operations and provides
simple exercises to perform them:

e Basic DMM measurements — front panel inputs

» Closing and opening channels — system channel operation
« Simple scanning

» Trigger and return readings — remote programming

WARNING For the exercises, it is not necessary to connect an input signal or DUT
to the instrument (front panel inputs or switching module inputs).
However, if you decide to use an input signal, it is recommended that
you Kkeep it at a nonhazardous level (<42V) while learning to use the
instrument.
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NOTE When using the front panel input terminals, the INPUT switch must be in the
“F” (out) position. The INPUT switch is located on the right side of the front
panel near the input terminals. When using a switching module, the switch must
be in the “R” (in) position.

Basic DMM measurements — front panel inputs

NOTE See Section 3 for details on basic DMM operation.

The Model 2750 is shipped from the factory to power-up to factory defaults. The instru-
ment powers up to a setup that continuously measures DC volts. Some of the default set-
tings for the DCV function include auto range enabled, 6J—digit resolution, filter enabled,
and slow reading rate. These settings provide a good starting point and in many cases, do
not need to be changed.

“Starting-point” default settings are also provided for the other measurement functions.
Therefore, to perform basic measurements, simply select the desired function, and
“tweak” the setup (range, rate, filter, digits, etc.) as required.

For remote programming, the instrument is typically used in a non-continuous measure-
ment mode. In this mode, the user (via remote command programming) specifies the num-
ber of measurements to perform. *RST defaults place the instrument in a non-continuous
measurement mode. Most of the other settings for factory and *RST defaults are the same.

For remote programming, the following command is used to select function.

NOTE Items in brackets ([]) are optional and do not need to be included. Upper case
characters are required. Lower case characters are optional and need not be

included.
[SENSe [1]] : FUNCtion <func> ' Select measurement function.

<func> = 'VOLTagel:DC]' DCV
'VOLTage :AC' ACV
'CURRent [:DC] ' DCI
'CURRent : AC' ACI
'RESistance’ Q2
'FRESistance' Q4
' FREQuency'' FREQ
'PERiod' PERIOD
'TEMPerature' TEMP

Each function can have its own unique setup configuration (i.e., range, digits, speed, etc.).
For example, the following command words select range and digits:

RANGe [ :UPPer] <n> ' Specify expected reading.
RANGe :AUTO <b> ' Enable (ON) or disable (OFF) auto range.
DIGits ' Set display resolution; 3.5, 4.5, 5.5 or 6.5 (digits).
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The following examples demonstrate how to include the function name in the command

string for configuration commands.

VOLT:RANG 10 ' Select 10V range for DCV.
RES:RANG:AUTO ON ' Enable auto range for W2.
CURR:DIG 4.5 ' Set DCI for 4)- digit resolution.

NOTE See Section 4 for details on setting range, digits, rate, bandwidth, and filter.

Exercise 1 — Basic DMM measurements

The exercise in Table 1-6 measures ACV on the 10V range and stores 15 readings in the

buffer.

Table 1-6
Exercise 1 — Measure AC volts - store readings in buffer

Front panel operation

Command sequence

1 |For front panel operation, proceed to step 2.
For remote programming, clear the buffer!:

2 |Restore defaults:
Press SHIFT > press SETUP > select RESTORE: FACT.

3 | Select ACV function:
Press ACV.

4 | Select 10V range:
Press RANGE 4 to display “RANGE: 10V”.

6 | Store 15 readings in buffer’:
Press STORE > set for 000015 RDGS > press ENTER.

7 |Recall buffer readings4:
Press RECALL > use edit keys to display readings. Press EXIT to exit
recall mode.

TRAC:CLE

*RST

FUNC 'VOLT:AC'

VOLT:AC:RANG 10

SAMP:COUN 15
READ?

CALCI1:DATA?

1. To avoid problems with remote programming, it is good practice to routinely clear the buffer (TRAC : CLE) at the beginning
of a program that performs multiple measurements (SAMP : COUN >1). Restoring *RST or FACTory defaults does not clear

the buffer.

2. FACTory defaults place the instrument in a continuous measurement mode. *RST places the instrument in a non-

continuous measurement mode.

3. READ? triggers and returns 15 readings. These 15 readings are automatically stored in the buffer. See Exercise 4 and 5 for

more information on the READ? command.

4. Statistics for buffer readings are also stored in the buffer. For remote programming, CALC1 : DATA? only returns the read-
ings that were stored. It does not return buffer statistics. CALC2 commands are used to calculate and return buffer statistics

(see Section 6 for details).



1-28

Getting Started

Model 2750 Multimeter/Switch System User’s Manual

Closing and opening channels — system channel operation

NOTE
NOTE

See Section 2 for details on closing and opening switching module channels.

The following discussion assumes a multiplexing switching module (i.e., Model
7700) installed in slot 1 of the mainframe. Switching module installation is cov-
ered in “Switching module installation and connections,” page 2-3.

An alternative to installing a switching module is to assign slot I as a
pseudocard using remote programming. The instrument will operate as if a
switching module is installed in slot 1. To “install” a 7700 pseudocard in slot 1,
send the following command.:

SYST:PCAR1 C7700

System channel operation is used to connect input channels to the DMM of the Model

2750:

NOTE

For a 2-wire function (i.e., DCV), closing a system channel connects the input to
DMM Input of the Model 2750.

Figure 1-5 shows system channel 1 closed. For the Q2 function, the resistance
(DUT) would be connected to DMM Input as shown Figure 1-5.

For a 4-wire function (i.e., Q24), a channel pair is connected to the DMM when a
system channel is closed. The system channel is connected to DMM Input and the
paired channel is connected to DMM Sense.

Figure 1-6 shows system channel 6 closed. For a 4-wire function, the paired chan-
nel also closes. For the Model 7700, channels 1 through 10 are paired to channels
11 through 20. When channel 6 is closed, channel 16 also closes. Figure 1-6 shows
how the DUT is connected to the DMM for the 4-wire function.

Figure 1-5 and Figure 1-6 show simplified schematics of the switching module.
They show a single switch closed to connect an input channel to the DMM. In
reality, multiple switching to is used to make proper connections to the DMM.
However, for system channel operation, the user need not be concerned about
which switches in the module close.

Figure 1-5
Connection to DMM for 2-wire function (system channel 101 closed)

Switching Module

Switching Module

peeemneaeeennaes  DMM R o TV 1V
ot—o—ro—i—o Hi A o+o—i—oH
: ! : : 1 :
ChT; I ¢ Input DUT% Ch1: I ¢ Input
: ! : : 1 .
CLO: OoO—0 T o LO o O—0 o LO
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Figure 1-6
Connection to DMM for 4-wire function (system channel 106 closed)
7700 7700
Switching Module Switching Module
o oro—i—0Hi A o+o———o0HiI
1 ' H 1 H
Che: 1 H Input Cho: 1 . Input
: 1 . : 1 :
(e, Te) . oO—0 o LO LOE -O—0 o LO
H ' DUT H '
5 i DMM 5 i DMM
HI : HIE :
O——F—O0TO——OHl ——O—TO0———O0 HI
Ch 16§ | Sense Ch 16§ | i Sense
: 1 : 1 :
°Tor 0 % oo ST Lo
NOTE Switching module channels can also be controlled using multiple channel opera-

tion. This allows individual control of all module channels (switches). Multiple
channel operation should only be used by experienced service personnel who
recognize the dangers associated with multiple channel closures. See Section 2
for details.

Close/open operation
The following points on operation pertain to system channel operation only:

*  Only one input channel (or channel pair) is closed at one time. When you close an
input channel, the previously closed input channel(s) will open.

*  When a system channel is closed, the channel number will be displayed on the
Model 2750. The slot number for the module is also displayed. For example, “103”
indicates that system input channel 3 for a module in slot 1 is closed.

e The paired channel for a 4-wire function is not displayed. Only the system channel
number is displayed. For example, in Figure 1-6, channel number 106 will be dis-
played with the Model 7707 installed in slot 1 of the mainframe.

» Switching modules that have current measurement capability have separate chan-
nels reserved exclusively for the DCI and ACI functions. For example, the Model
7700 has channels 21 and 22 reserved for amps measurements. With the DCI or
ACI function selected, only channels 21 and 22 can be closed. These channels can-
not be accessed on any other function.

Figure 1-7 shows the front panel keys used to close and open system channels.
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Figure 1-7
Front panel keys to close and open system channels
Close next
measurement
channel

Press CLOSE key Press OPEN key

/

. . Display ALL
CLOSESINGLE | Display SINGLE option [0 o option and press
and press ENTER .
Close previous . OPEN again
measurement Specify channel
channel CLOSE CH: XXX | number (XXX) and
press ENTER
A. Sequencing through channnels B. Specifiying channel to close C. Opening all channels

For remote programming, the following three commands are used for basic system opera-
tion to open and close input channels:

ROUTe:CLOSe <clists> ' Close specified system channell.
ROUTe : CLOSe? ' Query closed system channel?.
ROUT:0OPEN ALL ' Open all channels.

1. Only one channel can be specified in the <clist>. For example, to close input chan-
nel 3 for a module in slot 1, the following command would be sent:

ROUTe:CLOSe (@103)
2. Only the closed system channel is returned by rouTe : cLose? . The paired channel

for a 4-wire function is not returned. For example, assume channel 2 in slot 1 is
closed. The following response message will be returned:

(@102)
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Exercise 2 — Closing and opening channels (system channel operation)
The exercise in Table 1-7 demonstrates a sequence to close and open channels of a Model

7700 installed in slot 1 of the mainframe.

Table 1-7
Exercise 2 — Close and open channels (system channel operation)

Front panel operation Command sequence

1 | Open all channels*:
Press OPEN > display OPEN:ALL > Press OPEN. ROUT: OPEN ALL

2 | Select Q2 function:
Press Q2. FUNC 'RES'

3 | Close system channel 101:
Press the p key. Channel 1 connects to DMM Input (see Figure 1-5). ROUT:CLOS (@101)

4 | Close system channel 102:
Press the p- key. Channel 2 connects to DMM Input. ROUT:CLOS (@102)

5 |Close system channel 106:
Press CLOSE > select CLOSE:SINGLE > key in channel 106 > press ROUT:CLOS (@106)

ENTER. Channel 6 connects to DMM Input.

6 | Select Q4 function:
Press Q4. 4W annunciator turns on, and channels 6 and 16 connects to FUNC 'FRES'
DMM Input and Sense (see Figure 1-6).

7 | Open all channels*:
Press OPEN > display OPEN:ALL > Press OPEN ROUT:OPEN ALL

*It is a good, safe practice to start and end a switching sequence by opening all channels.

Simple scanning

NOTE See Section 7 for details on scanning.

With at least one multiplexer switching module (i.e., Model 7700) installed in the main-
frame, the instrument can scan channels that are valid for the selected function.

For front panel operation, Figure 1-8 shows the three basic steps to configure and run a
simple scan. The differences between the STEP function and the SCAN function involve
the reading count and the timer.

Reading count (RDG CT) — For both STEP and SCAN, the reading count specifies the
number of readings to store in the buffer. For STEP, the reading count determines the num-
ber of channels to scan.

For SCAN, the reading count also determines the number of scans to perform and is best
explained by an example. Assume there are 10 channels in the scan list (i.e., 101 through
110). If you set the reading count to 10 or less, one scan of the 10 channels will be per-
formed. If you set the reading count to any value from 11 to 20, two scans will be per-
formed. A reading count from 21 to 30 gives you three scans, and so on.
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Timer interval (TIMER) — For the STEP function, the timer specifies the time delay
between scanned channels. For the SCAN function, the interval specifies the time delay
between scans. The timer starts when the scan is started. For SCAN, the next scan will not
start until the timer interval expires.

NOTE The Model 2750 can also be configured to run an advanced scan. For an
advanced scan, each channel can have its own unique setup (i.e., function,
range, etc.). Advanced scanning is covered in Section 7.

Figure 1-8
Simple scan operation
Step 1. Configure simple scan: Step 2. Run simple scan:
Press SHIFT CONFIG
sHIFTQ) — Press CONFIG (STEP) SCAN)) Fress STEP or SCAN to start
N o
[TV ] Diplay SMPLE ot * Tper el speifes me

and press ENTER

® Reading count:

. . o Specifies number of scans
[MIN CHAN: xxx] Specify minimum channel to be performed.

(XXX) and press ENTER o Specifies number of readings

to store in buffer.

|MAX CHAN: YYY| Specify maximum channel

(YYY) and press ENTER — * Timer interval specifies time between
) scanned channels.
| TIMER? NO/YES | Display NO or YES and « Reading count:
press ENTER Specifi
NO  YES o Specifies number of channels to be
) ) ) ) scanned.
Set timer interval in o Specifies number of readings to store
XXH:xxM:xx.xxxS| hr:min:sec format and in buffer.
press ENTER —

Specify reading count and press
ENTER

RDG CT:xxxxxx

Step 3. Disable scan mode:

Press SHIFT HALT

sHIFTQ) — SCAN) Press HALT (SCAN)
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For remote programming, the following commands are used for simple scanning:

Define scan list*.
Specify number of scans (1 to 11000 or
INFinity) .

ROUTe:SCAN <clist> !
1

SAMPle:COUNt <NRf> '  Specify number of channels to scan
1
1

TRIGger:COUNt <NRf>

(1 to 11000).

ROUTe:SCAN:LSELect <name> Enable (INT) or disable (NONE) scan.

*Any valid switching module channel can be included in the scan list. Make sure to list
them from the lowest numbered channel to the highest. For example, to scan channels 1
through 8 of a Model 7700 installed in slot 1, send the following command to define the
scan list:

ROUTe:SCAN (@101:108)

Exercise 3 — Simple scanning

The scanning example in Table 1-8 assumes a Model 7700 installed in slot 1 of the main-
frame. The scan will use default settings (DCV) to scan eight channels and store the read-
ings in the buffer.

Table 1-8
Exercise 3 — Simple scanning

Front panel operation Command sequence

1 | For front panel operation, proceed to step 2.
For remote programming, clear the buffer: TRAC:CLE

2 |Restore defaults':
Press SHIFT > press SETUP > select RESTORE: FACT. *RST

3 | Configure scan:
Press SHIFT > press CONFIG > select INT: SIMPLE > set MIN ROUT:SCAN (@101:108)
CHANI101 > set MAX CHAN: 108 > select TIMER? NO > set RDG| SAMP: COUN 8

CT:000008.

4 | Enable and start scan?: ROUT: SCAN:LSEL INT
Press STEP. INIT

5 | Halt (disable) scanner:
Press SHIFT > press HALT. ROUT : SCAN: LSEL NONE

6 | Recall the eight stored readings:
Press RECALL > use edit keys to display readings. Press EXIT to | caLnci:DaTa?
exit recall mode.

7 | Open all channels:
Press OPEN > display OPEN:ALL > Press OPEN ROUT:OPEN ALL

1. Factory and *RST defaults opens all channels, select the DCV function and sets TRIG: COUN to 1. The trigger count speci-
fies the number of scans to be performed.
2. ROUT:SCAN:LSEL INT enables the scan, and INIT triggers the start of the scan.
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Trigger and return readings — remote programming

There are several commands used to trigger and return readings. The proper commands
and sequence to use depend on trigger state (continuous or non-continuous) and what you
are trying to accomplish.

Presented here are three fundamental command sequences that can be used to “trigger and
return readings.” These three command sequences (exercises) will accommodate most
basic measurement scenarios. Simply use the command sequence (exercise) that satisfies
your needs:

» Exercise 4 — Trigger and return a single reading
» Exercise 5 — Trigger and return multiple readings
» Exercise 6 — Return a single reading (continuous triggering)

Details on the commands to trigger and return readings are provided in other sections of
this manual. For details, refer to the following sections:

Section 3 — See “Trigger and retrieve readings” in Table 3-8.

Section 7 — For scanning, see “Trigger commands” in Table 7-1.

Section 8 — Explains the triggering process.

Section 13 — Covers Signal Oriented Measurement Commands (i.e., FETCh?, READ?).
Section 15 — See Table 15-9 (Trigger command summary).

Appendix D — Shows how trigger and read commands control data flow within the
instrument.

NOTE Each exercise indicates the commands used to configure triggering. Once
triggering is configured, the commands to trigger and/or return readings can
be repeated as often as desired (unless noted otherwise).

Exercise 4 — Trigger and return a single reading
Exercise 5 — Trigger and return multiple readings

Trigger controlled measurements — The instrument is typically used in a non-continu-
ous trigger mode. In this mode, commands are used to trigger one or more readings. After
the specified number of readings are completed, the measurement process stops.

Exercise 4 in Figure 1-9 provides a command sequence to trigger and return one reading.
Exercise 5 in Figure 1-10 provides a command sequence to trigger and return multiple
readings.

Exercise 6 — Return a single reading (continuous triggering)

Readings can be returned while the instrument is in the continuous measurement (trigger)
mode. Each time a read command is sent, the latest reading is returned. Exercise 6 in
Figure 1-11 provides a command sequence to return a single reading while in the continu-
ous trigger state.
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Figure 1-9

Exercise 4 — Trigger and return a single reading
INITCONTORF | [0t o
TRIG:COUN 1 .

. . . trigger state
Trigger Configuration
SAMP-COUN 1 Set 2750 to perform
one measurement

Y

| Trigger and Return
Reading

Trigger Reading INIT READ?
Trigger and Return
\2 v Reading!
FETCh? DATA?
OR OR
CALC:DATA? DATA:FRESh?
Return Result of MATH Return Basic Reading3#
Calculation' %3

1. If a MATH function (mX+B, percent or 1/X) is enabled, the result of the calculation will
be returned (MATH functions are covered in Section 5).

2. If there is no MATH function enabled, FETCh?and CALC:DATA? will return the basic
reading.

3. FETCh?, CALC:DATA?, and DATAZ? do not trigger readings. They simply return the last
reading. If you again send one of these commands before triggering a new reading, the
old reading will be returned.

4

. DATA:FRESh? can only be used once to return the same reading. Sending it again
without first triggering a new reading will cause error -230 (data corrupt or stale).
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Figure 1-10
Exercise 5 — Trigger and return multiple readings

TRAC:CLE Clear Buffer!

v

INIT:CONT OFF | Place 2750 in non-continuous
TRIG:COUN 1__| trigger state
Trigger Configuration ¢

Set 2750 to perform “x”
SAMP:COUN x | number of measurements
(x =2 to 110000)

A4

INIT Trigger and Return
READ?

FETCh? OR Readings? 3

Trigger and Return
Readings

.2
TRAC:DATA? Return Stored Readings*

1. In order to trigger and return multiple readings, the buffer must first be cleared of
readings that were stored by the TRACe command or front panel operation (see
Section 6 for details on buffer operation).

2. INIT triggers the measurements, and FETCh? returns the readings. Again sending
FETCh? without first sending INIT will return old readings.

3. READ? performs an INIT to trigger the measurements, and then FETCh? to return
the reading(s).

4. Triggered readings are automatically stored in the buffer. Statistics for buffer readings
are also stored in the buffer. CALC2 commands are used to calculate and return
buffer statistics (see Section 6 for details).
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Figure 1-11
Exercise 6 — Return a single reading (continuous triggering)

Place 2750 in
SAMP:COUN 1

Trigger Configuration ~|: ) continuous
INIT.COlNT ON trigger state.

v v

FETCh? DATA?
Return Readings OR OR
CALC:DATA? DATA:FRESh?

Return result of MATH  Return Basic Reading?' 3
Calculation' 2
1. If a MATH function (mX+B, percent or 1/X) is enabled, the result of the calculation will
be returned. If there is no MATH function enabled, FETCh? and CALC:DATA? will return
the basic reading. MATH functions are covered in Section 5.

2. None of these read commands trigger measurements. They simply return the lastest
reading. If FETCH?, CALC:DATA?, or DATA? is again sent before a new reading is
triggered, the Id reading will be returned.

3. DATA:FRESh? can only be used once to return the same reading. Sending it again before
a new reading is triggered will cause error -230 (data corrupt or stale).
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2
Closing and Opening

Switching Module Channels

» Close/open overview — Summarizes the two operating modes to control switch-
ing modules: system channel operation and multiple channel operation.

« Switching module installation and connections — Explains how to install a
switching module (or pseudocard) into the Model 2750 mainframe. Also explains
where to find connection information which should only be performed by qualified
service personnel.

+ Channel assignments — Explains the format for specifying the mainframe chan-
nel assignment which is made up of the slot number and switching module channel
number.

» System channel operation — Provides detailed information for using system
channel operation.

* Multiple channel operation — Provides detailed information for using multiple
channel operation. Due to safety considerations, this operating mode should only
be used by experienced test engineers.

+ Identifying installed modules and viewing closed channels — Explains how to
use the CARD menu to identify installed switching modules and view closed chan-
nels. Explains how to remotely identify installed modules (*OPT?) and summa-
rizes other query commands that can be used to acquire information about the
installed modules.

« Relay closure count — Explains how to determine the number of times switching
module relays have been closed.

*  Model 7700 switching module — Covers operating characteristics that are unique
to the Model 7700. Also includes a simplified schematic diagram of the switching
module.
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Close/open overview

NOTE

This section covers basic closelopen operations for switching module channels.
It also covers the operating characteristics that are unique to the Model 7700
switching module. Unique operating characteristics for all switching modules
are provided in the Model 77XX Series Switching Modules Instruction Manual.

There are two modes of close/open operation:

System channel operation — This is the mode of operation that should be used
exclusively by most (if not all) users. When you close an input channel (or channel-
pair), other channels on the switching module close automatically to internally
connect it the DMM of the Model 2750.

Multiple channel operation — This mode of operation provides additional flexi-

bility by providing individual control of each switching module channel. However,
careless operation could create a safety hazard and/or damage the switching mod-

ule and other equipment. Multiple channel operation should only be used by expe-
rienced test engineers.

CAUTION To prevent damage to a switching module, do not exceed the maximum

signal level input for that module. Most switching modules are rated
for 303V. The following command queries maximum module voltage:

SYSTem: CARDx : VMAX? ‘ Request maximum allowable voltage for
‘ CARDx (where x is the slot number for
¢ the module).

For system channel operation, the instrument will display the
“OVERFLOW” message when the maximum allowable voltage for
the module is being exceeded.

However, for multiple channel operation, the “OVERFLOW” message
will not occur until the maximum voltage of the mainframe (not mod-
ule) is exceeded. Therefore, the “OVERFLOW” message would occur

only if 1010V is exceeded.

WARNING Careless multiple channel operation could create an electric shock haz-

NOTE

NOTE

ard that could result in severe injury or death. Improper operation can
also cause damage to the switching modules and external circuitry. Mul-
tiple channel operation should be restricted to experienced test engineers
who recognize the dangers associated with multiple channel closures.

The Model 2750 can scan switching module channels. Each channel in the scan
can have its own unique setup configuration. Scanning is covered in Section 7.

When a setup is saved as a user setup (SAVO, SAVI, or SAV2), closed channels
are also saved. When the setup is restored, those channels (and only those chan-
nels) will be closed (see “Defaults and user setups,” page 1-19).
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Switching module installation and connections

In order to exercise close/open operations explained in this section, a switching module
(or pseudocard) must be installed in the mainframe. A switching module can be installed
by the user, however external connections to the switching module are only to be per-
formed by qualified service personnel.

NOTE For inexperienced users, it is recommended that DUT and external circuitry not

be connected to switching modules. This will allow you to exercise close/open
operations without the dangers associated with live test circuits.

WARNING To prevent electric shock that could result in injury or death, NEVER

handle a switching module that has power applied to it:

e Before installing (or removing) a switching module, make sure the
Model 2750 is turned off and disconnected from line power.

e If the switching module is already connected to DUT, make sure
power is removed from all external circuitry.

Module installation

WARNING Slot covers must be installed on unused slots to prevent personal con-

tact with high voltage circuits.

Perform the following steps to install a switching module into the Model 2750 mainframe:

1.

Turn the Model 2750 off and disconnect the power line cord and any other cable
connected to the rear panel.

Position the Model 2750 so you are facing the rear panel.

Remove the slot cover plate from the desired mainframe slot. Retain the plate and
screws for future use.

With the top cover of the switching module facing up, slide the module into an
empty slot. For the last ¥4 inch or so, press in firmly to mate the module connector
to the mainframe connector.

On each side of the module, there is a mounting screw. Tighten these two screws to
secure the module to the mainframe. Do not overtighten.

Reconnect the power line cable and any other cables to the rear panel.

When you turn on the Model 2750, the model number of the switching module will
be briefly displayed.
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Connections

WARNING

Connection information for switching modules is intended for qualified
service personnel. Do not attempt to connect DUT or external circuitry
to a switching module unless qualified to do so.

To prevent electric shock that could result in serious injury or death,
adhere to following safety precautions:

¢ Before making or breaking connections to the switching module,
make sure the Model 2750 is turned off and power is removed
from all external circuitry.

e Do not connect signals that will exceed the maximum specifica-
tions of switching module. Specifications for the Model 7700 are
provided in Appendix A.

If both the front panel terminals and the switching module terminals
are connected at the same time, the test lead insulation must be rated
to the highest voltage that is connected. For example, if 1000V is con-
nected to the front panel input, the test lead insulation for the switch-
ing module must also be rated for 1000V.

Dangerous arcs of an explosive nature in a high energy circuit can
cause severe personal injury or death. If the multimeter is connected to
a high energy circuit when set to a current range, low resistance range,
or any other low impedance range, the circuit is virtually shorted. Dan-
gerous arcing can result even when the multimeter is set to a voltage
range if the minimum voltage spacing is reduced in the external con-
nections. For details to safely make high energy measurements, see
“High energy circuit safety precautions,” page 3-3.

As described in the International Electrotechnical Commission (IEC)
Standard IEC 664, the Model 2750 is Installation Category I and must
not be connected to mains.

For the Model 7700, detailed connection and wiring information is provided in
Appendix B of this manual (Model 7700 Connection Guide).
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Pseudocards

Using remote programming, you can assign a pseudocard to an empty switching module
slot. With a pseudocard installed, the Model 2750 will operate as if the switching module
is installed in the Model 2750. This feature allows you exercise open/close/scan opera-
tions, or configure your system without having the actual switching module installed in the
unit. There is a pseudocard for every Keithley Model 77XX series switching module.

A pseudocard cannot be installed from the front panel. However, once it is installed, you
can take the Model 2750 out of remote and use the front panel. Pressing the LOCAL key
takes the Model 2750 out of remote.

When a pseudocard is installed, the appropriate front panel slot indicator lamp turns on.
When the instrument is turned off, the pseudocard will be lost (uninstalled). Use the fol-
lowing commands to install pseudocards:

SYSTem:PCARd1l <name> ' Install pseudocard in slot
SYSTem: PCARdA2 <name> ' Install pseudocard in slot
SYSTem: PCARA3 <name> ' Install pseudocard in slot
SYSTem: PCARd4 <name> ' Install pseudocard in slot
SYSTem: PCARA5 <name> ' Install pseudocard in slot
<name> = C7700, C7701, C7702, C7703, C7705, C7706, C7707, C7708 or C7709

(€I NIV e

Programming example — The following command sets up the Model 2750 to operate as
if a Model 7700 switching module is installed in slot 2, which must be empty. You cannot
assign a pseudocard to a slot that already has a switching module installed in it.

SYSTem: PCAR2 C7700 ' "Install" pseudocard 7700 for slot 2.

Channel assignments

The Model 2750 has five slots for switching modules. To control the appropriate switching
module, the slot number must be included with the switching module channel number
when you specify a channel. The channel assignment is formatted as follows:

SCH where: S is the slot number
CH is the channel number

Examples:

101 = Slot 1, Channel 1
210 = Slot 2, Channel 10
506 = Slot 5, Channel 6

NOTE For remote operation, the 3-digit channel assignment is included in the channel
list parameter for the commands. Format examples for the channel list parame-
ter are provided in Table 2-1 and Table 2-2.
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System channel operation

The system channel is a closed measurement channel that is internally connected to the
internal DMM Input of the Model 2750. The system channel number is displayed on the
Model 2750. For a 4-wire function (i.e., 24), the paired channel for the system channel is
internally connected to DMM Sense. The paired channel is not displayed on the Model
2750. When triggered, the DMM performs a measurement and displays it on the Model

2750.

The system channel is selected by closing a measurement channel using the system chan-
nel close keys. These include the « and p keys, or the CLOSE key (SINGLE menu
option). See “Controlling the system channel,” page 2-8, for details.

Other important points about system channel operation include the following:

There can only be one system channel. This is the channel that is presently dis-
played (and closed) on the Model 2750. When a channel is not displayed, there is
no system channel.

When a measurement channel is closed, the input backplane isolation channel also
closes to connect the system channel to DMM input. For a 4-wire function, the
paired channel and the sense backplane isolation channel also close to make the
sense connections to the DMM.

When a different measurement channel is closed, the previous system channel
opens. The newly closed (and displayed) measurement channel becomes the sys-
tem channel.

The system channel close keys can only close measurement channels that will
automatically connect to the DMM. Non-measurement channels cannot be closed
by the system channel close keys.

NOTE  Use the VIEW option of the CARD menu to display all closed channels in the

mainframe (see “CARD menu,” page 2-24).
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2-wire functions

Figure 2-1 shows an example of how the system channel is connected to the DMM Input
of the Model 2750. Assume a Model 7700 switching module is installed in slot 1 of the
mainframe. When channel 101 is closed using the system channel close keys, both the
Channel 1 relay and the backplane isolation relay (Channel 25) closes to connect the chan-
nel to the DMM. The complete simplified schematic of the Model 7700 is provided in

Figure 2-12.
Figure 2-1
2-wire system channel connections to Model 2750 DMM
! Model 2750 Slot 1 |
| e e e e mm e meme e —mme—m—————n mmemeena- '
1+ Model 7700 Switching Module : iDMM 1)
E Vo '
: v o
: : Channel 1 [ :|
' Relay Channel 25 : E vl
' HI o O—T O O—TO——«+O HI i
:: Channel 1 1 1 : ¢ Input 1,
' LO o oo 0—0——«+0 LO oy
' Backplane i ! ‘)
|1 System Channel Operation: Isolation & vl
1+ Close Channel 101 Relay P v
1 L S S SRS | 1
L e e e e e e e e e e e e e e = - 1

4-wire functions (paired channels)

A 4-wire function, such as 4, requires that another measurement channel be paired to the
system channel. For example, if the switching module has 20 measurement channels,
channels 1 through 10 can be used as the system channel, while channels 11 through 20
are used as the paired channel. For a switching module that has 20 measurement channels,
channel 1 is paired to channel 11, channel 2 is paired to channel 12, channel 3 is paired to
channel 13, and so on.

Figure 2-2 shows an example of system channel connections for a 4-wire function.
Assume a Model 7700 switching module is installed in slot 1 of the mainframe, and a 4-
wire function, such as Q4, is selected. When channel 101 is closed using the system chan-
nel close keys, the Channel 1 relay and the input backplane isolation relay (Channel 25)
closes to connect the channel to DMM Input. Also, the Channel 11 relay and the sense
backplane isolation relay (Channel 24) closes to connect the paired channel to DMM
Sense. Also note in Figure 2-2 that the Channel 23 relay closes to isolate channel 1 from
channel 11.

The complete simplified schematic of Model 7700 is provided in Figure 2-12.
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Figure 2-2
4-wire system channel connections to Model 2750 DMM

1 Model 2750 Slot 1 |
1+ Model 7700 Switching Module ! IDMM ! !
1 - H
" Channel 1 P : |
: : Relay Channel 25+ v
. HI o oO— O OO “—O HI 1!
11 Channel 1 1 1 v+ Input ! :
r LO o o—o O—O——«+0 L0 | 4
o Backplane @ : .
' Isolation 1 1 |
1+ System Channel Operation: Relay v |
't Close Channel 101 Channel 4 5 & P
: : 23 7 [7_ "/ 2-Pole/4-Pole i N
' (Closed Position Relay - I
e Shown) P H
1 Pt P
i Channel 11 P . :
: : Relay Channel 24 : b
e HI o O—T O O—TO——<«OHl !
1+ Channel 11 1 1 i+ Sense: :
H LO o oo 0—0——+010 |
' Backplane & Vo
1 Isolation o !
' Relay HE- : :
) 1

Controlling the system channel

When a measurement channel is closed, a previous system channel (and, for a 4-wire func-
tion, its paired channel) is first opened. The closed measurement channel becomes the sys-
tem channel. When a 4-wire function is selected, the paired channel for the system channel
also closes.

«and p- keys

These front panel keys (Figure 2-3) can be used to select the next or previous measure-
ment channel as the system channel. If there are no measurement channels available, one
of the following messages will be briefly displayed when one of these keys is pressed:

NO SCAN CARD — This message indicates that there are no switching modules (or
pseudocards) installed. All five slots are empty.

NO MEAS CARD — This message indicates that none of the installed switching mod-
ules (or pseudocards) have measurement channels. For example, the Model 7705 switch-
ing module does not have any measurement channels. Those channels cannot be internally
connected to the DMM.
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NOTE The qand W keys can also be used to open all channels in the mainframe. Sim-
ply increment or decrement the channel number until there is no channel dis-
played.

Figure 2-3
System channel operation — closing next or previous measurement channel

TR

Close previous Close next
measurement measurement
channel channel

CLOSE key (SINGLE menu option)

The SINGLE menu option for the CLOSE key can be used to select a measurement chan-
nel as the system channel (Figure 2-4). Perform the following steps to select the system

channel:
1. Press the CLOSE key. The message “CLOSE:SINGLE” message will be
displayed.

NOTE If the “CLOSE:MULTI” message is instead displayed when CLOSE is pressed,
it indicates that there are no measurement modules installed in the mainframe.
See “Multiple channel operation,” page 2-12, to close the channels of a non-
measurement module (i.e., Model 7705).

2. Press ENTER to display the prompt to close a channel (CLOSE CH: XXX).
3. Using «, p, A, and V¥, key in the three-digit channel you want to select.
4. Press ENTER. The channel closes and the CHAN annunciator turns on.

An invalid channel cannot be closed and will cause one of the following error messages to
be briefly displayed:

INVALID CHAN — This message indicates that the channel is not a valid measurement
channel. The following actions will cause this error:

» Trying to close a non-measurement channel, such as a backplane isolation channel,
a channel that sets the pole mode, or a channel that cannot be internally connected
to the DMM.

» Trying to close an amps channel while on a non-amps function. The DCI or ACI
function must be selected in order to close an amps channel.

» Trying to close a paired-channel while on a 4-wire function. For the Model 7700,
channels 1 through 10 are paired to channels 11 through 20 for a 4-wire function.
If, for example, you try to close channel 12 while on the Q4 function, the
INVALID CHAN error will occur.

» Trying to close a switching module channel that does not exist.
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TOO SMALL or TOO LARGE — These messages also indicate an invalid channel. TOO
SMALL indicates that the specified channel and any other lower numbered channel is
invalid. TOO LARGE indicates that the specified channel and any other higher numbered
channel is invalid.

Figure 2-4
System channel operation — specifying measurement channel to close

Press CLOSE key

. Display SINGLE option
CLOSE:SINGLE
and press ENTER

- Specify channel number (XXX)
CLOSE CH: XXX and press ENTER

OPEN key (ALL menu option)

The ALL menu option of the OPEN key opens all channels for all switching modules
installed in the Model 2750 (Figure 2-5). For example, if a Model 7700 switching module
is installed in slot 1, OPEN: ALL will open all measurement channels (101 to 120, 121,
and 122), the backplane isolation channels (124 and 125) and the 2-pole/4-pole channel
(123). Figure 2-2 shows the backplane isolation channels and the 2-pole/4-pole channel
for the Model 7700.

Perform the following steps to open all channels:

1. Press the OPEN key to display “OPEN: ALL.”
2. Press OPEN a second time (or press ENTER) to open all channels.

NOTE Opening the system channel disables Ratio or Channel Average. Ratio and
Channel Average operation are covered in Section 5.

Figure 2-5
System channel operation — opening all channels in mainframe

Press OPEN key

Display ALL option
and press OPEN again

OPEN: ALL
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Remote programming — system channel control commands

The commands to close and open the system channel are listed in Table 2-1. When a sys-
tem channel reading is returned, the system channel number will be included in the data
string if the CHANnel data element is selected. The FORMat:ELEMents command is used
to specify the data elements to be included in the data string (see FORMat commands in
Section 14).

Table 2-1
System channel control commands
Commands Description Ref

ROUTe:CLOSe <clist> Specify one measurement channel to close. a

ROUTe:CLOSe:STATe? <clist> | Query closed channels in specified list b
(1 =closed).

ROUTe:CLOSe? Returns a <clist> of closed measurement c
channels.

ROUTe:OPEN:ALL Open all channels, and disable ratio and channel | d
average.

Channel list parameter:
<clist> = (@SCH)
where: S = Mainframe slot number (1, 2, 3, 4 or 5)

Examples: (@101) = Slot 1, Channel 1

CH = Switching module channel number (must be 2 digits)

(@101, 203) = Slot 1, Channel 1 and Slot 2, Channel 3
(@101:110) = Slot 1, Channels 1 through 10

Reference:

a.

ROUTe:CLOSe <clist>

This command functions the same as the front panel CLOSE key (SINGLE menu
option) to select the system channel. Only one measurement channel can be
specified in the <clist>.

Trying to close an invalid channel (such as a non-measurement channel) with this
command will result in error -222 (Parameter data out of range).
ROUTe:CLOSe:STATe? <clist>

This query returns a “0” (open) or “1” (closed) for every measurement channel
specified the <clist>. For example, assume <clist> = (@101, 104, 107, 102). The
response message “0, 0, 1, 0” indicates that channel 107 is closed.

The state of non-measurement channels cannot be checked with this command.
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c. ROUTe:CLOSe?
This query command returns a <clist> of closed measurement channels, including
paired channels for 4-wire functions.
This query command will not return non-measurement channels, such as
backplane isolation channels and the pole-mode channel.

d. ROUTe:OPEN:ALL
This command functions the same as the front panel OPEN key (ALL menu
option). It simply opens all channels (including non-measurement channels)
installed in the mainframe.

Remote programming example (system channel operation)

The following example assumes a Model 7700 installed in slot 1, and the 24 function of
the Model 2750 is selected. This command sequence connects channel 101 and its paired
channel (111) to DMM Input and Sense as shown in Figure 2-2.

ROUT :OPEN:ALL ' Open all channels.
ROUT:CLOS (@101) ' Close channels 101, 111, 123,
' 124 and 125.

Multiple channel operation

The capability to individually control channels provides you with added flexibility in how
you use a switching module. For example, assume you want to route a signal into channel
1 and out channel 20 of a Model 7700 switching module. You would do this by closing
channels 1, 20, and 23. If you open channels 24 and 25, you will isolate the input signal
from the DMM of Model 2750.

Multiple channel operation allows any channel (or channels) in the test system to be
closed or opened. It allows more than one measurement channel to be closed at the same
time. It also allows individual control of non-measurement channels, such as backplane
isolation channels. Multiple channel operation should only be performed by experienced
test system engineers.

WARNING Careless multiple channel operation could create an electric shock haz-
ard that could result in severe injury or death. Improper operation can
also cause damage to the switching modules and external circuitry.
Multiple channel operation should be restricted to experienced test
engineers who recognize the dangers associated with multiple channel
closures.

NOTE Multiple channel operation cannot be used to perform thermocouple tempera-
ture measurements using the internal or external reference junction. The simu-
lated reference junction will instead be used and the integrity of the temperature
reading will be questionable (“ERR” annunciator turns on). See “Temperature
measurements,” page 3-25, for details.
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Some other key points for multiple channel operation include the following:

» Closing a channel using multiple channel operation has no affect on other closed
channels. Whatever channels were previously closed, remain closed.

e A channel closed using multiple channel operation is not displayed on the Model
2750. Also, the CHAN annunciator does not turn on when a channel is closed.

e Opening a channel using multiple channel operation has no affect on other closed
channels. Only the specified channel opens.

NOTE  Use the VIEW option of the CARD menu to display closed channels (see “CARD
menu,” page 2-24).

Controlling multiple channels

WARNING When using multiple channel operation, you must be very careful
when switching hazardous voltages. If you inadvertently close the
wrong channel(s), you could create a shock hazard and/or cause dam-
age to the equipment.

Most switching modules use latching relays. That is, closed channels
remain closed when the Model 2750 is turned off. Never handle a
switching module that is connected to an external source that is turned
on. Turn off all power sources before (1) making or breaking connec-
tions to the module, and (2) installing (or removing) the module into
(or out of) the Model 2750.

Avoiding corrupt measurements

Aside from the safety issues, improper use of multiple channel operation can result in cor-
rupt measurements. For example, assume two Model 7700s installed in slots 1 and 2, and a
2-wire function selected. If you use multiple channel operation to close channels 201 and
225, you will connect the input at channel 201 to the DMM for measurement.

If you then use system channel operation to close channel 101, channel 125 will also close
to connect the input at channel 101 to the DMM. You now have two input channels (101
and 201) connected to DMM Input at the same time, inviting all sorts of problems.

The above problem can be avoided by opening channels 201 and/or 225 before closing
channel 101 (and 125) as demonstrated by the following sequence:

1. Multiple channel operation — Close channels 201 and 225 for connection to
DMM.

2. Multiple channel operation — Open channels 201 and/or 225 to disconnect from
DMM.
3. System channel operation — Close system channel 101 to connect to DMM.
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CLOSE key (MULTI menu option)

The MULTI menu option for the CLOSE key can be used to close any individual channel
in the mainframe (Figure 2-6). Perform the following steps to close a channel:

NOTE Channels closed by the MULTI option of the CLOSE key are not displayed. Use
the VIEW option of the CARD menu to display closed channels (see “CARD
menu,” page 2-24).

1. Press the CLOSE key and then use the A or ¥ key to display the “CLOSE:MULTT”
message.

2. Press ENTER to display the prompt to close a channel (CLOSE MLT:XXX).
3. Using «, >, A, and ¥, key in the three-digit channel you want to select.
4. Press ENTER to close the channel.
An invalid channel cannot be closed. The error messages associated with system channel

operation also apply to multiple channel operation.

Figure 2-6
Multiple channel operation — specifying a channel to close

Press CLOSE key

Display MULTI option

CLOSE:MULTI and press ENTER

Y

. Specify channel number
|CLOSE MLTXXX' (XXX) and press ENTER

OPEN key

The OPEN key has two options to open channels: ALL and MULTI. The ALL option sim-
ply opens all channels in the mainframe. The MULTI option opens only the specified
channel. All other closed channels remain closed. Figure 2-7 summarizes OPEN key
operation.

OPEN: ALL — Perform the following steps to open all channels in the mainframe:

1. Press the OPEN key to display “OPEN: ALL.”
2. Press OPEN again (or press ENTER) to open all channels.

OPEN: MULTI — Perform the following steps to open only the specified channel:

1. Press the OPEN key. The “OPEN: ALL” message will be displayed.
2. Press the A or ¥ key to display the “OPEN: MULTT” message.
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3. Press ENTER to display the prompt to open a channel (OPEN MLT:XXX).
4. Using «, », A, and V¥, key in the three-digit channel you want to select.
5. Press ENTER to open the channel.

NOTE  If the channel you open using OPEN: MULTI is the system channel (channel
number displayed on the Model 2750), the channel will open, but the system
channel number will still be displayed (see “Multiple channel operation
anomalies,’ page 2-17).

Figure 2-7
Multiple channel operation — opening one or all channels

Press OPEN key
|

| !

|OPEN:ALL|| OPEN: MULTI |

|

|OPEN MULTI:XXX|

Display MULTI option
and press ENTER

Display ALL option
and press OPEN again

Specify channel number
(XXX) and press ENTER

Remote programming — Multiple channel control commands

The commands to close and open the system channel are listed in Table 2-2.

Table 2-2
Multiple channel control commands
Commands Description Ref

ROUTe:MULTiple:CLOSe <clist> Specify one or more channels to a
close.

ROUTe:MULTiple:OPEN <clist> Open channels specified in list. Unlisted | b
channels not affected.

ROUTe:OPEN:ALL Open all channels. c

ROUTe:MULTiple:CLOSe? Returns a <clist> of all closed channels. | d

ROUTe:MULTiple:CLOSe:STATe? Query closed channels in specified list e

<clist> (1 =closed).

Channel list parameter:
<clist> = (@SCH)
where: S = Mainframe slot number (1, 2, 3, 4 or 5)
CH = Switching module channel number (must be 2 digits)
Examples: (@101) = Slot 1, Channel 1
(@101, 203) = Slot 1, Channel 1 and Slot 2, Channel 3
(@101:110) = Slot 1, Channels 1 through 10
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Reference:

a.

ROUTe:MULTiple:CLOSe <clist>

This command functions like the front panel CLOSE key (MULTI menu option) to
close channels. When you send this command to close the channels specified in the
<clist>, only those listed channels will close. Channels not specified are not
affected, and channel pairing is disabled.

NOTES Channels closed by ROUT:MULT:CLOS are not displayed.

The ROUT:MULT:CLOS command cannot be used to perform
thermocouple temperature measurements using the internal or
external reference junction. The simulated reference junction will
instead be used and the integrity of the temperature reading will be
questionable (“ERR” annunciator on). See “Temperature
measurements,” page 3-25, for details.

NOTE  For RS-232 operation (and in some cases, GPIB operation), *OPC
or *OPC? should be used with :ROUT:MULT:CLOS if the <clist> is
large. Details on *OPC and *OPC? are provided in Section 12.

ROUTe:MULTiple:OPEN <clist>

With this command, you can open one or more switching module channels. When
you send this command to open the channels specified in the <clist>, only those
listed channels will open. Channels not specified are not affected.

NOTE  For RS-232 operation (and in some cases, GPIB operation), *OPC
or *OPC? should be used with :ROUT:MULT:OPEN if the <clist>
is large. Details on *OPC and *OPC? are provided in Section 12.

ROUTe:OPEN:ALL

This command functions the same as the front panel OPEN key (ALL menu
option). It simply opens all channels (including non-measurement channels) in the
mainframe.

ROUTe:MULTiple:CLOSe?

This query command returns a <clist> of all closed channels, including
non-measurement channels and paired channels for 4-wire functions.
ROUTe:MULTiple:CLOSe:STATe? <clist>

This query returns a “0” (open) or “1” (closed) for every channel specified in the
<clist>. It is valid for both measurement and non-measurement channels.

For example, assume channel 125 is closed, and you use this command to query
channels 101, 104, and 125 (<clist> = (@101, 104, 125)). The response message

returns “0, 0, 1” to indicate that channels 101 and 104 are open, and channel 125 is
closed.
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Remote programming example (multiple channel operation)

The following example assumes a Model 7700 installed in slot 1. This command sequence
connects channel 101 to channel 111 (through channel 123). Note that these two closed
channels will be internally isolated from the DMM since the backplane isolation channels
(124 and 125) will be open.

ROUT :OPEN:ALL ' Open all channels.
ROUT:MULT:CLOS (@101,111,123) ' Close channels 101, 111 and 123.

When finished with multiple channel operation it is a good, safe practice to open all chan-
nels (ROUT : OPEN:ALL).

Multiple channel operation anomalies

* Anomaly #1 — When you use multiple channel operation to open the system
channel, the channel will open but the system channel number will still be
displayed on the Model 2750. For details, see “Anomaly #1 example — wrong
channel displayed.”

* Anomaly #2 — For a 4-wire function, you can use multiple channel operation to
open the paired channel. If you then use system channel operation to again select
the already closed system channel, it will not re-close the paired channel. For
details, see “Anomaly #2 example — opening the paired channel.”

NOTE The following anomaly examples assume a Model 7700 installed in slot 1.

Anomaly #1 example — wrong channel displayed

The following example closes channel 102 and connects it to the DMM Input. However,
the Model 2750 will not display the measurement channel that is closed. It will display
channel 101 instead of channel 102.

1. Use the ALL option for the OPEN key to open all channels in the mainframe.
Remote programming: ROUT : OPEN : ALL

2. Press the p key to close (and display) channel 101. This closes channel 101 (which
is the system channel) and channel 125 to connect it to the DMM Input
(Figure 2-1).

Remote programming: ROUT:CLOS (@101)

3. Use the MULTI option for the CLOSE key to close channel 102. The system chan-
nel is not affected. Channels 101, 102, and 125 are now closed.
Remote programming: ROUT :MULT: CLOS (@102)

4. Use the MULTT option for the OPEN key, open channel 101. Even though channel
101 is still being displayed on the Model 2750, it is channel 102 that is actually
connected to the DMM Input (channels 102 and 125 closed).

Remote programming: ROUT :MULT: OPEN (@101)



2-18 Close/Open Switching Module Channels Model 2750 Multimeter/Switch System User’s Manual

To correctly display the channel that is closed (channel 102) repeat step 1 above to open
all channels, and then use the p key or the rRouT: cLos (@102) command to close (and dis-
play) channel 102. This closes channel 102 (which is the system channel) and channel 125
to connect it to the DMM Input.

Anomaly #2 example — opening the paired channel

Assume 4-wire connections to a 1k resistor using channels 1 and 11 of the Model 7700
switching module. Also assume the 4 function is selected. The following procedure
demonstrates how careless multiple channel operation can cause an overflow reading even
though everything else from the front panel “looks right.”

1.

Use the ALL option for the OPEN key (OPEN: ALL) to open all channels in the
mainframe.
Remote programming: ROUT : OPEN : ALL
Press the p key to close (and display) channel 101. The following channels close
(see Figure 2-2):

e Channel 101 (system channel).

e Channel 125 (connects channel 101 to DMM Input).

e Channel 111 (paired channel for 4-wire measurements).

e Channel 124 (connects channel 111 to DMM Sense).

* Channel 123 (isolates channel 101 from channel 111).
The Model 2750 will display the 1kQ reading for system channel 101.
Remote programming: ROUT:CLOS (@101)
Using the MULTI option for the OPEN key, open channel 111. This opens the con-
nection to DMM Sense and causes an OVRFLW reading. Keep in mind that chan-
nel 101 is still closed and displayed as the system channel.
Remote programming: ROUT : MULT : OPEN (@111)
In an attempt to clear the overflow reading problem, use the SINGLE option of the
CLOSE key to again close channel 101. You might think that this will again close
channel 111 to reconnect it to DMM Sense. However, that is not the case. Since
channel 101 is still the system channel, selecting it again in this manner is a “no
action.” Channel 111 does not close.
Remote programming: ROUT: CLOS (@101)

A simple way to resolve the above problem is to repeat step 1 to open all channels, and
then repeat step 2 to close channel 101. All the listed channels in step 2 will close to make
the 4-wire connection to the 1k resistor.
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Dual independent multiplexers

Using multiple channel operation, any multiplexer switching module can be configured as
two independent multiplexers. For example, the Model 7700 is normally used as a single
1 x 20 multiplexer, but it can also be configured as two 1 X 10 multiplexers.

NOTE Thermocouple temperature measurements using the internal or external refer-
ence junction cannot be performed when using multiple channel operation to
connect an input channel to the DMM. The simulated reference junction will
instead be used resulting in invalid readings (“ERR” annunciator turns on). See
“Temperature measurements,” page 3-25, for details.

A multiplexer switching module is configured as two multiplexers by using multiple chan-
nel operation to close the 2-pole/4-pole relay. The Model 7700 is configured as two inde-
pendent multiplexers by closing channel 23. As shown in Figure 2-8, the closed position
of channel 23 isolates Multiplexer A (channels 1 through 10) from Multiplexer B (chan-
nels 11 through 20).

For the dual multiplexer configuration, only Multiplexer A channels can be internally con-
nected to the DMM of the Model 2750. For the Model 7700, closing channel 25 allows
channels 1 through 10 to be measured by the DMM.

When using the dual multiplexer configuration, the sense backplane isolation relay must
be kept open to isolate Multiplexer B channels from the sense terminals of the DMM. For
the Model 7700, channel 24 must be kept open (Figure 2-8).

Figure 2-8
Dual multiplexer configuration (Model 7700)
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Dual multiplexer application

This application demonstrates how to use the Model 7700 as a dual multiplexer to bias and
measure 10 DUT. An external source powers the DUT, while the DMM of the Model 2750
measures the output of the DUT. To prevent overloading of the external source, each DUT
is powered (and measured) separately.

Figure 2-9 shows the connections for this application. The external source is connected to
the Sense terminals of the switching module, and DUT is connected to channels 1 through
10. Channels 11 through 20 are used to connect external power to each DUT.

For this application, the 2-pole/4-pole relay and backplane isolation relays of the switch-
ing module are to be controlled as follows:

* Closing channel 23 isolates the input measurement channels (1 through 10) from
the external source channels (11 through 20). It also connects the DUT to the exter-
nal source. This channel must remain closed while testing DUT.

* Opening channel 24 isolates the external source from the backplane of the Model
2750. This channel must remain open while testing DUT.

* Closing channel 25 connects an input channel (1 through 10) to the DMM.

In Figure 2-9, channels 1 and 11 are closed to test DUT 1. A more detailed view of the test
for DUT 1 is shown in Figure 2-10. The test for the other DUTs is similar except that dif-
ferent source and measure channels are closed. Closed channels for each DUT test are
listed as follows:

Tested Tested

device Closed channels device Closed channels
DUT 1 1, 11, 23 and 25 DUT 6 6, 16, 23 and 25
DUT 2 2,12, 23 and 25 DUT 7 7,17, 23 and 25
DUT 3 3,13,23 and 25 DUT 8 8,18, 23 and 25
DUT 4 4, 14,23 and 25 DUT 9 9, 19, 23 and 25
DUT 5 5,15, 23 and 25 DUT 10 10, 20, 23 and 25

NOTE Do not use this application to measure the temperature of the DUT using a
thermocouple with the INTernal or EXTernal reference junction selected. The
SIMulated reference junction will instead be used resulting in invalid readings.
The “ERR” annunciator will turn on to indicate that the integrity of the
temperature reading is questionable.
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Dual multiplexer application connections

Figure 2-9
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Test procedure:

NOTES The following test procedure assumes a Model 7700 switching module installed
in slot 1 of the mainframe.

The procedure assumes that the instrument is operating in the continuous mea-
surement (triggering) mode (see “Defaults and user setups,” page 1-19).

Do not use the following procedure to perform thermocouple temperature
measurements with the INTernal or EXTernal reference junction selected. The
SIMulated reference junction will instead be used resulting in invalid readings.
The “ERR” annunciator will turn on to indicate that the integrity of the
temperature reading is questionable.

1. Open all channels. For most switching modules, channels remain closed after the
Model 2750 is turned off. Therefore, it is good, safe practice to open all channels at
the start and end of the test.

Front panel operation: Press OPEN > Display ALL > Press OPEN
Remote programming: ROUT:OPEN:ALL
2. Close channels 23 and 25.

Front panel operation: Press CLOSE > Select MULTI > Key in 123 >
Press ENTER

Press CLOSE > Select MULTI > Key in 125 >
Press ENTER

Remote programming: ROUT:MULT:CLOS (@123,125)
3. Close channels 1 and 11 to connect DUT #1 to the DMM and bias supply.

Front panel operation: Press CLOSE > Select MULTI > Key in 101 >
Press ENTER

Press CLOSE > Select MULTI > Key in 111 >
Press ENTER

Remote programming: ROUT:MULT:CLOS (@101,111)
4. Measure DUT #1.
Front panel operation: Take reading from display
Remote programming: DATA?
5. Open channels 1 and 11.
Front panel operation: Press OPEN > Select MULTI > Key in 101 >
Press ENTER
Press OPEN > Select MULTI > Key in 111 >
Press ENTER
Remote programming: ROUT:MULT:OPEN (@101,111)
6. Modify steps 3, 4, and 5 to test DUT #2. That is, close channels 2 and 12, measure
DUT #2, and then open channels 2 and 12.
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7. Test the remaining eight DUT in a similar manner. That is, close the appropriate
channels for the DUT, make the measurement, and then open the channels.

8. After the last DUT is tested, repeat step 1 to open all channels.

Figure 2-10
Testing DUT 1
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Open all channels
Close channel 123
Close channel 125
Close channel 101
Close channel 111
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Identifying installed modules and
viewing closed channels

On power-up, the model numbers of installed switching modules are displayed briefly.
While in the normal display state, red slot indicators on the right side of the display indi-
cate which slots have a switching module or pseudocard installed.

NOTE IfaModel 7700, 7701, 7702, 7703, 7705, 7708, or 7709 switching module is
removed while the Model 2750 is on, the slot indicator for that slot will remain
on, and the instrument will operate as if the module is installed. That is, the
Model 2750 will operate as if the pseudocard is installed.

NOTE IfaModel 7706 or 7707 is removed while power is on, error +523 (“Card hard-
ware error” ) will occur, and the module will be removed from the system.

NOTE In general, it is not recommended to install or remove switching modules with
the power on.

CARD menu

The CARD menu identifies the switching modules installed in the mainframe, and is used
for the following operations:

« Configure digital inputs and outputs, and analog outputs for switching modules that
have one or more of those capabilities (i.e., Models 7706 and 7707).

* View the analog input channels that are presently closed. Also, read digital input
and output ports, and analog output values for switching modules that have one or
more of those capabilities.

Menu navigation keys — Once in the menu structure, the manual range keys (A and V)
and the cursor keys (< and p) are used to display menu items and options, and set param-
eter values. With the desired item, option or setting displayed, press the ENTER key to
select it. You can cancel a pending selection (and exit the menu structure) by pressing the
EXIT key.

Press the SHIFT key and then the CARD key to display the CARD menu. The Card menu
tree is shown in Figure 2-11. The items and options of the menu are explained as follows:

NOTE Identifying installed modules — If you simply want to identify installed modules
or pseudocards, select CONFIG or VIEW and use the A or V¥ key to check each
slot. While in the menu structure, the slot indicator for the selected slot will be
on. The other indicators will be off. When finished, press EXIT.
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CARD: CONFIG — This menu item is used to configure switching modules. The chan-
nels of the Model 7700 switching module and other similar type modules do not need to
be configured.

SLOTX: 77xx — Use to configure the switching module in Slot X (where X =1, 2, 3, 4,
or 5). If configuration is not necessary, the instrument will exit from the menu when
ENTER is pressed.

NOTE For switching modules that require configuration, refer to the packing list that
was shipped with each module.

CARD: VIEW — This menu item is used to view all analog input channels that are pres-
ently closed. These include both measurement and non-measurement channels.

The channels are built into a string that scrolls the display. Four dots identify the end of the
string. Model 7700 example (Slot 1) — Assume the 4 function is selected and system
channel 101 is closed. The following string will scroll across the display:

101, 111, 123, 124, 125 . . ..

Channels 101 and 111 are the paired channels for the 4-wire measurement. Channel 123 is
the 4-pole relay setting, and channels 124 and 125 connect input and sense to the DMM of
the Model 2750 (Figure 2-2).

NOTE Some switching modules have analog outputs, digital inputs, and/or digital out-
puts. The values for these channels are also displayed from the VIEW menu item.
For details on a particular switching module, refer to the packing list that was
shipped with each module.

SLOTX: 77xx — Use to scroll the closed channels and channel settings (if applicable) for
the switching module in Slot X (where X =1, 2, 3, 4, or 5).

Scrolling speed — The scrolling speed of the channel string is adjustable, or can be
paused. The g key slows down scrolling speed and the p key speeds it up. The ENTER
key pauses scrolling. Press ENTER a second time to resume scrolling.

Exiting VIEW — To exit from VIEW, press the EXIT key. Pressing an instrument setting
key will also exit VIEW, but it will also perform the operation associated with the key. For
example, pressing Q2 will exit VIEW, and select the Q2 function.

NOTE When a command is received while the display is scrolling, the instrument exits
from the CARD menu and the command is executed.
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Figure 2-11
CARD menu tree
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Switching module queries (remote operation)

For remote operation there are commands to identify installed switching modules and
channels that are closed. There are also commands to acquire general information about
the installed modules.

*OPT?

For remote operation, the *OPT? command can be used to determine which switching
modules (or pseudocards) are installed in the Model 2750. For example, assume a Model
7700 is installed in slot 1, a Model 7706 is installed in slot 2 and the other slots are empty.
After sending *OPT? and addressing the Model 2750 to talk, the following response mes-
sage will be sent to the computer:

7700, 7706, NONE, NONE, NONE
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ROUTe:CLOSe?
ROUTe:MULTiple:CLOSe?
ROUTe:MULTiple:CLOSe:STATe? <clist>

These query commands are used to determine closed switching module channels.

ROUT : CLOS? is used to return a list of closed measurement channels including the paired
channel for 4-wire measurements. It will not return non-measurement channels. For
details, see Table 2-1 and related reference information.

ROUT : MULT : CLOS? is used to return all closed channels (measurement and
non-measurement). For details, see Table 2-2 and related reference information.

ROUT :MULT : CLOS : STAT? is used to return the state (open or closed) of each specified
channel. A “0” is returned for an open channel, and a “1” is returned for a closed channel.
For details, see Table 2-2 and related reference information.

SYSTem:CARD commands

There is a series of SYSTem:CARD commands that can be used to acquire the following
information about a switching module installed in the Model 2750:

» Return the serial number and firmware revision.
e Determine the maximum allowable voltage.
e Determine if the module supports multiplexer or isolated channels.

¢ Determine if the module has built-in temperature sensors for internal cold junction,
thermocouple temperature measurements.

* Determine which channels are used for volts/2-wire measurements and which are
used for amps.

» Determine which channels are used for analog or digital output.
e Determine the totalizer channel (Model 7706 only).

The SYSTem:CARD commands are covered in Table 15-7.
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Relay closure count

The Model 2750 keeps an internal count of the number of times each module relay has
been closed. The total number of relay closures are stored in EEPROM on the card. This
count will help you determine if and when any relays require replacement (see module
contact life specifications).

Relay closures are counted only when a relay cycles from open to closed state. If you send
multiple close commands to the same channel without sending an open command, only
the first closure will be counted.

Relay closure count can only be read via remote operation. The commands are summa-
rized in Table 2-3. Details follow the table.

Table 2-3
Relay closure count commands
Commands Description Default
ROUTe:CLOSe:COUNt? <clist> Query close count for specified
channels.

ROUTe:CLOSe:COUNt:INTerval <NRf>| Set count update interval in minutes | Note
(10 to 1440).
ROUTe:CLOSe:COUNTt:INTerval? Query relay count update interval.

Channel list parameter:
<clist> = (@SCH)
where: S = Mainframe slot number (1, 2, 3, 4 or 5)
CH = Switching module channel number (must be 2 digits)
Examples: (@101) = Slot 1, Channel 1
(@101, 203) = Slot 1, Channel 1 and Slot 2, Channel 3
(@101:110) = Slot 1, Channels 1 through 10

Note: Relay count interval set to 15 minutes at the factory. SYSTem:PREset and *RST have no effect on the
set interval.

NOTE The relay closure count can be reset to zero. For details, see Model 2750 Service
Manual, “Plug-in module relay closure count.”
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Reading relay closure count

To determine the closure count of specific channels, send this query via remote:
ROUTe : CLOSe:COUNt? <clist>

Here, <clist> is the summary of channels. For example, to determine the closure count of
channels 1 and 4 of a module in slot 1, the following query would be sent:

ROUT:CLOS:COUN? (@101,104)

The following query would determine the closure count of slot 1 module channels 1
through 10:

ROUT:CLOS:COUN? (@101:110)

Setting count update interval

Relay closure counts are updated in temporary RAM every time a channel is closed
regardless of how it was closed: by an SCPI command, front panel control, or during a
scan. These counts are permanently written to the EEPROM on the card only at a user-set
time interval (which is initially set to 15 minutes at the factory), or whenever the counts
are queried. Valid intervals (set in integer number of minutes) are between 10 and 1440
minutes (24 hrs).

The lower the interval, the less chance there is of losing relay counts due to power

failures. However, writing to the EEPROM more often may reduce scanning throughput.
The higher the interval, the less scanning throughput is reduced, but more relay counts
may be lost in the event of a power failure.

NOTE If the Model 2750 is turned off before the updated count is written to EEPROM,
the relay counts will be lost. It is good practice to add the ROUT:CLOS:COUN?
<clist> command at the end of a program to manually update the count.

To set the count update interval, send this command:
ROUTe : CLOSe : COUNt : INTerval <NRf>
where; <NRf> = 10 to 1440 (minutes)

For example, to set the interval to 30 minutes, send this command:

ROUT:CLOS: COUN: INT 30
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Model 7700 switching module

NOTE Connection and wiring procedures for the Model 7700 are to be performed by
qualified service personnel. This information is provided in Appendix B (Model
7700 Connection Guide).

Switching module capabilities

Channels 1 through 20 — The Model 7700 can multiplex one of 20 2-pole signals, or one
of 10 4-pole signals into the input of the Model 2750.

Channels 21 and 22 — The Model 7700 can multiplex one of two 2-pole current signals
into the input of the Model 2750.

CAUTION To prevent damage to the Model 7700 switching module, do not exceed
these maximum signal levels:

Channels 1-20: 300VDC or RMS, 1A switched, 60W, 125VA
Channels 21, 22: 60VDC or 30V RMS, 3A switched, 60W, 125VA

NOTE System channel operation — Of the 22 measurement channels, only one channel
(or channel pair) can be closed at the same time. When you close a channel (or
channel pair), all other measurement channels will open. The user has no con-
trol of channels 23, 24, and 25. The open/close state of these channels are deter-
mined by the selected function.

The Model 7700 has six temperature transducers to monitor the cold junction temperature
at the screw terminals. For temperature measurements, this internal reference junction
allows thermocouples to be connected directly to the screw terminals of the module.

When the Model 2750 is on the DCV, ACV, Q2, CONT, Q4, FREQ, PERIOD, or TEMP
function, channels 1 through 20 are available. When on a current function (DCI or ACI),
channels 21 and 22 are the only available channels.

The Model 7700 can accommodate 4-wire measurements by using channel pairs. Primary
channels 1 through 10 become paired to channels 11 through 20. For example, with the Q4
function selected, channel 1 becomes paired to channel 11. For example, when you close
channel 1, channel 11 will also close.

The 2-wire functions include DCV, ACV, DCI, ACI, Q2, CONT, FREQ, PERIOD, and
TEMP (thermocouple and thermistor). The 4-wire functions/operations include Q4,
TEMP (4-wire RTD), RATIO, and CH AVG (ratio and channel average are covered in
Section 5).
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With a 4-wire function/operation selected, channels are paired as follows:

- CHI and CHI1 - CH6 and CHI6
¢ CH2 and CHI12 * CH7 and CH17
- CH3 and CHI3 - CH8 and CHI8
- CH4 and CH14 - CHY and CH19
- CHS and CHI5 - CH10 and CH20
Schematic diagram

The simplified schematic diagram of the Model 7700 is shown in Figure 2-12. Channels 1
through 20 are used for all measurements except amps. Channels 21 and 22 are used for
amps only.

There are two backplane relays (channels 24 and 25) to connect the input channel(s) to the
backplane of the Model 2750. With a 2-wire function (except amps) selected, channel 25
will close, and with a 4-wire function selected, both channels 24 and 25 will close.

There is a 2-pole/4-pole relay (channel 23) between channels 1-10 and channels 11-20.
When a 2-wire function (i.e., DCV) is selected, channel 23 opens (2-pole position) to
allow any of the 20 channels to be connected to the input backplane.

When a 4-wire function is selected, channel 23 closes (4-pole position) to isolate channels
1 through 10 from channels 11 through 20. With a system channel (1 through 10) closed,
its paired channel (11 through 20) will also close to connect the sense channel to the sense
backplane.

For the two current channels (21 and 22), signal HI and LO are routed directly to the back-
plane when the channel is closed.

As shown in Figure 2-12, there are also screw terminals labeled “Input,” “Sense,” and
“Amps.” The Input and Sense terminals are connected to the inputs of channels 24 and 25
(isolation relays). If channels 1 through 20 are not intended to be connected to the internal
DMM, channels 24 and 25 can be controlled independently using multiple channel opera-
tion. The Amps terminals are connected directly to the DMM.
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Figure 2-12

Model 7700 simplified schematic
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Notes:
Channels 23 and 25 in this schematic refer to the

designations used for control and are not actual
available measurement channels.

If the module is not to be internally connected
to the DMM, channels 24 and 25 can be opened
using multiple channel operation.



Basic DMM Operation

DMM measurement capabilities — Summarizes the measurement capabilities of
the Model 2750 and covers maximum signal levels for switching modules.

High energy circuit safety precautions — Provides safety information when per-
forming measurements in high energy circuits.

Performance considerations — Covers some considerations that affect overall
performance including warm-up, autozero, and line synchronization.

Channel list parameter (<clist>) — Summarizes the use of the <clist> parameter
which is used throughout this manual to configure scan channels.

Voltage measurements (DCV and ACV) — Provides detailed information for
making basic DC and AC voltage measurements.

Current measurements (DCI and ACI) — Provides detailed information for
making basic DC and AC current measurements.

Resistance measurements — Provides detailed information for making resistance
measurements. Also covered are offset compensated ohms (OCOMP) and dry cir-
cuit ohms (DRYCKT).

Temperature measurements — Provides detailed information for making thermo-
couple, thermistor, and 4-wire RTD temperature measurements.

Frequency and period measurements — Provides detailed information for mak-
ing frequency and period measurements.

Continuity testing — Explains how to use the CONT feature to test continuity.

Remote programming for basic measurements — Covers the commands used to
perform basic measurements. Includes some simple programming examples.

Measurement queries — Summarizes commands typically used to trigger and/or
return measured readings.



3-2

Basic DMM Operation Model 2750 Multimeter/Switch System User’s Manual

DMM measurement capabilities

NOTE  Accuracy specifications for all measurement functions and the Model 7700
switching module are provided in Appendix A.

The DMM of the Model 2750 can make the following measurements:

DCV — DC voltage measurements from 0.1pV to 1000V.

ACV — AC voltage measurements from 0.1pV to 750V.

DCI — DC current measurements from 10nA to 3A.

ACI — AC current measurements from 1pA to 3A.

Q2 — 2-wire resistance measurements from 10p€Q to 120M€Q.

Q4 — 4-wire resistance measurements from 1pQ to 120MQ.

FREQ — Frequency measurements from 3Hz to 500kHz.

PERIOD — Period measurements from 333ms to 2ps.

TEMP — Temperature measurements from -200°C to 1820°C.

CONT — Continuity testing using the 1k range.

CAUTION When using a switching module, do not exceed the maximum signal
levels of the module. To prevent damage to the Model 7700 switching
module, do not exceed these maximum signal levels:

Channels 1-20: 300VDC or RMS, 1A switched, 60W, 125VA
Channels 21, 22: 60VDC or 30V RMS, 3A switched, 60W, 125VA

For the other switching modules, the maximum signal levels are
included with their specifications.

NOTE This section shows DUT connections to the front panel inputs of the Model 2750
and to the Model 7700 switching module. Details on Model 7700 connections
are provided in Appendix B.
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High energy circuit safety precautions

To optimize safety when measuring voltage in high energy distribution circuits, read and
use the directions in the following warning.

WARNING Dangerous arcs of an explosive nature in a high energy circuit can

cause severe personal injury or death. If the multimeter is connected to
a high energy circuit when set to a current range or low resistance
range the circuit is virtually shorted. Dangerous arcing can result even
when the multimeter is set to a voltage range if the minimum voltage
spacing is reduced in the external connections.

As described in the International Electrotechnical Commission (IEC)
Standard IEC 664, the Model 2750 is Installation Category I and sig-
nal lines must not be directly connected to AC mains.

When making measurements in high energy circuits, use test leads that meet the following
requirements:

Test leads should be fully insulated.

Only use test leads that can be connected to the circuit (e.g., alligator clips, spade
lugs, etc.) for hands-off measurements.

Do not use test leads that decrease voltage spacing. These diminish arc protection
and create a hazardous condition.

Use the following sequence when testing power circuits:

1.

De-energize the circuit using the regular installed connect-disconnect device, for
example, by removing the device's power cord or by turning off the power switch.

Attach the test leads to the circuit under test. Use appropriate safety rated test leads
for this application. If over 42V, use double insulated test leads or add an additional
insulation barrier for the operator.

Set the multimeter to the proper function and range.

Energize the circuit using the installed connect-disconnect device and make mea-
surements without disconnecting the multimeter.

De-energize the circuit using the installed connect-disconnect device.
Disconnect the test leads from the circuit under test.

WARNING For the front panel inputs, the maximum common-mode voltage (volt-

age between INPUT LO and the chassis ground) is 500V peak. For a
switching module, the maximum common mode voltage is 300V.
Exceeding these values may cause a breakdown in insulation, creating
a shock hazard.
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Performance considerations

Warm-up

After the Model 2750 is turned on, it must be allowed to warm up for at least two hours to
allow the internal temperature to stabilize. If the instrument has been exposed to extreme
temperatures, allow extra warm-up time.

Autozero

To help maintain stability and accuracy over time and changes in temperature, the

Model 2750 periodically measures internal voltages corresponding to offsets (zero) and
amplifier gains. For thermocouple temperature measurements using the internal reference
junction (i.e., Model 7700 switching module installed), the internal temperature is also
measured. These measurements are used in the algorithm to calculate the reading of the
input signal. This process is known as autozeroing.

When autozero is disabled, the offset, gain, and internal temperature measurements are not
performed. This increases the measurement speed. However, the zero, gain, and tempera-
ture reference points will eventually drift resulting in inaccurate readings of the input sig-
nal. It is recommended that autozero only be disabled for short periods of time.

When autozero is enabled after being off for a long period of time, the internal reference
points will not be updated immediately. This will initially result in inaccurate measure-
ments, especially if the ambient temperature has changed by several degrees.

NOTE To force a rapid update of the internal reference points, set the integration rate
to 0.01 PLC, and then back to the desired rate (i.e., 1.0 PLC). The NPLC com-
mands to set the integration rate are covered in Section 4.

Remote programming can be used to enable or disable autozero (Table 3-1). Autozero can-
not be disabled from the front panel; however, it can be enabled by restoring factory
default conditions.
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LSYNC (line cycle synchronization)

Synchronizing A/D conversions with the frequency of the power line increases common
mode and normal mode noise rejection. When line cycle synchronization is enabled, the
measurement is initiated at the first positive-going zero crossing of the power line cycle
after the trigger.

Figure 3-1 shows the measurement process that consists of two A/D conversions. If the
trigger occurs during the positive cycle of the power line (Trigger #1), the A/D conversion
starts with the positive-going zero crossing of the power line cycle. If the next trigger
(Trigger #2) occurs during the negative cycle, then the measurement process also starts
with the positive-going zero crossing.

Figure 3-1
Line cycle synchronization

|« 1PLC >

Reading Reading
Done Done

Trigger Trigger
#1 T #2 T

Conversion Conversion

[«— A/D —>| |«<— A/D —>]
| | | |
| | |

Perform the following steps to enable or disable line cycle synchronization:

1. Press SHIFT and then LSYNC to display the present state of line synchronization
(OFF or ON).

2. Use the up or down key to display “LINESYNC ON” or “LINESYNC OFE.”
3. Press ENTER. The instrument returns to the normal display state.

NOTE Line synchronization is not available for the AC functions (ACV, ACI, FREQ, or
PERIOD), and for integration rates <1 PLC, regardless of the LSYNC setting.
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Remote programming — autozero and LSYNC

Autozero and LSYNC commands

The commands to control display resolution (digits) are listed in Table 3-1.

Table 3-1
Autozero and LSYNC commands

Commands Description Default

Autozero command*

SYSTem:AZERo:STATe <b> Enable or disable autozero; <b> = ON or ON
OFF

Line synchronization command

SYSTem:LSYNCc[:STATe] <b> |Enable or disable LSYNC; <b> = ON or OFF
OFF

* After enabling autozero, you can update the internal reference points immediately by setting the integration
rate to 0.01 PLC and then back to the desired setting (see NPLC commands in Section 4).
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Channel list parameter (<clist>)

Channels of one or more switching modules installed in the Model 2750 can be scanned.
Each scan channel can have its own unique setup. For example, a channel could be set to
measure DCV on the 10V range, while another channel can be set to measure ACV on the
1V range.

From the front panel, scan channels are configured from the scan configuration menu as
explained in Section 7. For remote programming, the <clist> parameter is used to config-
ure scan channels.

Channel list parameter:

<clist> = (@SCH)

where: S = Mainframe slot number (1, 2, 3, 4 or 5)
CH = Switching module channel number (must be 2 digits)
Examples: (@101) = Slot 1, Channel 1

(@101, 203) = Slot 1, Channel 1 and Slot 2, Channel 3
(@101:110) = Slot 1, Channels 1 through 10

Throughout this manual, you will encounter commands that can use the <clist> parameter.
The <clist> simply indicates that the associated command can be used to configure a scan
channel. For example:

SENSe:FUNCtion ‘VOLTage:AC’ ' Select ACV function.
SENSe:FUNCtion ‘VOLTage:AC’, (@101) ' Configure scan channel 101 for ACV.

While in the normal measurement display state, the first command simply selects the ACV
function. The second command configures channel 101 to measure ACV when it is
scanned.

See Section 7 for detailed information on scanning.
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Voltage measurements (DCV and ACV)

The Model 2750 can make DCV measurements from 0.1pV to 1000V and ACV measure-
ments from 0.1pV to 750V RMS, 1000V peak.

DCYV input resistance: 100V and 1000V ranges: 10MQ
100mV, 1V, and 10V ranges: >10GQ Il <400pF or 10MQ
ACYV input impedance: 1IMQ Il <100pF
DCV input divider

Normally, the input resistance for the 100mVDC, 1VDC, and 10VDC ranges is >10G£2,

while the input resistance of the 100VDC and 1000VDC ranges is 10MQ. However, the

input resistance for the three lower DCV ranges can also be set to 10MCQ by enabling the
input divider.

With the input resistance lowered, a more stable OV reading is achieved with an open
input. Also, some external devices (such as a high voltage probe) must be terminated to a
10MQ load.

The input divider cannot be enabled from the front panel. For remote programming, the
following command controls the input divider:

VOLT:IDIVider <b> ' Enable (ON) or disable (OFF) the DCV input divider.
Connections

WARNING Even though the Model 2750 can measure up to 1000V peak, the maxi-
mum input to a switching module is less. Exceeding the voltage rating
of a switching module may cause damage and create a safety hazard.

NOTE When using the front panel inputs, the INPUTS switch must be in the “F” (out)
position. For switching modules, it must be in the “R” (in) position.
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Front panel input

When using the front panel input terminals, connect the test leads to the INPUT HI and
LO terminals as shown in Figure 3-2.

Figure 3-2
DCV and ACV connections using front panel inputs

Model 2750 Front Panel
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A. DCV Connections
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Model 7700 switching module

Connections for the Model 7700 switching module are shown in Figure 3-3. For basic
DCV and ACV measurements (Figure 3-3A and B), channels 1 through 20 can be used.

Ratio and channel average calculations — Ratio calculates the reading ratio of two
channels, while channel average calculates the reading average of two channels. For these
calculations, paired switching channels are used. Primary channels 1 through 10 are paired
to channels 11 through 20 (channel 1 paired to channel 11, channel 2 paired to channel 12,
and so on). As shown in Figure 3-3C, one DC voltage source is connected to a primary
channel (i.e., 104), and the other source is connected to its paired channel (i.e., 114).

NOTE The ratio and channel average calculations are covered in Section 5.
Figure 3-3
DCV and ACV connections using Model 7700 switching module

Caution: Maximum input: 300VDC or RMS, TA switched,
60W, 125VA maximum
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C. Ratio and Channel Average Connections (DCV)

Note: The low connections for channels 1 through 10 do not
need to be referenced to the low connections for
channels 11 through 20.
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Volts measurement procedure

NOTE Make sure the INPUTS switch is in the correct position. To use front panel
inputs, it must be in the “F” (out) position. For switching modules, it must be in
the “R” (in) position.

1. If a switching channel is presently closed (displayed), press OPEN to open it.
Select the volts measurement function by pressing DCV or ACV.

3. Use the RANGE 4 and V¥ keys to select a measurement range consistent with the
expected voltage, or press AUTO to select autoranging (AUTO annunciator turns
on). Details on range are provided in Section 4.

4. Apply the voltage(s) to be measured.

CAUTION Do not apply more than maximum input levels indicated in Figure 3-2
and Figure 3-3 or instrument damage may occur. The voltage limit is
subject to the 8 x 10’VHz product.

Model 7700 switching module — The maximum allowable voltage is
300V DC or RMS. Exceeding these limits may cause damage to the
switching module.

WARNING If both the front panel terminals and the switching module terminals
are connected at the same time, the test leads must be rated to the
highest voltage that is connected. For example, if 1000V is connected
to the front panel input, the test lead insulation for the switching mod-
ule must also be rated for 1000V.

5. If using a switching module, perform the following steps to close the desired
channel:

a. Press the CLOSE key.

b. Use « P, A, and V¥ to key in the channel number and press ENTER. The pre-
viously closed channel (if there is one) will open, and the specified channel
will close.

NOTE While in the normal measurement state, you can use the < and p keys to close
channels. In general, each key press will open the presently closed channel, and
then close the next higher or lower channel.

6. Observe the displayed reading. If the “OVERFLOW” message is displayed, select
a higher range until a normal reading is displayed (or press AUTO for autorang-
ing). For manual ranging, use the lowest possible range for the best resolution.

7. To measure other switching channels, repeat steps 5 and 6.
8. When finished, press OPEN if there is a channel closed.
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Crest factor

AC voltage (and current) accuracies are affected by the crest factor of the waveform, the
ratio of the peak value to the RMS value. Table 3-2 lists the fundamental frequencies at
which the corresponding crest factor must be taken into account for accurate calculations.

Table 3-2
Crest factor limitations

Crest factor | Fundamental frequency

2 50kHz
3 3kHz
4-5 1kHz

Low level considerations

For sensitive measurements, external considerations beyond the Model 2750 affect the
accuracy. Effects not noticeable when working with higher voltages are significant in
microvolt signals. The Model 2750 reads only the signal received at its input; therefore, it
is important that this signal be properly transmitted from the source. The following para-
graphs indicate factors that affect accuracy, including stray signal pick-up and thermal
offsets.

Shielding

AC voltages that are extremely large compared with the DC signal to be measured may
produce an erroneous output. Therefore, to minimize AC interference, the circuit should
be shielded with the shield connected to the Model 2750 input low (particularly for low
level sources). Improper shielding can cause the Model 2750 to behave in one or more of
the following ways:

» Unexpected offset voltages.
» Inconsistent readings between ranges.
* Sudden shifts in reading.

To minimize pick-up, keep the voltage source and the Model 2750 away from strong AC
magnetic sources. The voltage induced due to magnetic flux is proportional to the area of
the loop formed by the input leads. Therefore, minimize the loop area of the input leads
and connect each signal at only one point.
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Thermal EMFs

Thermal EMFs (thermoelectric potentials) are generated by temperature differences
between the junctions of dissimilar metals. These can be large compared to the signal that
the Model 2750 can measure. Thermal EMFs can cause the following conditions:

» Instability or zero offset is much higher than expected.

« The reading is sensitive to (and responds to) temperature changes. This effect can
be demonstrated by touching the circuit, by placing a heat source near the circuit,
or by a regular pattern of instability (corresponding to changes in sunlight or the
activation of heating and air conditioning systems).

To minimize the drift caused by thermal EMFs, use copper leads to connect the circuit to
the Model 2750.

For front panel inputs, a banana plug generates a few microvolts. A clean copper conduc-
tor such as #10 bus wire is ideal for this application. For switching modules, use #20 AWG
copper wire to make connections. The leads to the Model 2750 may be shielded or
unshielded, as necessary. Refer to “Shielding,” page E-9.

Widely varying temperatures within the circuit can also create thermal EMFs. Therefore,
maintain constant temperatures to minimize these thermal EMFs. A shielded enclosure
around the circuit under test also helps by minimizing air currents.

The REL control can be used to null out constant offset voltages.

AC voltage offset

The Model 2750, at 5% digits resolution, will typically display 100 counts of offset on AC
volts with the input shorted. This offset is caused by the offset of the TRMS converter.
This offset will not affect reading accuracy and should not be zeroed out using the REL
feature. The following equation expresses how this offset (VogrsgT) is added to the signal

input (Vyn):

Displayed reading = A/(VIN)2 +(Voppser)?

Example: Range= 1VAC
Offset= 100 counts (1.0mV)
Input = 100mV RMS

Displayed reading = /(100mV)2 + (1.0mV)2

= 001V +(1x10°V)
=0.100005 V

The offset is seen as the last digit, which is not displayed. Therefore, the offset is negligi-
ble. If REL were used to zero the display, the 100 counts of offset would be subtracted
from Vpy;, resulting in an error of 100 counts in the displayed reading.
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Current measurements (DCI and ACI)

The Model 2750 can make DCI measurements from 10nA to 3A and ACI measurements
from 1pA to 3A RMS.

NOTE  See the previous discussion about crest factor in “Voltage measurements (DCV
and ACV),” page 3-8.

Connections

NOTE When using the front panel inputs, the INPUTS switch must be in the “F” (out)
position. For switching modules, it must be in the “R” (in) position.

WARNING To prevent electric shock, never make or break connections while
power is present in the test circuit.

Front panel inputs
When using the front panel input terminals, connect the test leads to the AMPS and
INPUT LO terminals as shown in Figure 3-4.

Figure 3-4
DCI and ACI connections using front panel inputs
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Model 7700 switching module

Connections for the Model 7700 switching module are shown in Figure 3-5. Note that
only channels 21 and 22 can be used for current measurements.

Figure 3-5
DCI and ACI connections using Model 7700 switching module
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ode
%urrent CH 21 or 22 Switching
ource 1 ® Module
L

Caution: Maximum input: 60VDC or 30V RMS, 3A switched,
60W, 125VA maximum

Amps measurement procedure

NOTE Make sure the INPUTS switch is in the correct position. To use front panel
inputs, it has to be in the “F” (out) position. For switching modules, it has to be
in the “R” (in) position.

1. If a switching channel is presently closed (displayed), press OPEN to open it.
Select the amps measurement function by pressing DCI or ACL.
3. Use the RANGE A and V¥ keys to select a measurement range consistent with the

expected current, or press AUTO to select autoranging (AUTO annunciator turns
on). Details on range are provided in Section 4.

4. Apply the current(s) to be measured.

CAUTION Do not apply more than 3A to the input or the AMPS fuse will blow.

Model 7700 switching module — When performing current measure-
ments, the maximum allowable voltage is 60VDC or 30V RMS.
Exceeding these limits could cause damage to the switching module.

5. If using a switching module, use the < and p keys to close the desired amps chan-
nel (for the Model 7700, 21, or 22). All other channels will be open.

6. Observe the displayed reading. If the “OVERFLOW” message is displayed, select
a higher range until a normal reading is displayed (or press AUTO for autorang-
ing). For manual ranging, use the lowest possible range for the best resolution.

7. To measure another amps channel, repeat steps 5 and 6.

8. When finished, press OPEN if there is a channel closed.

NOTE When you have an amps-only channel closed, you cannot select a non-amps
function. For example, if channel 21 of the Model 7700 is closed, you cannot
select the DCV function (“INVALID FUNC” displayed).
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AMPS fuse replacement (front panel AMPS input)

WARNING Make sure the instrument is disconnected from the power line and
other equipment before replacing the AMPS fuse.

1. Turn off the power and disconnect the power line and test leads.
2. From the front panel, gently push in the AMPS fuse holder with a flat blade screw-
driver and rotate the fuse holder one-quarter turn counterclockwise.

3. Remove the fuse and replace it with the same type (3A, 250V, fast-blow,
5 x 20mm). The Keithley part number is FU-99-1.

CAUTION Do not use a fuse with a higher current rating than specified or instru-
ment damage may occur. If the instrument repeatedly blows fuses,
locate and correct the cause of the trouble before replacing the fuse.

4. Install the new fuse by reversing the procedure above.

NOTE For the Model 7700 switching module and other similar modules that support
the amps function, there are solder mount amps fuses. See the Model 2750 Ser-
vice Manual for fuse replacement information.

Resistance measurements (22 and Q4)

The Model 2750 uses the constant-current method to measure resistance from 1€ to 1MQ.
The Model 2750 sources a constant current (I) to the resistance and measures the voltage
(V). Resistance (R) is then calculated (and displayed) using the known current and mea-
sured voltage (R = V/I). For the I0MQ and 100M€2 ranges, the ratiometric method is used
to measure resistance.

Standard resistance measurements — The Model 2750 can make resistance measure-
ments from 1nQ to 120MQ. For resistances >1k€2, the 2-wire (£22) method is typically
used for measurements. For resistances <1k, the 4-wire (£24) measurement method
should be used to cancel the effect of test lead (and channel path) resistances.

Offset compensated ohms (OCOMP) — The presence of thermal EMFs (voltages) can
adversely affect low-resistance measurement accuracy. To overcome these unwanted offset
voltages, you can use offset-compensated ohms on the 1€, 10Q, 100€2, 1kQ, and 10k<Q
ranges for the 24 function.

Dry circuit testing (DRYCKT) — For low-resistance measurements that require low
open-circuit voltage (20mV), dry circuit ohms can be used on the 1€2, 10€2, 1002, and
1kQ ranges for the Q4 function.
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Connections

NOTE When using the front panel inputs, the INPUTS switch must be in the “F” (out)
position. For switching modules, it must be in the “R” (in) position.

Front panel inputs

Connections for resistance measurements are shown in Figure 3-6. For 2-wire resistance
measurements (£22), connect the test leads to INPUT HI and LO as shown in Figure 3-6A.
For 4-wire resistance (£24), connect the test leads to INPUT HI and LO, and SENSE Q4
HI and LO as shown in Figure 3-6B.

Model 7700 switching module

Connections for the switching module are shown in Figure 3-7. As shown in Figure 3-7A,
each of the 20 channels can be used to perform Q2 measurements. For 24 measurements,
a channel pair is used for each 4-wire measurement as shown in Figure 3-7B.

For Q4 connections, channels 1 through 10 (which are used as the INPUT terminals) are
paired to channels 11 through 20 (which are used as the SENSE terminals). Channel 1 is
paired to channel 11, channel 2 is paired to channel 12, and so on.

Shielding

To achieve a stable reading, it helps to shield resistances greater than 100k€2. As shown in
Figure 3-6 and Figure 3-7, place the resistance in a shielded enclosure and connect the
shield to the input low terminal of the instrument electrically.

Cable leakage

For high resistance measurements in a high humidity environment, use Teflon™ insulated
cables to minimize errors due to cable leakage.
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Figure 3-6
Q2 and Q4 connections for front panel inputs
Model 2750
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Figure 3-7
Q2 and Q4 connections for Model 7700 switching module

Shielded Optional Shield
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| % Resistance
| < Under Test |
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Optional Shield

Note: Source current flows from input
high (H) to input low (L).

B. Q4 Connections

Standard resistance measurements

NOTE Make sure the INPUTS switch is in the correct position. To use front panel

inputs, it must be in the “F” (out) position. For switching modules, it must be in
the “R” (in) position.

Perform the following steps to measure resistance:

1. If a switching channel is presently closed (displayed), press OPEN to open it.
Select the ohms measurement function by pressing €22 or Q4.
3. Use the RANGE A and V¥ keys to select a measurement range consistent with the

expected resistance, or press AUTO to select autoranging (AUTO annunciator turns
on). Details on range are provided in Section 4.

4. Connect the resistance(s) to be measured.
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CAUTION Front panel inputs — Do not apply more than 1000V peak between
INPUT HI and LO, or instrument damage may occur.

Model 7700 switching module — Do not apply more than 300V DC or
RMS between input high (H) or input low (L), or switching module
damage may occur.

5. If using a switching module, perform the following steps to close the desired chan-
nel. Keep in mind, that for 24 measurements, you will close the primary (INPUT)
channel (1 through 10). The paired channel will close automatically.

a. Press the CLOSE key.

b. Use « P, A, and V¥ to key in the channel number and press ENTER. The pre-
viously closed channel(s) (if any) will open, and the specified channel (or
channel pair) will close.

NOTE While in the normal measurement state, you can use the < and p keys to close
channels. In general, each key press will open the presently closed channel, and
then close the next higher or lower channel.

6. Observe the displayed reading. If the “OVERFLOW” message is displayed, select
a higher range until a normal reading is displayed (or press AUTO for autorang-
ing). For manual ranging, use the lowest possible range for the best resolution.

7. To measure other switching channels, repeat steps 5 and 6.

8. When finished, press OPEN if there is a channel closed.

Offset-compensated ohms

The presence of thermal EMFs (Vgyp) can adversely affect low-resistance measurement
accuracy. To overcome these unwanted offset voltages, you can use offset-compensated
ohms (OCOMP). Offset-compensated ohms measurements can be performed on the 1Q,
10Q, 100€2, 1k€2, and 10k€2 ranges for the (24 function. It cannot be done on the Q2
function.

NOTE The various instrument operations, including OCOMP, are performed on the
input signal in a sequential manner. See “Signal processing sequence,’
page D-2, for details. It includes a flowchart showing where in the processing
sequence that the OCOMP operation is performed.

For a normal resistance measurement, the Model 2750 sources a current (I) and measures
the voltage (V). The resistance (R) is then calculated (R=V/I) and the reading is displayed.

For offset-compensated ohms, two measurements are performed: one normal resistance
measurement, and one using the lowest current source setting.
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The offset-compensated ohms reading is then calculated as follows:
Offset-compensated ohms reading = AV/AI

where: AV=V2-V1
Al=12 -11

V1 is the voltage measurement with the current source at its normal level.
V2 is the voltage measurement using the lowest current source setting.

The above 2-point measurement process and reading calculation eliminates the resistance
contributed by the presence of Vgyg.

Enabling/disabling offset-compensated ohms

Offset-compensated ohms is enabled by pressing SHIFT and then OCOMP. When
enabled, the OCOMP annunciator is on. Offset-compensated ohms is disabled by again
pressing SHIFT and then OCOMP.

Performing offset-compensated ohms measurements

Offset-compensated ohms can only be performed on the Q4 function using the 1€, 10Q2,
100€2, 1k€2, or 10k€2 range. Make sure you use 4-wire connections to the DUT (see
“Connections,” page 3-8).

NOTE Make sure the INPUTS switch is in the correct position. To use front panel
inputs, it must be in the “F” (out) position. For switching modules, it must be in
the “R” (in) position.

1. If a switching channel is presently closed (displayed), press OPEN to open it.

2. Select the 4-wire ohms measurement function by pressing Q4, and enable offset
compensated ohms by pressing SHIFT and then OCOMP (OCOMP annunciator
turns on).

3. Use the RANGE up and down keys to select the 1€Q2, 10Q, 1002, 1k€Q, or 10k
range, or press AUTO to enable auto range. If using auto range, offset-compensated
ohms measurements will not be performed if the instrument goes to the 100k€2 or
higher range.

4. Perform steps 4 through 8 of the “Standard resistance measurements” procedure.
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NOTE The OCOMP annunciator will flash when the instrument is on an invalid range
(100kQ through 100MQ ranges) for offset-compensated ohms. Normal ohms
measurements will instead be performed.

With dry circuit ohms enabled, 1k is the highest offset-compensated ohms
range that can be selected.

For buffer recall, there is no way to distinguish between a normal ohms reading
and an offset-compensated ohms reading. The OCOMP annunciator (off, on, or
flashing) has no significance for recalled resistance readings that are displayed.
Buffer operation is covered in Section 6.

With offset-compensated ohms enabled, it will be “remembered” by the Q4
function after you change measurement functions (i.e., DCV). When Q4 is again
selected, offset-compensated ohms will be enabled.

Dry circuit ohms (DRYCKT)

Standard resistance measurements have open-circuit voltage levels from 5.4V to 12.8V,
depending on the selected range. Dry circuit ohms limits open-circuit voltage to 20mV.
This allows you to perform resistance measurements that require low open-circuit voltage.

Dry circuit ohms can be used on the 1Q, 10€Q2, 100€2, and 1kQ ranges for the Q4 function
only. Also, offset-compensated ohms (OCOMP) can be used with dry circuit ohms to can-
cel the effect of thermal EMFs.

Dry circuit ohms applications

Measuring contact resistance (oxide film build-up)

The ideal resistance between switch connectors, or relay contacts is 0Q2. However, an
oxide film may be present on the switch or relay contacts. This oxide film could add resis-
tance on the order of several hundred MQs. Also, this oxide film changes the contact resis-
tance over time and with changes in the environmental conditions (such as temperature
and humidity).

Typically, the 4 function of the Model 2750 or a standard DMM is used to measure low
resistance. However, if standard resistance measurements are performed, the relatively
high open-circuit voltage may puncture the oxide film, and render the test meaningless.

Dry circuit ohms limits voltage to 20mV to minimize any physical and electrical changes
in a measured contact junction. This low open-circuit voltage will not puncture the film,
and will therefore provide a resistance measurement that includes the resistance of the
oxide film.

Oxide films may also build up in connections on a semiconductor wafer. In order to accu-
rately measure the resistance introduced by the oxide film, dry circuit ohms should be used
to prevent oxide film puncture.
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Measuring resistance of voltage-sensitive devices

Dry circuit ohms should be used for any device that could be damaged by high open-
circuit voltage. If not sure, and the slightly degraded accuracy is not a consideration, it is
good practice to use dry circuit ohms to measure low resistance.

Enabling/disabling dry circuit ohms

Dry circuit ohms is enabled by pressing SHIFT and then DRYCKT. When enabled, the
DCKT annunciator is on. When dry circuit ohms is enabled, offset-compensated ohms is
automatically enabled (OCOMP annunciator turns on). If you do not wish to use offset-
compensated ohms, press SHIFT and then OCOMP.

Dry circuit ohms is disabled by again pressing SHIFT and then DRYCKT.

Performing dry circuit ohms measurements

Dry circuit ohms can only be performed on the Q4 function using the 1€2, 10€Q2, 100€2, or
1kQ range as follows:

NOTE Make sure the INPUTS switch is in the correct position. To use front panel
inputs, it must be in the “F” (out) position. For switching modules, it must be in
the “R” (in) position.

Do not make connections to the DUT until after dry circuit ohms is enabled in
step 2.

1. If a switching channel is presently closed (displayed), press OPEN to open it.

2. Select the 4-wire ohms measurement function by pressing €24, and enable dry cir-
cuit ohms by pressing SHIFT and then DRYCKT (DCKT annunciator turns on).

NOTE When DRYCKT is enabled, offset-compensated ohms will also enable (OCOMP
annunciator turns on). If you do not wish to use offset-compensated ohms, press
SHIFT and then OCOMP.

3. Make 4-wire connections to the DUT as shown in Figure 3-6B or Figure 3-7B.

Use the RANGE up and down keys to select the 12, 10€2, 100€2, or 1k€2 range, or
press AUTO to enable auto range.

5. Perform steps 4 through 8 of the “Standard resistance measurements” procedure.
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NOTE The states (on or off) of dry circuit ohms and offset-compensated ohms are
“remembered”’ by the Q4 function after you select a different measurement func-
tion (i.e., DCV). When Q4 is again selected, the previous states of dry circuit
ohms and offset-compensated ohms will be restored.

The accuracy specifications for dry circuit ohms (Appendix A) is for offset-
compensated ohms and line synchronization enabled.

Dry circuit ohms measurement considerations

Dry circuit ohms uses a constant current source with voltage monitoring that is used to
clamp the current source voltage. The current source will remain constant as long as the
monitoring voltage is <20mV. When the voltage exceeds 20mV, the current source shunts
current internal to the DMM until 20mV is maintained at the DUT.

The voltage is monitored at the Sense HI terminal. This allows the Model 2750 to accom-
modate an additional 80% of range of path resistance per lead. So when measuring a 1Q2
resistor through a switching module, an additional 0.8 per lead of path resistance can be
tolerated. Lead resistance of several 100m{2 is common with a switching module, espe-
cially when using ribbon cable wire.

There is a secondary voltage monitoring circuit on Input HI. This is needed if Sense HI or
Input HI have different voltages. This could occur if measuring 4-wire resistance and
Input HI becomes an open circuit. In this condition, Sense HI would indicate no voltage
and the secondary voltage monitor would clamp the current source to <50mV.

When using dry circuit ohms, the DUT is shunted by 100k€2 and 0.9pF. This allows the
current source to have minimal overshoot voltage under transient conditions. When used
with a switching system, the overshoot is <70mV in 25psec.
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Temperature measurements

The Model 2750 can measure temperature using thermocouples, thermistors, and 4-wire
RTDs. When deciding which temperature sensor to use, keep in mind that the thermocou-
ple is the most versatile, the thermistor is the most sensitive, and the 4-wire RTD is the
most stable.

Thermocouples

For thermocouples, temperature measurement range depends on which type of thermocou-
ple is being used. Thermocouples that are supported include types J, K, N, T, E, R, S, and
B.

Type Range Resolution

-200°C to 760°C | 0.001°C
-200°C to 1372°C |0.001°C
-200°C to 1300°C |0.001°C
-200°C to 400°C |0.001°C
-200°C to 1000°C |0.001°C
0°C to 1768°C 0.1°C
0°C to 1786°C 0.1°C
+350°C to 1820°C | 0.1°C

TwAImM3Z R —

When two wires made up of dissimilar metals are joined together, a voltage is generated.
The generated voltage is a function of temperature. As temperature changes, the voltage
changes. The thermocouple voltage equates to a temperature reading. This is the basic
operation principle of the thermocouple.

NOTE The equation to calculate thermocouple temperature is provided in Appendix F.

When you connect a thermocouple directly to the input of the Model 2750, at least one of
those connections will be a junction made up of two dissimilar metals. Hence, another
voltage is introduced and is algebraically added to the thermocouple voltage. The result
will be an erroneous temperature measurement.

To cancel the affects of the unwanted thermal voltage, the thermocouple circuit requires a
reference junction that is at a known temperature.
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Reference junctions

A reference junction is the cold junction in a thermocouple circuit which is held at a sta-
ble, known temperature. It is at the cold junction where dissimilar wire connections must
be made. As long as the temperature of the cold junction is known, the Model 2750 can
factor in the reference temperature to calculate the actual temperature reading at the
thermocouple.

The standard reference temperature is the ice point (0°C). The ice point can be precisely

controlled, and the National Bureau of Standards uses it as the fundamental reference for
its voltage-to-temperature conversion tables. However, other known temperatures can be

used.

There are two ways for the Model 2750 to acquire the cold junction temperature. It can
measure the cold junction using a thermistor or 4-wire RTD, or the known temperature
value can be entered by the user.

There are three reference junction types supported by the Model 2750: simulated refer-
ence junction, internal reference junction, and external reference junction. These reference
junctions are explained in the following paragraphs.

NOTE When using multiple channel operation (ROUT:MULT command) to connect a
switching module input channel to the DMM, the SIMulated reference junction
will be used if the INTernal or EXTernal reference junction is selected.

Simulated reference junction

An example of a simulated reference junction is an ice bath (Figure 3-8A and B). The cop-
per wire to thermocouple wire connections are immersed (but electrically isolated) in the
ice bath, and the user enters the 0°C simulated reference temperature into the Model 2750.
The simulated reference temperature for the Model 2750 can be set from 0 to 65°C.

The Model 2750 measures the input voltage and factors in the simulated reference temper-
ature to calculate the temperature reading at the thermocouple.

NOTE The most accurate temperature measurements are achieved by using a simulated
reference junction using an ice point reference.

Internal reference junction

“Internal” implies that a temperature transducer(s) is used to measure the cold junction.
For the Model 7700 switching module, the cold junction is the screw terminals, with volt-
age temperature sensors strategically placed to measure the temperature of the cold
junction.

The Model 2750 measures the temperature of the cold junction (screw terminals), mea-
sures the input voltage, and then calculates the temperature reading at the thermocouple.
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External reference junction

For switching modules that do not have built-in sensors to measure temperature, each
module can use a thermistor or 4-wire RTD to acquire the reference temperature. Connect
a thermistor to channel 1 or connect a 4-wire RTD to channel 1 and its paired channel.

Position the temperature transducer near the terminals for the channel(s) being used to
measure temperature. Be sure to electrically insulate the transducer leads to keep them
from making contact with other conductors.

When you close channel 1 to measure the cold junction temperature, that temperature
reading will be used to calculate the temperature when you close a thermocouple channel.

Open thermocouple detection

Long lengths of thermocouple wire can have a large amount of capacitance that is seen at
the input of the DMM. If an intermittent open occurs in the thermocouple circuit, the
capacitance could cause an erroneous on-scale reading.

The Model 2750 has an open thermocouple detection circuit. When enabled, a 10pA pulse
of current is applied to the thermocouple before the start of each temperature measure-
ment. If >12kQ is detected (open thermocouple), the OVRFLW message will be dis-
played. If <12kQ is detected, the current is turned off and a normal thermocouple
temperature measurement is performed.

NOTE Channel average cannot be used with thermocouple temperature measurements
if open thermocouple detection is enabled.

Thermistors

For thermistors, the temperature measurement range is -80°C to 150°C (0.01°C resolu-
tion). Thermistor types that are supported include the 2.2kQ, 5k€, and 10k<2 types.

The thermistor is a temperature sensitive resistor. Its resistance changes non-linearly with
changes in temperature. Most thermistors have a negative temperature coefficient. As tem-
perature increases, the resistance decreases. The Model 2750 measures the resistance of
the thermistor and calculates the temperature reading.

Of all the temperature transducers, the thermistor is the most sensitive. It can quickly
detect minute changes in temperature. It is a good choice when measuring very small
changes in temperature. The downside for this increased sensitivity is the loss of linearity.
Since they are especially non-linear at high temperatures, it is best to use them for mea-
surements below 100°C.

NOTE Curve fitting constants are used in the equation to calculate thermistor tempera-
ture. The thermistor manufacturer’s specified curve fitting constants may not be
exactly the same as the ones used by the Model 2750. “Thermistor equation,’
page F-6, provides the equation and the constants used by the Model 2750. It
also explains how to select a thermistor when the manufacturer’s constants and
the ones used by the Model 2750 do not match.
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4-wire RTDs

For 4-wire RTDs, the temperature measurement range is -200°C to 630°C (0.01°C resolu-
tion). RTD types that are supported include D100, F100, PT385, and PT3916. A USER
type is available to modify RTD parameters, such as the resistance at 0°C. The USER type
can be enabled from the front panel, but the settings can only be changed using remote
programming.

The RTD has a metal construction (typically platinum). The resistance of the RTD
changes with change in temperature. The Model 2750 measures the resistance and calcu-
lates the temperature reading. When using default RTD parameters, the resistance of the
RTD will be 100Q2 at 0°C.

Of all the temperature transducers, the RTD exhibits the most stability and linearity. The
Model 2750 performs the 4-wire measurement using offset-compensated ohms. This pro-
vides the most accurate way to measure the low resistance of the RTD.

NOTE The equation to calculate temperature vs. resistance readings listed is in the
RTD reference tables provided in Appendix F.

Connections

NOTE When using the front panel inputs, the INPUTS switch must be in the “F” (out)
position. For switching modules, it must be in the “R” (in) position.

Thermocouple connections

Connections for thermocouples are shown in Figure 3-8. Thermocouples are color coded
to identify the positive (+) and negative (-) leads (Table 3-3). Note that the negative (-)
lead for U.S. type T/Cs is red.

For front panel inputs, you need to use a simulated reference junction for thermocouple
temperature measurements. An ice bath, as shown in Figure 3-8A, serves as an excellent
cold junction since it is relatively easy to hold the temperature to 0°C. Notice that copper
wires are used to connect the thermocouple to the Model 2750 input.

NOTE The positive lead of the type T thermocouple is made of copper. Therefore, that
lead can be connected directly to the input of the Model 7700. It does not have to
be maintained at the simulated reference temperature (i.e., immersed in ice
bath).

For the Model 7700 switching module, you can also use a simulated reference junction as
shown in Figure 3-8B, or you can connect the thermocouple wires directly to the screw
terminals (internal reference junction) as shown in Figure 3-8C. Using a simulated refer-
ence junction may be inconvenient but it will provide more accurate temperature measure-
ments (assuming the user enters a precise reference temperature).
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With open thermocouple detection disabled, the Model 2750 can calculate the average

temperature of two thermocouple channels using Channel Average (see Section 5 for

details). As shown in Figure 3-8D, one thermocouple is connected to a primary channel (1
through 10), and the other thermocouple is connected to its paired channel (11 through
20). Channel 1 is paired to channel 11, channel 2 is paired to channel 12, and so on. Keep
in mind that a simulated reference junction (i.e. ice bath) can instead be used for these
thermocouple temperature measurements.

Figure 3-8
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Table 3-3

Color codes — thermocouple wires

T/C Type |Positive (+)| Negative (-)|| T/C Type |Positive (+) | Negative (-)
J |US. White Red E |US. Purple Red
British | Yellow Blue British | Brown Blue
DIN Red Blue DIN Red Black
Japanese |Red White Japanese |Red White
French | Yellow Black French | Yellow Blue
K |U.S. Yellow Red R |U.S. Black Red
British | Brown Blue British | White Blue
DIN Red Green DIN Red White
Japanese |Red White Japanese |Red White
French | Yellow Purple French | Yellow Green
N |U.S. Orange Red S |US. Black Red
British | — — British | White Blue
DIN — — DIN Red White
Japanese | — — Japanese |Red White
French |— — French | Yellow Green
T |U.S. Blue Red B |US. Gray Red
British | White Blue British | — —
DIN Red Brown DIN Red Gray
Japanese |Red White Japanese |Red Gray
French | Yellow Blue French |— —
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Thermistor connections

A thermistor can be connected directly to the front panel inputs or to any of the 20 input
channels of the Model 7700 switching module as shown in Figure 3-9.

Figure 3-9
Thermistor connections

Model 2750

ONC,

Thermistor
ONC; Input LO

Input HI

A. Front Panel Inputs

H
Model 7700 @ H

Switching CH 1-20 Thermistor
Module @

L

B. Model 7700 Switching Module
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4-wire RTD connections

Shown in Figure 3-10 are 4-wire RTD connections to the Model 2750. For the Model 7700
switching module, paired channels are used to perform the 4-wire measurement. The two
input leads of the RTD are connected to a primary channel (1 through 10), while the two
sense leads are connected to its paired channel (11 through 20). Channel 1 is paired to
channel 11, channel 2 is paired to channel 12, and so on.

Figure 3-10
4-wire RTD connections

Model 2750 Sense :'
Input HI
®/ @ 4-wire
Input LO RTD

C;
Sense LO

A. Front Panel Inputs

ai® @ Model 7700 @ M

i | @ Module @ [ 3
SENSE INPUT
Sense Low Input Low

4-wire
RTD
Sense High Input High

B. Model 7700 Switching Module
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Temperature measurement configuration

The Model 2750 is configured to measure temperature from the temperature measurement
configuration menu. Use the following general rules to navigate through the menu
structure:

Press SHIFT and then SENSOR to enter the menu structure.

Cursor position is indicated by a flashing menu item or parameter. Cursor position
is controlled by the « and p keys.

With the cursor on a menu item or parameter, use the A and ¥ keys to scroll
through the available options.

A displayed menu item and parameter is selected by pressing ENTER.

You can exit from the menu structure by pressing EXIT. However, any ENTERed
selections will apply.

Thermocouple temperature measurement configuration

The steps to configure thermocouple measurements are provided in Table 3-4. After press-
ing SHIFT and then SENSOR, the menu starts at step 1 to select measurement units.

Each time you press ENTER to make a selection, the menu will automatically go to the
next selection. After pressing ENTER for the last step, the instrument will return to the
normal measurement state.

NOTE AnINT card is a switching module that has an internal reference junction (i.e.,

Model 7700). The INT reference junction setting cannot be selected if there is
not at least one INT card installed in the unit. With no INT cards installed,
selecting INT will cause the “NO INT CARDS” message to be displayed briefly.

With at least one INT card installed, the INT reference junction can be selected.
However, if you select it for the front panel inputs, or for a switching module that
does not have an internal reference junction (i.e., Model 7702), the simulated
(SIM) reference junction will instead be used and the “ERR” annunciator will
turn on.

Table 3-4
Thermocouple temperature measurement configuration
Step Menu structure Description
1 |UNITS: C,F, orK Select temperature measurement units (°C, °F, or K).
2 |SENS: TCOUPLE Select the thermocouple transducer.
3 |TYPE: LK, T,E,R, S, B, or N | Select thermocouple type.
4 [JUNC: SIM, INT, or EXT Select the SIMulated, INTernal, or EXTernal reference junction*.
SIM: 000°C to 065°C, For the SIMulated reference junction, set the reference junction
273K to 338K, or temperature. The displayed units depend on the present UNITS
032°F to 149°F setting.
5 |OPENDET: Y or N Enable (Y) or disable (N) the open thermocouple detector.

*When using multiple channel operation (ROUT:MULT command) to connect a switching module input channel to the DMM, the
SIMulated reference junction will be used if the INTernal or EXTernal reference junction is selected.
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Thermistor temperature measurement configuration

The steps to configure thermistor measurements are provided in Table 3-5. After pressing
SHIFT and then SENSOR, the menu starts at step 1 to select measurement units.

Each time you press ENTER to make a selection, the menu will automatically go to the
next selection. After pressing ENTER for the last step, the instrument will return to the
normal measurement state.

Table 3-5
Thermistor temperature measurement configuration
Step Menu structure Description
1 UNITS: C,F, orK Select temperature measurement units (°C, °F, or K).
2 SENS: THRMSTR Select the thermistor transducer.
3 TYPE: 2200€2, 500092, or 10kQ | Select thermistor resistance.

4-wire RTD temperature measurement configuration

The Alpha, Beta, Delta, and Q at 0°C parameters for the five basic RTD types are provided
in Table 3-6. Note that these parameters can be modified using remote programming.

Table 3-6
RTD parameters
Type Standard Alpha Beta Delta Qat 0°C

PT100 ITS-90 0.003850 0.10863 1.49990 1002
D100 ITS-90 0.003920 0.10630 1.49710 100Q
F100 ITS-90 0.003900 0.11000 1.49589 100Q
PT385 IPTS-68 0.003850 0.11100 1.50700 100€2
PT3916 IPTS-68 0.003916 0.11600 1.50594 100€2
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The steps to configure 4-wire RTD measurements are provided in Table 3-7. After press-

ing SH

Each ti
next se

IFT and then SENSOR, the menu starts at step 1 to select measurement units.

me you press ENTER to make a selection, the menu will automatically go to the
lection. After pressing ENTER for the last step, the instrument will return to the

normal measurement state.

NOTE

As shown in Table 3-7, you can select the USER sensor type, but you cannot
change the USER parameters from the front panel. The parameters for the USER
type can only be set using remote programming (see TEMPerature:FRTD com-
mands in Table 3-8).

Table 3-7
4-wire RTD temperature measurement configuration
Step Menu Structure Description
1 |UNITS: C,F, orK Select temperature measurement units
(°C, °F, or K).
2 | SENS: 4W-RTD Select the 4-wire RTD transducer.
3 TYPE:PT100, D100, F100, Select 4-wire RTD type.
PT385, PT3916, or USER

Temperature measurement procedure

NOTE

Make sure the INPUTS switch is in the correct position. To use front panel
inputs, it must be in the “F” (out) position. For switching modules, it must be in
the “R” (in) position.

If a switching channel is presently closed (displayed), press OPEN to open it.
Select the temperature measurement function by pressing TEMP.

Configure the temperature measurement as previously explained in “Temperature
measurement configuration.”

Connect the temperature transducer(s) to be measured.

If using a switching module, perform the following steps to close the desired chan-
nel. Keep in mind, that for 4-wire RTD measurements, you will close the primary
(INPUT) channel (1 through 10). The channel that it is paired to will close
automatically.

a. Press the CLOSE key.
b. Use <« P, A, and V¥ to key in the channel number and press ENTER. The pre-

viously closed channel(s) (if any) will open, and the specified channel (or
channel pair) will close.
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NOTE While in the normal measurement state, you can use the < and p keys to close
channels. In general, each key press will open the presently closed channel, and
then close the next higher or lower channel.

6. Observe the displayed reading.
7. To measure other switching channels, repeat steps 5 and 6.
8. When finished, press OPEN if there is a channel closed.

Frequency and period measurements

The Model 2750 can make frequency measurements from 3Hz to 500kHz on voltage
ranges of 100mV, 1V, 10V, 100V, and 750V. Period (1 / frequency) measurements can be
taken from 2ps to 333ms on the same voltage ranges as the frequency.

Input impedance: 1MQ || <100pF, AC coupled.

The instrument uses the volts input to measure frequency. The AC voltage range can be
changed with the RANGE A and V¥ keys. The signal voltage must be greater than 10% of
the full-scale range.

CAUTION  The voltage limit is subject to the 8 x 10’ VHz product.

Trigger level

Frequency and period use a zero-crossing trigger, meaning that a count is taken when the
frequency crosses the zero level. The Model 2750 uses a reciprocal counting technique to
measure frequency and period. This method generates constant measurement resolution
for any input frequency. The multimeter’s AC voltage measurement section performs input
signal conditioning.

Gate time

The gate time is the amount of time the Model 2750 uses to sample frequency or period
readings. Use the RATE key to set the gate time; SLOW sets the gate time to 1.0 sec, MED
sets it to 0.1 sec, and FAST sets it to 0.01 sec. For remote programming, the gate time can
be set from 0.01 to 1.0 sec using the FREQuency:APERture, and PERiod: APERture com-
mands (Table 3-8). Note however, that if you set a gate time other than 1.0, 0.1, or 0.01
sec, the SLOW, MED, and FAST annunciators will be off.

The Model 2750 completes a reading when it receives its first zero-crossing after the gate
time expires. In other words, the reading is completed Y2 cycle after the gate time has
expired. For example, to sample a 3Hz frequency, you may wait up to three seconds before
the Model 2750 returns a reading.
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Connections

NOTE When using the front panel inputs, the INPUTS switch must be in the “F” (out)
position. For switching modules, it must be in the “R” (in) position.

Front panel input
When using the front panel input terminals, connect the test leads to the INPUT HI and
LO terminals as shown in Figure 3-11.

Figure 3-11
FREQ and PERIOD connections for front panel inputs

Model 2750
Front Panel

SENSE
o4awRE  INPUT £

toXcy

B A m |
o @ AC Volage
INPUT

L2 @)

CAT I AMPS
O

Input Impedance = TMQ in parallel with < 100pF
Caution: Maximum Input = 1000V peak, 8 x 10”7 VHz

(D
O

Model 7700 switching module

Connections for the Model 7700 switching module are shown in Figure 3-12. For this
2-wire measurement, channels 1 through 20 can be used.

Figure 3-12
FREQ and PERIOD connections using Model 7700 switching module

Model 7700 |() |1H7 AC
Switching CH 1-20 Voltage
Module @ l{Li Source

Caution: Maximum = 300V peak or RMS, 8 x 107VHz
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Frequency and period measurement procedure

NOTE Make sure the INPUTS switch is in the correct position. To use front panel
inputs, it must be in the “F” (out) position. For switching modules, it must be in
the “R” (in) position.

1. If a switching channel is presently closed (displayed), press OPEN to open it.
2. Perform one of the following steps to select function:

» Press FREQ to perform frequency measurements.

e Press SHIFT and then FREQ to perform period measurements.

3. Use the RANGE A and V¥ keys to select a measurement range consistent with the
expected AC voltage. Details on range are provided in Section 4.

4. Apply the AC voltage(s) to be measured.

CAUTION Do not apply more than maximum input levels indicated in
Figure 3-11 and Figure 3-12 or instrument damage may occur.

5. If using a switching module, perform the following steps to close the desired
channel:

a. Press the CLOSE key.

b. Use « P, A, and V¥ to key in the channel number and press ENTER. The pre-
viously closed channel (if there is one) will open, and the specified channel
will close.

NOTE While in the normal measurement state, you can use the € and p keys to close
channels. In general, each key press will open the presently closed channel, and
then close the next higher or lower channel.

6. Observe the displayed reading. If the “OVERFLOW” message is displayed, select
a higher range until a normal reading is displayed. Use the lowest possible range
for the best resolution.

7. To measure other switching channels, repeat steps 5 and 6.
8. When finished, press OPEN if there is a channel closed.
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Continuity testing

The Model 2750 can test continuity using the 2-wire 1k€ range. After selecting continu-
ity, you will be prompted to enter the threshold resistance level (1 to 1000€2). When the
measured circuit is below the set threshold level, the instrument will beep and display the
resistance readings. When the measured circuit is above the threshold level, the message
“OPEN” will be displayed.

NOTE The reading rate for continuity is fixed at FAST (0.1 PLC).

Limits and digital outputs cannot be used when testing continuity with the conti-
nuity (CONT) function. If you need to use these operations, use the Q2 function
to test continuity.

Connections

NOTE When using the front panel inputs, the INPUTS switch must be in the “F” (out)
position. For switching modules, it must be in the “R” (in) position.

Front panel input

When using the front panel input terminals, connect the test leads to the INPUT HI and
LO terminals as shown in Figure 3-13A.

Model 7700 switching module

Connections for the Model 7700 switching module are shown in Figure 3-13B. Since this
is a 2-wire ohms measurement, channels 1 through 20 can be used.
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Figure 3-13

Continuity connections

Model 2750

O @_ Input HI -/

Input LO

A. Front Panel Connections

Model 7700
Switching Module

B. Model 7700 Connections

0

0

Resistance
Under Test
H
Resistance
CH 1-20
Under Test
L

Note: Source current flows from input high to input low.

Continuity testing procedure

NOTE Make sure the INPUTS switch is in the correct position. To use front panel
inputs, it must be in the “F” (out) position. For switching modules, it must be in
the “R” (in) position.

1. Apply the resistance to be tested, and, if using a switching module, close the appro-
priate channel.

2. Press SHIFT and then CONT to display the present threshold LEVEL.
3. Use « P, A, and V¥ to key in the desired level (1 to 1000€2), and press ENTER.

4. If the measurement is below the threshold level, the beeper will sound and the
ohms reading will be displayed. If the measurement is above the threshold level,
the message “OPEN” will be displayed.

5. To disable continuity testing, select a different function (i.e., press DCV).

NOTE The beeper can be disabled using the SYSTem:BEEPer:STATe OFF command.
However, the beeper will automatically enable the next time the continuity test-
ing function is selected.

Limits and digital outputs cannot be used when testing continuity with the conti-
nuity (CONT) function. If you need to use these operations, use the Q2 function

to test continuity.
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Remote programming for basic measurements

Basic measurement commands

NOTE When measurements are performed, the readings are fed to other enabled pro-
cessing operations. Appendix D explains “Data flow (remote operation)” and
the commands used to return the various processed readings.

Commands to perform basic measurements are listed in Table 3-8.

Table 3-8
Basic measurement commands

Commands!

Description

Select measurement function
[SENSe[1]]

:FUNCtion <name> [, <clist>]

DCYV function
[SENSe[1]]

:VOLTage[:DC]J:IDIVider <b>

Q4 function
[SENSe[1]]

:FRESistance:OCOMpensated <b>
[, <clist>]

:FRESistance:DCIRcuit <b> [, <clist>]

Optional root command.

Select measurement function:
<name> = ‘VOLTage[:DC]’,
‘VOLTage:AC’, ‘CURRent[:DCT]’,
‘CURRent:AC’, ‘RESistance’,
‘FRESistance’, ‘CONTinuity’,
‘FREQuency’, or ‘PERiod’.

Note: [:DC] is optional.

Optional root command.
Enable/disable DCV input divider;
<b> = ON or OFF.

Optional root command.

Enable/disable dry circuit ohms.

Enable/disable offset compensated ohms.

Default | Ref
VOLT |a
OFF
OFF b
OFF b
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Table 3-8 (continued)
Basic measurement commands

Commands! Description Default | Ref
TEMP function
[SENSe[1]] Optional root command.
‘TEMPerature:TRANsducer <name> Select temperature transducer; <name> = | TC
[, <clist>] TCouple, FRTD, or THERmistor.
:TEMPerature:TCouple:TYPE <type> Select T/C type; <type>=1J,K, T, E, K
[, <clist>] R, S, B, or N.
‘TEMPerature:TCouple:ODETect <b> Enable/disable open thermocouple OFF
detector; <b> = ON or OFF.
:TEMPerature:TCouple:RJUNCction: Select reference junctionz; <name> = Note 3 |c
RSELect <name> [, <clist>] SIMulated, INTernal, or EXTernal.
:TEMPerature:TCouple:RJUNCction: Set the simulated reference temperature; |23°C d
SIMulated <n> [, <clist>] <n>=0to 65 (°C), 32 to 149 (°F), or
273 to 338 (K).
:TEMPerature: THERmistor <NRf> Set thermistor type in ohms; <NRf> = 5000
[, <clist>] 1950 to 10050.
‘TEMPerature:FRTD:TYPE <name> Select FRTD type; <name> = PT100, PT100 |e
[, <clist>] D100, F100, PT3916, PT385, or USER.
‘TEMPerature:FRTD:RZERo <NRf> Specify constant for USER type; 100
[, <clist>] <NRf> =0 to 10000.
‘TEMPerature:FRTD:ALPHa <NRf> Specify constant for USER type; 0.00385
[, <clist>] <NRf>=01t0 0.01.
:TEMPerature:FRTD:BETA <NRf> Specify constant for USER type; 0.111
[, <clist>] <NRf>=0to 1.00.
:TEMPerature:FRTD:DELTa <NRf> Specify constant for USER type; 1.507
[, <clist>] <NRf> =0 to 5.00.
FREQ function
[SENSe[1]] Optional root command.
:FREQuency:THReshold: VOLTage: Select threshold voltage range; <n> = 10 f
RANGe <n> [, <clist>] 0 to 1010.
:FREQuency:APERture <NRf> [, <clist>] Set gate time for FREQ measurements 1.0 g

in secs; <NRf> = 0.01 to 1.0.
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Table 3-8 (continued)
Basic measurement commands

Commands! Description Default | Ref
PERIOD function
:PERiod:THReshold:VOLTage:RANGe Select threshold voltage range; <n> = 10 f
<n> [, <clist>] 0to 1010.
:PERiod:APERture <NRf> [, <clist>] Set gate time for PERIOD measurements | 1.0 g

in secs; <NRf>=0.01 to 1.0.
CONT function

[SENSe[1]] Optional root command.
:CONTinuity:THReshold <NRf> Set continuity threshold in ohms; 10
<NRf>=1 to 1000.
SYSTem:BEEPer <b> Enable/disable beeper; <b>= ON or OFF. |ON
Set temperature measurement units
UNIT:TEMPerature <name> Set temperature units; <name> = C, CEL, h
F, FAR, or K.
Trigger and retrieve readings i
INITiate:CONTinuous <b> Enable/disable continuous initiation; Note 4
<b> = ON or OFF.
INITiate Trigger one or more measurements.
[SENSe[1]] Optional root command.
:DATA[:LATest]? Returns the last reading string.
:DATA:FRESh? Returns the last “fresh” reading string.
FETCh? Return reading(s).
READ? Trigger and return reading(s).

Channel list parameter:
<clist> = (@SCH)
where: S = Mainframe slot number (1, 2, 3, 4 or 5)
CH = Switching module channel number (must be 2 digits)
Examples: (@101) = Slot 1, Channel 1
(@101, 203) = Slot 1, Channel 1 and Slot 2, Channel 3
(@101:110) = Slot 1, Channels 1 through 10

1. The <clist> parameter is used to configure one or more channels for a scan.

2. When using multiple channel operation (ROUT:MULT command) to connect a switching module channel to the DMM for
thermocouple temperature measurements, the SIMulated reference junction will be used if the INTernal or EXTernal reference
junction is selected. The “ERR” annunciator will turn on to indicate that the integrity of the temperature reading is questionable.

3. With a Model 7700, 7706, or 7708 installed, the default sensor junction is Internal. Otherwise, the Simulated (23°C) junction is

selected.
4. The *RST default is OFF, and the SYSTem:PRESet default is ON.
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Reference

a.

FUNCtion <name> [, <clist>]

Note that the <name> parameters in the table are enclosed in single quotes
(° *). However, double quotes (“ ) can instead be used. For example:

FUNC ‘VOLT:AC’ = FUNC “VOLT:AC”

Scan configuration — When using the <clist> command to configure a scan
channel, the scan channel must first be set to the appropriate function before
sending other commands to configure it. For example, to set scan channel 101
to use offset compensated ohms, the following command sequence would be
sent:
FUNC ‘FRES’, (@101) ' Set scan channel 101 to Q4 function.
FRES:0COM ON, (@101) ' Enable offset compensated ohms for scan
' channel 101.
If scan channel 101 was not first set for the Q4 function, error +700 (Invalid
function in scanlist) will occur when trying to enable offset compensated ohms
for that channel. Details on scanning are provided in Section 7.

FRESistance:OCOMpensated <b> [, <clist>]
FRESistance:DCIRcuit <b> [, <clist>]

The instrument does not have to be on the Q24 function to enable offset-
compensated ohms and/or dry circuit ohms. When Q4 is selected, offset-
compensated ohms and/or dry circuit ohms will be enabled.

When using the <clist> parameter to configure a scan channel for offset-
compensated ohms, that channel must already be set for Q4. If set for another
function, a settings conflict (-221) will occur.

TEMPerature: TCouple:RJUNction:RSELect <name> [, <clist>]

To use the EXTERnal reference junction, the scan channel (101, 201, 301,
401, or 501) to be used for the measurement must already be configured to use
a thermistor or 4-wire RTD transducer. Otherwise, a settings conflict error
(-221) will occur. The TEMPerature: TR ANsducer command is used to select
the transducer.

NOTE The following command can instead be used to select the reference
junction:

TEMPerature:RJUNction:RSELect <name> [, <clist>]

TEMPerature: TCouple:RJUNction:SIMulated <n> [, <clist>]
The units for the simulated reference temperature depend on the present tem-
perature measurement units as set by UNIT:TEMPerature (see Ref h).

NOTE  The following command can instead be used to set the simulated ref-
erence temperature:

TEMPerature:RJUNCction:SIMulated <n> [, <clist>]
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e. TEMPerature:FRTD:RZERo <NRf> [, <clist>]
TEMPerature:FRTD:ALPHa <NRf> [, <clist>]
TEMPerature:FRTD:BETA <NRf> [, <clist>]
TEMPerature:FRTD:DELTa <NRf> [, <clist>]

These commands are used to set the parameters for the USER RTD type. Note
that the RZERo command sets the “Q at 0°C” parameter. When any of these
commands are sent, the USER RTD type is automatically selected.

f. FREQuency:THReshold:VOLTage:RANGe <n> [, <clist>]
PERiod:THReshold:VOLTage:RANGe <n> [, <clist>]

These commands are used to specify the expected input level. The instrument
will then automatically select the most sensitive current or voltage threshold
range.

g. FREQuency:APERture <NRf> [, <clist>]
PERiod:APERture <NRf> [, <clist>]

The rate annunciators indicate the following aperture settings:

SLOW =1 sec
MED = 0.1 sec
FAST = 0.01 sec

For all other aperture times, the rate annunciators are turned off.
h. UNIT:TEMPerature <name>

To set temperature measurement units to °C, use the C or CEL parameter. For
°F, use the F or FAR parameter. For Kelvin, use the K parameter.

i. Trigger and retrieve readings:

NOTE Detailed information on the processes to trigger and retrieve read-
ings is provided in Section 8, Section 13, and Appendix D.

INITiate:CONTinuous <b>
INITiate

With continuous initiation disabled (INITiate:CONTinuous OFF), you can use
the INITiate command to trigger one or more measurements.

NOTE Note that sending INITiate while the instrument is performing mea-
surements will cause error -213 (init ignored).

DATA[:LATest]?
DATA:FRESh?

These commands do not trigger a reading. They simply return the last reading
string. The reading reflects what is applied to the input.

While the instrument is performing measurements, you can use these com-
mands to return the last reading. If the instrument is not performing measure-
ments, DATA[:LATest]? will keep returning the same reading string.
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DATA:FRESh? can only be used once to return the same reading string. That
is, the reading must be “fresh.” Sending this command again to retrieve the
same reading string will generate error -230 (data corrupt or stale), or cause a
the GPIB to time-out. In order to again use DATA:FRESh? a new (fresh) read-
ing must be triggered.

FETCh?
READ?

FETCh? is similar to DATA[:LATest]]? in that it can be used to return the last
reading. However, it can also be used to return more than one reading. When
returning more than one reading, the readings are automatically stored in the
buffer.

In order to return multiple reading strings, continuous initiation must be dis-
abled (INIT:CONT OFF) so that the sample count (SAMPle:COUNt), which
specifies the number of measurements to be performed, can be set >1. After
INITiate is sent to trigger the measurements, FETCh? will return the reading
strings.

In general, READ? performs an INIT to trigger measurements and then a
FETCh? to retrieve the reading strings. With continuous initiation disabled
(INITiate:CONTinuous OFF), you can use the READ? command to trigger
and return readings. The sample count determines the number of reading
strings to be returned. With the sample count >1, the returned readings are
automatically stored in the buffer.

NOTE When readings are stored in the buffer by the TRACe command (or
by front panel data store operation), INIT and multi-sample READ?
queries are locked out. With readings in the buffer that were stored in
that manner, you cannot use the INIT or READ? command if sample
count is >1 (error -225, out of memory). Buffer operation is covered
in Section 6.
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Basic measurement programming examples

Example #1 — continuous triggering

The following command sequence places the Model 2750 in a continuous trigger mode to
measure ACV. Whenever DATA? is sent, the last measured reading will be sent to the com-
puter when the Model 2750 is addressed to talk.

SYST:PRES ' Continuous measurement mode (INIT:CONT ON) .
FUNC 'VOLT:AC' ' Select ACV function.
DATA? ' Request last measured reading.

Example #2 — one-shot triggering

The following command sequence places the Model 2750 in a one-shot trigger mode to
measure offset-compensated ohms. Whenever READ? is sent, a measurement will be trig-
gered, and the measured reading will be sent to the computer when the Model 2750 is
addressed to talk.

*RST ' One-shot measurement mode (INIT:CONT OFF) .
FUNC 'FRES' ' Select Q4 function.

FRES:RANG le3 ' Select 1kQ range.

FRES:0COM ON ' Enable offset-compensated ohms.

READ? ' Trigger and return one reading.

Example #3 — temperature measurement using Model 7700

The following command sequence places the Model 2750 in a one-shot trigger mode to
perform a thermocouple temperature measurement at channel 101 (Model 7700 switching
module installed in slot 1). With channel 101 closed, the INIT command triggers one mea-
surement, and the DATA? command sends the measured reading to the computer when it
is addressed to talk.

*RST ' One-shot measurement mode (INIT:CONT OFF) .
FUNC 'TEMP' ' Select TEMP function.

UNIT:TEMP F ' Select °F TEMP units.

TEMP:TRAN TC ' Select thermocouple transducer.

TEMP:TC:TYPE J ' Select type J thermocouple.

TEMP:RJUN:RSEL SIM ' Select simulated reference junction.
TEMP:RJUN:SIM 32 ' Set reference temperature to 32°F (ice point).
ROUT:CLOS (@101) ' Close channel 101.

INIT ' Trigger one measurement.

DATA? ' Return measured reading.
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Example #4 — Scan configuration (Model 7700)

The following commands configure scan channels 101, 102, and 121 of a Model 7700
installed in slot 1. When channel 101 is scanned, DCV will be selected. When channel 102
is scanned, Q2 will be selected. When channel 121 is scanned, DCI will be selected.

FUNC 'VOLT', (@101) ' Configure scan channel 101 for DCV.
FUNC 'RES', (@102) ' Configure scan channel 102 for Q2.
FUNC 'CURR', (@121) ' Configure scan channel 121 for DCI.

NOTE Detailed information on scanning is provided in Section 7.

Measurement queries

NOTE For more information on read commands, see Section 8 (see page 3-48), Section
13 (SCPI Signal Oriented Measurement Commands) and Appendix D (Signal
Processing Sequence and Data Flow).

‘FETCh?
What it does

This command will simply return the latest available reading from an instrument.
Limitations

If the instrument does not have a reading available (indicated by dashes in the display),
sending this command will cause a —230, “Data corrupt or stale” error. This query will not
cause the box to trigger a reading, nor will it “wait” for a result if a reading is in progress.
It is possible to get the same reading over and over using this query. It will continue to give
the same result until one of two things has happened:

¢ A new reading has been triggered
¢ The old reading has been invalidated by changing ranges or by changing function.

Where appropriate

Since this query does not trigger a reading and can give duplicate results, there are not many
cases where this command should be used. The :DATA:FRESh? query (see page 3-50) is
often a better choice. If this query is used, the following conditions should be met:

* A reading has been triggered, by either free running (:INIT:CONT ON and
‘TRIG:SOUR IMM), by some event such as a bus trigger (*TRG), or by an exter-
nal trigger (:TRIG:SOUR EXT).

e Itis confirmed that the reading is completed by either the setting of the RAV bit in
the status model or by allowing sufficient time to pass for the reading to complete.
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‘READ?
What it does

This command performs three actions. It will reset the trigger model to the idle layer
(equivalent to the :ABORt command), take the trigger model out of idle (equivalent to the
{INIT command), and return a reading (equivalent to a FETCh? query). This command
will always return a new reading, since aborting the trigger model will invalidate any old
readings and trigger a new one. This query will “wait” for a new reading to become avail-
able before the instrument sends a result back.

Limitations

This command will not work if the trigger source is set for BUS or EXTERNAL. This will
cause a —214, “Trigger deadlock” error. Under this condition, use a :FETCh? query or a
:DATA:FRESh? query (see next page). If the trigger model is continuously initiating
(:INIT:CONT ON), sending this query may cause a —213, “Init ignored” error but will still
give a new reading.

When appropriate

If the instrument receives a *RST command, then it defaults to :INIT:CONT OFF,
‘TRIG:SOUR IMM, and :TRIG:COUNT 1. Sending a :READ? query under these condi-
tions will trigger a new reading.

‘MEASure[:<function>]?

What it does

This query will reconfigure the instrument to the function specified in the query, set the
trigger source for immediate, set the trigger count to 1, and configure the measurement
parameters to ¥*RST defaults. It will then trigger a single reading, and return the result.

Limitations

This query is much slower than a :READ? or :FETCh? query because it has to reconfigure
the instrument each time it is sent. It will reset the NPLC, autoranging, and averaging to
default settings.

When appropriate

This is an ideal command for taking one-shot measurements if the default settings for a
measurement are appropriate and speed is not a requirement.
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[:SENSe[1]]:DATA:FRESh?

What it does

This query is similar to :FETCh? in that it returns the latest reading from the instrument
but has the advantage of making sure that it does not return the same reading twice.
Limitations

Like the :FETCh? query, this command does not trigger a reading.

When appropriate

This is a much better choice than the :FETCh? query because it can not return the same
reading twice. This would be a good query to use when triggering by BUS or EXTER-
NAL, because it will wait for a reading to complete if a reading is in progress.

The :CALC:DATA:FRESh? query is similar to the :DATA:FRESh? query but applies to
readings that have math applied to them (e.g., :MX+B scaling).

[:SENSe[1]1:DATA[:LATest]?

What it does

This query will return the last reading the instrument had, regardless of what may have
invalidated that reading, such as changing ranges or functions.

Limitations

This query is fully capable of returning meaningless, old data.

When appropriate

If, for some reason, the user wants the last completed reading, even after changing ranges
or other measurement settings, would invalidate the old reading.

The :CALC:DATA:LATest? query that is similar to the :DATA:LAT? query but applies to
readings that have math applied to them (e.g., : MX+B scaling).
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Examples

One-shot reading, DC volts, no trigger, fastest rate

*RST

:INITiate:CONTinuous OFF; :ABORt

:SENSe:FUNCtion ‘VOLTage:DC’

:SENSe:VOLTage:DC:RANGe 10 // Use fixed range for fastest readings.

:SENSe:VOLTage :DC:NPLC 0.01 // Use lowest NPLC setting for fastest

/] readings.

:DISPlay:ENABle OFF // Turn off display to increase speed.

:SYSTem:AZERo: STATe OFF // Disable autozero to increase speed, but may cause
// drift over time.

: SENSe : VOLTage :DC:AVERage : STATe OFF // Turn off filter for speed.

:TRIGger:COUNt 1

:READ?

(Enter reading)

One-shot reading, DC volts, bus trigger, auto ranging

*RST

:INITiate:CONTinuous OFF; :ABORt

: TRIGger: SOURce BUS

:SENSe:FUNCtion ‘VOLTage:DC’

:SENSe : VOLTage : DC: RANGe : AUTO ON

:TRIGger:COUNt 1

:INITiate

*TRG -or- GET // Triggers reading (GET is a GPIB general bus command).
: SENSe : DATA : FRESh?

(Enter reading)

One-shot reading, external trigger, auto delay enabled

*RST

:INITiate:CONTinuous OFF; :ABORt

: TRIGger:SOURce EXTernal

:TRIGger:DELay:AUTO ON // Note: Auto trigger delay only takes effect with
// trigger source set for BUS or EXTernal.

:SENSe:FUNCtion ‘VOLTage:DC’

:SENSe :VOLTage : DC: RANGe : AUTO ON

:INITiate

(external trigger)

: SENSe :DATA: FRESh?

(enter reading) // This step will time out if the trigger hasn’t occurred.
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4
Range, Digits, Rate,

Bandwidth, and Filter

Range — Provides details on measurement range selection. Includes the com-
mands for remote programming.

Digits — Provides details on selecting display resolution. Includes the commands
for remote programming.

Rate and bandwidth — Provides details on integration rate and bandwidth (for
AC measurements). Includes the commands for remote programming.

Filter — Provides details on filtering. Includes the commands for remote
programming.
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Range

The range setting is “remembered” by each measurement function. When you select a
function, the instrument will return to the last range setting for that function.

Measurement ranges and maximum readings

The selected range affects both accuracy of the measurement as well as the maximum
level that can be measured. The measurement ranges and maximum readings for all func-
tions, except FREQ, PERIOD, and TEMP, are listed in Table 4-1.

Input values that exceed the maximum readings cause the message “OVERFLOW” to be

displayed.
Table 4-1
Measurement ranges and maximum readings
Maximum
Function Ranges reading
DCV 100mV, 1V, 10V, 100V, 1000V 1010V
ACV 100mV, 1V, 10V, 100V, 750V 757.5V
DCI 20mA, 100mA, 1A, 3A 13.1A
ACI 1A, 3A 3.1A
Q2 10Q2, 100€2, 1k, 10k€2, 100k€2, IMQ, 10ML, 100MQ | 120MQ
Q4" 1Q, 10Q, 100€2, 1k€2, 10k€2, 100k€2, 1IMQ, 10MQ, 120MQ
100MQ

*Offset-compensated ohms and dry circuit ohms:
OCOMP — Offset-compensated ohms can be performed on the 1Q, 1092, 100Q2,
1k€2, and 10k€2 ranges.
DRYCKT — Available ranges for dry circuit ohms include the IQ, IOQ, IOOQ,
and 1k€ ranges.

FREQ and PERIOD — Frequency measurements from 3Hz to S00kHz, and period mea-
surements from 2ps to 333ps can be made on the ACV ranges.

TEMP — There is no range selection for temperature measurements. Temperature mea-
surements are performed on a single, fixed range. Depending on which type of sensor is
being used, the maximum temperature readings range from —200°C to 1820°C.
Appendix A, “Specifications,” lists the reading range for each sensor type.
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Manual ranging

To change range, press the RANGE 4 or ¥ key. The instrument changes one range per key
press. The selected range is displayed for one second. Note that the manual range keys
have no effect on temperature (TEMP).

If the instrument displays the “OVERFLOW” message on a particular range, select a
higher range until an on-range reading is displayed. Use the lowest range possible without
causing an overflow to assure best accuracy and resolution.

Auto ranging

To enable auto range, press the AUTO key. The AUTO annunciator turns on when auto
ranging is selected. While auto ranging is enabled, the instrument automatically selects the
best range to measure the applied signal. Auto ranging should not be used when optimum
speed is required. Note that the AUTO key has no effect on temperature (TEMP).

Up-ranging occurs at 120% of range. The Model 2750 will down-range when the reading
is <10% of nominal range.

To disable auto ranging, press AUTO. This will leave the instrument on the present range.
You can also disable auto ranging by pressing the A or ¥ key, however a range change
may occur.

Scanning

When a simple scan is configured, the present function and range setting will apply to all
channels in the scan. When an advanced scan is configured, each channel can have its own
unique range setting. Details to configure and run a scan are provided in Section 7.

For remote programming, the <clist> parameter is used to configure channels for a scan.
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Remote programming — range

Range commands
The commands to set range are listed in Table 4-2. Additional information on these com-

mands follow the table.

NOTE Query commands and some optional command words are not included in
Table 4-2. All commands for the SENSe subsystem are provided in Table 15-5.

Table 4-2
Range commands
Commands! 2 Description Default
[SENSe[1]] Optional root command.

:VOLTage[:DC]:RANGe <n> [, <clist>] Select DCV range; <n> =0 to 1010 (V). 1000
:VOLTage[:DC]:RANGe:AUTO <b> Control DCV auto range; <b> = ON or OFF.| ON

[, <clist>]
:VOLTage:AC:RANGe <n> [, <clist>] Select ACV range; <n> = 0to 757.5 (V). 750
:VOLTage:AC:RANGe:AUTO <b> [, <clist>]| Control ACV auto range; <b>= ON or OFF. | ON
:CURRent[:DC]:RANGe <n> [, <clist>] Select DCI range; <n>=0to 3 (A). 3
:CURRent[:DC]:RANGe:AUTO <b> Control DCI auto range; <b>= ON or OFF. | ON

[, <clist>]
:CURRent:AC:RANGe <n> [, <clist>] Select ACI range; <n> =0 to 3 (A). 3
:CURRent:AC:RANGe:AUTO <b> |, Control ACI auto range; <b>= ON or OFF. |ON

<clist>]
:RESistance:RANGe <n> [, <clist>] Select Q2 range; <n> = 0 to 120e6 (€2). 120e6
:RESistance:RANGe:AUTO <b> [, <clist>] Control Q2 auto range; <b>= ON or OFF. |ON
:FRESistance:RANGe <n> [, <clist>] Select Q4 range; <n> = 0 to 120e6 (Q2). 120e6
:FRESistance:RANGe:AUTO <b> [, <clist>] | Control 4 auto range; <b>= ON or OFF. |ON

Channel list parameter:

<clist> = (@SCH)

where: S = Mainframe slot number (1, 2, 3, 4 or 5)

CH = Switching module channel number (must be 2 digits)
Examples: (@101) = Slot 1, Channel 1
(@101, 203) = Slot 1, Channel 1 and Slot 2, Channel 3
(@101:110) = Slot 1, Channels 1 through 10

1. The <clist> parameter is used to configure one or more channels for a scan. Each channel in the <clist> must be set to the function
specified by the range command. If not, a conflict error (-221) will occur. For example, VOLTage:AC:RANGe 1, (@101) is only
valid if scan channel 101 is set for the ACV function.

2. [:DC] is optional for the commands to set DCV and DCI range.
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Digits

Manual ranging

The range is selected by specifying the expected reading as an absolute value using the
<n> parameter for the appropriate :RANGe command. The Model 2750 will then go to the
most sensitive range for that expected reading. For example, if you expect a reading of
approximately 3V, let the parameter (<n>) equal 3 to select the 10V range.

Auto ranging

The :RANGe:AUTO command is coupled to the command to select range manually
(:RANGe <n>). When auto range is enabled, the parameter value for :RANGe <n>
changes to the automatically selected range value. When auto range is disabled, the instru-
ment remains at the selected range. When a valid :RANGe <n> command is sent, auto
ranging disables.

Range programming examples

Example #1 — The following commands select range for DCV, Q2, and DCI:

VOLT:RANG 0.5 ' Select 1V range for DCV.
RES:RANG 2e3 ' Select 10kQ range for Q2.
CURR:RANG 0.1 ' Select 100mA range for DCI.

Example #2 — The following command sequence configures channel 101 of the
Model 7700 to select the 10VDC range when it is scanned.

FUNC 'VOLT', (@101) ' Set 101 for DCV function.
VOLT:RANG 1.5, (@101) ' Set 101 for 10V range.

The DIGITS key sets display resolution for the Model 2750 from 3'2 to 6% digits. From
the front panel, setting digits for one function affects all the other functions. For example
if you set DCV for 3%2 digits, the other functions will also set to 3%z digits. For remote
programming, each mainframe input function can have its own unique digits setting.

Digits has no effect on the remote reading format. The number of displayed digits does not
affect accuracy or speed. Speed is set by the RATE key.

Setting display resolution — To set display resolution, press the DIGITS key until the
desired number of digits is displayed.

Scanning

When a simple scan is configured, the present digits setting will apply to all channels in
the scan. When an advanced scan is configured, each channel can have its own unique dig-
its setting. Details to configure and run a scan are provided in Section 7.

For remote programming, the <clist> parameter is used to configure channels for a scan.
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Remote programming — digits

Digits commands

The commands to control display resolution (digits) are listed in Table 4-3. Additional
information on these commands follow the table.

NOTE Query commands are not included in Table 4-3. All commands for the SENSe
subsystem are provided in Table 15-5.

Table 4-3
Digits commands
Commands* Description Default

[SENSe[1]] Optional root command.
:VOLTage[:DC]:DIGits <n> [, <clist>] Set # of digits for DCV; <n>=41to0 7. 7
:VOLTage:AC:DIGits <n> [, <clist>] Set # of digits for ACV; <n>=41to07. 6
:CURRent[:DC]:DIGits <n> [, <clist>] Set # of digits for DC1; <n>=4to 7. 7
:CURRent:AC:DIGits <n> [, <clist>] Set # of digits for ACI; <n>=41t0 7. 6
:RESistance:DIGits <n> [, <clist>] Set # of digits for Q2; <n>=41t07. 7
:FRESistance:DIGits <n> [, <clist>] Set # of digits for Q4; <n>=4t07. 7
‘TEMPerature:DIGits <n> [, <clist>] Set # of digits for TEMP; <n>=41to 7. 6
:FREQuency:DIGits <n> [, <clist>] Set # of digits for FREQ; <n>=41to 7. 7
:PERiod:DIGits <n> [, <clist>] Set # of digits for PERIOD; <n>=4to 7. 7

Channel list parameter:
<clist> = (@SCH)
where: S = Mainframe slot number (1, 2, 3, 4 or 5)
CH = Switching module channel number (must be 2 digits)
Examples: (@101) = Slot 1, Channel 1
(@101, 203) = Slot 1, Channel 1 and Slot 2, Channel 3
(@101:110) = Slot 1, Channels 1 through 10
*The <clist> parameter is used to configure one or more channels for a scan. Each channel in the <clist> must be set to the function

specified by the digits command. If not, a conflict error (-221) will occur. For example, VOLTage:AC:DIGits 4.5, (@101) is only
valid if scan channel 101 is set for the ACV function.
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Setting digits

Even though the parameters for the DIGits command are expressed as integers (4 to 7),
you can specify resolution using a real number. For example, to select 32 digit resolution,
let <n> = 3.5. Internally the instrument rounds the entered parameter value to the nearest
integer.

As implied by the commands in Table 4-3, each mainframe input function can have its
own unique digits setting.

Digits programming examples
Example #1 — The following commands set digits for DCV and ACI:

VOLT:DIG 5.5 ' Set DCV to 5% digits.
CURR:AC:DIG 4 ' Set ACI to 3% digits.

Example #2 — The following command sequence configures channels 101 through 110
of the Model 7700 to select 4V2 digits when they are scanned.

FUNC 'RES' (@101:110) ' Select Q2 function.
RES:DIG 4.5, (@101:110) ' Set scan channels to 4% digits.
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Rate and bandwidth

Rate

The RATE key sets the integration time (measurement speed) of the A/D converter, the
period of time the input signal is measured (also known as aperture). The integration time
affects the amount of reading noise, as well as the ultimate reading rate of the instrument.

The integration time is specified in parameters based on a number of power line cycles
(NPLC), where 1 PLC for 60Hz is 16.67msec (1/60) and 1 PLC for 50Hz and 400Hz is
20msec (1/50).

In general, the fastest integration time (0.1 PLC from the front panel, 0.01 PLC from the
bus) results in increased reading noise and fewer usable digits, while the slowest integra-
tion time (5 PLC from the front panel, 50 PLC from the bus) provides the best common-
mode and normal-mode rejection. In-between settings are a compromise between speed

and noise.

The Model 2750 has a parabola-like shape for its speed vs. noise characteristics and is
shown in Figure 4-1. The Model 2750 is optimized for the 1 PLC to 5 PLC reading rate. At
these rates (lowest noise region in graph), the Model 2750 will make corrections for its
own internal drift and still be fast enough to settle a step response <100ms.

Figure 4-1

Speed vs. noise characteristics
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Aperture Time
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The front panel RATE settings for all but the AC functions are explained as follow:

o FAST sets integration time to 0.1 PLC. Use FAST if speed is of primary impor-
tance (at the expense of increased reading noise and fewer usable digits).

*  MEDium sets integration time to 1 PLC. Use MEDium when a compromise

between noise performance and speed is acceptable.

e SLOW sets integration time to 5 PLC. SLOW provides better noise performance at
the expense of speed.

For the AC functions (ACV, ACV dB, and ACI), the RATE key sets integration time and
bandwidth. As listed in Table 4-4, FAST sets NPLC to 1, while the MEDium and SLOW
NPLC settings are ignored (see “Bandwidth,” page 4-10, for details).

Table 4-4
Rate and bandwidth settings
Rate and bandwidth

Function Fast Medium Slow
DCYV, DCI NPLC=0.1 NPLC=1 NPLC=5
ACYV, ACI NPLC=1, BW=300 |[NPLC=X, BW=30 |[NPLC=X, BW=3
Q2, Q4 NPLC=0.1 NPLC=1 NPLC=5
FREQ, PERIOD | APER=0.01s APER=0.1s APER=1s
Continuity NPLC =0.01 N/A N/A

Notes: NPLC = number of power line cycles.
BW = lower limit of bandwidth (in Hz).
APER = aperture in seconds.
N/A = not available.
X = setting ignored.

From the front panel, setting the rate for one function affects all the other functions. For
example, if you set DCV for medium speed, the other functions will also set to medium
speed. For remote programming, each function can have its own unique rate setting (0.01

to 50 or 60 PLC).

NOTE Rate cannot be set for continuity. It is fixed at 0.01 PLC.
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Setting measurement speed — The RATE key is used to set measurement speed from the
front panel. Simply press RATE until the desired speed annunciator (FAST, MED, or
SLOW) turns on.

NOTE The Model 2750 uses internal references to calculate an accurate and stable
reading. When the NPLC setting is changed, each reference must be updated to
the new NPLC setting before a reading is generated. Therefore, frequent NPLC
setting changes can result in slower measurement speed.

Bandwidth

Bandwidth specifies the lowest frequency of interest for AC measurements. The RATE
setting determines the bandwidth setting:

« SLOW — 3Hz to 300kHz
« MEDium — 30Hz to 300kHz
e FAST — 300Hz to 300kHz

When the Slow bandwidth (3Hz to 300kHz) is chosen, the signal goes through an analog
RMS converter. The output of the RMS converter goes to a fast (1kHz) sampling A/D and
the RMS value is calculated from 1200 digitized samples (1.2s).

When the Medium bandwidth (30Hz to 300kHz) is chosen, the same circuit is used. How-
ever, only 120 samples (120ms) are needed for an accurate calculation because the analog
RMS converter has turned most of the signal to DC.

In the Fast bandwidth (300Hz to 300kHz), the output of the analog RMS converter (nearly
pure DC at these frequencies) is simply measured at 1 PLC (16.6ms). For remote pro-
gramming, the integration rate can be set from 0.01 PLC to 50 or 60 PLC.

Table 4-4 lists the front panel bandwidth settings for the AC measurement functions. For
remote programming, the FAST, MED, and SLOW annunciators are only lit when condi-
tions in the table are met. In other cases, the annunciators are turned off.

Scanning

When a simple scan is configured, the present rate or bandwidth setting will apply to all
channels in the scan. When an advanced scan is configured, each channel can have its own
rate or bandwidth setting. Details to configure and run a scan are provided in Section 7.

For remote programming, the <clist> parameter is used to configure channels for a scan.
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Remote programming — rate and bandwidth

Rate and bandwidth commands

The commands to set the integration rate and bandwidth are listed in Table 4-5. Additional
information on these commands follows the table.

NOTE Query commands are not included in Table 4-5. All commands for the SENSe
subsystem are provided in Table 15-5.

Table 4-5
Rate and bandwidth commands
Commands 7 Description Default
Integration rate commands

[SENSe[1]] Optional root command.
:VOLTage[:DC]:NPLCycles <n> [, <clist>] Set rate for DCV in PLCs; <n> = 0.01 to x.2 5.0
:VOLTage[:DC]:APERture <NRf> Set rate for DCV in secs; <NRf> = x to 1.3 (Note 4)

[, <clist>]
:VOLTage:AC:NPLCycles <n> [, <clist>] Set rate for ACV in PLCs; <n> = 0.01 to xx.29 5.0
:VOLTage:AC:APERture <NRf> [, <clist>] Set rate for ACV in secs; <NRf> = x to1.3 (Note 4)
:CURRent[:DC]:NPLCycles <n> [, <clist>] | Set rate for DCI in PLCs; <n> = 0.01 to x.2 5.0
:CURRent[:DC]:APERture <NRf> Set rate for DCI in secs; <NRf> = x to 1.3 (Note 4)
[, <clist>]

:CURRent:AC:NPLCycles <n> [, <clist>] Set rate for ACI in PLCs; <n> = 0.01 to x.20 5.0
:CURRent:AC:APERture <NRf> [, <clist>] | Set rate for ACI in secs; <NRf>=xto 1.>° | (Note 4)
:RESistance:NPLCycles <n> [, <clist>] Set rate for Q2 in PLCs; <n> = 0.01 to x.2 5.0
:RESistance:APERture <NRf> [, <clist>] Set rate for Q2 in secs; <NRf> = x to 1.3 (Note 4)
:FRESistance:NPLCycles <n> [, <clist>] Set rate for Q4 in PLCs; <n>=0.01 to x.2 5.0
:FRESistance:APERture <NRf> [, <clist>] Set rate for Q4 in secs; <NRf> = x to 1.3 (Note 4)
:TEMPerature:NPLCycles <n> [, <clist>] Set rate for TEMP in PLCs; <n> = 0.01 to x2 5.0

‘TEMPerature: APERture <NRf> [, <clist>]

Set rate for TEMP in secs; <NRf> = x to 13

(Note 4)
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Table 4-5 (continued)
Rate and bandwidth commands

Commands 17 Description Default

Bandwidth commands

[SENSe[1]] Optional root command.
:VOLTage:AC:DETector:BANDwidth Set AC bandwidth for ACV in Hertz; <NRf> = |30
<NRf> [, <clist>] 3 to 3e5.0
:CURRent:AC:DETector:BANDwidth Set AC bandwidth for ACI in Hertz; 30
<NRf> [, <clist>] <NRf> = 3t0 3¢5.5

Channel list parameter:
<clist> = (@SCH)
where: S = Mainframe slot number (1, 2, 3,4 or 5)
CH = Switching module channel number (must be 2 digits)
Examples: (@101) = Slot 1, Channel 1
(@101, 203) = Slot 1, Channel 1 and Slot 2, Channel 3
(@101:110) = Slot 1, Channels 1 through 10

Notes:

1. The <clist> parameter is used to configure one or more channels for a scan. Each channel in the <clist> must be set to the function
specified by the command. If not, a conflict error (-221) will occur. For example, RESistance:NPLCycles 1, (@101) is only valid if
scan channel 101 is set for the £22 function.

. For 60Hz line power, x = 60. For 50Hz line power, x = 50.

. For 60Hz line power, x = 1.67e-4. For S0Hz line power, x = 2e-4.

. For 60Hz line power, the default is 16.67msec. For 50Hz line power, the default is 20msec.

. Commands to set rate for ACV and ACI are only valid if bandwidth is set to 300 (300Hz to 300kHz). See “Rate and bandwidth
conflict error,” page 4-13, for details.

. The instrument will actually accept a parameter value up to 10e6, but it will default to 3e5.

7. [:DC] is optional for the commands to set DCV and DCI integration rate.

[T SOV )
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Aperture

Aperture is a different way to specify the integration rate. As previously explained, 1 PLC
sets the integration rate to 16.67msec (assuming 60Hz line power). You can instead use an
APERture command as follows to set the same integration rate:

:APERture 16.67e-3

Bandwidth

There are three bandwidth settings for ACV and ACI measurements: 3 (3Hz to 300kHz),
30 (30Hz to 300kHz), and 300 (300Hz to 300kHz). To achieve the best accuracy for ACV
and ACI measurements, use the bandwidth setting that best reflects the frequency of the
input signal. For example, if the input signal is 40Hz, then a bandwidth setting of 30
should be used.
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To set bandwidth, simply specify (approximately) the frequency of the input signal. The
instrument will automatically set the bandwidth as follows:

<NRf> =3t029 3Hz to 300kHz
=30to 299 30Hz to 300kHz
=300 to 300e3 300Hz to 300kHz

NOTE A rate command (:NPLCycles or :APERture) for ACV and ACI is only valid if
the bandwidth for that AC function is set to 300 (300Hz to 300kHz). See “Rate
and bandwidth conflict error” for details.

Rate and bandwidth conflict error

For bandwidth settings of 3 and 30, the normal A/D conversion method is not used for
ACYV and ACI measurements. Therefore, integration rate commands (:NPLCycles and
:APERture) for these bandwidth settings will cause a settings conflict error (-221) and not
be executed.

For a bandwidth setting of 300, the normal A/D conversion method is used, therefore the
integration rate commands can be used.

The default bandwidth setting is 30 for both ACV and ACI. If you want to set an integra-
tion rate for an AC function, you will have to first set the bandwidth to 300.

Rate and bandwidth programming examples

Example #1 — The following command sequence sets ACV rate to 5 PLC. In order to set
rate for an AC function, bandwidth must first be set to 300:

VOLT:AC:DET:BAND 300 ' Set ACV bandwidth to 300.
VOLT:AC:NPLC 5 ' Set ACV rate to 5 PLC.

NOTE VOLT:AC:DET:BAND must be set to 300 before the VOLT:AC:NPLC command
can be sent.

Example #2 — The following command sequence configures channels 101 and 103 of the
Model 7700 to set integration rate to 6 PLC when they are scanned.

FUNC 'VOLT' (@101, 103) ' Select DCV function.
VOLT:NPLC 6, (@101, 103) ' Set rate to 6 PLC.
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Filter

The digital filter is used to stabilize noisy measurements. The displayed, stored, or trans-
mitted reading is a windowed-average of a number of reading conversions (from 1 to 100).

The filter setup is “remembered” and can be unique for each measurement function (DCV,
ACYV, DCI, ACI, Q2, Q4, and TEMP). When you select a function, the instrument will
return to the last filter setup for that function.

NOTE The various instrument operations, including Filter, are performed on the input
signal in a sequential manner. See “Signal processing sequence,” page D-2, for
details. It includes flowcharts showing where in the processing sequence that fil-
tering is performed.

Filter characteristics

In general, the digital filter places a specified number of A/D conversions (Filter Count)
into a memory stack. These A/D conversions must occur consecutively within a selected
reading window (Filter Window). The readings in the stack are then averaged to yield a
single filtered reading. The stack can be filled in two ways (Filter Type): moving or repeat-
ing. The moving filter keeps adding and removing a single A/D conversion from the stack
before taking the average, while the repeating filter only averages a stack that is filled with
new A/D conversions.

Details on digital filter characteristics are provided as follows:

Filter count — The filter count specifies how many consecutive A/D conversions (within
the filter window) to place in the memory stack. When the stack is full, the A/D conver-
sions are averaged to calculate the final filtered reading. The filter count can be set from 1
to 100. Note that with a filter count of 1, no averaging is done. However, only readings
within the filter window will be displayed, stored or transmitted.

NOTE While the filter processes readings, the FILT annunciator blinks. Readings that
are being displayed while the FILT annunciator blinks are not final filtered read-
ings. When the FILT annunciator stops blinking, the filter has settled.

Filter window — The digital filter uses a window to control filter threshold. As long as the
input signal remains within the selected window, A/D conversions continue to be placed in
the stack. If the signal changes to a value outside the window, the filter resets, and the filter
starts processing again starting with a new initial conversion value from the A/D converter.

The five window selections from the front panel are 0.01%, 0.1%, 1%, 10% of range, and
NONE (no window). For remote programming, the window can be set to any value from
0.01% to 10% or NONE.
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For voltage, current, and resistance, the filter window is expressed as a percent of range.
For example, on the 10V range, a 10% window means that the filter window is £1V. For
temperature, the filter window is expressed as a percent of the maximum temperature
reading. The maximum temperature depends on which thermocouple is being used. For
example, for a Type J thermocouple, the maximum reading is 760°C; a 10% window
means that the filter window is £76°C.

Filter type — There are two digital filter types: moving and repeating. The moving aver-
age filter uses a first-in, first-out stack. When the stack becomes full, the measurement
conversions are averaged, yielding a reading. For each subsequent conversion placed in
the stack, the oldest conversion is discarded, and the stack is re-averaged, yielding a new
reading. This process is depicted in Figure 4-2A.

For the repeating filter, the stack is filled and the conversions are averaged to yield a read-
ing. The stack is then cleared and the process starts over (Figure 4-2B). The repeating filter
is used for scanning so readings from other channels are not averaged with the present
channel.

NOTE The moving filter cannot be used when scanning. If a scan channel is set up to
use the moving filter, the filter will not turn on. Scanning is covered in Section 7.
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Figure 4-2
Moving and repeating filters
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Filter example

Filter Type — Moving

Filter Window = 0.01% of range
Filter Count = 10

Filter State = On

Ten readings fill the stack to yield a filtered reading. Now assume the next reading (which
is the 11") is outside the window. A reading will be processed (displayed); however, the

stack will be loaded with that same reading. Each subsequent valid reading will then dis-
place one of the loaded readings in the stack. The FILT annunciator will flash until 10 new

readings fill the stack.
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NOTE Bit 8 of the Operation Event Status Register sets when the filter window has
properly settled (or the filter is disabled). See Section 11, “Status Structure,” for
details.

Filter control and configuration

The FILTER key toggles the state of the Filter. When the Filter is enabled, the FILT
annunciator is on. The FILT annunciator will flash when the filter is not settled. When dis-
abled, the FILT annunciator is off. The filter can be configured while it is enabled or
disabled.

The filter is configured from the filter configuration menu (Figure 4-3). Perform the fol-
lowing steps to configure the filter:

1. Select the desired function.
. Press SHIFT and then TYPE. The present WINDOW setting will be displayed.

3. Use the RANGE 4 or V¥ key to display the desired window setting (0.01%, 0.1%,
1%, 10%, or NONE), and press ENTER.

4. Use the «, P, A, and V¥ keys to display the number of readings to filter (1 to 100),
and press ENTER.

5. Use the A or V¥ key to display the desired filter type (moving or repeating), and
press ENTER. The filter turns on and the instrument returns to the normal measure-
ment state.

NOTE While the filter is enabled (FILT annunciator on), changes to the configuration
take effect as soon as they are made. With filter disabled (FILT annunciator off),
changes to the configuration take place when the filter is enabled.

While the filtering operation is in progress, the FILT annunciator blinks. Read-
ings will continue to be processed (i.e., displayed, stored, sent over the bus), but
they could be questionable. When the FILT annunciator stops blinking, the filter
has settled.

Changing function or range causes the filter to reset. The filter then assumes the
state (enabled or disabled) and configuration for that function or range.
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Figure 4-3
Filter configuration flow chart
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Scanning

The moving filter cannot be used when scanning. A scan channel cannot be configured to
use the moving filter. Also, the filter window is not used when scanning.

When a simple scan is configured, the present filter count and state will apply to all chan-
nels in the scan. The window setting is ignored (effectively set to NONE), and if the mov-
ing filter is selected, the filter will not enable when the scan is run.

For the advanced scan, filter state (on or off) and count can be set for each channel. You
cannot set unique filter count, type, and window settings from the advanced scan setup
menu.

For remote programming, the <clist> parameter is used to set filter count and state for
each channel in the scan. You cannot set unique filter type and window settings.

NOTE Details on configuring a scan using filtering in a scan are provided in Section 7.
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Remote programming — filter

Filter commands

The filter commands are listed in Table 4-6. Additional information on these commands
follow the table.

NOTE Query commands are not included in Table 4-6. All commands for the SENSe
subsystem are provided in Table 15-5.

Table 4-6
Filter commands
Commands! Description5 Default
DCYV filter commands
[SENSe[1]] Optional root command.
:VOLTage[:DC]:AVERage:TCONtrol <name> | Select filter type; <name> = MOVing or (Note 2)
REPeat.
:VOLTage[:DC]:AVERage:WINDow <NRf> Set filter window in %; <NRf> =0 to 10. 0.1
:VOLTage[:DC]:AVERage:COUNt <n> [, Specify filter count; <n> =1 to 100. 10
clist]
:VOLTage[:DC]:AVERage:STATe <b> [, clist] | Enable or disable the filter. (Note 3)
ACV filter commands
[SENSe[1]] Optional root command.
:VOLTage:AC:AVERage:TCONtrol <name> Select filter type; <name> = MOVing or (Note 2)
REPeat.
:VOLTage:AC:AVERage:WINDow <NRf> Set filter window in %; <NRf> =0 to 10. 0.1
:VOLTage:AC:AVERage:COUNt <n> [, clist] | Specify filter count; <n> =1 to 100. 10
:VOLTage:AC:AVERage:STATe <b> [, clist] Enable or disable the filter. (Note 3)
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Table 4-6 (continued)
Filter commands

Commands! * Description5 Default
DCI filter commands
[SENSe[1]] Optional root command.
:CURRent[:DC]:AVERage: TCONtrol <name> | Select filter type; <name> = MOVing or (Note 2)
REPeat.
:CURRent[:DC]:AVERage:WINDow <NRf> Set filter window in %; <NRf> =0 to 10. 0.1
:CURRent[:DC]:AVERage:COUNt <n> Specify filter count; <n> =1 to 100. 10
[, clist]
:CURRent[:DC]:AVERage:STATe <b> [, clist] | Enable or disable the filter. (Note 3)
ACI filter commands
[SENSe[1]] Optional root command.
:CURRent:AC:AVERage:TCONtrol <name> Select filter type; <name> = MOVing or (Note 2)
REPeat.
:CURRent:AC:AVERage:WINDow <NRf> Set filter window in %; <NRf>=0 to 10. 0.1
:CURRent:AC:AVERage:COUNt <n> [, clist] | Specify filter count; <n>=1 to 100. 10
:CURRent:AC:AVERage:STATe <b> [, clist] Enable or disable the filter. (Note 3)
Q2 filter commands
[SENSe[1]] Optional root command.
:RESistance:AVERage: TCONtrol <name> Select filter type; <name> = MOVing or (Note 2)
REPeat.
:RESistance:AVERage:WINDow <NRf> Set filter window in %; <NRf> =0 to 10. 0.1
:RESistance:AVERage:COUNt <n> [, clist] Specify filter count; <n> =1 to 100. 10
:RESistance: AVERage:STATe <b> [, clist] Enable or disable the filter. (Note 3)
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Table 4-6 (continued)
Filter commands

Commands’ 4 Description5 Default
QA filter commands
[SENSe[1]] Optional root command.
:FRESistance:AVERage: TCONtrol <name> Select filter type; <name> = MOVing or (Note 2)
REPeat.
:FRESistance:AVERage:WINDow <NRf> Set filter window in %; <NRf> =0 to 10. 0.1
:FRESistance:AVERage:COUNt <n> [, clist] Specify filter count; <n> =1 to 100. 10
:FRESistance: AVERage:STATe <b> [, clist] Enable or disable the filter. (Note 3)
TEMP filter commands
[SENSe[1]] Optional root command.
:TEMPerature:AVERage: TCONtrol <name> Select filter type; <name> = MOVing or (Note 2)
REPeat.
:TEMPerature:AVERage:WINDow <NRf> Set filter window in %; <NRf> =0 to 10. 0.1
:TEMPerature:AVERage:COUNt <n> [, clist] Specify filter count; <n> = 1 to 100. 10
:TEMPerature:AVERage:STATe <b> [, clist] Enable or disable the filter. (Note 3)

Channel list parameter:
<clist> = (@SCH)
where: S = Mainframe slot number (1, 2, 3, 4 or 5)
CH = Switching module channel number (must be 2 digits)
Examples: (@101) = Slot 1, Channel 1
(@101, 203) = Slot 1, Channel 1 and Slot 2, Channel 3
(@101:110) = Slot 1, Channels 1 through 10

Notes:

1. The <clist> parameter is used to configure one or more channels for a scan. Each channel in the <clist> must be set to the function
specified by the filter command. If not, a conflict error (-221) will occur. For example, VOLTage:AVERage:STATe ON, (@101) is
only valid if scan channel 101 is set for the DCV function.

REPeat is the *RST default, and MOVing is the SYSTem:PRESet default. From the front panel, the factory default is MOVing.
OFF is the *RST default, and ON is the SYSTem:PRESet default.

[:DC] is optional for the commands to set DCV and DCI filter.

Filter window — Parameter value O for the WINDow commands sets the filter window to NONE.

DR W
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Filter programming examples

Example #1 — The following command sequence configures filtering for the DCI

function:

CURR:TCON MOV !
CURR:AVER:WIND 0.01 !
CURR:AVER:COUN 10 !
CURR:AVER ON !

Select the moving filter.
Set filter window to 0.01%.
Set to filter 10 readings.
Enable filter.

Example #2 — The following command sequence configures channels 101 through 115
of the Model 7700 to use the repeat filter when they are scanned.

FUNC 'VOLT' !
VOLT:AVER:TCON REP !
VOLT:AVER:COUN 20, (@101:115) !
VOLT:AVER ON, (@101:115) !

Select DCV function.

Select the repeating filter.
Set to filter 20 readings.
Enable filter.



5
Relative, Math, Ratio,

Channel Average, and dB

» Relative — Explains how to null an offset or establish a baseline value. Includes
the commands for remote programming.

» Math — Covers the three basic math operations: mX+b, percent, and reciprocal
(1/X). Includes the commands for remote programming.

« Ratio and channel average — Explains how to use these calculations to display
the ratio or average of two switching channels.

« dB — Explains how to use remote programming to configure the instrument to per-
form DCV dB and ACV dB measurements.

WARNING When using these functions, the display may indicate a non-hazardous
voltage, but hazardous voltage may be present on the input connectors.
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Relative

The rel (relative) function can be used to null offsets or subtract a baseline reading from
present and future readings. When rel is enabled, the instrument uses the present reading
as a relative value. Subsequent readings will be the difference between the actual input
value and the rel value.

You can define a rel value for each function. Once a rel value is established for a measure-
ment function, the value is the same for all ranges. For example, if S0V is set as a rel value
on the 100V range, the rel is also 50V on the 1000V, 10V, 1V, and 100mV ranges.

Therefore, when you perform a zero correction by enabling REL, the displayed offset
becomes the reference value. Subtracting the offset from the actual input zeroes the dis-
play, as follows:

Actual Input — Reference = Displayed Reading
A rel value can be as large as the highest range.

Selecting a range that cannot accommodate the rel value does not cause an overflow condi-
tion, but it also does not increase the maximum allowable input for that range. For exam-
ple, on the 10V range, the Model 2750 still overflows for a 12V input.

NOTE The various instrument operations, including Relative, are performed on the
input signal in a sequential manner. See “Signal processing sequence,’
page D-2, for details. It includes flowcharts showing where in the processing
sequence that the Rel operation is performed.

Basic operation

NOTE  [fusing switching module inputs, make sure the front panel INPUTS switch is set
to the REAR position (in). If using the front panel inputs, the switch must be in
the FRONT position (out).

1. Select the desired measurement function and an appropriate range setting.

2. Apply the signal to be relayed to a switching channel input or to the front panel
inputs.

NOTE For the Model 7700 switching module, channels 21 and 22 are available for
DCI and ACI. Channels 1 through 20 are available for all other functions.

3. If using a switching module, use the < or p- key to select (close) the input channel.
If using the front panel inputs (FRONT inputs selected), it does not matter if a
switching channel is closed.

4. Press the REL key to set the rel value. The display will zero and the REL annunci-
ator will turn on.

5. Apply the signal to be measured.
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Pressing REL a second time disables rel.

You can input a rel value manually using the mX+b function. Set M for 1 and B for any
value you want. The mX+b function is covered in this section (see “Math,” page 5-8).

Scanning

When a simple scan is configured, the present rel setting will apply to all channels in the
scan. When an advanced scan is configured, each channel can have its own unique rel set-
ting. Details to configure and run a scan are provided in Section 7.

For an advanced scan, the following general procedure shows how to configure a scan
channel to use rel:

1. While in the normal measurement state, select the appropriate function and close
the appropriate channel. For example, if scan channel 101 is going to be configured
for DCV and use rel, select DCV and close channel 101.

2. Apply the DCV signal to be rel’ed to the closed channel. This could be an offset or
a baseline level.

3. Press the REL key to enable rel (REL annunciator on). The input signal level is
used as the rel value.

4.  When configuring the advanced scan (as explained in Section 7), select the desired
channel, press DCV and then press REL (REL annunciator on).

When the channel is scanned, rel will enable using the rel value established in step 3.

For remote programming, the <clist> parameter is used to configure channels for a scan.
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Remote programming — rel
Rel commands
The rel commands to set range are listed in Table 5-1. Additional information on these
commands follow the table.
NOTE Query commands are not included in Table 5-1. All commands for the SENSe
subsystem are provided in Table 15-5.
Table 5-1
Rel commands
Commands! Description Default
Rel commands for DCV
[SENSe[1]] Optional root command.
:VOLTage[:DC]:REFerence <n> [, <clist>] Specify rel value; <n>=-1010 to 1010 0
V).
:VOLTage[:DC]:REFerence:STATe <b> Enable/disable rel; <b> = ON or OFF. OFF
[, <clist>]
:VOLTage[:DC]:REFerence:ACQuire [, <clist>]| Use input signal as rel value.
Rel commands for ACV
[SENSe[1]] Optional root command.
:VOLTage:AC:REFerence <n> [, <clist>] Specify rel value; <n> = -757.5 to 757.5 0
(V).
:VOLTage:AC:REFerence:STATe <b> [, <clist>]| Enable/disable rel; <b>= ON or OFF. OFF
:VOLTage:AC:REFerence: ACQuire [, <clist>] Use input signal as rel value.
Rel commands for DCI
[SENSe[1]] Optional root command.
:CURRent[:DC]:REFerence <n> [, <clist>] Specify rel value; <n> = -3.1 to 3.1 (A). 0
Enable/disable rel; <b> = ON or OFF. OFF

:CURRent[:DC]:REFerence:STATe <b>
[, <clist>]
:CURRent[:DC]:REFerence: ACQuire [, <clist>]

Use input signal as rel value.
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Table 5-1 (continued)
Rel commands
Commands! Description Default
Rel commands for ACI
[SENSe[1]] Optional root command.
:CURRent:AC:REFerence <n> [, <clist>] Specify rel value; <n> = -3.1 to 3.1 (A). 0
:CURRent:AC:REFerence:STATe <b> Enable/disable rel; <b> = ON or OFF. OFF
[, <clist>]
:CURRent:AC:REFerence: ACQuire [, <clist>] Use input signal as rel value.
Rel commands for Q2
[SENSe[1]] Optional root command.
:RESistance:REFerence <n> [, <clist>] Specify rel value; <n> = 0 to 120e6 (L2). 0
:RESistance:REFerence:STATe <b> [, <clist>] Enable/disable rel; <b> = ON or OFF. OFF
:RESistance:REFerence: ACQuire [, <clist>] Use input signal as rel value.
Rel commands for Q4
[SENSe[1]] Optional root command.
:FRESistance:REFerence <n> [, <clist>] Specify rel value; <n> = 0 to 120e6 (€2). 0
:FRESistance:REFerence:STATe <b> [, <clist>]| Enable/disable rel; <b> = ON or OFF. OFF
:FRESistance:REFerence: ACQuire [, <clist>] Use input signal as rel value.
Rel commands for TEMP?
[SENSe[1]] Optional root command.
‘TEMPerature:REFerence <n> [, <clist>] Specify rel value; <n> = -200 to 1820 (°C). |0
‘TEMPerature:REFerence:STATe <b> [, <clist>]| Enable/disable rel; <b> = ON or OFF. OFF
:TEMPerature:REFerence: ACQuire [, <clist>] Use input signal as rel value.
Rel commands for FREQ
[SENSe[1]] Optional root command.
:FREQuency:REFerence <n> [, <clist>] Specify rel value; <n>=0to 1.5¢7 (Hz). |0
:FREQuency:REFerence:STATe <b> [, <clist>] Enable/disable rel; <b> = ON or OFF. OFF

:FREQuency:REFerence:ACQuire [, <clist>]

Use input signal as rel value.
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Table 5-1 (continued)

Rel commands

Commands! Description Default

Rel commands for PERIOD

[SENSe[1]] Optional root command.
:PERiod:REFerence <n> [, <clist>] Specify rel value; <n>=0to 1 (sec). 0
:PERiod:REFerence:STATe <b> [, <clist>] Enable/disable rel; <b> = ON or OFF. OFF
:PERiod:REFerence: ACQuire [, <clist>] Use input signal as rel value.

Channel list parameter:
<clist> = (@SCH)

where: S

CH = Switching module channel number (must be 2 digits)

Examples:

= Mainframe slot number (1, 2, 3, 4 or 5)

(@101) = Slot 1, Channel 1
(@101, 203) = Slot 1, Channel 1 and Slot 2, Channel 3
(@101:110) = Slot 1, Channels 1 through 10

1. *The <clist> parameter is used to configure one or more channels for a scan. Each channel in the <clist> must be set to the function
specified by the rel (reference) command. If not, a conflict error (-221) will occur. For example, VOLTage:AC:REFerence 1,
(@101) is only valid if scan channel 101 is set for the ACV function.

2. [:DC] is optional for the commands to set DCV and DCI rel.

“Pressing REL” using rel commands

When the front panel REL key is pressed, the displayed reading is used as the rel value.
Subsequent readings are then the result of the actual input value and the rel value.

The :REFerence: ACQuire and :REFerence:STATe ON commands (in that order) can be
used to “press” the REL key. For example, the following command sequence is the equiv-
alent of pressing the REL key while on the DCV function:

VOLT:REF:ACQ ' Acquire reading as rel value.
VOLT :REF: STAT ON ' Enable rel.

Setting rel values

The :REFerence <n> command specifies the rel value for the specified function, while the
:ACQuire command uses the input signal as the rel value. The :ACQuire command is typ-
ically used to zero the display. For example, if the instrument is displaying a 1pV offset,
sending :ACQuire and enabling rel (STATe ON) zeroes the display.

The ACQuire command is only functional if the instrument is on the specified function.

For example. If the instrument is on the DCV function, the only valid acquire command is
VOLT:DC:REF:ACQ. Also, if the instrument is overflowed (“OVERFLOW?”), or a reading
has not been triggered (*“------ "), an execution error (-200) occurs when :ACQuire is sent.

The :REFerence <n> command is coupled to the ACQuire command. When a rel value is
set using :REFerence <n>, the :REFerence? query command returns the programmed
value. When rel is set using :ACQuire, the :REFerence? query command returns the
acquired rel value.
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Rel programming examples

Example #1 — The following command sequence zeroes the display for DCV.

FUNC 'VOLT' ' Select DCV.
VOLT:REF : ACQ ' Use input level as rel value for DCV.
VOLT:REF:STAT ON ' Enable rel.

Example #2 — The following command sequence configures channel 101 of the
Model 7700 to enable rel and use a 1V rel value when it is scanned.

FUNC 'VOLT', (@101) ' Select DCV for channel 101.
VOLT:REF 1, (@101) ' Set 1V rel value.
VOLT:REF:STAT ON, (@101) ' Enable rel.

Example #3 — The following command sequence configures channel 101 of the
Model 7700 to zero correct the DCV input when it is scanned.

FUNC 'VOLT', (@101) ' Select DCV for channel 101.
ROUT:CLOS (@101) ' Close channel 101.
VOLT:REF:ACQ (@101) ' Use input to channel 101 as rel value.

VOLT:REF:STAT ON, (@101) ' Enable rel.
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Math

The Model 2750 has three built-in math calculations that are accessed from the MATH
menu: mX+b, percent, and reciprocal (1/X). Figure 5-1 shows the MATH menu tree. Note
that the settings shown in the menu tree are the factory defaults.

NOTE The various instrument operations, including Math, are performed on the input
signal in a sequential manner. See “Signal processing sequence,” page D-2, for
details. It includes flowcharts showing where in the processing sequence that the
Math operation is performed.

Figure 5-1
MATH menu tree

mX+B

!

SHIFT
MATH
w v
PERCENT 1/X

!

M: +1.000000 ~

REF: +1.000000 A

|

B: +00.00000 m

!

UNITS: X

NOTE A Math operation can be used with the ratio and channel average calculation.
The ratio or channel average reading will be used in the calculation for the

selected math function.
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mX+b

This math operation lets you manipulate normal display readings (X) mathematically
according to the following calculation.

Y=mX+b

where:

X is the normal display reading.
m and b are the user-entered constants for scale factor and offset.
Y is the displayed result.

NOTE When using Rel, the rel’ ed reading of the input signal is used by the mX+b

calculation.

mX+b configuration

1.
2.

Press SHIFT and then MATH to display the math menu.

Press the RANGE A and V¥ key to display “mX+b”, and press ENTER to display
the present scale factor:

M: +1.000000 A (factory default)

Key in the scale factor value. The 4 and p keys control cursor position, and the A
and V¥ keys increment/decrement the digit value. To change range, place the cursor
on the multiplier and use the A and ¥ keys (m = x0.001, A = x1, K = %1000, and
M = x1,000,000). With the cursor on the polarity sign, the A and ¥ keys toggle
polarity.

Press ENTER to enter the M value and display the offset (b) value:

b: +00.00000 m (factory default)

Key in the offset value.
Press ENTER to enter the b value and display the one-character units designator:

UNITS: X (factory default)

Use the cursor keys and the A or ¥ key if you wish to change the units designator.
The character can be any letter in the alphabet (A through Z), the degree symbol
(°), or the ohms symbol (€2).

Press ENTER. The MATH annunciator will turn on, and the result of the calcula-
tion will be displayed. Note that the calculation will be applied to all measurement
functions.

To disable mX+b, again press SHIFT and then MATH. The MATH annunciator
will turn off.
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mX+b rel

The mX+b function can be used to manually establish a rel value. To do this, set the scale
factor (M) to 1 and set the offset (b) to the rel value. Each subsequent reading will be the
difference between the actual input and the rel value (offset).

Percent

This math function determines percent deviation from a specified reference value. The
percent calculation is performed as follows:
Input — Reference
Reference
where:  Input is the normal display reading.
Reference is the user entered constant.
Percent is the displayed result.

Percent = x 100%

NOTE When using Rel, the rel’ ed reading of the input signal is used by the percent
calculation.

Percent configuration

1. Press SHIFT and then MATH to display the math menu.

2. Press the RANGE A or V¥ key to display “PERCENT,” and press ENTER to dis-
play the present reference value:

REF +1.000000 A (factory default)

3. Key in the reference value. The 4 and p keys control cursor position, and the A
and ¥ keys increment/decrement the digit value. To change range, place the cursor
on the multiplier and use the A and ¥ keys (m = x0.001, A = x1, K =x1000, and
M = x1,000,000). With the cursor on the polarity sign, the A and ¥ keys toggle
polarity.

4. Press ENTER. The MATH annunciator will turn on, and the result of the calcula-
tion will be displayed. Note that the calculation will be applied to all measurement
functions.

5. To disable mX+b, again press SHIFT and then MATH. The MATH annunciator
will turn off.

NOTE The result of the percent calculation is positive when the input exceeds the refer-
ence and negative when the input is less than the reference.

The result of the percent calculation may be displayed in exponential notation.
For example, a displayed reading of +2.500E+03% is equivalent to 2500%
(2.5K%).
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Reciprocal (1/X)

The reciprocal of a reading is displayed when the reciprocal (1/X) math function is
enabled:

Reciprocal = 1/X
where: X is the normal input reading

The displayed units designator for reciprocal readings is “R.” This units designator cannot
be changed.

Example — Assume the normal displayed reading is 002.5000€2. The reciprocal of resis-
tance is conductance. When the reciprocal math function is enabled, the following conduc-
tance reading will be displayed:

0.400000 R

Reciprocal (1/X) configuration

1. Press SHIFT and then MATH to display the math menu.

2. Press the RANGE A or V¥ key to display “1/X,” and press ENTER. The MATH
annunciator will turn on, and the result of the calculation will be displayed. Note
that the calculation will be applied to all measurement functions.

3. To disable 1/X, again press SHIFT and then MATH. The MATH annunciator will
turn off.

NOTE  The result of the 1/X calculation may be displayed in exponential notation. For
example, a displayed reading of +2.500E+03 R is equivalent to 2500 R
(25K R).

When using Rel, the rel ed reading of the input signal is used by the 1/X
calculation.
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Basic operation

NOTE  Ifusing switching module inputs, make sure the front panel INPUTS switch is set
to the REAR position (in). If using the front panel inputs, the switch must be in
the FRONT position (out).

1. Configure and enable the mX+b, percent, or reciprocal (1/X) math function as pre-
viously explained.

2. Select the desired measurement function.

3. Apply the signal to be measured to a switching channel input or to the front panel
inputs.

NOTE For the Model 7700 switching module, channels 21 and 22 are available for
DCI and ACI. Channels 1 through 20 are available for all other functions.

4. If using a switching module (REAR inputs selected), use the « or p- key to select
(close) the input channel. If using the front panel inputs (FRONT inputs selected),
it does not matter if a switching channel is closed. The result of the math calcula-
tion will be displayed.

Scanning

When a simple scan is configured, the present math calculation will apply to all channels
in the scan. When an advanced scan is configured, each channel can have its own unique
math setup. Details to configure and run a scan are provided in Section 7.

For remote programming, the <clist> parameter is used to configure channels for a scan.
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Remote programming — math

Math commands

NOTE When measurements are performed, the readings are fed to other enabled pro-
cessing operations, including Math. Appendix D explains “Data flow (remote
operation)” and the commands used to return Math results.

The commands to perform math calculations are listed in Table 5-2. Details on these com-

mands follow the table.

NOTE Queries are not included in Table 5-2. All the math commands are provided in

Table 15-1.
Table 5-2
Math commands
Commands’ Description Def
CALCulate[1]:FORMat <name> [, <clist>] Select calculation; <name> = NONE, PERC
MXB, PERCent, or RECiprocal.
CALCulate[1]:KMATh:MMFactor <NRf> Set mX+b “m” factor; <NRf> = 1
[, <clist>] -4294967295 to +4294967295.
CALCulate[1]:KMATh:MBFactor <NRf> Set mX+b “b” factor; <NRf> = 0
[, <clist>] -4294967295 to +4294967295.
CALCulate[1]:KMATh:MUN:its <char> [, <clist>] |Set mX+b units; see “Setting mX+b ‘X’
units.”
CALCulate[1]:KMATh:PERCent <NRf> [, <clist>] | Set reference value for percent; <NRf>= |1
-4294967295 to +4294967295.
CALCulate[1]:KMATh:PERCent: ACQuire Use input signal as reference value.
CALCulate[1]:STATe <b> [, <clist>] Enable or disable calculation; <b>= ON | (Note 2)

CALCulate[1]:DATA[:LATest]?
CALCulate[1]:DATA:FRESh?

or OFF.
Return last result of calculation.
Return last “fresh” result of calculation.

Channel list parameter:
<clist> = (@SCH)
where: S

= Mainframe slot number (1, 2, 3, 4 or 5)

CH = Switching module channel number (must be 2 digits)

Examples: (@101) = Slot 1, Channel 1

(@101, 203) = Slot 1, Channel 1 and Slot 2, Channel 3
(@101:110) = Slot 1, Channels 1 through 10

1. The <clist> parameter is used to configure one or more channels for a scan.

2. *RST default is ON, SYSTem:PRESet is OFF.
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Setting mX+b units

The <char> parameter for CALCulate:KMATh:MUNits must be one character enclosed in
single or double quotes. It can be any letter of the alphabet, the degrees symbol (°) or the
ohms symbol (Q).

The ohms symbol (€2) and the degrees symbol (°) are not ASCII characters and therefore,
must be substituted with the ‘[” and °\’ characters as follows:

CALCulate:KMAth:MUNits ‘[’ Use ohms symbol (€2) as units designator.
CALCulate:KMAth:MUNits \’ Use degrees symbol (°) as units designator.

Percent reference

The :PERCent <NRf> command specifies the reference value for the percent calculation,
while the :PERCent: ACQuire command uses the input signal as the reference value.

The :ACQuire command is only functional if a reading is available. If the instrument is
overflowed (“OVERFLOW?), or a reading has not been triggered (*‘------ ”’), an execution
error (-200) occurs when :ACQuire is sent.

The :PERCent <NRf> command is coupled to the :PERCent: ACQuire command. When a
reference value is set using :PERCent <NRf>, the :PERCent? query command returns the
programmed value. When reference is set using :ACQuire, the :PERCent? query com-
mand returns the acquired reference value.

Reading math result

CALCulate[1]:DATA[:LATest]? or CALCulate:DATA:FRESh? can be used to retrieve the
result of the selected math calculation. These commands do not trigger a reading. They
simply return the last reading string. The reading reflects the result of the calculation.

While the instrument is performing measurements, you can use these commands to return
the last reading. If the instrument is not performing measurements, CALC:DATA? will
keep returning the same reading string.

CALC:DATA:FRESh? can only be used once to return the same reading string. That is, the
reading must be “fresh”. Sending this command again to retrieve the same reading string
will generate error -230 (data corrupt or stale), or cause a the GPIB to time-out. In order to
again use DATA:FRESh? a new (fresh) reading must be triggered.

If math is disabled (CALCulate:FORMat NONE or CALCulate:STATe OFF), the “raw”
reading will be retrieved by CALC:DATA? and CALC:DATA:FRESh?.



Model 2750 Multimeter/Switch System User’s Manual Rel, Math, Ratio, Channel Average, dB 5-15

Math programming examples

Example #1 — The following command sequence performs the mX+b calculation for
channels 101 and 102 of the Model 7700. Keep in mind that after CALC:DATA? is sent,
the Model 2750 has to be addressed to talk to send the math result to the computer.

CALC:FORM MXB ' Select mX+b calculation.
CALC:KMAT:MMF 2 ' Set ‘m’ factor to 2.
CALC:KMAT:MBF 100 ' Set ‘b’ factor to 100.

CALC:STAT ON ' Enable math calculation.
ROUT:CLOS (@101) ' Close channel 101.

CALC:DATA? ' Read mX+b result for channel 101.
ROUT:CLOS (@102) ' Close channel 102.

CALC:DATA? ' Read mX+b result for channel 102.

Example #2 — The following command sequence configures channels 101 through 110
of the Model 7700 to perform the percent calculation when they are scanned.

CALC:FORM PERC, (@101:110) ' Select percent calculation.
CALC:KMAT:PERC 100, (@101:110) ' Set reference to 100.
CALC:STAT ON, (@101:110) ' Enable math calculation.
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Ratio and channel average

With a switching module installed in the Model 2750, the ratio or average of two channels
can be calculated and displayed. The ratio calculation can be done on the DCV function,
and the channel average calculation can be done on the DCV and TEMP (thermocouples
only) functions.

Ratio and channel average are calculated as follows:

: Chan A
Ratio = Chan B
Channel Average = w

where: Chan A is the selected (closed) channel.
Chan B is the paired channel for the installed switching module.
Ratio and Channel Average is the displayed result of the respective calculation.

Paired channels are used for ratio and channel average. For example, the Model 7700
switching module has 20 channels that can use ratio and channel average. The primary
channels (1 through 10) are linked to the paired channels (11 through 20). Channel 1 is
paired to channel 11, channel 2 is paired to channel 12, and so on.

When ratio or channel average is enabled, the Model 2750 measures the closed primary
channel. It then opens the primary channel and closes and measures the paired channel.
Ratio or channel average is then calculated from the two readings and displayed. If the
Model 2750 is configured for continuous measurements, the two-channel scan will con-
tinue to repeat and refresh the display with each new calculated reading.

The ratio or channel average calculation can only be enabled if a valid switching channel
is closed. If no channel is closed when you attempt to enable one of these calculations, the
message “CLOSE A CHAN” message will be displayed to remind you to first close a valid
channel.

A primary channel must be closed before you can enable ratio or channel average. If a
paired channel is instead closed, message “INVALID CHAN” will be displayed to indi-
cate the settings conflict.

NOTE The various instrument operations, including Ratio or Channel Average, are
performed on the input signal in a sequential manner. See “Signal processing
sequence,’ page D-2, for details. It includes a flowchart showing where in the
processing sequence that Ratio or Ch Avg operation is performed.



Model 2750 Multimeter/S

witch System User’s Manual Rel, Math, Ratio, Channel Average, dB 5-17

Basic operation

NOTE

1.

NOTE

Make sure the INPUTS switch is set to the REAR position (in).

Select and configure (range, filter, rel, etc.) a valid measurement function. For ratio,
the only valid function is DCV. For channel average, the only valid functions are
DCYV and TEMP (TCs only).

Use the o or p- key to select (close) a primary channel (101 through 110 for the
Model 7700). The CLOSE key can also be used.

Apply one signal to the selected primary channel, and apply the other signal to the
paired channel. For the Model 7700, if the closed primary channel is 101, the
paired channel is 111.

Enable Ratio or Channel Average:

* Ratio — Press SHIFT and then RATIO. The RATIO annunciator will turn on
to indicate that the displayed readings are the result of the ratio calculation.

* Channel Average — Press SHIFT and then CHA-AVG. The DELTA annuncia-
tor will turn on to indicate that the displayed readings are the result of the
channel average calculation. To disable channel average, again press SHIFT
and then CH-AVG.

When finished, there are two ways to disable the calculation:

» Press the OPEN key. The calculation will disable and the channel will open.

o Press SHIFT and then RATIO to disable ratio, or press SHIFT and then
CHA-AVG to disable channel average. The calculation will disable, but the
channel will remain closed.

The paired channel number is not displayed when it is measured. Only the pri-
mary channel is displayed during the 2-channel scan for the calculation.

Enabling ratio disables channel average and conversely, enabling channel aver-
age disables ratio.

If either of the channel readings over range (“OVRFLW” ), the result of the cal-
culation will also be “OVRFLW”

When using limits with ratio or channel average, the limit values will be com-
pared to the result of the calculation and not to the individual channels.

With ratio or channel average enabled, pressing a function key will display the
“EXIT RATIO” or “EXIT CHA-AVG” message to indicate that the calculation
must first be disabled as explained in step 5 of the above procedure.
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Scanning

Ratio and channel average can be used in an advanced scan. The 2-channel scan for the
calculation is performed for every primary channel that is scanned. For example, assume
the Model 7700 is installed in slot 1 and is configured to perform the ratio calculation for
10 channels. When channel 101 is scanned, measurements are performed on channels 101
and on its paired channel (111). The calculation is performed and the result is displayed.
When the next channel (102) is scanned, measurements are performed on that channel
(102) and on its paired channel (112). The calculation is performed and the result is dis-
played. This process continues for each scanned channel.

When an advanced scan is configured, each channel can have its own unique setup. That
is, one or more channels can use ratio, and other channel(s) can use channel average.
Details to configure and run a scan are provided in Section 7.

Advanced scan configuration notes:

1. When a calculation (ratio or channel average) is enabled for a primary scan chan-

nel, the following setup actions occur:

a. The calculation enables for the paired channel.

b. The primary channel setup (function, range, rel, etc.) will be copied to the
paired channel.

2. The filter setup for both scan channels are controlled by the primary channel.

3. After the calculation is enabled, the range setting can be independently set for both
the primary and paired channel.

4. Before the calculation is enabled, rel can be independently set for both the primary
and paired channel. In general, set up rel from the normal measurement state, then
go into the advanced menu and enable rel for the primary and/or paired channel.
See “Relative,” page 5-2, for details on setting rel for scan channels.

5. Settings such as NPLC, aperture, bandwidth, OCOMP, etc., are ignored on the
paired channel. These settings are controlled by the primary channel.

6. For remote programming, the <clist> parameter is used to configure channels for a
scan (Table 5-3).
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Remote programming — ratio and channel average

Ratio and channel average commands

The ratio and channel average are listed in Table 5-3. Details on these commands follow
the table.

NOTE Queries are not included in Table 5-3. All the math commands are provided in

Table 15-1.
Table 5-3
Ratio and channel average commands
Commands* Description Def
[SENSe[1]] Optional root command.
:RATio[:STATe] <b> [, <clist>] Enable/disable ratio; <b> = ON or OFF. OFF
:RATio:DELay <NRf> [, <clist>] Set delay (in secs); <NRf> = 0 to 99999.999. 0.5
:CAVerage[:STATe] <b> [, <clist>] Enable/disable channel average; <b>= ON or OFF. |OFF
:CAVerage:DELay <NRf> [, <clist>] Set delay (in secs); <NRf> = 0 to 99999.999. 0.5

Channel list parameter:
<clist> = (@SCH)
where: S = Mainframe slot number (1, 2, 3,4 or 5)
CH = Switching module channel number (must be 2 digits)
Examples: (@101) = Slot 1, Channel 1
(@101, 203) = Slot 1, Channel 1 and Slot 2, Channel 3
(@101:110) = Slot 1, Channels 1 through 10

*The <clist> parameter is used to configure one or more channels for a scan.
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Enabling/disabling ratio or channel average

As with front panel operation, enabling ratio disables channel average and conversely,
enabling channel average disables ratio.

Ratio and channel average delay

:RATio:DELay or :CAVerage:DELay sets the delay between the two channel measure-
ments for the enabled calculation. This delay is applied after the trigger delay in the trigger
model (see Section 8 for details). This delay cannot be set from the front panel. The 0.5s
default delay keeps the relays from cycling too fast. Setting a shorter delay may shorten
the life of the relays.

It does not matter which of the two commands you use to set the delay. The set delay
affects both ratio and channel average.

Ratio and channel average programming examples

Example #1 — The following command sequence performs the ratio calculation using
primary channel 102 of the Model 7700. After READ? is sent, the Model 2750 must be
addressed to talk to return the result of the calculation.

*RST ' One-shot measure mode.

FUNC 'VOLT' ' Select DCV function.

ROUT:CLOS (@102) ' Close channel 102.

RAT ON ' Enable the ratio calculation.

READ? ' Read the result of the calculation.

Example #2 — The following command sequence configures channels 103 and 105 for
the ratio and channel average calculations. When channel 103 is scanned, the ratio calcula-
tion is based on DCV measurements of channels 103 and 113. When channel 105 is
scanned, the channel average calculation is based on TEMP measurements of channels
105 and 115.

FUNC 'VOLT', (@103)
RAT ON, (@103)
FUNC 'TEMP', (@105)
CAV ON, (@105)

Set 103 for DCV.

Set 103 for ratio on.

Set 105 for TEMP.

Set 105 for channel average on.
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dB

Expressing DC or AC voltage in dB makes it possible to compress a large range of mea-
surements into a much smaller scope. The relationship between dB and voltage is defined
by the following equation:

dB = 20log —X

VREF
where: Vi is the DC or AC input signal.

VREr is the specified voltage reference level.
The instrument will read 0dB when the reference voltage level is applied to the input.
If a relative value is in effect when dB is selected, the value is converted to dB then REL is
applied to dB. If REL is applied after dB has been selected, dB has REL applied to it.

NOTE The dB calculation takes the absolute value of the ratio Vi | Vggr.

The largest negative value of dB is -160dB. This will accommodate a ratio of
V[N = 1,uV and VREF = 1000V.

dB configuration

Remote programming must be used to configure the Model 2750 for dB measurements. It
cannot be configured from the front panel.

Scanning

Typically a scan using dB is configured and run using remote programming. However,
once dB is selected using remote programming, a simple dB scan can be configured and
run from the front panel. When the simple scan is configured, it will use the dB measure-
ment setup for each channel in the scan. Details on configuring and running a scan are pro-
vided in Section 7.

NOTE See Section 7 to configure and run a scan.

Remote programming — dB

dB commands

The dB commands are listed in Table 5-4. Details on these commands follow the table.

NOTE Queries are not included in Table 5-4. All the dB commands are provided in
Table 15-10.
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Table 5-4
dB commands
Commands” Description Def
DCV dB commands
UNITs:VOLTage[:DC] <name> Select DCV measurements; <name>=V or |V
DB.
UNITs:VOLTage[:DC]:DB:REFerence <n> Set reference in volts; <n> = le-7 to 1000. 1
ACV dB commands
UNITs:VOLTage:AC <name> Select ACV measurements; <name>=V or |V
DB.
UNITs:VOLTage:AC:DB:REFerence <n> Set reference in volts; <n> = le-7 to 1000. 1

Channel list parameter:
<clist> = (@SCH)
where: S = Mainframe slot number (1, 2, 3, 4 or 5)
CH = Switching module channel number (must be 2 digits)
Examples: (@101) = Slot 1, Channel 1
(@101, 203) = Slot 1, Channel 1 and Slot 2, Channel 3
(@101:110) = Slot 1, Channels 1 through 10
*The <clist> parameter is used to configure one or more channels for a scan. Each channel in the <clist> must be set to the function

specified by the rel (reference) command. If not, a conflict error (-221) will occur. For example, UNITs:VOLTage:AC dB, (@101)
is only valid if scan channel 101 is set for the ACV function.

Programming examples — dB

Example #1 — The following command sequence configures the Model 2750 to perform
DCV dB measurements. A 1V input will be measured as 0dB.

FUNC 'VOLT' ' Select DCV function.
UNIT:VOLT DB ' Select DCV dB.
UNIT:VOLT:DB:REF 1 ' Set dB reference to 1V.

Example #2 — The following command sequence configures channels 101 and 105 of the
Model 7700 to perform ACV dB measurements when they are scanned. A 10V input will
be measured as 0dB.

FUNC 'VOLT:AC' ' Set 101 and 105 for ACV.

UNIT:VOLT:AC DB ' Set 101 and 105 for dB.

UNIT:VOLT:AC:DB:REF 1 ' Set 101 and 105 for 10VAC dB
' reference.



Buffer

Buffer overview — Summarizes basic buffer (data store) capabilities.

Front panel buffer — Explains how to store and recall readings, and discusses the
various statistics available on buffer data including minimum and maximum val-
ues, average (mean), standard deviation, and peak-to-peak values.

Remote programming buffer — Summarizes the commands to control the data
store and provides a programming example.
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Buffer overview

The Model 2750 has a data store (buffer) to store from 2 to 110,000 readings. The instru-
ment stores the readings that are displayed during the storage process. Each timestamped
reading includes the buffer location number and a timestamp.

The data store also provides statistical data on the measured readings stored in the buffer.
These include minimum, maximum, average, peak-to-peak, and standard deviation.

NOTE When scanning, the readings are automatically stored in the buffer.

NOTE The various instrument operations, including buffer operation, are performed on
the input signal in a sequential manner. See “Signal processing sequence,’
page D-2, for details. It includes flowcharts showing where in the processing
sequence that Buffer operations occur.

Front panel buffer

Auto clear

With buffer auto clear enabled, the buffer is cleared (readings lost) before a new storage
operation starts. The buffer can be manually cleared by setting the number of readings to
store (buffer size) to 000000.

NOTE When editing the reading count over the front panel, press AUTO to reset the
count to 000000. You can then press <ENTER> to clear the buffer.

When buffer auto clear is disabled, the buffer is not cleared and the buffer size is set to
110000. Each subsequent storage operation appends the readings to the buffer. When the
buffer fills with 110,000 readings, the storage process stops. The 110,000 readings are
cleared before the next storage operation starts.

With buffer auto clear disabled, the only two valid buffer size values are 110000 and
000000. Buffer size 000000 clears the buffer. Entering any other buffer size value resets
the buffer size to 110000.
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NOTE  If the buffer is empty when the Model 2750 is turned off, buffer auto clear will
