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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 leak-
age, or problems arising from normal wear or failure to follow instructions.

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

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

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

This product is intended for use by qualified personnel who recog-
nize shock hazards and are familiar with the safety precautions re-
quired to avoid possible injury. Read the operating information
carefully before using the product.

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 equipment is
operated within its specifications and operating limits, and for en-
suring 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 instru-
ment. 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, for example, setting the line voltage or replac-
ing consumable materials. Maintenance procedures are described in
the manual. The procedures explicitly state if the operator may per-
form 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 ser-
vice personnel may perform installation and service procedures.

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.

Users of this product must be protected from electric shock at all
times. The responsible body must ensure that users are prevented
access and/or insulated from every connection point. In some cases,
connections must be exposed to potential human contact. Product
users 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.

As described in the International Electrotechnical Commission
(IEC) Standard IEC 664, digital multimeter measuring circuits
(e.g., Keithley Models 175A, 199, 2000, 2001, 2002, and 2010) are
Installation Category II. All other instruments’ signal terminals are
Installation Category I and must not be connected to mains.

Do not connect switching cards directly to unlimited power circuits.
They are intended to be used with impedance limited sources.
NEVER connect switching cards directly to AC mains. When con-
necting sources to switching cards, install protective devices to lim-
it fault current and voltage to the card.

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

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 cables or jump-
ers, 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.
Always 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 equip-
ment may be impaired.

Do not exceed the maximum signal levels of the instruments and ac-
cessories, as defined in the specifications and operating informa-
tion, 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 ap-
plied to the device under test. Safe operation requires the use of a
lid interlock.

Ifa @ screw 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 re-
fer to the operating instructions located in the manual.

The A symbol on an instrument shows that it can source or mea-
sure 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 infor-
mation 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 warranty.

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 Instru-
ments. Standard fuses, with applicable national safety approvals,
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 se-
lected 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 according to in-
structions. If the board becomes contaminated and operation is af-
fected, the board should be returned to the factory for proper
cleaning/servicing.

Rev. 2/99
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General Information

Introduction

This section contains general information about the Model
2002 Multimeter. It is arranged in the following manner:

1.2 Features

1.3 Warranty information

1.4 Manual addenda

1.5 Safety symbols and terms

1.6 Specifications

1.7 Inspection

1.8 Options and accessories

12

Features

Some important Model 2002 features include:

Full range of functions 0 Among other functions, the
multimeter can measure DC voltage (normal and peak
spikes), AC voltage (RMS, average, and peak), DC
current (normal and in-circuit), AC current (RMS and
average), two and four-wire resistance (normal and
offset-compensated), frequency (voltage and current),
and temperature (resistance temperature devices or
thermocouples).

Two-line display [ Readings and front panel messages
are shown on an alphanumeric display having a 20-
character top line and a 32-character bottom line.

Multifunction measuring and display [ From the front
panel, you can configure the instrument to sequentially
measure and simultaneously display readings of multi-
ple functions.

Reading and setup storage [ Readings and setup data
can be stored and recalled from the front panel or over
the IEEE-488 bus. For example, the buffer can be pro-
grammed to store up to 850 readings at 4.5 digits, or up
to 250 time-stamped readings at 6.5 digits. The Model
2002 can be configured with memory options that
extend the storage capacity up to 30,000 readings and
ten setups.

High-speed measurements [J The instrument is capable
of acquiring, for example, 2000 readings/second at 4.5
digits of resolution, and 215 readings/second at 6.5
digits.

Talk-only mode O From the front panel, you can set the
instrument to send readings to an IEEE-488 printer or,
with an optional adapter, to a Centronics printer.

Digital calibration ] The instrument may be digitally
calibrated from either the front panel or over the bus.

Standard IEEE-488 interface 0 Bus operation con-
forms to the IEEE-488.2 and SCPI standards.

Trigger link [0 This is a new trigger concept that pro-
vides more versatile and precise external triggering. It
is in addition to the standard Trigger In/Measurement
Complete BNC external triggering techniques.

Optional field-installable internal scanner U This is a
10-channel scanner card, which includes eight channels
of 2-pole relay switching and two channels of 2-pole
solid-state switching. All channels can be configure
for 4-pole operation.
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1.3  Warranty information

Warranty information is located on the inside front cover of
this instruction manual. Should your Model 2002 require
warranty service, contact the Keithley representative or
authorized repair facility in your area for further informa-
tion. When returning the instrument for repair, be sure to fil

out and include the service form at the back of this manual to
provide the repair facility with the necessary information.

14 Manual addenda

Any improvements or changes concerning the instrument or
manual will be explained in an addendum included with the
manual. Be sure to note these changes and incorporate them
into the manual.

15 Safety symbols and terms

The following symbols and terms may be found on an instru-
ment 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 an instrument shows that high voltage
may be present on the terminal(s). Use standard safety pre-
cautions to avoid personal contact with these voltages.

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

The CAUTION heading used in this manual explains haz-
ards that could damage the instrument. Such damage may
invalidate the warranty.

1.6  Specifications

Full Model 2002 specifications are included in Appendix A.

1.7  Inspection

The Model 2002 was carefully inspected, both 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.
(Note: There may be a protective film over the display lens,
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which can be removed.) Report any damage to the shipping
agent immediately. Save the original packing carton for pos-
sible future reshipment. The following items are included
with every Model 2002 order:

* Model 2002 Multimeter (with MEM1 or MEM2 mem-
ory option, if ordered) with line cord.

* Model 8605 High Performance Modular Test Leads.

* Model 2002 User’s Manual and Model 2002 Calibra-
tion Manual.

e Accessories as ordered.

o Full calibration data (conforming to MIL-STD
45662A).

If an additional manual is required, order the appropriate
manual package:

+ Keithley part number 2002-900-00 for the User’s Manual.
+ Keithley part number 2002-902-00 for the Repair Manual.

» Keithley part number 2002-903-00 for the Getting
Started Manual.

+ Keithley part number 2002-905-00 for the Calibration
Manual.

The manual packages include a manual and any pertinent
addenda.

1.8 Options and accessories

The following options and accessories are available from
Keithley for use with the Model 2002.

Model 1050 Padded Carrying Case: A carrying case for a
Model 2002 or a Model 7001. Includes handles and shoulder
strap.

Models 2002/MEM1 and 2002/MEM2: These optional con-
figurations of the Model 2002 extend its storage capacity.
The MEM1 option has 32K-bytes for non-volatile storage of
fi e setups, and 7000 readings in compact format or 1400
readings in full format. The MEM2 option has 128K-bytes
for non-volatile storage of ten setups, and 30000 compact
readings or 6000 full readings.

Model 2001-SCAN: This is a 10-channel scanner card that
installs within the Model 2002. It has eight channels of 2-
pole relay switching and two channels of 2-pole solid-state
switching. All channels can be configured for 4-pole opera-
tion. Included are two pairs of leads for connection to Model
2002 rear panel inputs (Keithley part number CA-109).



Model 2001-TCSCAN: This is a thermocouple/general pur-
pose scanner card that installs in the option slot of the Model
2002. The card has nine analog input channels that can be
used for high-accuracy, high-speed scanning. A built-in tem-
perature reference allows multi-channel, cold-junction com-
pensated temperature measurements using thermocouples.

Model 4288-1 Single Fixed Rack Mount Kit: Mounts a sin-
gle Model 2002 in a standard 19-inch rack.

Model 4288-2 Side-by-side Rack Mount Kit: Mounts two
instruments (Models 182, 428, 486, 487, 2001, 2002, 7001)
side-by-side in a standard 19-inch rack.

Model 4288-3 Side-by-side Rack Mount Kit: Mounts a
Model 2002 and a Model 199 side-by-side in a standard 19-
inch rack.

Model 4288-4 Side-by-side Rack Mount Kit: Mounts a
Model 2002 and a 5Va-inch instrument (Models 195A, 196,
220, 224, 230, 263, 595, 614, 617, 705, 740, 775, etc.) side-
by-side in a standard 19-inch rack.

Models 7007-1 and 7007-2 Shielded IEEE-488 Cables:
Connect the Model 2002 to the IEEE-488 bus using shielded
cables and connectors to reduce electromagnetic interference
(EMI). The Model 7007-1 is one meter long; the Model
7007-2 is two meters long.

Models 8501-1 and 8501-2 Trigger Link Cables: Connect
the Model 2002 to other instruments with Trigger Link con-
nectors (e.g., Model 7001 Switch System). The Model
8501-1 is one meter long; the Model 8501-2 is two meters
long.

Model 8502 Trigger Link Adapter: Allows you to connect
the Trigger Link of the Model 2002 to instruments that use
the standard BNC (In/Out) external triggering technique.

Model 8530 IEEE-488 to Centronics Printer Adapter
Cable: Translates the IEEE-488 connector pinout and signal
level to a Centronics termination. This permits a standard
Centronics parallel printer to be connected to a Model 2002
in TALK-ONLY mode.

Model 8605 High Performance Modular Test Leads: Con-
sists of two high voltage (1000V) test probes and leads. The
test leads are terminated with a banana plug with retractable
sheath on each end. (Each Model 2002 is shipped with one
set of these test leads.)

Model 8606 High Performance Probe Tip Kit: Consists of
two spade lugs, two alligator clips, and two spring hook test
probes. (The spade lugs and alligator clips are rated at 30V
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RMS, 42.4V peak; the test probes are rated at 1000V.) These
components are designed to be used with high performance
test leads terminated with banana plugs, such as the Model
8605 High Performance Modular Test Leads.

The following test leads and probes are rated at 30V RMS,
42.4V peak:

Models 5805 and 5805-12 Kelvin Probes: Consists of two
spring-loaded Kelvin test probes with banana plug termina-
tion. Designed to be used with instruments that measure 4-
terminal resistance. The Model 5805 is 0.9m long; the Model
5805-12 is 3.6m long.

Model 5806 Kelvin Clip Lead Set: Includes two Kelvin clip
test leads (0.9m) with banana plug termination. Designed for
instruments that measure 4-terminal resistance. A set of eight
replacement rubber bands for the Model 5806 is available as
Keithley P/N GA-22.

Model 8604 SMD Probe Set: Consists of two test leads (31t),
each terminated with a surface mount device “grabber” clip
on one end and a banana plug with retractable sheath on the
other end.

Model 8610 Low Thermal Shorting Plug: Consists of four
banana plugs mounted to a 1-inch square circuit board, inter-
connected to provide a short circuit among all plugs.

Model 8611 Low Thermal Patch Leads: Consists of two
test leads (3ft), each with a banana plug with a retractable
sheath at each end. These leads minimize the thermally-
induced offsets that can be created by test leads.

Model 8612 Low Thermal Spade Leads: Consists of two
test leads (3ft), each terminated with a spade lug on one end
and a banana plug with a retractable sheath on the other end.
These leads minimize the thermally-induced offsets that can
be created by test leads.

Model 8680 RTD Probe Adapter: This adapts RTDs with
terminated and unterminated cables to instruments with
banana jacks for measuring 4-terminal resistance. It has a 4-
pin “T”-style connector and a 4-pin screw terminal block.

Model 8681 Miniature RTD Surface Probe: This is a low
cost platinum 4-wire-RTD with unterminated wires. It is
designed to measure the temperature of flat surfaces or free
space.

Model 8693 General Purpose/Immersion RTD Probe:
This probe has a platinum RTD sensor. It is designed for
immersion in liquids as well as other general purpose
applications.
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General Information

Model 8695 Surface RTD Probe: This probe has a platinum Model 8696 Air/Gas RTD Probe: This probe has a platinum
RTD sensor. It is designed to measure the temperature of fla RTD sensor. It has an exposed junction within a protective
surfaces of solids. shroud for measuring the temperature of air or gases.
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2.1

Front Panel Operation

Introduction

This section contains detailed reference information for front
panel operation of the Model 2002. It is organized as
follows:

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

Power-up: Covers information on connecting the
instrument to line power, warm-up period, default con-
ditions, and the power-up sequence.

Display: Covers display format and messages that
may appear while using the instrument.

Functions: Describes the measurement functions of
the instrument (DC and AC voltage, DC and AC
current, 2-wire and 4-wire resistance, frequency, and
temperature).

Range: Covers both manual and autoranging
operation.

Relative: Gives details on using the relative feature
that can be used to null offsets or subtract a baseline
value from present and future readings.

Triggering: Details types of trigger modes as well as
trigger sources that can be used.

Buffer: Covers use of the reading buffer including pro-
gramming buffer size and recalling data, time stamp,
and statistics information.

Filter: Covers the use of the digital filter types that can
be used to reduce reading noise.

2.10 Math: Describes the calculations that can be per-
formed on readings in continuous operation.

2.11 Scanning: Discusses setting up internal and external
scans, along with ratio and delta calculations.

2.12 Menu: Covers selections controlled from the main
menu, such as saving instrument setups, GPIB (IEEE-
488 bus) configuration, calibration, self-tests, limits,
and the digital I/O port.

2.2  Power-up

2.2.1 Line power connections

Follow the procedure below to connect the Model 2002 to
line power and turn on the instrument.

1. The Model 2002 operates from a line voltage in the
range of 90-134V or 180-250V at a frequency of 50, 60,
or 400Hz. Check to see that the operating voltage in
your area is compatible.

CAUTION

Operating the instrument on an incor-
rect line voltage may cause damage to
the instrument, possibly voiding the
warranty.

2. Before plugging in the power cord, make sure the front
panel power switch is in the off (0) 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.
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WARNING

The power cord supplied with the Model
2002 contains a separate ground wire
for use with grounded outlets. When
proper connections are made, instru-
ment 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.

2.2.2 Line fuse replacement

A rear panel fuse located below the AC receptacle protects
the power line input of the instrument. If the fuse needs to be
replaced, perform the following steps:

WARNING

Make sure the instrument is disconnect-
ed from the power line and other equip-
ment before replacing the line fuse.

1. With the power off, place the end of a flat-blade screw-
driver into the rear panel LINE FUSE holder. Push in
gently and rotate the fuse carrier one-quarter turn coun-
terclockwise. Release pressure on the holder and its
internal spring will push the fuse carrier out of the
holder.

2. Remove the fuse and replace it with the same type
(0.5A, 250V, slow blow, 5 x 20mm). The Keithley part
number is FU-71.

CAUTION

Do not use a fuse with a higher current
rating than specified, or instrument
damage may occur. If the instrument
repeatedly blows fuses, locate and cor-
rect the cause of the trouble before
replacing the fuse. See the optional
Model 2002 Repair Manual for trouble-
shooting information.

3. Install the new fuse and fuse carrier into the holder by
reversing the above procedure.
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2.2.3 Power-up sequence

On power-up, the Model 2002 performs self-tests on its
EPROM and RAM, and checksum tests on data stored in
non-volatile memory. (See Table 2-1.) If a failure is detected,
the instrument momentarily displays an error message and
the ERR annunciator turns on. (Messages are listed in Table
2-2)

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 firm are revision
levels, memory option (if installed), and presently selected
IEEE-488 primary address are displayed. An example of this
display is shown as follows:

Model 2002
Rev. A0O1 A0O1 MEM1 IEEE Addr=16

The firm are revision levels (left to right) are for the main
microcontroller and display microcontroller. The revision
level number may be different in your particular unit. If the
MEMI1 or MEM2 memory options are not present, that por-
tion of the bottom line is left blank. The IEEE-488 address is
its default value of 16.

Next, if the unit is configured to display the calibration due
date at power-up, the unit shows the following:

Model 2002
Calibration due: mmm/dd/yy

where “mmm” is the month abbreviation, “dd” is the day,
and “yy” is the year. If no calibration date is set, the display
shows that it is due now. (See the Model 2002 Calibration
Manual to set the calibration due date and paragraph 2.12.3
of this manual to set the display option.)

After the power-up sequence, the instrument begins its nor-
mal display, for example:

000.0000 mVDC

Power-up error messages

Error messages that may be displayed during power-up are
summarized in Table 2-2. These are shown when one of the
checksum tests of Table 2-1 fails.



Table 2-1

Front Panel Operation

Data checked on power-up

Data

Type of storage

Memory option

IEEE-488 address
Power-on default

Calibration constants
Calibration dates

Instrument setups

Electrically-erasable PROM
Electrically-erasable PROM

Electrically-erasable PROM
Electrically-erasable PROM

1 in electrically-erasable PROM

STD, MEM1, MEM2
STD, MEM1, MEM2

STD, MEM1, MEM2
STD, MEM1, MEM2

STD, MEM1, MEM2

Reading buffer

4 more in non-volatile RAM MEM1
9 more in non-volatile RAM MEM?2
(Volatile RAM) STD

Non-volatile RAM MEMI1, MEM2

Note: STD is standard memory, MEM1 is memory option #1, MEM2 is memory option #2.

Table 2-2
Power-up error messages
Message Action
Error +515, The cal dates are set to factory default values, but they are not stored into EEPROM.
Calibration dates lost To do this, perform a comprehensive calibration.
Error +514, DC cal constants are set to factory default values, but they are not stored into
DC calibration data lost EEPROM. To do this, perform a comprehensive calibration.
Error +513, AC cal constants are set to factory default values, but they are not stored into
AC calibration data lost EEPROM. To do this, perform a comprehensive calibration.
Error +512, Power-on defaults are reset to factory defaults (bench) and stored into EEPROM.
Power-on state lost
Error +511, GPIB address is reset to factory default (16) and stored into EEPROM.
GPIB address lost
Error +510, The reading buffer controls are reset to factory defaults, but they are not stored into
Reading buffer data lost NVRAM. To do this, store readings in the buffer.
Error -314, Instrument setup is reset to bench defaults and stored into EEPROM.

Save/recall memory lost

Notes:

1. Any of these error conditions may occur the first time a unit is turned on or after replacing the fir  are.
2. Error +510, Reading buffer data lost, applies to units with optional memory.
3. Error +512, Power-on state lost, may occur the first time the unit is p wered-up after replacing the MEM2 memory option with MEM1.
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2.2.4 High energy circuit safety precautions

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

WARNING

Dangerous arcs of an explosive nature
in a high energy circuit can cause severe
personal injury, or death. If the multi-
meter is connected to a high energy cir-
cuit when set to a current range, low
resistance range, or any other low
impedance 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.

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 mea-
surements.

* Do not use test leads that decrease voltage spacing. This
diminishes arc protection and creates a hazardous
condition.

Use the following sequence when testing power circuits:

1. De-energize the circuit using the regular installed
connect-disconnect device, such as a circuit breaker,
main switch, etc.

2. Attach the test leads to the circuit under test. Use appro-
priate safety rated test leads for this application.

W

. Set the multimeter to the proper function and range.

N

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

5. De-energize the circuit using the installed connect-

disconnect device.

6. Disconnect the test leads from the circuit under test.

WARNING

The maximum common-mode voltage
(voltage between INPUT LO and chas-
sis ground) is 500V peak. Exceeding this
value may cause a breakdown in insula-
tion, creating a shock hazard.
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2.2.5 Power-on default conditions

Power-on default conditions are those conditions the instru-
ment assumes when it is first turned on. You can change these
power-on default conditions (except the primary address) by
using the save setup feature that is available with the MENU
key, as described in paragraph 2.12.1. Depending on the
installed memory option, either one, fi e, or ten user-define
setups can be stored, any one of which could be selected as
the power-on default.

Table 2-42 in paragraph 2.12.1 lists the default conditions
that are set at the factory to optimize bench and GPIB (IEEE-
488) operation.

2.2.6 Warm-up period

The Model 2002 can be used within one minute after it is
turned on. However, the instrument should be turned on and
allowed to warm up for at least four hours before use to
achieve rated accuracy.

2.2.7 |EEE-488 primary address

The IEEE-488 primary address of the instrument must be the
same as the primary address you specify in the controller’s
programming language. The default primary address of the
instrument is 16, but you can set the address to any value
from 0 to 30 by using the MENU key. Refer to paragraph
2.12.2 for step-by-step instructions on setting the primary
address. Section 4 contains details on using the Model 2002
over the IEEE-488 bus.

2.3 Display

The display of the Model 2002 is primarily used to display
readings along with the units and type of measurement.
When not displaying readings, it is used for informational
messages, such as menu headings and selections. At the top
of the display are annunciators to indicate various states of
operation. The Getting Started manual covers the display
basics.

2.3.1 Multiple displays

Each measurement function has its own set of “multiple dis-
plays” shown on the bottom line of the front panel display.
The PREVious and NEXT DISPLAY keys scroll through the
selections for the present function.



Some of the multiple displays are for multiple functions,
where different functions are measured sequentially from the
same set of test leads. The readings are shown simulta-
neously, such as:

+ Top line shows a DC voltage measurement; bottom line
shows positive and negative peak spike measurements.

* Top line shows an AC RMS voltage reading; bottom
line shows an AC frequency measurement and a crest
factor calculation.

Also, the multiple displays can show a reading in a different
form, or give additional information about the reading, for
example:

* Top line shows a reading; bottom line shows a zero-
centered bar graph with adjustable limits.

Front Panel Operation

+ Top line shows a frequency measurement; bottom line
shows the adjustable trigger level.

To scroll through the multiple displays available for each
measurement function, repeatedly press and release the
NEXT DISPLAY key. The same action with the PREVious
DISPLAY key does a reverse scroll through the displays. To
return to the default reading display, just press and hold
either key.

Multiple displays that are specific to a particular function or
operation are discussed later in this section, such as the peak
spikes displays in DC voltage, and the calculations display in
math. (See Table 2-3 for paragraph references.) Displays that
are common to most of the measurement functions are dis-
cussed here.

Table 2-3
Multiple displays by function
Function Next display Paragraph
All Bar graph 2.3.1
Zero-centered bar graph 23.1
Maximum and minimum values 231
Relative and actual values 2.6
Calculated and actual values (see Note 1) 2.10
Limits bar graph (see Note 1) 2.12.5
Adjacent channel readings (see Note 2) 2.11
DC voltage DC volts, AC ripple voltage and frequency 241
Positive peak spikes and highest value
Negative peak spikes and lowest value
Positive and negative peak spikes
AC voltage AC RMS voltage, frequency, and crest factor | 2.4.1
AC RMS, average, and peak voltages
DC current (none specific to function) 2.4.2
AC current AC RMS (or average) current and frequency | 2.4.2

Data storage buffer

AC RMS and average current

2-wire resistance Source current 243
Voltage drop across DUT

4-wire resistance Source current 243
Voltage drop across DUT
Lead resistance

Frequency Period calculation 24.4
Trigger level

Temperature Celsius, Fahrenheit, and Kelvin units 245

RTD resistance (or thermocouple voltage)
Reference junction (thermocouples only)

Maximum and minimum values 2.8
Average and standard deviation

Notes:

1. Multiple displays for calculated values and limits bar graph are not available for the frequency function.
2. The multiple display for adjacent channel readings is not available for the DC and AC current functions.
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Bar graph

The “normal” bar graph, with a zero at the left end, is a
graphical representation of a reading as a portion of a range.
(See Figure 2-1.) The vertical lines displayed along the bar
designate 0%, 25%, 50%, 75%, and 100% of full scale. Each
full segment of the bar represents approximately 4% of the
range limit.

-11.96859 vDC

L Full
Range
25% of 50% of 75% of full range
full range full range
Figure 2-1

Bar graph (zero-at-left) multiple display

For measurement functions with a range (voltage, current,
and resistance), the right endpoint of the bar graph is plus full
scale of the present range for positive readings, and minus
full scale for negative readings. When the 100% line changes
to an arrow, the reading exceeds the present range.

Note that the normal bar graph is not available when the
ACV units are dB or dBm.

For functions without a range (frequency and temperature),
the right endpoint of the bar graph is user-programmable by
pressing either CONFIG-NEXT DISPLAY or CONFIG-
PREV DISPLAY. Note that these configuration menus are
context-sensitive. If the unit is in any function except fre-
quency or temperature, CONFIG-NEXT DISPLAY results
in the zero bar graph configuration displa .

Perform the following to view or change the range of the bar
graph:

1. From the frequency or temperature function, press the
CONFIG key and then the NEXT or PREV DISPLAY
key. The following menu is displayed:

BARGRAPH TYPE
ZERO-AT-LEFT = ZERO-CENTERED

2. Use the cursor keys (< and P ) to place the cursor on

ZERO-AT-LEFT and press ENTER. You will access one
of the following menus:

2-6

For frequency:

FREQ BARGRAPH RANGE
2Hz 20Hz 200Hz 2kHz 20kHz p
<« 200kHz 2MHz 15MHz

For temperature:

BARGRAPH:0 to 0040°C

3. Change the frequency range by highlighting one of the
selections and pressing ENTER. For the temperature
range, use the cursor keys and the RANGE s and t
keys to enter a numeric value (0 - 9999°C). Press EN-
TER when done.

Zero-centered bar graph

The zero-centered bar graph is a graphical representation of
a reading with plus and minus limits. (See Figure 2-2.) The
limits are expressed in a user-selectable percentage of range
for voltage, current, and resistance, and a user-selectable val-
ue for frequency and temperature.

-05.95770 VDC

-50% |

-50% of range J

-25% of range

| +50%

L +50% of range

25% of range

-l-----] |

0%

Figure 2-2
Zero-centered bar graph multiple display

The vertical lines displayed along the bar designate the plus
and minus limits, zero, and halfway to either limit. There are
ten full segments between zero and each end, so each full
segment represents 10% of the limit. When a line at the limit
changes to an arrow, the reading exceeds the programmed
range.

The plus and minus percentage of range that is programmed
(0.01 - 99.99%) applies to all voltage, current, and resistance
functions. Because of rounding, values greater than 99.5%
are shown as 100% and, likewise, values greater than 1%
(such as 1.67%) are shown rounded to the nearest integer
percent.

Note that the zero-centered bar graph is not available when
the ACV units are dB or dBm.



Perform the following to view or change the plus and minus
percentage of range:

1. From a voltage, current, or resistance function, press
CONFIG and then NEXT or PREV DISPLAY. The fol-
lowing is displayed:

ZERO-BARGRAPH+50.00%

2. Change the percentage by using the cursor keys and the
RANGE s andt keys to enter a numeric value (0.01 -
99.99%). Press ENTER when done. The same percent-
age of range is used for voltage, current, and resistance
measurements.

Perform the following to view or change the plus and minus
value limit:

1. From the frequency or temperature function, press
CONFIG and then NEXT or PREV DISPLAY. The fol-
lowing menu is displayed:

BARGRAPH TYPE
ZERO-AT-LEFT ZERO-CENTERED

2. Use the cursor keys (<€ and P ) to place the cursor on
ZERO-CENTERED and press ENTER. You will access
one of the following menus:

For frequency:

FREQ ZEROBARGRAPH(#)
1Hz 10Hz 100Hz 1kHz 10kHz p
<« 100kHz IMHz 10MHz 15MHz

For temperature:

ZERO-BARGRAPH+0002°C

3. Change the frequency limits by highlighting one of the
selections and pressing ENTER. For the temperature,
use the cursor keys and the RANGE s and t keys to
enter a numeric value (0 - 9999°C). Press ENTER when
done.

Maximum and minimum

The maximum and minimum multiple display shows the
maximum and minimum readings since the display was en-
tered. (See Figure 2-3.) The maximum and minimum values
are reset by the following:

Front Panel Operation

* Pressing the present function key.

» Leaving the display by changing function or entering a
menu.

-15.82867 vDC

Max = -05.74602  Min = -15.82867

Maximum J L Minimum

value value

Figure 2-3
Maximum and minimum multiple display

The resolution, units, and prefix on the bottom line are the
same as shown for top line reading. If necessary, the bottom
line values automatically change to scientific notation,
rounded to 4.5 digits.

2.3.2 Information messages

Press the INFO key to view context-sensitive information
from most of the displays. An arrow (< or p ) on the bot-
tom line indicates that there is more information. Use the
cursor keys (<« and P ) to view the complete line. To exit
an INFO display, just press INFO, ENTER, EXIT, or a func-
tion key.

2.3.3 Status and error messages

During Model 2002 operation and programming, you will
encounter a number of front panel messages. Typical
messages are either of status or error variety, as listed in
Table 2-4.

The most recent status or error messages can be momentarily
displayed. Just enter a configuration menu or the main menu,
and press the PREV key. (The display is blank if no message
is queued.)
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Table 2-4 Table 2-4
Status and error messages Status and error messages (cont.)
Number | Description Event Number | Description Event
+900 “Internal System Error” EE -113 “Undefined header” EE
+611 “Questionable Temperature” SE -114 “Header suffix out of range EE
+610 “Questionable Calibration” SE -120 “Numeric data error” EE
+519 “Excessive temp drift during cal” EE -121 “Invalid character in”number” EE
+518 “Low level calibration data lost” EE -123 “Exponent too }ar’ge EE
+517 “Preamp calibration data lost” EE -124 “Too many digits EE
+516 “Install option id lost” EE -128 “Numeric data not allowed” EE
+515 “Calibration dates lost” EE -140 “Character data error” EE
+514 “DC calibration data lost” EE -141 “Invalid character data” EE
+513 “AC calibration data lost” EE -144 “Character data too long” EE
+512 “Power-on state lost” EE -148 “Character data not allowed” EE
+511 “GPIB address lost” EE -150 “String data error” EE
+510 “Reading buffer data lost” EE -151 “Invalid string data” EE
+444 to | Calibration Errors EE -154 “String too long” EE
+350 (see Calibration Manual) -158 “String data not allowed” EE
+312 “Buffer pretriggered” SE -160 “Block data error” EE
+311 “Buffer lost” SE -161 “Invalid block data” EE
+310 “Buffer full” SE -168 “Block data not allowed” EE
+309 “Buffer half full” SE -170 “EXpreSSiOn error” EE
+308 :Buffer Available” . SE 171 “Invalid expression” EE
+307 Voltmeter complete SE -178 “Expression data not allowed” EE
+306 “Reading Available” SE « . ’
+305 | “High limit 2 event” SE -200 “Exe‘i?‘“"?l S EE
+304 “Low limit 2 event” SE -201 “In\/a. id V\i 11€ 1 10ca P EE
+303 “ngh limit 1 event” SE -202 Settmgs 1Ost (1:1ue to rt EE
+302 “Low limit 1 event” SE (ret.urn to local)
+301 “Reading overfl w” SE -210 “Tr;gger ferror” EE
+174 “Re-entering the idle layer” SE 211 “Tr1gg.er 18nore d EE
+173 “Waiting in arm layer 2” SE 212 “Ar.m. 1gn0r<(31£1, EE
+172 “Waiting in arm layer 17 SE 'g ii “%"litglggerioc{:a dlock” EE
+171 “Waiting in tri layer” SE B
1161 «p aitng i “g,gef, e SE =215 “Arm deadlock” EE
rogr

Og am runmn.g -220 “Parameter Error” EE
+126 “Device calculating” SE 201 “Settings conflict EE
+125 “Device measuring” SE 222 “Parameter data out of range” EE
+124 “Device sweeping” SE 223 “Too much data” EE
+123 “Dev¥ce rang}ng” SE -224 “Illegal parameter value” EE
+122 “Device settling” SE « e
+121 “Device calibrating” SE -230 Data corrupt or stale EE

i -241 “Hardware missing” EE

+101 “Operation complete” SE 2260 “Expression Error” EE
+000 “No error” SE -281 “Cannot create program” EE
-100 “Command error” EE -282 “Illegal program name” EE
-101 “Invalid character” EE -314 “Save/recall memory lost” EE
-102 “Syntax error” EE -315 “Configuration memory lost EE
-103 “Invalid separator” EE -330 “Self Test failed” EE
-104 “Data type error” EE -350 “Queue overfl w” EE
-105 “GET not allowed” EE 410 “Query interrupted” EE
-108 “Parameter not allowed” EE 420 “Query unterminated” EE
-109 “Missing parameter” EE 430 “Query deadlocked” EE
-110 “Command header error” EE -440 “Query unterminated after indefi EE
-111 “Header separator error” EE nite response”
-112 “Program mnemonic too long” EE SE = Status ovent
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2.3.4 Navigating menus

There are basically two types of menu structures; the Main
Menu and the Configure menus. The Main Menu accesses
items for which there are no dedicated keys, and Configur
menus are used to configure measurement functions and oth-
er instrument operations.

Use the following rules to navigate through the menu struc-
ture:

1. The top level of the Main Menu is accessed by pressing
the MENU key. A Configuration menu is accessed by
pressing CONFIG and then the desired function (DCV,
ACY, etc.) or operation (TRIG, STORE, etc.).

2. A menu item is selected by placing the cursor on it and
pressing ENTER. Cursor position is denoted by the
blinking menu item or parameter. The cursor keys (<«
and P ) control cursor position.

3. Adisplayed arrow (<€ and P ) on the bottom line indi-
cates that there are one or more additional items (mes-
sages) to select from. Use the appropriate cursor key to
display them.

4. A numeric parameter is keyed in by placing the cursor
on the digit to be changed and using the RANGE s or
t key to increment or decrement the digit.

5. A change is only executed when ENTER is pressed.
Entering an invalid parameter generates an error and the
entry is ignored.

6. The EXIT key is used to back out of the menu structure.
Any change that is not entered is cancelled when EXIT
is pressed. The EXIT key has additional actions and are
summarized in Table 2-5.

2.4  Functions

To minimize the need to reprogram setup conditions every
time you switch from one function to another, each function

Table 2-5
EXIT key actions

Front Panel Operation

“remembers” its own unique setup configuration. Setup con-
figuration parameters that are remembered include

* Range

+ Relative

* Integration time
+ Filtering

+ Display resolution

* Multiple displays

To access the configuration menus for the measurement
functions, press the CONFIG key and then a function key
(DCYV, ACV, DCI, ACI, Q2, Q4, FREQ, TEMP). Rules for
navigating the menu structures are covered in paragraph
2.3.4.

241 DCandAC voltage

The Model 2002 can make DCV measurements from 1nV to
1100V and ACV measurements from 10nV to 775V. The
basic measurement procedures for DCV and ACV are con-
tained in the Getting Started manual.

Voltage configuration

The following information explains the various configura
tion options for DC and AC voltage measurements. The con-
figuration menus are summarized in Tables 2-6 and 2-7. The
menus are accessed by pressing CONFIG and then DCV or
ACV. Paragraph 2.3.5 summarizes the rules for navigating
through menus.

Note that a function does not have to be selected in order to
be configured. When the function is selected, it will assume
the programmed status.

Condition EXIT key action

(e.g., TRIGGERS HALTED)
INFO message displayed
Reading display hold
Scanning

Data storage

Temporary message displayed | Cancels display of temporary message.

Cancels INFO message, returns to menu or normal reading display.

Cancels reading display hold, resumes normal reading display.

Disables scanning. Also stops data storage if enabled.

Stops data storage. Temporary message STORAGE INTERRUPTED is displayed.
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Table 2-6
CONFIGURE DCV menu structure

Menu item Description

SPEED Measurement speed (integration time) menu:
NORMAL Select 1 PLC (power line cycle, 16.67msec for 60Hz, 20msec for 50Hz and 400Hz).
FAST Select 0.01 PLC.
MEDIUM Select 0.1 PLC.
HIACCURACY Select 10 PLC.
SET-SPEED-EXACTLY Set integration time in PLC (0.01-50).
SET-BY-RSLN Default to setting appropriate for resolution.

FILTER Digital filter menu
AUTO Default to filter appropriate for int gration time.
AVERAGING Program a simple average filter (1-100 readings)
ADVANCED Program a simple average filter (1-100 readings) with a noise tolerance wind w (0-

100% of range).

AVERAGING-MODE Select moving average or repeating average mode.

RESOLUTION Display resolution menu:
AUTO Default to resolution appropriate for integration time.
3.5d, 4.5d, 5.5d, 6.5d, Select a specific resolution

7.5d, 8.5d
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Table 2-7
CONFIGURE ACV menu structure

Menu item Description

SPEED Measurement speed (integration time) menu:
NORMAL Select 1 PLC (power line cycle, 16.67msec for 60Hz, 20msec for SOHz and 400Hz).
FAST Select 0.01 PLC.
MEDIUM Select 0.1 PLC.
HIACCURACY Select 10 PLC.
SET-SPEED-EXACTLY Set integration time in PLC (0.01-50).
SET-BY-RSLN Default to setting appropriate for resolution.

FILTER Digital filter menu
AUTO Default to filter appropriate for int gration time.
AVERAGING Program a simple average filter (1-100 readings)
ADVANCED Program a simple average filter (1-100 readings) with a noise toleranc

window (0-100% of range).

AVERAGING-MODE Select moving average or repeating average mode.

RESOLUTION Display resolution menu:
AUTO Default to resolution appropriate for integration time.
3.5d, 4.5d, 5.5d, 6.5d, Select a specific resolution.

7.5d, 8.5d

UNITS Display units menu:
VOLTS Select volts.
dB Select dB and set voltage reference level.
dBm Select dBm and set reference impedance.

COUPLING Coupling menu:
AC Select AC coupled measurements.
AC+DC Select DC coupled measurements.

AC-TYPE Type of ACV measurement menu:
RMS Select true RMS ACV.
AVERAGE Select average ACV.
PEAK Select peak ACV.
LOW-FREQ-RMS Select low frequency (typically <S0Hz) true RMS ACV.
POSITIVE-PEAK Select positive DCV peak spikes measurements.
NEGATIVE-PEAK Select negative DCV peak spikes measurements.
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SPEED

The SPEED parameter sets the integration time of the A/D
converter, the period of time the input signal is measured
(also known as aperture). The integration time affects the
usable resolution, the amount of reading noise, as well as the
ultimate reading rate of the instrument. From the front panel,
the integration time is specified in parameters based on a
number of power line cycles (NPLC), where 1 PLC for 60Hz
is 16.67msec and 1 PLC for 50Hz and 400Hz is 20msec.

The SPEED parameters for all functions (except frequency)
are explained as follows:

FAST: Sets integration time to 0.01 PLC. Use FAST if speed
is of primary importance at the expense of increased reading
noise and less usable resolution.

MEDIUM: Sets integration time to 0.1PLC. Use MEDIUM
when a compromise between noise performance and speed is
acceptable.

NORMAL: Sets integration time to 1 PLC. A compromise
like MEDIUM, but NORMAL provides better noise perfor-
mance at the expense of speed.

HIACCURACY: Sets integration time to 10 PLC. Use
HI-ACCURACY when high common-mode and normal-
mode rejection is required.

SET-SPEED-EXACTLY: When this parameter is selected,
the current PLC value is displayed. By using the cursor keys
(<« and » ) and the RANGE s andt keys, you can enter
any PLC value from 0.01 to 50. Be sure to press ENTER
after keying in a new value. Note that an integer PLC value
will increase noise rejection.

SET-BY-RSLN: This parameter optimizes the integration
time for the present resolution setting. See Table 2-8 for the
default integration times of the DCV and ACV functions.
The default set-by-resolution integration times of other func-
tions are listed in Tables 2-13, 2-18 and 2-24.
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FILTER

FILTER lets you set the digital filter response. The filte
menu is available from the function configuration menus (i.e.
CONFIGURE DCV) or by pressing CONFIGURE FILTER
with the desired function already selected. All of the param-
eters (menu items) for FILTER are explained in paragraph
2.9. Since the AUTO parameter has specific effects on DCV
and ACYV, it is covered here.

AUTO: This parameter for a digital filter optimizes its use
for the present measurement function. The defaults for auto-
matic filtering of DCV and ACV are listed in Table 2-9.

Table 2-8
DCV and ACV integration times set-by-resolution
Measurement Integration
function and type Resolution time
DCV 3.5d,4.5d 0.01 PLC
5.5d 0.02 PLC
6.5d 0.10 PLC
7.5d 1.00 PLC
8.5d 10.00 PLC
DCYV peak spikes 3.5d (to 7.5d) Not used
RMS, average 3.5d, 4.5d 0.01 PLC
5.5d 0.02 PLC
6.5d, 7.5d, 8.5d 10.00 PLC
Low frequency RMS | 3.5d to 8.5d Not used
ACV peak 4d (to 8d) Not used
Notes:

1. For DCV measurements, if the integration time is SET-BY-RSLN
and the resolution AUTO, the integration time will be 1.0 PLC and
the resolution 7.5 digits.

2. For RMS and average measurements, if the integration time is SET-
BY-RSLN and the resolution is AUTO, the integration will be 1.0
PLC and the resolution 5.5 digits.

3. For DCV peak spikes, low frequency RMS, and ACV peak measure-
ments, the integration time setting is ignored.

4. The resolution of DCV peak spikes can be from 3.5d to 8.5d, but the
accuracy is specified at 3.5d. The resolution of ACV peak can be
from 4d to 8d, but the accuracy is specified at 4d
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Table 2-9
DCV and ACV auto filte
Measurement function Noise Averaging
and type Units State Type Readings | tolerance Mode
DCV - On Advanced 10 1.0% Moving
DCYV peak spikes - On Advanced 10 5.0% Moving
RMS, average, low fre- | Any Off Advanced 10 5.0% Moving
quency RMS
ACV peak Volts On Advanced 10 5.0% Moving
dB, dBm On Averaging 10 - Moving
RESOLUTION Table 2-10
) DCV and ACV auto resolution
Except for frequency, temperature, and some special cases of
AC voltage, all functions can operate with 3% to 8V2-digit Measurement
resolution, or they can default to a setting appropriate for the function and type Integration time Resolution
selected integration time.

DCV 0.01 t0 <0.02 PLC | 4.5d
3.5d, 4.5d, 5.5d, 6.5d, 7.5d or 8.5d: Sets resolution to the 0.02 to <0.10 PLC 5.5d
specified number of digits 0.10 to <1.00 PLC 6.5d

1.00 to <10.00 PLC | 7.5d
AUTO: optimizes the resolution for the present integration 10.00 to 50 PLC 8.5d
time setting. See Table.Z-IO for the default resolu.tions of the DCV peak spikes Not used 354
DCV and ACV functions. The default resolutions of the
other functions are listed in Tables 2-15, 2-20 and 2-25. RMS, average 0.01t0<0.02PLC |4.5d

0.02 t0 <10.00 PLC |5.5d
UNITS 10.00 to 50 PLC 6.5d
This parameter selects the displayed units for AC voltage Low frequency RMS | Not used 5.5d
measurements. ACV peak Not used 4d

Notes:

VOLTS: With volts selected as the units, AC voltage mea-
surements are expressed in volts.

dB: Expressing AC voltage in dB makes it possible to com-
press a large range of measurements into a much smaller
scope. The relationship between dB and voltage is defined by
the following equation:

\
dB =20 log—X

VREF

where: Vi is the AC input signal.

Vger 18 the specified oltage reference level.

1. If the DCV resolution is AUTO and the integration time SET-BY-
RSLN, the resolution will be 7.5 digits and the integration time 1.0
PLC.

2. For DCV peak spikes, low frequency RMS, and ACV peak measure-
ments, the integration time setting is ignored.

3. For RMS and average measurements, if the resolution is AUTO and the
integration time is SET-BY-RSLN, the resolution will be 5.5 digits and
the integration time 1.0 PLC.

The instrument will read 0dB when the reference voltage
level is applied to the input. dB measurements are possible
on all ACV measurement types except positive peak spikes
and negative peak spikes, as these may be negative, and the
log of a negative number is not defined. Note that dB mea-
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surements are specified only for the low frequency RMS
measurement type.

If a relative value is in effect when dB is selected, the value
is converted to dB. If a relative value is stored after dB units
are selected, the units of the relative value are dB.

After selecting dB, the present reference voltage level is dis-
played. To change the reference level, use the cursor keys
(< and » ) and the RANGE s andt keys. Be sure to
press ENTER after changing the reference level.

dBm: dBm is defined as decibels above or below a ImW ref-
erence. With a user-programmable reference impedance, the
Model 2002 reads 0dBm when the voltage needed to dissi-
pate ImW through the reference impedance is applied. The
relationship between dBm, a reference impedance, and the
voltage is defined by the foll wing equation:

2
(Vi Zrr)
dBm =10 1ong—V$EF

where: Vi is the AC input signal.

Zrgr 18 the specified reference impedance

NOTE

Do not confuse reference impedance with
input impedance. The input impedance of
the instrument is not modified by the dBm
parameter.

If a relative value is in effect when dBm is selected, the value
is converted to dBm. If a relative value is stored after dBm
units are selected, the units of the relative value is dBm.

To set the reference impedance, perform the following steps:

After selecting dBm, the present reference impedance is
displayed (1-9999Q). To change the reference impedance,
use the cursor keys (< and P ) and the RANGE s and t
keys. Be sure to press ENTER after changing the reference
impedance.

dB/dBm notes:

1. dB and dBm units are not allowed with positive or neg-
ative peak spike measurements.

2. dB and dBm units are not allowed with an advanced
filte .

3. With dB or dBm units selected, there is no bar graph or
zero-centered bar graph multiple display.
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4. When units are changed from volts to dB or dBm, all
values less than zero that depend on the new units are
made equal to zero. This includes, for example, relative
values and stored readings. This avoids the overfl w
condition of a log of a negative number.

COUPLING

This parameter selects the input coupling for the ACV
function.

AC: With AC coupling selected, a DC blocking capacitor is
placed in series with the input. This removes the DC compo-
nent from the RMS, average or peak ACV measurement.

AC+DC: When AC+DC coupling is selected, the blocking
capacitor is removed. Subsequent RMS, average or peak
ACV measurements reflect both the AC and DC components
of the signal.

While displaying readings, the present coupling setting is
shown on the bottom line, if not showing a multiple display.

Note that the coupling settings for ACV and ACI are discrete.
Thus, setting the coupling of ACV has no effect on the cou-
pling of ACI.

AC-TYPE

This parameter selects the measurement type for the ACV
function. The Model 2002 directly measures RMS, average,
and peak AC voltages. For a 330V peak-to-peak sine wave,
which is line voltage in the U.S., the measurements would
be:

« RMS=117V
* Average = 105V (full wave rectified
* Peak AC =165V

The peak detector is also used to measure positive and nega-
tive peak spikes riding on a DC signal and they are, therefore,
also configured from the AC-TYPE menu.

RMS and LOW-FREQ-RMS: Selecting between normal
RMS mode and low frequency RMS mode depends on the
desired accuracy and speed. Low frequency RMS mode is
more accurate, but slower.

Both modes are specified between 20Hz and 2MHz, with
low frequency RMS specified additionally down to 1Hz.
Some guidelines for choosing between the two modes
follow:

* Below 50Hz, use low frequency RMS mode for its
greater accuracy.



« Between 50 and 100Hz, use either mode.

* Above 100Hz, use normal RMS mode for its greater
speed.

AVERAGE: When this item is selected, the signal path in
the instrument bypasses the RMS converter, and the average
ACV measurement is the filtered output of a full wave
rectifie .

PEAK: For AC peak measurements, the instrument displays
the largest peak (positive or negative) of the input signal. The
measurement window is fi ed at 100msec.

Note that you can configure the resolution of ACV peak mea-
surements from 4 digits (3.5d from SET ACV RESOLU-
TION menu) to 9 digits (8.5d), but the accuracy is specifie

at 4 digits. In addition, the accuracy specifications for AC
peak measurements assume AC+DC coupling below 200Hz.

POSITIVE-PEAK and NEGATIVE-PEAK: Peak spike
measurements are available as an ACV primary display (top
line). They are also available as a DCV multiple display (bot-
tom line). The menu items POSITIVE-PEAK and NEGA-
TIVE-PEAK enable the measurement as a primary display.
See Figure 2-4 for a description of the primary display.

After selecting a positive or negative peak spikes measure-
ment from the SET ACV MEASUREMENT menu, you are
asked to enter a value for the measurement window. A typical
message follows:

PEAK WINDOW =0.1's

This sets the time the signal is sampled before the display is
updated with a new reading. It can range from 0.lsec to
9.9sec.

As a primary display, the resolution of peak spikes can be set
from 3.5d to 8.5d, but the accuracy is specified at 3.5d. (As a
multiple display, the resolution is fi ed at 3.5d.)

Front Panel Operation

Note that dB and dBm are not allowed as valid units for peak
spikes. Positive-going spikes on a negative DC level could
still read as a negative value, and the log of a negative num-
ber is not defined.

RANGE = Set by ACV range (auto or fixed).

REL = Operates normally.

SPEED = Set by peak window (0.1-9.9sec).

FILTER = Set by ACV filter (AUTO=ADV (10)).
RESOLUTION = Set by ACV resolution (AUTO = 3.5d).
UNITS = Fixed on volts.

COUPLING = Set by ACV coupling.

v

+000.0 mVAC +Pk

Coupling: AC+DC

NOTES:

1. Positive peak spikes and negative peak spikes are selected
in the CONFIGURE-ACV menu.

2. Peak spikes measurement is specified for volts at 3.5 digits.

3. “Peak window” is the time a signal is sampled before a
reading is displayed.

Figure 2-4
Positive and negative peak spikes

Multiple displays

The displays for DC and AC voltage that show multiple func-
tions are shown in Figures 2-5 and 2-6. The multiple display
for crest factor, which is calculated from the peak and RMS
values, is described here.
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DCVv

REL = Operates normally.
SPEED = Set by DCV speed.
FILTER = Set by DCYV filter.

RANGE = Set by DCV range (auto or fixed).
Autoranges independently of other functions.

RESOLUTION = Set by DCV resolution.

!

+000.0000 mVDC

+000.000 mVAC

+000.00 Hz

ACV

FREQ

RANGE = Set by ACV range (auto or fixed).
Autoranges independently of other functions.

REL = No effect.

SPEED = Set by ACV speed.

FILTER = Unaffected by DCV and ACYV filters.

RESOLUTION = Set by ACV resolution.

UNITS = Fixed on volts.

COUPLING = Fixed on AC coupling.

AC-TYPE = Fixed on normal mode RMS.

A. DC voltage, AC voltage, and frequency functions

Figure 2-5
DC voltage multifunction multiple displays

RANGE = Set by MAX-SIGNAL-LEVEL in CONFIGURE
FREQUENCY menu.
Autorange has no effect.

REL = No effect.

TRIGGER LEVEL = Set while in FREQ. Not available in
CONFIGURE FREQUENCY menu.

FILTER = Unaffected by DCV filter. FREQ has no filter.

RESOLUTION = Fixed at 5 digits.

COUPLING = Fixed on AC coupling.

INPUT TERMINALS = Fixed on VOLTAGE.
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DCV

REL = Operates normally.
SPEED = Set by DCV speed.
FILTER = Set by DCV filter.

RANGE = Set by DCV range (auto or fixed).
Autoranges independently of other functions.

RESOLUTION = Set by DCV resolution.

v

+000.0000 mVDC

Pos-Pk=+000.0mV

Highest=+000.0mV

Pos-Pk

RANGE = Follows the DCV range.
REL = No effect.
SPEED = Fixed at 100msec.
Peak window has no effect.
FILTER = Unaffected by DCV and ACYV filters.
RESOLUTION = Fixed at 3.5 digits.
UNITS = Fixed on volts.
COUPLING = Fixed on AC+DC coupling.

NOTE: The peak detector captures the maximum
value of the input signal.

B. DC voltage and positive peak spikes functions

Figure 2-5
DC voltage multifunction multiple displays (cont.)

A

Highest

REL = No effect.
RESOLUTION = Fixed at 3.5 digits.
UNITS = Fixed on volts.

NOTE: The highest value is reset by pressing the
DCV key, or changing function (i.e., leaving this
display).
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DCV

RANGE = Set by DCV range (auto or fixed).
Autoranges independently of other functions.

REL = Operates normally.

SPEED = Set by DCV speed.

FILTER = Set by DCYV filter.

RESOLUTION = Set by DCV resolution.

Y

+000.0000 mVDC

Neg-Pk=-000.0mV Lowest=-000.0mV

Neg-Pk

Lowest

RANGE = Follows the DCV range.
REL = No effect.
SPEED = Fixed at 100msec.
Peak window has no effect.
FILTER = Unaffected by DCV and ACYV filters.
RESOLUTION = Fixed at 3.5 digits.
UNITS = Fixed on volts.
COUPLING = Fixed on AC+DC coupling.

NOTE: The peak detector captures the minimum
value of the input signal.

REL = No effect.
RESOLUTION = Fixed at 3.5 digits.
UNITS = Fixed on volts.

NOTE: The lowest value is reset by pressing the
DCV key, or changing function (i.e., leaving this
display).

C. DC voltage and negative peak spikes functions

Figure 2-5

DC voltage multifunction multiple displays (cont.)
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DCV

REL = Operates normally.

SPEED = Set by DCV speed.

FILTER = Set by DCYV filter.
RESOLUTION = Set by DCV resolution.

RANGE = Set by DCV range (auto or fixed).
Autoranges independently of other functions.

v

+000.0000 mVDC

Pos-Pk=+000.0mV Neg-Pk=-000.0mV

Pos-Pk Neg_Pk

RANGE = Follows the DCV range.
REL = No effect.
SPEED = Fixed at 100msec.
Peak window has no effect.
FILTER = Unaffected by DCV and ACYV filters.
RESOLUTION = Fixed at 3.5 digits.
UNITS = Fixed on volts.
COUPLING = Fixed on AC+DC coupling.

NOTE: The peak detector captures the maximum
value of the input signal.

RANGE = Follows the DCV range.
REL = No effect.
SPEED = Fixed at 100msec.
Peak window has no effect.
FILTER = Unaffected by DCV and ACV filters.
RESOLUTION = Fixed at 3.5 digits.
UNITS = Fixed on volts.
COUPLING = Fixed on AC+DC coupling.

NOTE: The peak detector captures the minimum
value of the input signal.

D. DC voltage, positive and negative peak spikes functions

Figure 2-5
DC voltage multifunction multiple displays (cont.)

2-19



Front Panel Operation

RMS

RANGE = Set by ACV range (auto or fixed).
Autoranges independently of other functions.

REL = Operates normally.

SPEED = Set by ACV speed.

FILTER = Set by ACV filter.

RESOLUTION = Set by ACV resolution.

UNITS = Set by ACV units.

COUPLING = Set by ACV coupling.
AC-TYPE = Fixed on normal mode RMS.

v

+000.00Hz

+000.000 mVAC

RMS

Crest Factor=0.00

FREQ

Crest Factor

RANGE = Set by MAX-SIGNAL-LEVEL in CONFIGURE
FREQUENCY menu.
Autorange has no effect.

REL = No effect.

TRIGGER LEVEL= Set while in FREQ. Not available in
CONFIGURE FREQUENCY menu.

FILTER = Unaffected by ACV filter. FREQ has no filter.

RESOLUTION = Fixed at 5 digits.

COUPLING = Set by ACV coupling.

INPUT TERMINALS =  Fixed on VOLTAGE.

A. AC RMS voltage, frequency, and crest factor

Figure 2-6
AC voltage multifunction multiple displays
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RANGE = ACV peak measurement range set by ACV range
(auto or fixed). Peak measurement autoranges independently
of other functions.

REL = No effect.

SPEED = Fixed at 100msec. Peak window has no effect.

FILTER = If ACV filter is on, crest factor is effectively filtered as
well.

RESOLUTION = Fixed at 3 digits.

UNITS = None.

COUPLING = ACV peak measurement coupling set by ACV
coupling.

NOTE: Crest factor (up to 9.99) is calculated from an ACV peak
measurement divided by the raw (without rel) ACV RMS measure-
ment.
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RMS

RANGE = Set by ACV range (auto or fixed).
Autoranges independently of other functions.

REL = Operates normally.

SPEED = Set by ACV speed.

FILTER = Set by ACV filter.

RESOLUTION = Set by ACV resolution.

UNITS = Set by ACV units.

COUPLING = Set by ACV coupling.

AC-TYPE = Fixed on normal mode RMS.

Y

+000.000 mVAC RMS

AVG=000.000mV Peak=000.0mV

AVG Peak
RANGE = Set by ACV range (auto or fixed). RANGE = Set by ACV range (auto or fixed).
Autoranges independently of other functions. Autoranges independently of other functions.
REL = No effect. REL = No effect.
SPEED= Set by ACV speed. SPEED = Fixed at 100msec. Peak window has no
FILTER = Unaffected by ACV filter. effect.
RESOLUTION = Fixed at 5.5 digits. FILTER = Unaffected by ACV filter.
UNITS = Fixed on vols. RESOLUTION = Fixed at 4 digits.
COUPLING = Set by ACV coupling. UNITS = Fixed on volts.
COUPLING = Set by ACV coupling.

B. AC RMS, average, and peak voltages

Figure 2-6
AC voltage multifunction multiple displays (cont.)
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Crest factor — The crest factor of a waveform is the ratio of
its peak value to its RMS value. Thus, the crest factor speci-
fies the dynamic range of a true RMS instrument. For sinu-
soidal waveforms, the crest factor is 1.414. For a
symmetrical square wave, the crest factor is unity. The crest
factor of a rectangular pulse is related to its duty cycle; as the
duty cycle decreases, the crest factor increases.

For the Model 2002, the additional error term for RMS mea-
surements caused by a high crest factor is specified up to a
value of fi e. The maximum displayable value is 9.99, else it
shows “over”.

Note that the crest factor is not calculated if dB or dBm is the
presently selected units.

Low level considerations

For sensitive measurements, external considerations besides
the Model 2002 affect the accuracy. Effects not noticeable
when working with higher voltages are significant in micro-
volt signals. The Model 2002 reads only the signal received
at its input; therefore, it is important that this signal be prop-
erly transmitted from the source. The following paragraphs
indicate factors that affect accuracy, including thermal off-
sets and stray pick-up.

Shielding — AC voltages that are extremely large compared
with the DC signal to be measured may produce an errone-
ous output. Therefore, to minimize AC interference, the cir-
cuit should be shielded with the shield connected to the
Model 2002 INPUT LO (particularly for low-level sources).
Improper shielding can cause the Model 2002 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
2002 away from strong AC magnetic sources. The voltage in-
duced 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.

Thermal EMFs — Thermal emfs (thermoelectric potentials)
are generated by thermal differences between the junctions
of dissimilar metals. These can be large compared to the sig-
nal that the Model 2002 can measure. Thermal emfs can
cause the following conditions:

+ Instability or zero offset is much higher than expected.
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* 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 heating and air conditioning systems,
or changes in sunlight).

To minimize the drift caused by thermal emfs, use copper
leads to connect the circuit to the Model 2002. A banana plug
generates a few microvolts. A clean copper conductor such
as #10 bus wire is ideal for this application. The leads to the
input may be shielded or unshielded, as necessary. Refer to
Shielding.

Widely varying temperatures within the circuit can also cre-
ate thermal emfs. Therefore, maintain constant offset tem-
peratures to minimize these thermal emfs. A cardboard box
around the circuit under test also helps by minimizing air
currents.

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

Note that additional thermals may be generated by the
optional Model 2002-SCAN scanner card.

AC voltage offset — The Model 2002, at 5%2d resolution,
will typically display 150 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 fol-
lowing equation expresses how this offset (Vqprgpr) is added
to the signal input (Vp):

Displayed reading = A/(VIN)2 +(VOFFSET)2

Example: Range =2VAC
Offset = 150 counts (1.5mV)
Input =200mV RMS

Display reading = «/(200mV)2 +(1.5mV)2

=J0.04V + (2.25 x 10°V)

=.200005V

The offset is seen as the last digit which is not displayed.
Therefore, the offset is negligible. If the rel feature were used
to zero the display, the 150 counts of offset would be sub-
tracted from V| resulting in an error of 150 counts in the dis-
played reading.



2.4.2 DC and AC current

The Model 2002 can make normal DCI measurements from
10pA and 2.1A and ACI measurements from 100pA to 2.1A.
The basic measurement procedures for DCI and ACI are con-
tained in the Getting Started manual.

AMPS fuse replacement

There are two protection fuses for the current ranges, one for
the front terminals, another for the rear. This procedure
describes how to change an AMPS fuse.

WARNING

Make sure the instrument is disconnect-
ed from the power line and other equip-
ment before replacing an AMPS fuse.

1. Turn off the power and disconnect the power line and
test leads.

2. Perform one of the following steps:

A. For the front panel AMPS fuse, gently push in the
AMPS jack with your thumb and rotate the fuse car-
rier one-quarter turn counter-clockwise. Release
pressure on the jack and its internal spring will push
the jack out of the socket.

B. For the rear panel AMPS fuse, place the end of a
flat-blade screwdriver into the rear panel AMPS
holder. Push in gently and rotate the fuse carrier
one-quarter turn counter-clockwise. Release pres-
sure on the holder and its internal spring will push
the fuse carrier out of the holder.
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3. Remove the fuse and replace it with the same type (2A,
250V, fast blow, 5 x 20mm). The Keithley part number
is FU-48.

CAUTION

Do not use a fuse with a higher current
rating than specified, or instrument
damage may occur. If the instrument
repeatedly blows fuses, locate and cor-
rect the cause of the trouble before
replacing the fuse. See the optional
Model 2002 Repair Manual for trouble-
shooting information.

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

Current configuration

The following information explains the various configura
tion options for DC and AC current measurements. The con-
figuration menus are summarized in Tables 2-11 and 2-12.
The menus are accessed by pressing CONFIG and then DCI
or ACI. Paragraph 2.3.5 summarizes the rules for navigating
through the menus.

Note that a function does not have to be selected in order to

be configured. When the function is selected, it will assume
the programmed status.
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Table 2-11
CONFIGURE DCI menu structure
Menu item Description
SPEED Measurement speed (integration time) menu:
NORMAL Select 1 PLC (power line cycle, 16.67msec for 60Hz, 20msec for 50Hz and 400Hz).
FAST Select 0.01 PLC.
MEDIUM Select 0.1 PLC.
HIACCURACY Select 10 PLC.
SET-SPEED-EXACTLY Set integration time in PLC (0.01-50).
SET-BY-RSLN Default to setting appropriate for resolution.
FILTER Digital filter menu
AUTO Default to filter appropriate for int gration time.
AVERAGING Program a simple average filter (1-100 readings)
ADVANCED Program a simple average filter (1-100 readings) with a noise tolerance wind w (0-

AVERAGING-MODE

100% of range).
Select moving average or repeating average mode.

RESOLUTION Display resolution menu:
AUTO Default to resolution appropriate for integration time.
3.5d, 4.5d, 5.5d, 6.5d, Select a specific resolution.
7.5d, 8.5d
MEASUREMENT-MODE | Measurement mode menu:
NORMAL Select normal current measurement (use AMPS terminals).
IN-CIRCUIT Select in-circuit current measurement (use INPUT and SENSE terminals).
Table 2-12
CONFIGURE ACI menu structure
Menu item Description
SPEED Measurement speed (integration time) menu:
NORMAL Select 1 PLC (power line cycle, 16.67msec for 60Hz, 20msec for 50Hz and
400Hz).
FAST Select 0.01 PLC.
MEDIUM Select 0.1 PLC.
HIACCURACY Select 10 PLC.
SET-SPEED-EXACTLY Set integration time in PLC (0.01-50).
SET-BY-RSLN Default to setting appropriate for resolution.
FILTER Digital filter menu
AUTO Default to filter appropriate for int gration time.
AVERAGING Program a simple average filter (1-100 readings)
ADVANCED Program a simple average filter (1-100 readings) with a noise tolerance window

AVERAGING-MODE

RESOLUTION
AUTO
3.5d, 4.5d, 5.5d, 6.5d, 7.5d, 8.5d

COUPLING
AC
AC+DC

AC-TYPE
RMS
AVERAGE

(0-100% of range).
Select moving average or repeating average mode.

Display resolution menu:
Default to resolution appropriate for integration time.
Select a specific resolution.

Coupling menu:
Select AC coupled measurements.
Select DC coupled measurements.

Type of ACI measurement menu:
Select true RMS ACI.
Select average ACI.
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The SPEED parameter sets the integration time of the A/D
converter, the period of time the input signal is measured
(also known as aperture). It is discussed in paragraph 2.4.1,
DC and AC voltage. Only the differences for DC and AC cur-
rent are noted here.

SET-BY-RSLN: This parameter optimizes the integration
time for the present resolution setting. The defaults for set-
by-resolution integration times of DCI and ACI are listed in
Table 2-13.

Table 2-13
DCI and ACI integration time set-by-resolution
Measurement Integration
function and type Resolution time
DC current 3.5d,4.5d 0.01 PLC
5.5d 0.02 PLC
6.5d 0.20 PLC
7.5d, 8.5d 2.00 PLC
DC in-circuit current | 3.5d to 7.5d Not used
RMS, average 3.5d,4.5d 0.01 PLC
5.5d 0.02 PLC
6.5d,7.5d,8.5d | 10.00 PLC

Notes:

1. For normal DC current, if the integration time is SET-BY-RSLN and
the resolution is AUTO, the integration time will be 1.0 PLC and the
resolution 6.5 digits.

2. For DC in-circuit current, the integration time setting is ignored.

3. For AC current, if the integration time is SET-BY-RSLN and the res-
olution is AUTO, the integration time will be 1.0 PLC and the reso-
lution 5.5 digits.

Front Panel Operation

FILTER

FILTER lets you set the digital filter response. The filte
menu is available from the function configuration menus (i.e.
CONFIGURE DCI) or by pressing CONFIGURE FILTER
with the desired function already selected. All of the param-
eters (menu items) for FILTER are explained in paragraph
2.9. Since the AUTO parameter has specific effects on DCI
and ACI, it is covered here.

AUTO: This parameter for a digital filter optimizes its use
for the present measurement function. The defaults for auto-
matic filtering of DCI and ACI are listed in Table 2-14.

RESOLUTION

The RESOLUTION parameter sets the display resolution. It
is discussed in paragraph 2.4.1, DC and AC voltage. Only the
differences for DC and AC current are noted here.

AUTO: Refer to Table 2-15 for the resolution associated
with the integration time.

MEASUREMENT-MODE

This option selects the DC current measurement mode,
either normal or in-circuit measurements.

NORMAL: This option is for normal current measuring,
where the meter is placed in series with the current path and
the voltage across an internal shunt resistor is measured.

Table 2-14

DCI and ACI auto filte
Measurement Noise
function and type State | Type Readings | tolerance Mode
DC current On Advanced | 10 1.0% Moving
DC in-circuit current | On Advanced | 10 1.0% Moving
AC current Off Advanced | 10 5.0% Moving
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Table 2-15
DCI and ACI auto resolution

Measurement

function and type Integration time Resolution

DC current 0.01 to <0.02 PLC 4.5d
0.02 to <0.20 PLC 5.5d
0.20 to <2.00 PLC 6.5d
2.00 to 50 PLC 7.5d
DC in-circuit current | Not used 5.5d

0.01 to <0.02 PLC 4.5d
0.02 to <10.00 PLC | 5.5d
10.00 to 50 PLC 6.5d

RMS, average

Notes:

1. For normal DC current, if the resolution is AUTO and the integration
time is SET-BY-RSLN, the resolution will be 6.5 digits and the integra-
tion time 1.0 PLC.

2. For DC in-circuit current, the integration time setting is ignored.

3. For AC current, if the resolution is AUTO and the integration time is
SET-BY-RSLN, the resolution will be 5.5 digits and the integration
time 1.0 PLC.

IN-CIRCUIT: In-circuit current is a calculation based on a
4-wire resistance measurement and a voltage measurement.
It is similar to an offset-compensated ohms measurement.

Model 2002

EEEEE
— e wer

The current in a low resistance conductor (e.g., a printed
circuit trace) can be measured without breaking the current
path. The Model 2002 can do this with a pair of Kelvin test
probes across the conductor. See Figure 2-7. The method
follows:

1. Using one set of the Kelvin probe tips, the instrument
sources a known current (Igggrcg) through the conductor
and simultaneously measures the resulting voltage
(VMmeas) With the other set of probe tips:

Vieast = Uineckr T Isource)Rrrace
or
R _ VMEAsi
TRACE
(Iveckt * Tsource)

2. The instrument then measures the voltage (Vygas2)
across the conductor without sourcing an additional

current:
Vueas2 = ek Rorace
or
R _ VMeas2
TRACE — (I )
IN-CKT

+00.207 ADC ICkt ©)

Trace resistance: 1.0000Q

Pea
A\

2002 MULTIMETER /]|
Lo Soov

e oeax]

el [SACHCICHCRONCIC I

DISPLAY.
e G G Gl (T 1)

ELO G G @& G| V

POWER

Caution : Maximum Input = +200mV on

(In - ckr * lsource) ® Rrgaces Where
lsouree = 10mMA.

Figure 2-7
DC in-circuit current measurements
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3. It then calculates the in-circuit current by combining the
equations and solving for Iy ckr :

VMEASI
+1

_ vMEASZ

(IIN—CKT SOURCE) (IIN—CKT)

+1

vMEAS 1 ( IIN—CKT) = VMEASZ ( IIN—CKT SOURCE)

VMEASI([IN-CKT) = VMEASZ([IN—CKT)+VMEASZ(ISOURCE)
VMEASI(IIN—CKT)_VMEASZ(IIN—CKT) = VMEASZ(ISOURCE)
IIN-CKT(VMEASI _VMEASZ):VMEAS2(ISOURCE)

I _ VMEAS2(ISOURCE)
IN-CKT
(VMEA51 h VMEASZ)

Because of accuracy considerations, in-circuit current read-
ings are limited to traces with a resistance of 1mQ to 10Q. If
either of these limits is exceeded in the resistance calcula-
tion, the in-circuit current cannot be calculated. The bottom
line of the front panel display will show and update the trace
resistance.

A procedure to measure in-circuit current follows:

1. Select the in-circuit current measurement mode from the
CONFIGURE DCI menu and place the instrument in
the DCI function. Note that the 4W annunciator lights to
indicate this is a 4-wire measurement.

2. Connect a set of Kelvin test probes, such as Keithley
Model 5805 or 5806, to the Model 2002 INPUT HI and
LO terminals and SENSE HI and LO terminals.

3. For Rygacg <S0mQ, or where the conductors are physi-
cally hot, rel out (zero correct) any thermal offsets that
are present before measuring in-circuit current. With
power to the test circuit removed, place the probes on
the desired trace and enable rel from the DCI function.

4. Turn on the power to the test circuit and read the in-
circuit current calculation. The speed of this
measurement is four readings per second at 1PLC. Its
range is fi ed at 12A. The default filter for in-circuit
current is a moving average of ten readings. Additional
filtering may be needed at | w current levels.

Front Panel Operation

A measurement overfl w occurs for any of the following
conditions:

» The measured voltage exceeds [+200mV]|.

+ The trace resistance is less than 1mQ or greater than
10Q.

* The in-circuit current is greater than 12A.

COUPLING

This parameter selects the input coupling for the ACI
function.

AC: With AC coupling selected, a DC block capacitor is
placed in series with the AC measurement circuit (note that
the current shunt resistors are always DC coupled to the
inputs. This removes the DC component from the RMS and
average ACI measurement.

AC+DC: When AC+DC coupling is selected, the blocking
capacitor is removed. Subsequent RMS or average ACI
measurements reflect both the AC and DC components of the
signal.

Note that the coupling settings for ACI and ACV are discrete.
Thus, setting the coupling of ACI has no effect on the cou-
pling of ACV.

AC-TYPE

This parameter selects the measurement type for the ACI
function. The Model 2002 directly measures RMS and aver-
age AC current.

RMS: With this parameter selected, the instrument performs
RMS AC current measurements.

AVERAGE: When this item is selected, the signal path in
the instrument bypasses the RMS converter, and the average
ACI measurement is the filtered output of a full wave
rectifie .

Multiple displays

The multiple displays for AC current that show multiple
functions are shown in Figure 2-8. There are no multifunc-
tion displays for DC current.

2-27



Front Panel Operation

RMS (or AVG)

RANGE = Set by ACI range (auto or fixed).
Autoranges independently of other function.

REL = Operates normally.

SPEED = Set by ACI speed.

FILTER = Set by ACI filter.

RESOLUTION = Set by ACI resolution.

COUPLING = Set by ACI coupling.

AC-TYPE = Set by ACI AC-Type.

v

+000.000 PAAC

+0.0000 Hz

RMS (or AVG)

FREQ

RANGE = Set by MAX-SIGNAL-LEVEL in CONFIGURE
FREQUENCY menu.
Autorange has no effect.

REL = No effect.

TRIGGER LEVEL = Set while in FREQ. Not available in
CONFIGURE FREQUENCY menu.

FILTER = Unaffected by ACI filter. FREQ has no filter.

RESOLUTION = Fixed at 5 digits.

COUPLING = Set by ACI coupling.

INPUT TERMINALS = Fixed on CURRENT

A. AC RMS (or average) current and frequency
functions

Figure 2-8
AC current multifunction multiple displays

2.4.3 Two and four-wire resistance

The Model 2002 can make 2-wire resistance measurements
from 100nQ to 1.05GQ and 4-wire resistance measurements
from 100nQ to 2.1MQ. The basic measurement procedures
for Q2 and Q4 are contained in the Getting Started manual.

Shielding

It helps to shield resistance greater than 100kQ to achieve a
stable reading. Place the resistance in a shielded enclosure
and electrically connect the shield to the INPUT LO terminal
of the instrument.
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RMS

RANGE = Set by ACI range (auto or fixed).
Autoranges independently of other function.

REL = Operates normally.

SPEED = Set by ACI speed.

FILTER = Set by ACI filter.

RESOLUTION = Set by ACI resolution.

COUPLING = Set by ACI coupling.

v

+000.000 pAAC RMS

AVG=000.000 pAAC

AVG

RANGE = Set by ACI range (auto or fixed).
Autoranges independently of other function.

REL = No effect.

SPEED = Set by ACI speed.

FILTER = Unaffected by ACI filter.

RESOLUTION = Fixed at 5.5 digits.

COUPLING = Set by ACI coupling.

B. AC RMS and average current functions

Resistance configuration

The following information explains the various configura
tion options for 2-wire and 4-wire resistance measurements.
The configuration menus are summarized in Tables 2-16 and
2-17. The menus are accessed by pressing CONFIG and then
Q2 or Q4. Paragraph 2.3.5 summarizes the rules for navigat-
ing through the menus.

Note that a function does not have to be selected in order to
be configured. When the function is selected, it will assume
the programmed status.
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Table 2-16
CONFIGURE OHMS-2W menu structure
Menu item Description
SPEED Measurement speed (integration time) menu:
NORMAL Select 1 PLC (power line cycle, 16.67msec for 60Hz, 20msec for 50Hz and 400Hz).
FAST Select 0.01 PLC.
MEDIUM Select 0.1 PLC.
HIACCURACY Select 10 PLC.
SET-SPEED-EXACTLY Set integration time in PLC (0.01-50).
SET-BY-RSLN Default to setting appropriate for resolution.
FILTER Digital filter menu
AUTO Default to filter appropriate for int gration time.
AVERAGING Program a simple average filter (1-100 readings)
ADVANCED Program a simple average filter (1-100 readings) with a noise tolerance wind w (0-

AVERAGING-MODE

RESOLUTION
AUTO
3.5d, 4.5d, 5.5d, 6.5d, 7.5d, 8.5d

OFFSETCOMP

100% of range).
Select moving average or repeating average mode.

Display resolution menu:
Default to resolution appropriate for integration time.
Select a specific resolution.

Enable/disable offset compensation (20Q-20kQ ranges).

MAXAUTORANGE Set upper limit for autoranging of 2-wire resistance.
1GQ, 200MQ, 20MQ, 2MQ, Select a specific range.
200kQ, 20kQ
Table 2-17
CONFIGURE OHMS-4W menu structure
Menu item Description
SPEED Measurement speed (integration time) menu:
NORMAL Select 1 PLC (power line cycle, 16.67msec for 60Hz, 20msec for 50Hz and
400Hz).
FAST Select 0.01 PLC.
MEDIUM Select 0.1 PLC.
HIACCURACY Select 10 PLC.
SET-SPEED-EXACTLY Set integration time in PLC (0.01-50).
SET-BY-RSLN Default to setting appropriate for resolution.
FILTER Digital filter menu
AUTO Default to filter appropriate for int gration time.
AVERAGING Program a simple average filter (1-100 readings)
ADVANCED Program a simple average filter (1-100 readings) with a noise tolerance window

AVERAGING-MODE

RESOLUTION
AUTO
3.5d,4.5d, 5.5d, 6.5d, 7.5d, 8.5d

OFFSETCOMP
MAXAUTORANGE

2MQ, 200kQ, 20kQ, 2kQ, 200Q, 20Q

(0-100% of range).
Select moving average or repeating average mode.

Display resolution menu:
Default to resolution appropriate for integration time.
Select a specific resolution.

Enable/disable offset compensation (20Q-20kQ ranges).

Set upper limit for autoranging of 4-wire resistance.
Select a specific range
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SPEED

The SPEED parameter sets the integration time of the A/D
converter, the period of time the input signal is measured
(also known as aperture). It is discussed in paragraph 2.4.1,
DC and AC voltage. Only the differences for 2-wire and 4-
wire resistance are noted here.

SET-BY-RSLN: This parameter optimizes the integration
time for the present resolution setting. The defaults for set-
by-resolution integration times of Q2 and Q4 are listed in
Table 2-18.

Table 2-18

Q2 and 4 integration time set-by-resolution
Resolution Integration time
3.5d,4.5d 0.01 PLC
5.5d 0.02 PLC
6.5d 0.10 PLC
7.5d 1.00 PLC
8.5d 10.00 PLC

Note: If the integration time is SET-BY-RSLN and
the resolution AUTO, the integration time will be 1.0
PLC and the resolution 7.5 digits.

FILTER

FILTER lets you set the digital filter response. The filte
menu is available from the function configuration menus (i.e.
CONFIGURE OHMS-2W) or by pressing CONFIGURE
FILTER with the desired function already selected. All of the
parameters (menu items) for FILTER are explained in para-
graph 2.9. Since the AUTO parameter has specific effects on
Q2 and Q4, it is covered here.

AUTO: This parameter for a digital filter optimizes its use
for the present measurement function. The defaults for auto-
matic filtering of Q2 and Q4 are listed in Table 2-19.

RESOLUTION

The RESOLUTION parameter sets the display resolution. It
is discussed in paragraph 2.4.1, DC and AC voltage. Only the
differences for Q2 and Q4 are noted here.

Note that all scientific notation displays are 7-1/2 digits.
Labels on the far right, such as channel number, may be
omitted to provide the desired precision.

Table 2-19

Q2 and Q4 auto filte
Measurement Noise Avg.
function State | Type Rdg. | tolerance | Mode
2-wire resistance | On Advanced | 10 1.0% Moving
4-wire resistance | On Advanced | 10 1.0% Moving
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AUTO: Refer to Table 2-20 for the resolution associated
with the integration time.

Table 2-20
Q2 and Q4 auto resolution
Integration time Resolution
0.01 to <0.02 PLC 4.5d
0.02 to <0.10 PLC 5.5d
0.10 to <1.00 PLC 6.5d
1.00 to <10.00 PLC 7.5d
10.00 to 50 PLC 8.5d

Note: If the resolution is AUTO and the integration time SET-
BY-RSLN, the resolution will be 7.5 digits and the integration
time 1.0 PLC.

OFFSETCOMP

Offset compensation is used to compensate for voltage
potentials, such as thermal offsets, across the device under
test. This feature eliminates errors due to a low level external
voltage source configured in series with the unknown resis-
tor. Offsets up to £0.2V on the 20Q and 200Q ranges, and
from -0.2V to +2V on the 2kQ and 20kQ ranges can be cor-
rected with offset compensation. Offset compensation is
available for 2- and 4-wire resistance measurements.

During offset compensated resistance measurements, the
Model 2002 performs the following steps for each A/D con-
version:

1. Makes a normal resistance measurement of the device.
In general, this consists of sourcing a current through
the device, and measuring the voltage drop across the
device.

2. Turns off the internal current source and again measures
the voltage drop across the device. This is the voltage
caused by an external device.

3. Calculates and displays the corrected resistance value.

Offset compensation not only corrects for small error
voltages in the measurement circuit, but it also compensates
for thermal voltages generated within the Model 2002.
Consequently, the use of offset compensation yields greater
accuracy.

The OFFSETCOMP selections are explained as follows:

ON: Enables offset compensation
OFF: Disables offset compensation

Offset compensated readings are indicated by “OCmp” to
the right of the reading.

Front Panel Operation

Note that the offset compensation settings of the ohms func-
tions are discrete. Thus, enabling offset compensation in 2-
wire ohms has no effect on 4-wire ohms.

MAXAUTORANGE

By setting an upper limit on autoranging, you can prevent
changes to ranges that you do not want to use. This speeds up
the reading rate while still using auto-ranging.

MAXAUTORANGE selections for Q2 and Q4:

1GQ, 200MQ, 20MQ, 2MQ, 200kQ or 20kQ: Sets maxi-
mum autorange limit for Q2.

2MQ, 200kQ, 20kQ, 2kQ, 200Q or 20Q: Sets maximum
autorange limit for Q4.

Multiple displays
There are three multiple displays available just for the resis-
tance functions:

* Source current

» Voltage drop

* Lead resistance (Q4 only)

Source current: This is the value of the current being
sourced for the present resistance range. It is based on the
calibration constants and is shown as follows:

Source Current = 0.0000 mA

Voltage drop: This display shows the voltage drop across the
resistance under test. It is shown as follows:

Voltage Drop = 0.0000 mV

This voltage drop is determined by multiplying the source
current by the resistance and does not include voltage contri-
butions from other current that may be fl wing through the
resistance.

Lead Resistance: This display, available only for 4-wire
ohms, shows the value of the lead resistance that is being
nulled by using the Q4 function. You can use the information
to decide if a 4-wire measurement is necessary. The display
is as follows:

Lead Resistance = 0.0000 Q

If the lead resistance exceeds 1kQ, the display is:

2-WIRE OHMS measurement overfl w
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244 Frequency

The Model 2002 can make frequency measurements from
1Hz to 15MHz through its INPUT HI and INPUT LO termi-
nals, and from 1Hz to IMHz through its AMPS and INPUT
LO terminals. The basic measurement procedure for FREQ
is contained in the Getting Started manual.

Trigger level

The frequency function has an adjustable trigger level. An
appropriate trigger level is needed for the frequency counter
to operate properly. The instrument only counts cycles with
peak amplitudes that reach the trigger level. For example, if
the trigger level is set for 5V, cycles with peak amplitudes
less than 5V are not counted.

If using AC+DC coupling, make sure the trigger level
accounts for the DC bias level. For example, if a 1V peak-to-
peak input signal is riding on a 5V DC bias level, a trigger
level of 5.5V is appropriate.

While the display is showing frequency measurements, the
RANGE s andt keys can be used to change the trigger lev-
el of the measurement.

Each press of a RANGE s ort key adjusts the trigger level
by 0.5% of the presently selected maximum signal level to a
maximum of 60% of the range. The AUTO RANGE key
returns the trigger level to OV or OmA. After pressing one of
the range keys, the present trigger level is momentarily
displayed. The trigger level is also available as a multiple
display.

See Table 2-21 for the trigger level ranges and increments.

Table 2-21
Trigger level range and increments
Trigger level

Maximum
signal level Range Increment
v -0.600 to +0.600V 0.005V
10V -6.00 to +6.00V 0.05V
100V -60.0 to +60.0V 0.5V
1000V -600 to +600V 5V
ImA -0.600mA to +0.600mA | 0.005mA
10mA -6.00mA to +6.00mA 0.05mA
100mA -60.0mA to +60.0mA 0.5mA
1A -600mA to +600mA SmA
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Frequency configuration

The following information explains the various configura
tion options for frequency measurements. The configuratio
menu is summarized in Table 2-22. This menu is accessed by
pressing CONFIG and then FREQ. Paragraph 2.3.5 summa-
rizes the rules for navigating through the menus.

Note that a function does not have to be selected in order to
be configured. When the function is selected, it will assume
the programmed status.

MAX-SIGNAL-LEVEL

The maximum signal level is used to specify the maximum
expected peak input voltage or current level for frequency
measurements.

The following MAX-SIGNAL-LEVEL selections depend on
which input terminals are presently selected (see INPUT-
TERMINALS):

1V, 10V, 100V, 1000V or TTL: Sets the maximum signal
level for the voltage input terminals. Selecting the TTL
parameter configures the maximum signal level to 10V and
the trigger level to +0.8V.

1mA, 10mA, 100mA or 1A: Sets the maximum signal level
for the AMPS input terminals.

The MAX-SIGNAL-LEVEL setting is critical to the accu-
racy of frequency measurements. If the selected level is too
large, the input signal is not large enough to trigger the
instrument’s zero-crossing circuitry, and a OmHz reading
results.

To verify the proper level, use the AC voltage or AC current
function to measure the rms value of the input signal. The
resultant reading indicates the best level to use. For example,
if the rms value is 2V, a maximum signal level setting of 10V
is appropriate. Note that the coupling used in the AC
measurement should match that used in the frequency
measurement.

RESOLUTION

The available display resolutions are 4 digits and 5 digits.
There is no auto resolution parameter on the frequency func-
tion.

4-DIGITS: Sets display resolution for frequency measure-
ments to 4-digits.

5-DIGITS: Sets display resolution for frequency measure-
ments to 5-digits.



Table 2-22
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CONFIGURE FREQUENCY menu structure

Menu item

Description

MAX-SIGNAL-LEVEL
1V, 10V, 100V, 1000V, TTL
ImA, 10mA, 100mA, 1A

RESOLUTION
4-DIGITS, 5-DIGITS

INPUT-TERMINALS

Display maximum signal level menu:

Select maximum voltage level for voltage inputs.

Select maximum current level for current inputs.

Display resolution menu:
Select a specific resolution

Input terminals for frequency measurements menu:

VOLTAGE
CURRENT

COUPLING

AC+DC

Select INPUT HI and INPUT LO terminals.
Select AMPS and INPUT LO terminals.

Coupling menu:
AC Select AC coupled measurements.
Select DC coupled measurements.

Notes:

1. The maximum signal level menu is coupled to the input terminals menu, i.e., voltage levels are shown if voltage is the selected

input.

2. With the Model 1801 Nanovolt Preamp installed and enabled, the maximum signal level is fi ed at 2mV.

INPUT-TERMINALS

Both the volts and amps input terminals can be used to mea-
sure frequency. The upper limit on the voltage terminals is
15MHz; on the amps terminals it is IMHz. The voltage limit
is subject to the 2 x 107VHz product.

VOLTAGE: Specifies the voltage input terminals for fre-
quency measurements.

CURRENT: Specifies the AMPS input terminals for fre-
quency measurements.

COUPLING
This parameter selects the input coupling for the frequency

function.

AC: With AC coupling selected, a DC blocking capacitor is
placed in series with the AC measurement circuit. This re-
moves the DC component from the input signal.

AC+DC: When AC+DC coupling is selected, the blocking
capacitor is removed. Subsequent FREQ measurements re-
flect both the AC and DC components of the signal.

Multiple displays

There are two multiple displays just for the frequency
function:

» Period calculation

 Trigger level

The multiple display showing the period of the waveform is
calculated from the frequency measurement and, as such, is
only available when the frequency does not equal OHz. It is
also unavailable when math is enabled.

The trigger level multiple display is the same message that is
displayed when the trigger level is changed, but it is a perma-
nent display.

245 Temperature

The Model 2002 measures temperature with two different
sensor types: RTDs and thermocouples. With RTDs, the
Model 2002 can measure temperature between -200°C and
+630°C. RTDs can be connected to the input terminals or the
optional Model 2001-SCAN scanner card.

When using thermocouples, the instrument measures tem-
perature over a range that is dependent on the thermocouple
type (refer to the specifications in Appendix A). Thermocou-
ples can be connected to the Model 2001-TCSCAN card
(which plugs into the option slot of the Model 2002), or to an
external thermocouple card, such as a Model 7057A or 7402
installed in a Model 7001 or 7002 Switch System.
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Temperature measurements

The basic measurement procedure for 4-wire RTD tempera-
ture measurements is contained in the Getting Started manu-
al. The procedure for measuring temperature with 3-wire and
2-wire RTDs is similar. Connection diagrams for these RTDs
are provided by Figures 2-9 and 2-10. Be sure that the tem-
perature function is configured for the correct sensor type.
Use the 4-WIRE-RTD selection for a 3-wire RTD sensor.

If using the Model 2001-TCSCAN to make thermocouple
temperature measurements, refer to its instruction manual
for connection information and the measurement procedure.
If using the Model 7057A or 7402, connect the output of the
thermocouple card to INPUT HI and LO of the Model 2002
and refer to its instruction manual for operating information.

Short

Model 2002 \

—
+000.00 °C

4W-RTD type : PT385

Input HI

Input LO

2002 MULTIMETER

A SACACICNCRCNCAC)

DisPLAY

POWER

810

Platinum
RTD

The Models 7057A and 7402 use Channel 1 as the reference
junction, and must be configured on the Model 2002 for volt-
age references and offset.

Temperature configuration

The following information explains the various configura
tion options for temperature measurements. The configura
tion menu is summarized in Table 2-23. This menu is
accessed by pressing CONFIG and then TEMP. Paragraph
2.3.5 summarizes the rules for navigating through the menus.

Note that a function does not have to be selected in order to
be configured. When the function is selected, it will assume
the programmed status.

Sense Q4-wire LO

A. Connections to Banana Jacks

WARNING : To avoid a shock hazard and possible
instrument damage, do not use the Model 8680 RTD
Probe Adapter to measure voltages exceeding 30V
RMS, 42.4V peak.

Model 2002
— 8680
+000.00 °C
4W_RTD type : PT385 2002 MULTIMETER
B CICKCICACOXONCAT)
o Input HI
ol INFO 0 EXIT ] ENTER,
820 —— Input LO

Short

Sense Q4-wire LO

| I |
0O 00 O
Platinum

ating 0000

1 2 3 4
/)_ Sense Q4-wire LO
Short —_—

Input HI Input LO

B. Connections to Terminal Block

Figure 2-9
3-wire RTD temperature measurements
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Model 2002
2
Input HI

+00000 OC E G Platinum

RTD type : PT385 2002 muLTIVETER il Input LO RTD
Rl SIS CICHCOXO)
o z
8.0

A. Connections to Banana Jacks

WARNING : To avoid a shock hazard and possible
instrument damage, do not use the Model 8680 RTD
Probe Adapter to measure voltages exceeding 30V
RMS, 42.4V peak.

Model 2002
— oo ares 000 O
[e]

+00000 C Platinum ®®®®

RTD type : PT385 2002 MULTIMETER RTD T 2 3 4
SO PO A
"S)VYEg _ ] Input H Input HI Input LO
o= Input LO

B. Connections to Terminal Block

Figure 2-10

2-wire RTD temperature measurements
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Table 2-23
CONFIG TEMPERATURE menu structure
Menu item Description
SENSOR Sensor type menu:

4-WIRE-RTD 4-wire RTD type menu:
PT100 Select PT100 type.
D100 Select D100 type.
F100 Select F100 type.
USER Use to set R-zero, alpha, beta, delta.
PT385 Select PT385 type.
PT3916 Select PT3916 type.
SPRTD Select SPRTD type.

RTD 2-wire RTD type menu:
PT100 Select PT100 type.
D100 Select D100 type.
F100 Select F100 type.
USER Use to set R-zero, alpha, beta, delta.
PT385 Select PT385 type.
PT3916 Select PT3916 type.
SPRTD Select SPRTD type.

THERMOCOUPLE Thermocouple setup menu:

THERMOCOUPLE-TYPE
REF-JUNCTIONS
CONFIGURE
ACQUIRE-REF-TEMP
INTERNAL-TEMP

UNITS
DEG-C, DEG-F, K

SPEED
NORMAL

FAST

MEDIUM
HIACCURACY
SET-SPEED-EXACTLY
SET-BY-RSLN

FILTER
AUTO
AVERAGING
AVERAGING-MODE

RESLN
AUTO
1°,0.1°,0.01°, 0.001°

Select desired thermocouple type (J, K, T, E, R, S, B, N).
Configure reference junction menu (JCN1 thru JCNS5)
Configure simulated or real junction
Acquire reference temperature.
Select internal temperature transducer.

Temperature units menu:
Select desired temperature units.

Measurement speed (integration time) menu:
Select 1 PLC (power line cycle, 16.67msec for 60Hz, 20msec for
50Hz and 400Hz).
Select 0.01 PLC.
Select 0.1 PLC.
Select 10 PLC.
Set integration time in PLC (0.01-50).
Default to setting appropriate for resolution.

Digital filter menu
Default to filter appropriate for int gration time.
Select simple average filter (1-100 readings)
Select moving average or repeating average mode.

Display resolution menu:
Default to resolution appropriate for sensor.
Select a specific resolution.

Note: With the Model 1801 Nanovolt Preamp installed and enabled, the SENSOR menu item is used for differential thermocouple configuration
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SENSOR

This parameter is used to select the temperature sensor.

4-WIRE-RTD or RTD: If using a 4-wire or 3-wire RTD
sensor, select 4-WIRE-RTD. If using a 2-wire RTD, select
RTD. Selecting an RTD sensor displays the options for RTD
standards. Five are configured for common RTDs and the
sixth allows you to enter your own RTD factors:

« PT100, D100, F100, PT385 and PT3916 — Selects the
following default parameters for the RTD standards:

RZero
Type Standard Alpha Beta Delta (Qat0°C)

PT100  ITS-90 0.003850 0.10863 1.49990 100.00000
D100 ITS-90 0.003920 0.10630 1.49710 100.00000
F100 ITS-90 0.003900 0.11000 1.49589 100.00000
PT385 IPTS-68  0.003850 0.11100 1.50700 100.00000
PT3916 IPTS-68 0.003916 0.11600 1.50594 100.00000

* USER — This selection allows you to change one or
more of the RTD factors listed in the above table. The
equation using the factors are shown in Figure 2-11.

SPRTD: Choosing type SPRTD takes you to the SPRTD
COEFFICIENTS menu, which allows you to program the
following parameters:

R-ZERO: RTD 0°C resistance value
A4: set A4 coefficien
B4: set B4 coefficien
A7: set A7 coefficien
B7: set B7 coefficien
C7: set C7 coefficien

Coefficients

Front Panel Operation

The ITS-90 standard provides two reference equations for
Standard Platinum Resistance Thermometers covering the
temperature range 18.8033K to 1234.93K. A single SPRTD,
however, usually cannot be used to cover the entire range.
The temperature range is therefore broken up into several
subranges. These subranges depend on the calibration points
of the temperature scale and are based on the melting or tri-
ple points of various pure substances. For an exact list of the
elements needed and details on RTD calibration, refer to
NIST Technical Note 1265 "Guidelines For Realizing the
International Temperature Scale of 1990". In each subrange,
the calibration constants required for that range are listed.

An SPRTD as supplied from the manufacturer will come
with a certificate of calibration that lists the calibration
constants and the temperature range supported. In all cases
except subranges #4 and #7, translation of the supplied
coefficients to Model 2002 values will be required. In most
cases, this translation is done simply entering the A value
(for example) supplied with the SPRTD into the A4 position
(temperatures less than 0°C) or A7 value (temperatures
above 0°C) required by the Model 2002. The same procedure
is used for translating the B and, where applicable, C
constants.

The following table should be helpful in translating SPRTD
coefficients to Model 2002 SPRTD coefficients. The Model
2002 supports SPRTD temperatures between 83.805K and
933.473K. For any of the subranges below, only
temperatures within the range from 83.805K to 933.47K will
be measured.

RTD coefficients to Model 2002 coefficients

Subrange #1: 13.8033K - 273.16K
Subrange #2: 24.5561K - 273.16K
Subrange #3: 54.3584K - 273.16K
Subrange #4: 83.8058K - 273.16K
Subrange #5: 234.3156K - 302.9146K

Subrange #6: 273.15K - 1234.93K
Subrange #7: 273.15K - 933.473K
Subrange #8: 273.15K - 692.677K
Subrange #9: 273.15K - 505.078K
Subrange #10: 273.15K - 429.7485K
Subrange #11: 273.15K - 302.9146K

Not applicable

A2 to A4, B2 to B4
A3 to A4, B3 to B4
No substitution needed

A5 to A4, A5to A7, B5 to B4
B5to B7, Set C7=0. A5 value entered for both
A4 and A7; BS5 value entered for both B4 and B7

Not applicable

No substitution needed

A8to A7, B8to B7, Set C7=0
A9to A7,B9to B7,Set C7=0
Al10toA7,B10toB7,Set C7=0
Allto A7,SetB7=0,C7=0
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Measurement Example: Suppose you are using an SPRTD
that has been calibrated for subrange #2 above, in which case
the RTD is calibrated for measurements between 24.5561
and 273.16K. The Model 2002, however, supports only
SPRTD temperatures down to 83.805K, so temperatures
below this value will be reported as an overfl w even though
the SPRTD is capable of measuring lower. The calibration
certificate lists A2, B2, C1, C2, and C3 as the calibration
coefficients. You can set up the Model 2002 for this measure-
ment as follows:

1. Set the temperature sensor type to be FRTD (4-wire
measurement) from the CONFIG/TEMP/SENSOR/
TYPE menu.

2. Choose the SPRTD RTD type using the CONFIG/
TEMP/SENSOR/TYPE/FRTD/SPRTD menu.

3. From the SPRTD COEFFICIENTS menu, set the RTD
0°C resistance value and the following coefficients
» Set the Model 2002 A4 coefficient to the RTD certif-
icate A2 value.

» Set the Model 2002 B4 coefficient to the RTD certif-
icate B2 value.

Note that the A7, B7, and C7 values will not be used for this
SEensor.

4. Switch to the temperature function, and begin taking
readings.

THERMOCOUPLE: Select THERMOCOUPLE when
using the Model 2001-TCSCAN (installed in the option slot
of the Model 2002), or an external thermocouple scanner
card (Model 7057A or Model 7402).

« THERMOCOUPLE-TYPE — This menu is used to
select the type of thermocouple that you are going to
use. Select one of the following thermocouple types:

JL,K,T,E,R,S,B,orN

* REF-JUNCTION — Typically, a thermocouple card
uses a single reference junction. This menu item is used
to select one of the fi e following reference junctions
for further configuration

JCNI1, JCN2, JCN3, JCN4 or JCN5 — After choosing
one of these reference junctions you can configure it
further or acquire a reference temperature.

* CONFIGURE — This menu item displays the con-
figuration menu for the selected reference junction

SIMULATED-TEMP — This option allows you to
enter a default temperature. Typical reference junc-
tion temperatures are 0°C and 23°C. Note the refer-
ence junction temperature is shown in the units
selected by the SET TEMP UNITS menu.

REAL-JUNCTION — This option lets you enter val-
ues for a temperature coefficient for the selected ref-
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erence junction (in mV/°C) and an offset voltage (in
mV at 0°C). Consult the thermocouple card manual
for correct configuration

* ACQUIRE-REF-TEMP — This option updates the
stored reference temperature used for generating a
temperature measurement. If the junction type (JCN)
is simulated, the defined simulated junction tempera-
ture is used. If the junction type is real, you must
manually close that channel from the scanner before
acquiring the temperature.

INTERNAL-TEMP: This option of the TEMP SENSOR
TYPE menu is used to select the internal temperature trans-
ducer. With this selection, the internal temperature difference
from the calibration temperature of the Model 2002 will be
displayed when the TEMP function is selected.

For T <0°C:
Ry = Ry[1+AT +BT”+CT(T-100)]

For 0°C < T < 630°C:
Ry = Ry(1+AT+BT%)
Where:
- o0
A a% +m
B =-0d¢10%
C = —aps 108

Above 0°C, the equation solves faster by applying:

R
[42 8|
A+ |A _4B%_E<;D

2B
Below 0°C, it is an iterative solution and it runs slower.

T =

Figure 2-11
Temperature equations

UNITS

This parameter selects the displayed units for temperature
measurements.

DEG-C: Displays temperature measurement units in °C.
DEG-F: Displays temperature measurement units in °F.

K: Displays temperature measurement units in K (Kelvin).



There is a multiple display for the temperature function that
shows the reading expressed in all three temperature units.

SPEED

The SPEED parameter sets the integration time of the A/D
converter, the period of time the input signal is measured (al-
so known as aperture). It is discussed in paragraph 2.4.1, DC
and AC voltage. Only the differences for temperature are
noted here.

SET-BY-RSLN: This parameter optimizes the integration
time for the present resolution setting. The defaults for set-
by-resolution integration times of temperature are listed in
Table 2-24.

Table 2-24

Temperature integration time set-by-resolution
Resolution Resolution Integration
degrees digits time
1 degree 3.5d 1.0 PLC
0.1 degree 4.5d 1.0 PLC
0.01 degree 5.5d 1.0 PLC
0.001 degree 6.5d 1.0 PLC

Note: If the integration time is SET-BY-RSLN and the resolution
AUTO, the integration time will be 1.0 PLC and the resolution
set by sensor.

FILTER

FILTER lets you set the digital filter response. The filte

menu is available from the function configuration menus (i.e.
CONFIG TEMPERATURE) or by pressing CONFIGURE
FILTER with the desired function already selected. All of the
parameters (menu items) for FILTER are explained in para-
graph 2.9. Since the AUTO parameter has specific effects on
TEMP, it is covered here.

The advanced filter is not available for the temperature func-
tion.

AUTO: This parameter for a digital filter optimizes its use
for the present measurement function. The defaults for auto-
matic filtering of temperature are as foll ws:

Averaging
State Type Readings Mode
On Averaging 10 Moving

Front Panel Operation

RESLN

Resolution for temperature is not expressed in number of
digits, but in fractions of a degree, ranging from 1° to 0.001°.

AUTO: Display resolution is dictated by temperature sensor
type. Table 2-25 lists the resolution for the various sensor

types.

1°,0.1°,0.01°, or 0.001°: Sets display resolution for TEMP.

Table 2-25
Temperature auto resolution
Resolution
Sensor Degree | Digits
RTDs 2-, 3-, or 4-wire 0.01 5.5d
Thermocouples J, K, T, E 0.1 4.5d
Thermocouples R, S, B, N 1 3.5d

Note: If the resolution is AUTO and the integration time SET-BY-
RSLN, the integration time will be 1.0 PLC.

Multiple displays

The available multiple displays for temperature depend on
the presently selected sensor type, except for the multiple
display that shows temperature in three different units:

+0000.0 °C
+0000.0 °F  +0000.0 K

RTD measurements have a multiple display for the resis-
tance of the RTD, such as:

RTD Resistance = +0.0000 Q

Thermocouple measurements have multiple displays for the
thermocouple voltage and reference junction temperature.
Sample displays are:

Thermocouple Voltage = 0.0000mV
Reference junction = 00.0 °C

Note that the reference junction temperature is shown in the
units selected by the SET TEMP UNITS menu. The display
of two blinking question marks at the right of the reference
junction temperature indicates an overfl w of the reference
junction measurement. Thermocouple measurements will be
made normally using the existing reference temperature
value.
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25 Range

The selected measurement range affects both the ultimate
resolution and accuracy of the measurements as well as the
maximum signal that can be measured. The range setting
(fi ed or auto) for each measurement function is saved when
changing functions.

25.1 Display resolution

The display resolution of a Model 2002 reading depends on
the selected range and the resolution setting. The default and
maximum display resolutions for every range on each func-
tion are included in the specifications of Appendix A.

You can set the display resolution, as described in paragraph
2.4.

25.2 Maximum readings

The full scale readings for every range on each function are
included in the specifications of Appendix A. Input values
more than the maximum reading listed cause the “Overfl w”
message to be displayed.

25.3 Manual ranging

To select a manual range, simply press the RANGE s ort
key. The instrument changes one range per key press. The
selected range is displayed on the bottom line of the display.

If the instrument displays the “Overfl w” message on a par-
ticular range, select a higher range until an on-range reading
is displayed. Use the lowest range possible without causing
an overfl w to ensure best accuracy and resolution.

Note that the frequency and temperature functions have just
one range. For the frequency functions, the RANGE s and
t keys increase and decrease the trigger level by 0.5%. On
temperature the keys have no effect.

254 Autoranging

To enable autoranging, press the AUTO key. The AUTO
annunciator turns on when autoranging is selected. While
autoranging is selected, the instrument automatically
chooses the best range to measure the applied signal.

NOTE

Autoranging should not be used when op-
timum speed is required.
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Note that up-ranging occurs at 105% of range, while down-
ranging occurs at 10% of range.

To cancel autoranging, press AUTO or the RANGE s ort
key. Pressing AUTO to cancel autoranging leaves the instru-
ment on the present range.

Pressing the RANGE t key when the instrument has auto-
ranged to the lowest range displays the following momentary
typical message and leaves the instrument in autorange:

Range at minimum: 200 mVDC

The instrument operates similarly if the RANGE s key is
pressed when the instrument has autoranged to the highest
range.

For the frequency function, pressing the AUTO key returns
the trigger level to 0.0V. The AUTO key has no effect in the
temperature function.

2.6 Relative

The rel (relative) operation subtracts a reference value from
actual readings. When rel is enabled by the REL key, the in-
strument uses the present reading as a relative value. Subse-
quent readings will be the difference between the actual
input value and the rel value. You can also enter and enable a
relative value from the CONFIG-REL display (see para-
graph 2.6.1).

A rel value can be established for each measurement func-
tion. The state and value of rel for each measurement func-
tion are saved when changing functions.

Once a rel value is established for a measurement function,
the value is the same for all ranges. For example, if 150V is
set as a rel value on the 200V range, the rel is also 150V on
the 1000V, 20V, 2V, and 200mV ranges.

A relative value can be as large as the highest range for the
particular function. Table 2-26 lists the allowable range of rel
values for each function.

Selecting a range that cannot accommodate the rel value
does not cause an overfl w condition, but it also does not
increase the maximum allowable input for that range. For
example, on the 2mA range, the Model 2002 still overfl ws
for a 2.1mA input.



Table 2-26

Allowable rel values
Function Rel range
DC voltage -1.1e3 to +1.1e3 (x1100V)
AC voltage -7.75€2 to +7.75¢2 | (£775V)
DC current -1.2el to +1.2el (*12A)
AC current -2.1e0 to +2.1e0 (#2.1A)
2-wire 0 to +1.05¢9 (0 to 1.05GQ)
resistance
4-wire 0to+2.1e6 (0to 2.1MQ)
resistance
Frequency 0 to +1.5¢7 (0 to 15MHz)
Temperature | -3.28e2 to +3.31e3 | (-328 to +3310°)

2.6.1 Configuring rel

Pressing CONFIGURE REL displays the rel value for the
present measurement function. You can change the rel value
using the cursor keys (<« and P ) and the RANGE s and
t keys. When ENTER is pressed, the instrument returns to
the measurement display state with that value of rel enabled.

If you try to enter an invalid rel value, a message indicating
the rel limit will be displayed and the rel operation will be
cancelled.

Previously stored rel values are converted if temperature or
AC voltage units are changed. For example, a rel value of
100 that was stored with units of DEG-C is converted to 212
if temperature units are changed to DEG-F.

Note that a bench or GPIB reset clears any stored rel values
and disables rel for all functions.

2.6.2 Enabling rel

From the normal reading display, the REL key toggles the rel
operation on and off. Each time rel is enabled by the REL
key, the present reading becomes the new rel value for that
function. You cannot rel an overfl w reading.

To make a new reading the rel value, rel must first be dis-
abled and then enabled again. Disabling rel does not clear
any stored rel value.

Front Panel Operation

When rel is enabled, the resulting reading is the algebraic
difference between the actual input value and the rel value:

rel'd reading = actual value - relative value

With math enabled, the rel’d reading is acted on by the math
operation:

displayed reading = math operation (rel'd reading)

A rel value expressed in dB or dBm is applied after the read-
ing is referenced to the selected level.

2.6.3 Multiple display of rel

One of the “multiple displays” allows you to view the read-
ing without rel applied on the bottom line of the display and
the rel’d reading on the top line. The display is available by
repeatedly pressing either the NEXT or PREVious DIS-
PLAY key to scroll through the multiple displays of the par-
ticular function. The following is a typical message for a rel
multiple display:

+000.012 mVAC RMS
Actual=+001.012 (without REL)

2.7  Triggers

The following paragraphs discuss front panel triggering,
trigger configuration, and external triggering, including ex-
ample setups.

Model 2002 triggers are set up in the CONFIGURE TRIG-
GER menu. The menu structure is shown and summarized in
Table 2-27. Some general rules to navigate menus are given
in paragraph 2.3.4.

2.7.1 Trigger model

The following information describes triggering of the Model
2002 from the front panel. The fl wchart of Figure 2-12 sum-
marizes front panel triggering. It is called the Trigger Model
because it is patterned after the SCPI commands sent over
the IEEE-488 bus to control triggering.
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Table 2-27
CONFIGURE TRIGGER menu structure
Menu item Description
MEASURE Measure layer menu:
SOURCE Select measure source:
IMMEDIATE Use to make measurements immediately.
EXTERNAL Use external triggers to control measuring.
MANUAL Use TRIG key to control measuring.
GPIB Use bus triggers to control measuring.
TRIGLINK Use Trigger Link triggers to control measuring. Enter Trigger Link mode and
lines.
TIMER Use a timer to control measuring and enter interval between triggers (0.001-
999999.999sec.).
HOLD Use to hold up the measurement in the measure layer.
DELAY Use to delay measurement in the measure layer (0.001-999999.999sec.).
COUNT Define number of measurements to ma e:
INFINITE Repeat measuring indefinitel .
ENTER-CHAN-COUNT Count = use defined alue (1-99999).
CONTROL Select trigger control mode:
SOURCE Enable Source Bypass.
ACCEPTOR Disable Source Bypass.
SCAN Scan layer menu:
SOURCE Select scan source:
IMMEDIATE Use to pass operation immediately into the measure layer.
EXTERNAL Use external triggers to control scanning.
MANUAL Use TRIG key to control scanning.
GPIB Use bus triggers to control scanning.
TRIGLINK Use Trigger Link triggers to control scanning. Enter Trigger Link lines.
TIMER Use a timer to control scanning and enter interval between scans (0.001-
999999.999sec.).
HOLD Use to hold up the measurement in the scan layer.
DELAY Use to delay scan in the scan layer (0.001-999999.999sec.).
COUNT Define number of scans to be performed
INFINITE Repeat scanning indefinitel .
ENTER-SCAN-COUNT Count = user defined alue (1-99999).
CONTROL Select trigger control mode:
SOURCE Enable Source Bypass.
ACCEPTOR Disable Source Bypass.
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CONFIGURE TRIGGER menu structure (cont.)

Menu item Description
ARM Arm layer menu:
SOURCE Select arm source:
IMMEDIATE Use to arm meter immediately and pass operation into the scan layer.
EXTERNAL Use external triggers to arm meter.
MANUAL Use TRIG key to arm meter.
GPIB Use bus triggers to arm meter.
TRIGLINK Use Trigger Link triggers to arm meter. Enter Trigger Link lines.
RT-CLOCK Use clock to arm meter. Enter time and date.
HOLD Use to hold up the measurement in the arm layer.
COUNT Define number of times to arm meter
INFINITE Continuously re-arm meter.
ENTER-ARM-COUNT User defined count alue (1-99999).
CONTROL Select trigger control mode:
SOURCE Enable Source Bypass.
ACCEPTOR Disable Source Bypass.
HALT Use to halt triggers. Press TRIG key to resume triggering.
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Figure 2-12
Trigger model (front panel operation)
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Idle

The instrument is considered to be in the idle state whenever
it is not operating within one of the three layers of the Trigger
Model. The front panel ARM indicator is off when the instru-
ment is in the idle state. While in the idle state, the instrument
cannot perform any measurement or scanning functions.

From the front panel there are four ways to put the instru-
ment into idle:

* Select RESET GPIB from the SAVESETUP option of
the main menu. Press the TRIG key to take a reading.
After each reading, the instrument returns to the idle
state.

» Select HALT from the CONFIGURE TRIGGER menu.
Press the TRIG key to resume triggering.

* Enable BURST-MODE from the CONFIGURE DATA
STORE menu. This places the instrument in idle until
the TRIG key is pressed. After each burst acquisition
the instrument returns to idle.

+ Configure an internal or external scan with the SCAN
key. Disabling the scan resumes triggering.

Trigger Model Layers

As can be seen in Figure 2-12, the trigger model uses three
layers: the Arm Layer, Scan Layer and Measure Layer. For
IEEE-488 bus operation, these layers are known as Arm Lay-
er 1, Arm Layer 2 and the Trigger Layer.

Once the Model 2002 is taken out of the idle state, operation
proceeds through the layers of the trigger model down to the
device action where a measurement occurs.

Control Sources — In general, each layer contains a control
source which holds up operation until the programmed event
occurs. The control sources are described as follows:

« Immediate — With this control source selected, event
detection is immediately satisfied allowing operation to
continue.

* Manual — Event detection is satisfied by pressing the
TRIG key. Note that the Model 2002 must be taken out
of remote before it will respond to the TRIG key. Press-
ing LOCAL or sending LOCAL 716 over the bus takes
the instrument out of remote.

* GPIB — Event detection is satisfied when a bus trigger
(GET or *TRGQ) is received by the Model 2002.

* RT-Clock — Event detection in the Arm Layer is satis-
fied when the programmed time and date occurs. The
real-time clock control source is not available in the
Scan Layer and Measure Layer.

Front Panel Operation

* Timer — Event detection is immediately satisfied on
the initial pass through the layer. Each subsequent
detection is satisfied when the programmed timer inter-
val (1 t0 999999.999 seconds) elapses. A timer resets to
its initial state when operation loops back to a higher
layer (or idle). Note that a timer is not available in the
Arm Layer.

+ External — Event detection is satisfied when an input
trigger via the EXTERNAL TRIGGER connector is
received by the Model 2002.

+ Triglink — Event detection is satisfied when an input
trigger via the TRIGGER LINK is received by the
Model 2002.

* Hold — With this selection, event detection is not satis-
fied by any of the above control source events and oper-
ation is held up.

Source Bypasses — As can be seen in the fl wchart, each
layer has a path that allows operation to loop around the con-
trol source. Each path is called a source bypass.

When a source bypass is enabled, and the external or trigger
link (triglink) control source is selected, operation loops
around the control source on the initial pass through the lay-
er. If programmed for another event detection in the layer,
the bypass loop will not be in effect though it is still enabled.
The bypass loop resets (be in effect) if operation loops back
to a higher layer (or idle).

In the Arm Layer and Scan Layer, enabling a source bypass
also enables the respective output trigger. In the Trigger Lay-
er, its output trigger is always enabled and occurs after every
device action. See Output Triggers for more information.

Delays — The Scan Layer and the Measure Layer have a
programmable delay (0 to 999999.999 seconds) that is en-
forced after an event detection.

Device Action — The primary device action is a measure-
ment. However, the device action could include a function
change and a channel scan (if scanner is enabled). A channel
is scanned (closed) before a measurement is made. When
scanning internal channels, the previous channel opens and
the next channel closes (break-before-make). Also included
in the device action is the internal settling time delay for the
relay.

Output Triggers — In the Arm Layer and Scan Layer the
output triggers are enabled only if their respective source by-
passes are also enabled. If a trigger link (triglink) control
source is selected, the output trigger pulse is available on the
selected TRIGGER LINK output line. For all other control
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source selections, the trigger pulse is available at the
METER COMPLETE connector.

In the Measure Layer, the output trigger is always enabled
and occurs after every device action. If the control source is
set for external, immediate, manual, GPIB or timer, the out-
put trigger pulse is available at the METER COMPLETE
connector. If the trigger link (triglink) control source is
selected, output trigger action occurs on the selected TRIG-
GER LINK output line as follows:

+ If the asynchronous Trigger Link mode is selected, the
output trigger pulse is available on the programmed
output line.

+ [f the semi-synchronous Trigger Link mode is selected
and the source bypass is disabled, the Trigger Link line
is released (goes high).

+ If the semi-synchronous Trigger Link mode is selected
and the source bypass is enabled, the Trigger Link line
is pulled down low and then released.

Counters — All three layers use programmable counters
which allow operation to return to or stay in the respective
layer. For example, programming the Measure Layer counter
for infinity keeps operation in the Measure Layer. After each
device action and subsequent output trigger, operation loops
back to the Trigger Layer control source. A counter resets
when operation loops back to a higher layer (or idle).

2.7.2 Configuring the measure layer
The measure layer is used for the following operations:
* To select the measuring event (SOURCE) for the instru-
ment.
+ To delay operation in the measure layer.

* To designate the number of measurements the instru-
ment will make (COUNT).

 To enable or disable the Source Bypass.

The measure layer is configured from the MEASURE item
of the CONFIGURE TRIGGER menu, which is displayed
by pressing the CONFIG key and then the TRIG key. Gener-
al rules for navigating through the menu structure one con-
tained in paragraph 2.3.4.

SOURCE

This menu item selects the event that controls the measure
source.
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IMMEDIATE: With this selection, events (such as TIMER
and EXTERNAL triggers) do not control the measurement
interval. Once the Model 2002 starts measuring, it will take
readings as fast as its measurement configuration all ws.

EXTERNAL: With this selection, external triggers are used
to control the measure source. Each trigger stimulus applied
to the Model 2002 performs a device action, as defined by
the trigger model. In addition to a measurement, this may
include range changing, filtering, calculations, data storing,
scanning, and other operations.

The external trigger is applied to the rear panel “EXTER-
NAL TRIGGER” BNC connector. See paragraph 2.7.6 for
detailed information on external triggering.

NOTE

The front panel TRIG key (see MANU-
AL) is active with external triggering se-
lected. Pressing the TRIG key performs a
device action.

MANUAL: With this selection, the front panel TRIG key
controls the measure source. A device action is performed
when the TRIG key is pressed.

NOTE

The front panel TRIG key is active when
EXTERNAL, GPIB, TRIGLINK, or TIM-
ER is selected.

GPIB: With this selection, bus triggers control the measure
source. When the Model 2002 receives a bus trigger (GET or
*TRGQ), it performs a device action, as defined by the trigger
model. In addition to a measurement, this may include range
changing, filtering, calculations, data storing, scanning, and
other operations. See Section 3 for detailed information on
bus triggers.

NOTE

The front panel TRIG key (see MANU-
AL) is active with bus triggering selected.
Pressing the TRIG key performs a device
action.

TRIGLINK: With this selection, the measure source is con-
trolled by the Trigger Link of the Model 2002. Trigger Link
is an enhanced trigger system that uses up to six lines to
direct trigger pulses to and from other instruments.



When the Model 2002 receives a trigger over the Trigger
Link, it performs a device action, as defined by the trigger
model. In addition to a measurement, this may include range
changing, filtering, calculations, data storing, scanning, and
other operations.

See paragraph 2.7.7 for details on using the Trigger Link.

NOTE

The front panel TRIG key (see MAN-
UAL) is active with the Trigger Link
selected. Pressing the TRIG key performs
a device action.

After selecting TRIGLINK as the measurement event, select
one of the following trigger link modes:

+ ASYNCHRONOUS — The ascynchronous trigger link
mode is used for trigger configurations that require
input and output triggers to be routed on separate lines.
After selecting this trigger link mode, you will be
prompted to select an input line and then an output line.
Note that you cannot use the same trigger line for both
input and output.

* SEMI-SYNCHRONOUS — In this mode, the input and
output triggers for the Model 2002 are assigned to the
same line. After selecting this trigger link mode, you
will be prompted to select the trigger line.

TIMER: Use the timer to control the time interval between
measurements.

The timer can be set for an interval from 0.001 seconds
(1msec) to 999999.999 seconds with 1msec resolution.

After a measurement is triggered to start, the next measure-
ment starts at the end of the programmed timer interval. If
however, the programmed timer interval is shorter than the
time it takes to complete a single measurement, the next
measurement does not start until the previous one is done.

NOTE

The front panel TRIG key (see MAN-
UAL) is active with the timer selected.
Pressing the TRIG key after the comple-
tion of a measurement starts the next mea-
surement (assuming the Model 2002 is

programmed for another measurement;
see COUNT).
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HOLD: When HOLD is selected, the measure source is sup-
pressed. As a result, measuring is stopped and does not con-
tinue until HOLD is cancelled by selecting one of the other
measure source selections. Select HOLD from the SELECT
MEASURE SRC menu by placing the cursor on HOLD and
pressing ENTER. The instrument returns to the SETUP mea-
sure layer menu.

DELAY

This delay is used to hold up operation in the measure layer.
After the measure event occurs, the instrument waits until the
delay period times out (0 - 999999.999sec) before perform-
ing a device action.

COUNT

With this selection, you determine the number (count) of
measurements per scan sequence. The user programmed
count can be smaller, equal to, or larger than the number of
channels in the scan list. For example, if the scan list is made
up of four channels, you can program a count of 12. With this
count value, the instrument repeats the scan three times. An
advantage of repeating channels (rather than scans) is that
delays in the scan layer of operation are avoided. The mea-
sure delays among all 12 channels are the same.

INFINITE: Use this selection to continuously repeat mea-
surements (and looping in the measure layer).

ENTER-CHAN-COUNT: With this selection, the user
determines the number of readings per scan. You can pro-
gram the Model 2002 to measure up to 99999 times.

CONTROL

Use this menu item to enable or disable the source bypass.
The source bypass is used to bypass the measure event on the
first pass through the measure laye .

SOURCE: With this selection, the source bypass is enabled.
The measure event will be bypassed on the first pass through
the scan layer. This allows operation to proceed to the Delay
and Device Action without having to wait for the pro-
grammed event.

ACCEPTOR: With this selection, the source bypass is
disabled.
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2.7.3 Configuring the scan layer
The scan layer is used for the following operations:

+ To select the scanning event (SOURCE) for the instru-
ment.

 To delay operation in the scan layer.

+ To designate the number of scan sequences the instru-
ment will perform (COUNT).

+ To enable or disable the Source Bypass.

The scan layer is configured from the SCAN item of the
CONFIGURE TRIGGER menu, which is displayed by
pressing the CONFIG key and then the TRIG key. General
rules for navigating through the menu structure is contained
in paragraph 2.3.4.

SOURCE

This menu item selects the event that controls the scan
source.

IMMEDIATE: With this selection, operation passes imme-
diately into the measure layer.

EXTERNAL: With this selection, external triggers are used
to control the scan source. A trigger stimulus applied to the
Model 2002 passes operation into the measure layer. The
external trigger is applied to the rear panel “EXTERNAL
TRIGGER” BNC connector. See paragraph 2.7.6 for
detailed information on external triggering.

NOTE

The front panel TRIG key (see MAN-
UAL) is active with external triggering
selected. Pressing the TRIG key passes
operation into the measure layer.

MANUAL: With this selection, the front panel TRIG key
controls the scan source. Operation passes into the measure
layer when the TRIG key is pressed.

NOTE

The front panel TRIG key is active when
EXTERNAL, GPIB, TRIGLINK, or
TIMER is selected.

GPIB: With this selection, bus triggers control the scan
source. Operation passes immediately into the measure layer
when a bus trigger (GET or *TRG) is received by the Model
2002. See Section 3 for detailed information on bus triggers.
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NOTE

The front panel TRIG key (see MAN-
UAL) is active with bus triggering
selected. Pressing the TRIG key passes
operation into the measure layer.

TRIGLINK: With this selection, the scan source is con-
trolled by the Trigger Link of the Model 2002. Trigger Link
is an enhanced trigger system that uses up to six lines to
direct trigger pulses to and from other instruments. Opera-
tion passes into the measure layer when the Model 2002
receives a trigger over the Trigger Link. See paragraph 2.7.7
for details on using the Trigger Link.

NOTE

The front panel TRIG key (see MAN-
UAL) is active with the Trigger Link
selected. Pressing the TRIG key passes
operation into the measure layer.

After selecting TRIGLINK, you will be prompted to select
an input line and then an output line. Note that you cannot
use the same trigger line for both input and output.

TIMER: Use the timer feature to control the time interval
between scan sequences when scanning. The timer can be set
for an interval from 0.001 seconds (Imsec) to 999999.999
seconds with Imsec resolution.

After a scan sequence is triggered to start, the next scan
sequence starts at the end of the programmed timer interval.
If however, the programmed timer interval is shorter than the
time it takes to complete a single scan sequence, the next
scan sequence does not start until the previous one is done.

NOTE

The front panel TRIG key (see MAN-
UAL) is active with the timer selected.
Pressing the TRIG key after the comple-
tion of a scan sequence starts the next scan
sequence (assuming the Model 2002 is
programmed for another scan sequence;
see COUNT).

HOLD: When HOLD is selected, the scan source is sup-
pressed. As a result, operation does not pass into the measure
layer until HOLD is cancelled by selecting one of the other
scan source selections. Select HOLD from the SELECT
SCAN SOURCE menu by placing the cursor on HOLD and
pressing ENTER. The instrument returns to the SETUP
SCAN LAYER menu.



DELAY

This delay is used to hold up operation in the scan layer.
After the scan event occurs, the instrument waits until the
delay period times out (0 to 999999.999sec) before proceed-
ing to the measure layer.

COUNT

This menu item defines the number of times operation
returns to the scan layer.

INFINITE: Use this selection to continuously return opera-
tion to the scan layer.

ENTER-SCAN-COUNT: With this selection, the user
determines the number of times operation returns to the scan
layer. You can program the Model 2002 to scan up to 99999
times.

CONTROL

Use this menu item to enable or disable the source bypass.
The source bypass is used to bypass the scan event on the
first pass through the scan laye .

SOURCE: With this selection, the source bypass is enabled.
The scan event will be bypassed on the first pass through the
scan layer. This allows operation to proceed into the measure
layer without having to wait for the programmed event.

ACCEPTOR: With this selection, the source bypass is
disabled.

2.74 Configuring the arm layer
The arm layer is used for the following operations:
* To select the arming event (SOURCE) for the instru-
ment.

+ To designate the number of times the instrument is to be
armed (COUNT).

+ To enable or disable the Source Bypass.

The arm layer is configured from the ARM item of the CON-
FIGURE TRIGGER menu, which is displayed by pressing
the CONFIG key and then the TRIG key. General rules for
navigating through the menu structure is contained in para-
graph 2.3 .4.

SOURCE

This menu item selects the event that controls the arm
source.
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IMMEDIATE: With this selection, operation passes imme-
diately into the scan layer.

EXTERNAL: With this selection, external triggers are used
to control the arm source. A trigger stimulus applied to the
Model 2002 passes operation into the scan layer. The exter-
nal trigger is applied to the rear panel “EXTERNAL TRIG-
GER” BNC connector. See paragraph 2.7.6 for detailed
information on external triggering.

NOTE

The front panel TRIG key (see MAN-
UAL) is active with external triggering
selected. Pressing the TRIG key passes
operation into the scan layer.

MANUAL: With this selection, the front panel TRIG key
controls the arm source. Operation passes into the scan layer
when the TRIG key is pressed.

NOTE

The front panel TRIG key is active when
EXTERNAL, GPIB, or TRIGLINK is
selected.

GPIB: With this selection, bus triggers control the arm
source. Operation passes immediately into the scan layer
when a bus trigger (GET or *TRG) is received by the Model
2002. See Section 3 for detailed information on bus triggers.

NOTE

The front panel TRIG key (see MAN-
UAL) is active with bus triggering
selected. Pressing the TRIG key passes
operation into the scan layer.

TRIGLINK: With this selection, the arm source is con-
trolled by the Trigger Link of the Model 2002. Trigger Link
is an enhanced trigger system that uses up to six lines to
direct trigger pulses to and from other instruments. Opera-
tion passes into the scan layer when the Model 2002 receives
a trigger over the Trigger Link. See paragraph 2.7.7 for
details on using the Trigger Link.

NOTE

The front panel TRIG key (see MAN-
UAL) is active with the Trigger Link
selected. Pressing the TRIG key passes
operation into the scan layer.
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After selecting TRIGLINK, you will be prompted to select
an input line and then an output line. Note that you cannot
use the same trigger line for both input and output.

RT-Clock: With this selection, the arm source is controlled
by the real-time clock. When the programmed time and date
occurs, the Model 2002 passes operation into the scan layer.

* SET-TIME — Use this selection to set the time (hour,
minute and second) for the arm event. Set the time using
the 12-hour format of “AM” or “PM” is displayed (see
CLOCK in paragraph 2.12.7). Otherwise, set the time
using the 24-hour format.

» SET-DATE — Use this selection to set the date (month,
day and year) for the arm event.

HOLD: When HOLD is selected, the arm source is sup-
pressed. As a result, operation does not pass into the scan lay-
er until HOLD is cancelled by selecting one of the other arm
source selections. Select HOLD from the SELECT ARM
SOURCE menu by placing the cursor on HOLD and press-
ing ENTER. The instrument returns to the SETUP arm layer
menu.

COUNT

This menu item defines the number of times operation
returns to the arm layer.

INFINITE: Use this selection to continuously return opera-
tion to the arm layer.

ENTER-ARM-COUNT: With this selection, the user deter-
mines the number of times operation returns to the arm layer.
You can program the Model 2002 to arm up to 99999 times.

CONTROL

Use this menu item to enable or disable the source bypass.
The source bypass is used to bypass the arm event on the firs
pass through the arm layer.

SOURCE: With this selection, the source bypass is enabled.
The arm event will be bypassed on the first pass through the
arm layer. This allows operation to proceed into the scan
layer without having to wait for the programmed event.

ACCEPTOR: With this selection, the source bypass is
disabled.
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2.7.5 Halting triggers

The Halt option of the CONFIGURE TRIGGER menu is
used to disarm the instrument and place it in the idle state.
You can press the TRIG key to resume front panel triggers.

2.7.6 External triggering

The Model 2002 has BNC connections on the rear panel for
external triggering (see Figure 2-13). The EXTERNAL
TRIGGER INPUT jack allows the Model 2002 to be trig-
gered by other instruments. The METER COMPLETE
OUTPUT jack allows the Model 2002 to trigger other instru-
ments.

EXTERNAL METER
TRIGGER COMPLETE
INPUT OUTPUT

Figure 2-13
External triggering connectors (BNC)

External trigger

The EXTERNAL TRIGGER INPUT jack requires a falling-
edge, TTL-compatible pulse with the specifications shown in
Figure 2-14.

In general, external triggers can be used as events to control
measure operations. For the Model 2002 to respond to exter-
nal triggers, the appropriate layers of trigger model must be
configured for it. Paragraphs 2.7.2 through 2.7.4 explain how
to program the three layers of the measurement.

Triggers on
Leading Edge

TTL High
(2v-5V)
TTL Low
(=0.8V)
— 2us —»
Minimum
Figure 2-14

External triggering and asynchronous trigger link input
pulse specification



Meter complete

The METER COMPLETE OUTPUT jack provides a TTL-
compatible output pulse that can be used to trigger other
instruments. The specifications for this trigger pulse are
shown in Figure 2-15.

Meter
Complete

Y

TTL High
(3.4V Typical)

TTL Low
(0.25V Typical)

— 10ps—»
Minimum

Figure 2-15
Meter complete and asynchronous trigger link output pulse
specification

Typically, you would want the Model 2002 to output a trig-
ger after the settling time of each measurement. (Settling
time includes the internally set measurement settling time
and the user programmed DELAY period.) An output com-
pletion pulse occurs after each measurement as long as the
measure source is set to external, timer, manual, or immedi-
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ate. See paragraph 2.7.2 for details on programming the mea-
sure layer.

The Model 2002 can also output a completion pulse while in
the scan and/or arm layers of operation. Figure 2-12 shows
where these triggers occur in the trigger model. If the scan
layer Source Bypass is enabled (Control = Source) and the
Scan Source is programmed for External, an output trigger
occurs on each return path through the scan layer. If the arm
layer Source Bypass is enabled (Control = Source) and the
Arm Source is programmed for External, an output trigger
occurs on each return path through the arm layer. See para-
graphs 2.7.3 and 2.7.4 for programming the Scan and arm
layers.

External triggering example #1

In a typical test system, you may want to close a channel and
then measure the DUT connected to that channel with a mul-
timeter. Such a test system is shown in Figure 2-16, which
uses a Model 2002 Multimeter to measure ten DUTs
switched by a Model 7011 multiplexer card in a Model 7001
or 7002 Switch System.

The external trigger connections for this test are shown in
Figure 2-17. Channel Ready (output) of the Model 7001 or
7002 is connected to External Trigger Input of the Model
2002. Meter Complete Output of the Model 2002 is con-
nected to External Trigger (input) of the Model 7001 or
7002.

r- - T T m
| |
e O/I/O ;

DUT |

#1 1 / | ouTPUT
e o |
| |
| |
| |

DUT e O/}/O |

#2 | 2 O)/ | Input HI
: ® o0——9 : = g_

o | o ~ —5[00600000 I Input LO

T 1 0 | o o @ a
| | dlooas ol v |6
[ J

° : . : 2002 Multimeter
l |
l L 4 O/I/O |

DUT [ | |

#10 | 10 / |
I @ Oo— |
l |
I Card 1 |
- - - a

7011 MUX Card
Figure 2-16
DUT test system
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Meter
Complete
Output
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PG 0 @O e
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Channel External C D
7001 or 7002 Switch System Ready = Trigger
P 2002 Multimeter
7051-2
BNC to BNC
Cables (2)

Figure 2-17
External trigger connectors

For this example, the Models 2002 and 7001/7002 are con-
figured as foll ws:

Model 2002:

Idle State:
Bench reset = :INIT:CONT ON#*

Arm layer:
Arm source = Immediate*
Arm count = 1*
Arm trigger control = Acceptor*

Scan layer:
Scan source = Immediate*
Scan count = Infinite
Scan trigger control = Acceptor™®

Measure layer:
Measure source = External
Measure count = Infinite
Measure trigger control = Acceptor*®

* Indicates that the setting is the BENCH RESET (and factory) default con-
dition.

Model 7001 or 7002:

Idle State:
Reset = :INIT:CONT OFF*

Scan List=1!1-1!10,

Arm layer:
Arm spacing = Immediate*
Arm count = 1*
Arm trigger control = Acceptor™®

Scan layer:
Scan spacing = Immediate*
Number of scans = 1
Scan trigger control = Acceptor*®
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Channel Layer:
Channel spacing = External
Number of channels = Use Scanlist length*
Channel trigger control = Source*
* Indicates that the setting is the RESET (and factory) default condition.

Notice that the Model 2002 is reset to BENCH defaults. With
this selection, the multimeter stays armed. Since the arm
source and scan source are set to Immediate, the Model 2002
waits in the measure layer for a trigger.

With the Channel Trigger Control of the switch system set
for Source, scan operation initially bypasses the need for an
external trigger to close the first channel. Since arm spacing
and scan spacing are set to Immediate, the scan starts as soon
as the scanner is taken out of the idle state by pressing the
STEP key. When the front panel STEP key is pressed:

e The scanner arms and closes the first channel.

+ After Channel 1!1 settles, a trigger is sent from Channel
Ready of the Model 7001/7002 to External Trigger
Input of the Model 2002 to trigger a measurement of
DUT #1.

+ After the Model 2002 completes the measurement, it
outputs a trigger from Meter Complete Output to Exter-
nal Trigger of the Model 7001/7002, which closes the
next channel.

+ After Channel 1!2 settles, a trigger is sent to the Model
2002 to trigger a measurement of DUT #2.

This process continues until all ten channels are scanned and
measured.

The data store capability of the Model 2002 could be used to
store the measurements as they occur. Just press the STORE



key to set the number of readings to store, then press
ENTER. The Model 2002 waits (with the asterisk annuncia-
tor lit) for an external trigger from the Model 7001/7002
before taking a reading, storing it, and sending a trigger
pulse.

External triggering example #2

External triggering can also be used in a test system consist-
ing of a Model 2002 Multimeter and a Model 706 Scanner
with an appropriate scanner card.

The external trigger connections are the same as those shown
in Figure 2-17 for the Models 2002 and 7001/7002. Channel
Ready Output of the Model 706 is connected to External
Trigger Input of the Model 2002. External Trigger Input of
the Model 706 is connected to Meter Complete Output of the
Model 2002.

The trigger configuration of the Model 2002 does not change
from the previous example. The Model 706 is configured for
external triggering.

2.7.7 Trigger Link

The Model 2002 has enhanced external triggering capabili-
ties using the Trigger Link. The Trigger Link has six lines
allowing up to six instruments to be controlled over this trig-
ger bus. The 8-pin micro-DIN sockets used for the Trigger
Link are shown in Figure 2-18.

Pin Trigger Link Line
0O 0O 1 Line #1
® ®06 ® ®06 2 Line #2
oX0 ® @ 3 Line #3
4 Line #4
5 Line #5
IN ouT 6 Line #6
7 Digital Common
TRIGGER LINK 8 Digital Common
Figure 2-18

Trigger link connectors

NOTE

The two rear panel Trigger Link connec-
tors are actually connected in parallel. It
does not matter which connector you use
when connecting the Trigger Link to an-
other instrument.
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In general, Trigger Link input triggers to the Model 2002 are
used to control the measure operation. For the Model 2002 to
respond to Trigger Link compatible triggers, the appropriate
layers of the trigger model must be programmed for it. For
example, if you want Trigger Link input triggers to control
the measuring process, you must program Measure Source
for TRIGLINK trigger events. Typically, a Trigger Link out-
put trigger from the Model 2002 would be used to trigger a
scanner to close the next channel.

There are two modes of operation for Trigger Link: asyn-
chronous and semi-synchronous. In the asynchronous mode,
separate lines are used for input and output triggers; in the
semi-synchronous mode, the same line is used for both input
and output triggers.

Asynchronous operation

In the asynchronous operating mode, Trigger Link functions
fundamentally in the same manner as External Triggering
(see paragraph 2.7.6). Like External Triggering, the
asynchronous mode uses separate lines for input and output
triggers. Also, the asynchronous mode uses the same TTL-
compatible pulses as External Triggering. The specification
for the input and output trigger signals of asynchronous
mode are shown in Figure 2-14 and Figure 2-15,
respectively.

For typical asynchronous Trigger Link operation, the mea-
sure layer is configured with Measure Source set to
TRIGLINK and Triggerlink mode set to ASYNCHRO-
NOUS. You must also select input and output lines for the
measure layer. Input and output triggers can be set to any of
the six lines, but they cannot use the same line. For example,
if you select line #1 for input triggers, then output triggers
must use one of the other fi e lines (#2 through #6).

During operation in the measure layer, each Trigger Link
input trigger makes a measurement. After the user-
programmed DELAY and the measurement settling time, the
Model 2002 outputs a Trigger Link completion pulse
(typically to a scanner to close the next channel). The
measure layer is configured using the CONFIG-TRIG menu
(see paragraph 2.7.2).

The scan layer and/or arm layer can also be programmed for
Trigger Link, where Scan Source is set to TRIGLINK, and
Arm Source is set to TRIGLINK. When using Trigger Link
in these layers, you must also select input and output lines as
you did in the measure layer. Keep in mind that you can use
the same lines in the Scan and arm layers as selected in the
measure layer.
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Asynchronous Trigger Link example #1 The Trigger Link connections for this test system are shown
in Figure 2-20. Trigger Link of the Model 2002 is connected
to Trigger Link of the Model 7001/7002 Switch System.
Notice that only one Trigger Link cable is needed.

In a typical test system, you may want to close a channel and
then measure the DUT connected to the channel with a mul-
timeter. Such a test system is shown in Figure 2-19, which
uses a Model 2002 Multimeter to measure ten DUTs
switched by a Model 7011 multiplexer card in a Model 7001/
7002 Switch System.
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DUT e o o I
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e o~ o—e | —
| | g —
1 L | © O
. K YT 5160005000/ % g PO
° | ° | oo a| v | 6
o | o | 2002 Multimeter
I [
I |
DUT | ¢ O/Il/O |
#10 | 10 o/ |
e o—— |
I |
| Card 1 |
— -
7011 MUX Card
Figure 2-19
DUT test system
7001 or 7002 Switch System
=y
O Yo ) —
IIN INOTO
oY ST CacacnoLc) e
Trigger Trigger c,-
Hink / Lk @@o@o
_Trigger ]
L'?§5%i?'e 2002 Multimeter
Figure 2-20

Trigger Link connections (asynchronous example #1)
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For this example, the Models 2002 and 7001/7002 are con-
figured as foll ws:

Model 2002:

Idle state:
Bench reset = :INIT:CONT ON#*

Arm layer:
Arm source = Immediate*
Arm count = 1*
Arm trigger control = Acceptor™®

Scan layer:
Scan source = Immediate*
Scan count = Infinite
Scan trigger control = Acceptor*®

Measure layer:
Measure source = TrigLink
Trigger link mode = Asynchronous*
Input line = #2*
Output line = #1*
Measure count = 10
Measure trigger control = Acceptor*

* Indicates that the setting is the BENCH RESET (and factory) default con-
dition.

Model 7001 or 7002:

Idle state:
Reset = :INIT:CONT OFF*

Scan list=1!1-1!10,

Arm layer:
Arm spacing = Immediate*
Arm count = 1*
Arm trigger control = Acceptor*

Scan layer:
Scan spacing = Immediate*
Number of scans = 1
Scan trigger control = Acceptor™®

Channel Layer:
Channel spacing = TrigLink
Trigger link mode = Asynchronous*
Input line = #1*
Output line = #2*
Number of channels = Use Scanlist length*
Channel trigger control = Source*
* Indicates that the setting is the RESET (and factory) default condition.

Notice that the Model 2002 is reset to BENCH defaults. With
this selection, the multimeter stays armed. Since the arm
source and scan source are set to Immediate, the Model 2002
waits in the measure layer for a trigger.

With the Channel Trigger Control of the Model 7001/7002
set for Source, scan operation initially bypasses the need for
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a Trigger Link trigger to close the first channel. Since arm
spacing and scan spacing are set to Immediate, the scan starts
as soon as the scanner is taken out of the idle state by press-
ing the STEP key.

To run the test and store the readings in the Model 2002,
press STORE on the multimeter, enter the desired number of
readings (ten), and press ENTER. The Model 2002 waits
(with the asterisk annunciator lit) for a Trigger Link trigger
from the Model 7001/7002.

Press STEP on the Model 7001/7002 to start the scan. The
scanner’s output pulse triggers the Model 2002 to take a
reading, store it, and send a trigger pulse. The following ex-
planation on operation is referenced to the operation model
shown in Figure 2-21.

@ The BENCH RESET condition arms the Model 2002
and places multimeter operation at point A in the fl wchart,
where it is waiting for a Trigger Link trigger. Note that since
both the arm layer and scan layer are programmed for Imme-
diate Source, operation immediately drops down to the mea-
sure layer at point A.

Pressing STEP takes the Model 7001/7002 out of the
idle state and places operation at point B in the fl wchart.
Since both the arm layer and scan layer are programmed for
Immediate Spacing, operation drops down to the channel
layer at point B.

@ Since Channel Trigger Source is set to Source, the
scan does not wait at point B for a trigger. Instead, it bypass-
es “Wait for Trigger Link Trigger” and closes the first chan-
nel (point C). Note that the Bypass is in effect only on the
first pass through the model into a laye .

@ After the relay settles, the Model 7001/7002 outputs a
Channel Ready pulse (point D). Since the instrument is pro-
grammed to scan ten channels, operation loops back up to
point B, where it waits for an input trigger. Note that Bypass
is no longer in effect.

@ and @ Remember that the Model 2002 operation is
at point A waiting for a trigger. The output Channel Ready
pulse from the Model 7001/7002 triggers the multimeter to
measure DUT #1 (point E). After the measurement is com-
plete, the Model 2002 outputs a completion pulse (point F)
and then loops back to point A, where it waits for another in-
put trigger.

The trigger applied to the Model 7001/7002 from the Model
2002 closes the next channel in the scan. This triggers the
multimeter to measure the next DUT. The process continues
until all ten channels are scanned and measured.
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7001or 7002
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Figure 2-21
Operation model for asynchronous trigger link example #1

External Triggering and Trigger Link

As previously mentioned, the trigger pulses for the asynchro-
nous Trigger Link are identical to the trigger pulses used for
External Triggering. The only thing that prevents them from
being used together in a test system is connection incompat-
ibility. Trigger Link uses 8-pin micro-DIN connectors while
External Triggering uses BNC connectors.

This connection problem can be solved by using the Model
8502 Trigger Link Adapter. The adapter has two 8-pin micro-
DIN connectors and six BNC connectors. The micro-DIN
connectors mate directly to the Trigger Link connector on
the Model 2002 using a trigger link cable. The BNC
connectors mate directly to the External Triggering BNC
connectors on other instruments using standard male BNC to
BNC cables.
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Figure 2-22 shows how a Keithley Model 706 Scanner can be
connected to the Trigger Link of the Model 2002 using the
adapter. With this adapter, a Model 706 could be substituted
for the Model 7001/7002 in the previous example (Asyn-
chronous Trigger Link example #1). With the Model 706 set
for External Triggering, the test would start when the single
scan mode is selected and initiated.

Asynchronous Trigger Link example #2

In this example, the test system (Figure 2-23) includes a
Model 2002 to measure each DUT at two different bias lev-
els that are provided by a Model 230 voltage source. With the
source set to the first voltage level, the ten channels are
scanned and measured. The source is then set to the second
voltage level and the ten channels are again scanned and
measured.
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Connections using Trigger Link adapter
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Figure 2-23

DUT test system (asynchronous example #2)
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Figure 2-24
Trigger Link connections (asynchronous example #2)

Since this example uses an instrument that does not have
Trigger Link (Model 230), the Model 8502 Trigger Link
Adapter is required. Connections are shown in Figure 2-24.

For this example, the Model 230 is programmed for External
Triggering and is set to source the first voltage level. The
Models 2002 and 7001/7002 are configured as foll ws:

Model 2002:

Idle state:
Bench reset = :INIT:CONT ON#*

Arm layer:
Arm source = Immediate*
Arm count = 1*
Arm trigger control = Acceptor™®

Scan layer:
Scan source = Immediate*
Scan count = Infinite
Scan trigger control = Acceptor*®

Measure layer:
Measure source = TrigLink
Trigger link mode = Asynchronous
Input line = #3
Output line = #4
Measure count = 20
Measure trigger control = Acceptor*

* Indicates that the setting is the BENCH RESET (and factory) default con-
dition.
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Model 7001 or 7002:

Idle state:
Reset = :INIT:CONT OFF*

Scan list=1!1-1!10,

Arm layer:
Arm spacing = Immediate*
Arm count = 1*
Arm trigger control = Acceptor*

Scan layer:
Scan spacing = TrigLink
Trigger link mode = Asynchronous
Input line = #2
Output line = #1
Number of scans = 2
Scan trigger control = Source

Channel layer:
Channel spacing = TrigLink
Trigger link mode = Asynchronous
Input line = #4
Output line = #3
Number of channels = 20
Channel trigger control = Source*
* Indicates that the setting is the RESET (and factory) default condition.

Notice that the Model 2002 is reset to BENCH defaults. With
this selection, the multimeter stays armed. Since the arm
source and scan source are set to Immediate, the Model 2002
waits in the measure layer for a trigger.



To run the test and store the readings in the Model 2002,
press STORE on the multimeter, enter the desired number of
readings (20), and press ENTER. The Model 2002 waits
(with the asterisk annunciator lit) for a Trigger Link trigger
from the Model 7001/7002.

Press STEP on the Model 7001/7002 to start the scan. The
following explanation on operation is referenced to the oper-
ation model shown in Figure 2-25.

@ Pressing STEP on the Model 7001/7002 takes it out of
the idle state and places operation at point A in the fl wchart.
Since the arm layer is programmed for Immediate Spacing,
operation drops down to the scan layer at point A.

Since Scan Trigger Control of the Model 7001/7002 is
set for Source, the scan does not wait at point A for a trigger.
Instead, it bypasses “Wait for Trigger Link Trigger” and pro-
ceeds to point B. Note that this Bypass is in effect only on the
first pass through the model.

@ Since Channel Trigger Source of the Model 7001/
7002 is also set to Source, the scan does not wait at point B
for a trigger. Instead, it bypasses “Wait for Trigger Link Trig-
ger” and closes the first channel (point C). Note that the By-
pass is in effect only on the first pass through the model.

@ After the relay settles, the Model 7001/7002 outputs a
Trigger Link trigger pulse (point D). Since the instrument is
programmed to scan ten channels, operation loops back up to
point B, where it waits for an input trigger. Note that Bypass
is no longer in effect.

Front Panel Operation

@ The trigger pulse from the Model 7001/7002 triggers
the Model 2002 to make a measurement of DUT #1. After
the measurement is complete, the multimeter outputs a Trig-
ger Link trigger pulse (point E).

The trigger applied to the Model 7001/7002 from the Model
2002 closes the next channel in the scan, which in turn trig-
gers the multimeter to measure the next DUT. This process
continues until all ten channels are scanned and measured.

@ After the last channel is scanned and measured, oper-
ation proceeds to point F, where the Model 7001/7002 out-
puts a trigger pulse. Since the Model 7001/7002 is
programmed to perform two scans, its operation loops back
up to point A, where it waits for an input trigger. Note that
Bypass is no longer in effect.

@ The trigger pulse from the Model 7001/7002 triggers
the Model 230 to output the next programmed voltage level.
After the voltage level is set, the Model 230 outputs a trigger
pulse (point G).

The trigger pulse applied to the Model 7001/7002 from the
Model 230 places operation at point B. The Bypass is again
in effect because this is the beginning of a new scan. This al-
lows operation to drop down to point C, where the first chan-
nel is again closed and eventually measured. As previously
explained, all ten channels are scanned and measured.

After the last channel of the second scan is closed and mea-
sured, the Model 7001/7002 returns to the idle state.
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Figure 2-25
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Operation model for asynchronous Trigger Link example #2
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Semi-synchronous operation

In the Semi-synchronous Trigger Link mode, all triggering
(input and output) is controlled by a single line. When the
normally high (+5V) trigger line is pulled low (0V), a trigger
occurs on the negative-going edge. When the trigger line is
released, a trigger occurs on the positive-going edge (see
Figure 2-26). The advantage of this single line trigger is that
as long as one of the instruments in the system holds the line
low, the trigger is suppressed. In other words, the trigger
does not occur until all instruments in the system are ready.

Trigger on
negative-going

/ edge

Trigger on
positive-going

/ edge

a+5v

ov

CC
/I ) T
Pulled low by

source instrument Released by

acceptor instruments
Figure 2-26
Semi-synchronous Trigger Link specification

Trigger Link
Cables (2)
(8501)
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For example, assume that a Model 2002 is connected to two
Model 7001 or 7002 Switch Systems for semi-synchronous
operation, as shown in Figure 2-27. All three instruments are
programmed to use trigger line #1. The two Model 7001s/
7002s have relay settling times of 10msec and 50msec, re-
spectively. The Model 2002 is designated as the trigger con-
trol source and the two Model 7001/7002 units as trigger
control acceptors.

Assume that the Model 2002 initially performs a measure-
ment. After the reading is done, the Model 2002 drives the
trigger line low. The negative-going edge triggers both Mod-
el 7001s/7002s to close a channel. While the Model 7001s/
7002s are in the process of closing a channel, they hold the
trigger line low. Ten milliseconds after switch closure, the
first Model 7001/7002 releases the trigger line. However, the
second Model 7001/7002 continues to hold the line low since
it is not finished. Fifty milliseconds after switch closure, the
second Model 7001/7002 releases the trigger line. The posi-
tive-going edge triggers the Model 2002 to make a measure-
ment and subsequently pull the trigger line back down to
close the next channels. This process continues until all
channels are scanned and measured.

00
———— Trigger — \ — | @
¢ Link — e
©@@oc® © Line #1 - ourT I&
: Line #1 -
IN 1[OUT 5[5 Trigger: Trigger:
E ;{ Link Link
- 7001 or 7002 Switch System 7001 or 7002 Switch System
2002 Multimeter

Figure 2-27
Dypical semi-synchronous mode connections
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Semi-synchronous Trigger Link example

This example uses the same test system (Figure 2-19) that
was used for the Asynchronous Trigger Link example #1.
However, triggering is done using the Semi-synchronous
mode. Trigger Link connections are shown in Figure 2-28.

The two instruments are configured as foll ws:

Model 2002:

Idle state:
Bench reset = :INIT:CONT ON*

Arm layer:
Arm source = Immediate*
Arm count = 1*
Arm trigger control = Acceptor™®

Scan layer:
Scan source = Immediate*
Scan count = Infinite
Scan trigger control = Acceptor®

Measure layer:
Measure source = TrigLink
Trigger link mode = Semi-synchronous
Semi-sync line = #1*
Measure count = 10
Measure trigger control = Acceptor*

* Indicates that the setting is the BENCH RESET (and factory) default
condition.

S

Line #1

Model 7001 or 7002:

Idle state:
Reset = :INIT:CONT OFF*

Scan list =1!1-1!10,

Arm layer:
Arm spacing = Immediate*
Arm count = 1*
Arm trigger control = Acceptor*

Scan layer:
Scan spacing = Immediate*
Number of scans = 1
Scan trigger control = Acceptor™

Channel layer:
Channel spacing = TrigLink
Trigger link mode = Semi-synchronous
Semi-sync line = #1
Number of channels = Use Scanlist length*
Channel trigger control = Source*
* Indicates that the setting is the RESET (and factory) default condition.

To run the test and store the readings in the Model 2002,
press STORE on the multimeter, enter the desired number of
readings (ten), and press ENTER. The Model 2002 waits
(with the asterisk annunciator lit) for a Trigger Link trigger
from the Model 7001/7002. Press STEP on the Model 7001/
7002 to start the scan.

The following explanation on operation is referenced to the
operation model shown in Figure 2-29.

IN
ouT [&f71
Trigger——
Link
7001 or 7002 Switch System

Trigger

7

Link

Cable (8501)

Figure 2-28
Trigger Link connections (semi-synchronous example)
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Figure 2-29
Operation mode for semi-synchronous Trigger Link example

@ The BENCH RESET condition arms the Model 2002
and places multimeter operation at point A in the fl wchart,
where it is waiting for a Trigger Link trigger. Note that since
both the arm layer and scan layer are programmed for Imme-
diate Source, operation immediately drops down to the mea-
sure layer at point A.

Pressing STEP takes the Model 7001/7002 out of the
idle state and places operation at point B in the fl wchart.
Since both the arm layer and scan layers are programmed for
Immediate Spacing, operation drops down to the Channel
Layer at point B.

@ Since Channel Trigger Source is set to Source, the
scan does not wait at point B for a trigger. Instead, it bypass-
es “Wait for Trigger Link Trigger” and closes the first chan-
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nel (point C). Note that the Bypass is in effect only on the
first pass through the model.

@ After the relay settles, the Model 7001/7002 pulls
down the Trigger Link trigger line (point D). Since the in-
strument is programmed to scan ten channels, operation
loops back up to point B, where it waits for an input trigger.
Note that Bypass is no longer in effect.

@ and @ Remember that the Model 2002 operation is
at point A waiting for a trigger. When the trigger line is
pulled low by the Model 7001/7002, the leading negative-
going edge triggers the Model 2002 to measure DUT #1
(point E). Note that the multimeter holds the trigger line low.
After the measurement is complete, The Model 2002
releases the trigger line (point F) and then loops back to point
A where it waits for another input trigger.
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When the Model 2002 releases the trigger line, the leading
positive-going edge triggers the Model 7001/7002 to close
the next channel in the scan. This pulls the trigger line low,
triggering the Model 2002 to measure the next DUT. The
process continues until all ten channels are scanned and mea-
sured.

2.8 Buffer

The Model 2002 has a buffer to store reading data. It can
acquire readings at two different rates (normal and burst
modes). The maximum possible number of stored readings
depends on the installed memory option and the user-
programmable data group. (See Table 2-28.)

Table 2-28
Reading storage options

Data group
Memory Full Compact | Type
Standard 404 2027 Volatile

MEMI1 option 1381 6909
MEM2 option 5980 | 29908

Non-volatile
Non-volatile
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A full data group includes the readings, units, channel#,
reading#, time-stamp, and status (overfl w). A compact data
group does not include channel# or time-stamp information.
In addition to these items, recalled data also includes statis-
tical information, such as minimum, maximum, average, and
standard deviation.

The following paragraphs discuss configuration of the buffer
acquisition speed, data grouping, and buffer control, as well
as recalling buffered data. The CONFIG DATA STORE
menu structure is shown and summarized in Table 2-29.
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Table 2-29
CONFIGURE DATA STORE menu structure
Menu item Description
Burst-mode Acquire 4.5-digit readings at 2000 readings/sec and store in buffer.
Data-group Select data types to store in buffer.
Full Store reading, units, channel#, reading#, time-stamp, and status (overfl w).
Compact Store reading, units, reading#, and status (overfl w).
Control Select type of buffer control.

Fill-and-stop Fill buffer with readings and stop.

Pretrigger Wait for pretrigger event; store before and after readings.
Percentage Enter percentage of stored readings before trigger.
Reading-count Enter count of stored readings before trigger.

Event Select source for pretrigger event.
Continuous Store readings in buffer continuously.
Never Readings are not stored.

Timestamp Configure timestamp

Type Check or change type:

Relative-Time Reference timestamp to relative time.

Real-Time Reference timestamp to real-time.

Format Select timestamp format:

Absolute Reference each timestamp to the first buffer reading (relative), or to the time and date (real).

Delta Reference each timestamp to the previous buffer reading.

Clear-all Clear all stored readings and buffer statistics.
Count Select buffer size.
Enter-count Enter number of readings to store.
Use-trigger-model Use (finite) measure count from trigger model
Feed Select type of reading to store.

After-calc Store readings after math calculation.

Before-calc Store readings before math calculation.

None No readings are placed in the buffer.

2.8.1 Burst mode

The burst data acquisition mode maximizes the reading rate
of the Model 2002. Burst mode consists of two distinct phas-
es:

* Acquiring raw readings (A/D counts).

* Post-processing the raw readings by applying calibra-
tion constants and storing the resulting readings in the
buffer.

In burst mode, the Model 2002 acquires 4.5-digit readings at
2000 readings/second. The post-processing takes about
2msec/reading. If any filter or math operations are enabled,
the post-processing time is longer. To make this reading rate
possible, certain tradeoffs are made with the unit’s function-
ality, as described in the following paragraph.

Configuring the unit for burst mode

Before burst mode can be enabled, the following changes
must be made to the present instrument configuration

 Select a valid measurement function for the burst mode,
as listed in Table 2-30.

* Select a fi ed range for the expected signal, or choose
autorange to let the instrument selecta fi ed range when
burst mode starts.

+ Set the trigger event source in the measure layer to
immediate, external, trigger link, or timer.

 Disable any “multiple displays”.

+ Disable scanning.
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Table 2-30

Available functions in burst mode
Function Type
DC voltage Normal
AC voltage RMS, average
DC current Normal
AC current RMS, average
2-wire resistance Normal

If these changes are not made, a “Settings conflict” error or
similar message is displayed when you attempt to turn on
burst mode.

When burst mode is selected, the Model 2002 is automati-
cally configured for taking fast measurements. (The instru-
ment’s previous settings are restored when burst mode is
aborted.) Selecting burst mode makes these temporary
changes:

 Triggers are idled between bursts.

* Autoranging is disabled.

* Autozero is disabled.

* Integration time is set to 0.01 PLC (167usec).
* Resolution is fi ed at 4.5 digits.

+ Buffer data group is set to compact.

* Buffer control is set to fill-and-stop

NOTE

Some instrument settings allowed in burst
mode, such as a trigger event source of
timer in the measure layer, may affect the
acquisition speed of 2000 readings/
second.

Enabling burst mode

Once burst mode is enabled, the instrument is dedicated to
that purpose. Other than setting the buffer size, you cannot
change any configuration parameters until burst mode is
aborted.

Thus, make sure to configure the instrument’s function,
range and triggering to be compatible with burst mode before
enabling it. An incompatible configuration causes a “Set-
tings conflict” error when you try to enable urst mode.

Burst mode is enabled through the CONFIG DATA STORE
menu. This menu us displayed by pressing CONFIG and
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then STORE. Rules for navigating menu structures are pro-
vided in paragraph 2.3.4.

BURST-MODE

This CONFIG DATA STORE menu selection is used to
enable or disable the burst mode:

OFF: Selecting this menu item returns the instrument to the
CONFIG DATA STORE menu.

ON: Select ON to enable burst mode. This action clears the
buffer, puts the unit into idle and takes it out of autorange.
The following typical message then prompts you for the
number of readings to store in the buffer:

BURST: 00100 READINGS

After ENTERing the desired buffer size, the following typi-
cal message will be displayed:

00100 READING BURST
Use TRIG to start; EXIT to abort

Burst mode operation

Table 2-31 details the sequence of steps during burst mode.
The steps assume just one burst of readings before aborting
the burst mode, but you are able to initiate more than one
burst, each time overwriting the previously stored readings.

As can be seen from the table, a front panel trigger starts the
burst acquisition. The Model 2002 remains looping in the
measure layer of the trigger model until the requested num-
ber of readings is acquired. To enhance burst acquisition
speed, the front panel is not updated until the raw readings
are being post-processed.

Meter Complete output pulses are sent at the rate of 2kHz
during the acquisition phase. (Note: The last one is not sent
until post-processing is done.)

After the acquisition phase, the unit returns to the idle state
and starts post-processing, which consists of converting the
raw readings into measurements by applying the calibration
constants. During the post- processing phase, the front panel
“*” annunciator is lit.

The acquisition phase of burst mode can be aborted by press-
ing the EXIT key. Then the Model 2002 starts post-process-
ing on that portion of the reading buffer.

Since burst mode turns off autozero, an autozero refresh is
required once every 24 hours (by changing functions, resolu-
tion, or issuing an autozero bus command).



Table 2-31
Burst mode sequence
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Action

Result

Annunciators

BURST MODE ON
ENTER

ENTER

TRIG

BURST:00100 READINGS

Use <, ,s ,t , ENTER, EXIT, or INFO
00100 READING BURST

Use TRIG to start; EXIT to abort

(burst readings acquired)

(post-processing of readings)
BURST:00100 READINGS
Processing rdg #xx of 1000

BURST:00100 READINGS
Storage complete; press RECALL

BURST:00100 READINGS
Use «,»,s ,t , ENTER, EXIT, or INFO

ARM and AUTO off

ARM on

ARM and * off

RECALL Rdg#+00000

Rdg#+00099

EXIT BURST:00100 READINGS
Use «,»,s ,t , ENTER, EXIT, or INFO

(press ENTER to loop back to start)
EXIT BURST MODE ABORTED
Use CONFIG - STORE to resume

(normal reading display)

ARM and AUTO on

Notes:

1. This table assumes the unit was set for autorange before enabling burst.
2. Multiple displays of buffered readings are available when burst data is recalled. (See paragraph 2.5.4.)

2.8.2 Configuring data storage

The data storage configuration menu is used for the follow-
ing operations:

+ To acquire a burst of readings at high speed.

 To select the data types stored in the buffer.

+ To select the buffer control.

* To clear the buffer of readings and statistics.

* To specify the number of readings to store.

* To specify the source of readings to be stored.

The buffer is configured from the CONFIG DATA STORE
menu (see Table 2-29). This menu is displayed by pressing

CONFIG and then STORE. Rules for navigating menu struc-
tures are provided in paragraph 2.3.4.

BURST-MODE
The burst mode is discussed in paragraph 2.8.1.

DATA-GROUP

This menu selection chooses the data items that are stored in
the buffer. Note that changing the data grouping clears the
buffer.

FULL: With this selection, for each reading, the following

information is stored: units, channel number (if applicable),
reading number, time-stamp, and status (overfl w).
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The “full” data group should be used for 6.5 digits or greater
resolution. It also allows you to change function, range, or
channel while storing.

COMPACT: With this selection, readings, units, reading
numbers, and status (overfl w) are stored. This allows more
readings to be stored in the buffer.

“Compact” is only accurate and displayed to 5.5 digits. It
does not allow changes of function, range, or channel while
storing.

CONTROL

This menu item controls the type of data storage.

FILL-AND-STOP: This control selection fills the buffer
with the requested number of readings and stops. You can
then recall the readings.

PRETRIGGER: This selection continuously stores read-
ings until a user-programmed trigger event occurs. It then
stores post-trigger readings. For example, with a buffer size
of 100 readings, there will be 50 readings stored before the
trigger event and 50 readings stored after the trigger.

The first reading after the trigger is reading zero. Pretrigger
readings have reading numbers and relative time-stamps
with a minus sign; post-trigger readings have reading num-
bers and relative time-stamps with a plus sign.

After selecting PRETRIGGER, configure pretrigger control
further as follows:

* PERCENTAGE or READING-COUNT — Specify the
number of readings to store before the trigger event as a
percentage of the total number of stored readings, or as
a number of pretrigger readings. You will be prompted
to enter the percentage or count value.

* EVENT — Selects the source of the pretrigger or
“mark-point” event. This can be a Manual, GPIB, Trig-
ger Link or External trigger.

CONTINUOQUS: With this control selection, readings are
always stored in the buffer. The process continues, with the
oldest readings being overwritten in a circular manner, until
storage is interrupted with the EXIT key.

NEVER: Gets set to this if data storage has been interrupted.

Pressing the STORE key changes NEVER to FILL-AND-
STOP.
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CLEAR-ALL

This action can be used at any time to clear the data buffer of
all stored readings and buffer statistics. Since the MEM1 and
MEM?2 memory options are non-volatile, clear-all is the only
way for the operator to clear the reading buffer.

TIMESTAMP

When using FULL data grouping (see DATA-GROUP), a
timestamp is included with each buffer reading. This menu
selection is used to check and/or change the timestamp type
and format.

TYPE: This menu item is used to check and/or change the
timestamp type. Note that changing the timestamp type
clears the buffer.

+ RELATIVE-TIME — With this selection, timestamps
are oriented to a timer with the first buffer reading
timestamped at 0.000000 seconds. Each following
timestamp is then based on the currently selected for-
mat (see FORMAT). With the ABSOLUTE format
selected, the timestamp for each reading is referenced
(in seconds) to the first buffer reading. With the DELTA
format selected, each timestamp is referenced (in sec-
onds) to the previous timestamp.

+ REAL-TIME — With this selection, timestamps are
oriented to the real-time clock and are based on the cur-
rently selected format (see FORMAT). With the ABSO-
LUTE format selected, each reading is simply
timestamped with the actual time and date. Time can be
expressed in the 12-hour (AM, PM) format or the 24-
hour format (see CLOCK in paragraph 2.12.7).

With the DELTA format selected, the first buffer read-
ing is timestamped at 00000d 00h 00m 00.00s (zero
days, hours, minutes and seconds). Each subsequent
timestamp is referenced (in days, hours, minutes and
seconds) to the previous timestamp.

Timestamp type for buffer readings is coupled to timestamp
type for bus readings. Thus, if you change timestamp type
from this menu structure, it also changes in the MAIN
MENU structure (see TIMESTAMP in paragraph 2.12.7).

FORMAT: This menu item is used to