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WARRANTY

Keithley Instruments, Inc. warrants this product to be free from defects in material and workmanship for a period of 1 year from
date of shipment.

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

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

To exercise this warranty, write or call your local Keithley representative, or contact Keithley headquarters in 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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Note for Model 3322 LCZ Meters equipped with rev. 2.00 or later firmware.

Those who have units with earlier firmware can disregard this information. Note that the firm-
ware revision level will be briefly shown on the IE DISPLAY during the power-up cycle. For
example:

-2.00-

External Bias Voltage Range

The external bias voltage range on units with rev. 2.00 and later firmware has been changed from
0 to +35V to 0 to + 35V All references to the external bias voltage range throughout the manual
should be modified to reflect this change. Note that the rear panel of newer Model 3322 LCZ
Meters with this change will be marked accordingly.
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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 the 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.

Rev. 1/99
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SECTION 1

General Information

1.1 INTRODUCTION

This section contains general information about the
Model 3322.

1.2 PRODUCT DESCRIPTION

The Model 3322 LCZ Meter is a high accuracy (0.1% basic
accuracy), full function LCZ meter. It includes co-
mparator functions for parts sorting, memory for test
configurations, and an IEEE-488 interface to control op-
eration from a computer.

The Model 3322 drives a device under test (DUT) with a
known voltage sine wave signal. Impedance is derived
by precisely measuring the resultant current that flows
through the DUT.

1.21 Condensed Specifications

The following condensed specifications help summarize
the capabilities of the Model 3322. Complete, detailed in-
strument specifications are located in Appendix A.

Measurement Functions: L, C, R, 1Z1,Q, D, ESR, G, X, 6
These functions can be automatically selected, and devia-
tion (or % deviation) can be displayed.

Basic Accuracy: 0.1% (at 1kHz)

Measurement Ranges (Display):

1Z1: 0.ImQ to 19.999MQ
C: 0.001pF to 199.99mF
L: 0.1nH to 19.999kH

Q, D: 0.0001 to 19999

6: —180.00° to +179.99°

Measurement Frequency: 100 to 100kHz

11 frequency selections available; 100, 120, 200, 500, 1k,
2k, 5k, 10k, 20k, 50k or 100kHz

Measurement Signal Level: 1V rms, 50mV rms

Equivalent Circuit: Series, parallel and automatic

DC Bias:

DC Bias: Internal: 2V
External: 0 to 35V

Zero Correction: Automatic (OPEN, SHORT).

Measuring Time: FAST (64ms), MED (150ms), SLOW
(480ms)

Comparator Function: 20 categories

Memory for Test Setups: 10 test configurations can be
saved in battery backed-up memory.
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1.2.2 Features

e High Accuracy — Basic accuracy of 0.1% with display
resolution of 0.0001 at 4-1/2 digits.

* WideFrequency Range — Eleven frequency selections
in the range from 100Hz to 100kHz are usable.

* Two Measurement Signal Levels — Selectable sine
wave signals of 50mV rms or 1V rms can be applied to
the DUT. Also, the signal can be biased by selecting the
2V internal DC bias or by externally applying a DC
bias up to 35V.

» Variety of Measurement Functions — In addition to
the conventional functions including L, C, R, Dand Q,
you can also display the equivalent series resistance
(ESR), parallel conductance (G), series reactance (X),
and polar coordinates expression (1Z1 — 0). Further,
the deviation from the standard value is also dis-
played.

e Automatic Function and Range Selection — In addi-
tion to the conventional autorange feature, function
and the equivalent circuits can also be automatically
selected.

¢ Built-in DC Bias Power Supply — The built-in 2V DC
bias power supply is used to measure the capacitance
of polarized devices such as electrolytic capacitors and
semiconductors.

* Built-in Comparator — Twenty comparator functions
facilitate the sorting of parts.

* Battery Backed-up Memory -— Up to 10 unique setup
configurations can be saved. Battery back-up prevents
these setups configurations from being lost after
power is turned off.

o IEEE-488 Interface— Allows the instrument to be con-
trolled by a computer.

1.3 WARRANTY INFORMATION

Warranty information is located on the inside front cover
of this operator’s manual. Should your Model 3322 re-
quire warranty service, contact the Keithley representa-
tive or authorized repair facility in your area for further
information. When returning the instrument for repair,
be sure to fill out and include the service form at the back
of this manual in order to provide the repair facility with
the necessary information.

1.4 MANUAL ADDENDA

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

1-2

1.5 SAFETY SYMBOLS and TERMS

The following symbols and terms may be found on an in-
strument or used in this manual.

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

The WARNING heading used in this manual explains
dangers that might result in personal injury or death. Al-
ways read the associated information very carefully be-
fore performing the indicated procedure.

The CAUTION heading used in this manual explains
hazards that could damage the scanner card. Such dam-
age may invalidate the warranty.

1.6 INSPECTION

The Model 3322 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.

Report any damage to the shipping agent immediately.
Save the original packing carton for possible future re-
shipment. The following items are included with every
Model 3322 order:

e Model 3322 LCZ Meter
e Model 3322 Operator’s Manual
o Additional Accessories as ordered.

If an additional operator’s manual is required, order the
manual package, Keithley part number 3322-900-00. The
manual package includes an operator’s manual and any
pertinent addenda.

1.7 OPTIONAL ACCESSORIES

The following accessories are available from Keithley for
use with the Model 3322:

1. Model 3323 Direct Test Fixture. Allows leaded parts
to be directly inserted into this test fixture. Especially
convenient for parts sorting.
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2. Model 3324 4-Terminal Alligator Clip Test Lead. De-
signed for four-terminal components, in which the
current-supplying terminals and voltage-measure-
ment terminals are separated.

3. Model 3325 Kelvin Clip Test Lead. Uses two clips for
four-terminal connections. Used to measure large or
irregularly-shaped components which cannot be in-
serted into the Model 3323 test fixture.

4. Model 3326 Chip Component Test Leads. This
tweezer-type test lead set permits easy connection to
surface mounted chip components.

The cables for all the above testleads are shielded to mini-
mize stray capacitance.

1.8 SPECIFICATIONS

Model 3322 specifications may be found in Appendix A
of this manual.
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SECTION 2
ng Started

2.1 INTRODUCTION

This brief section will guide the user though some simple
front panel operations. This section is intended to ac-
quaint the user with basic operation. Detailed operation
is covered in Section 3.

Abbreviated operations covered in this section include:

1. BasicL, C, R and Z measurements.
2. Deviation measurements.
3. Comparator operation.

NOTE
Front and rear panel views of the instrument
(which may be helpfulin locating controls, an-
nunciators or connectors) are provided by
Figures 3-1 and 3-2. These drawings are lo-
cated in Section 3.

22 POWER-UP

The instrument is designed to operate from 90-132V or
198-250V line voltage ranges at 48 to 62Hz. Perform the
following steps to connect the instrument to line power:

1. Check the rear panel LINE SUPPLY selector switch
and make sure the setting agrees with the line volt-

age available in your area. If the switch setting needs
to be changed, perform the procedures in paragraph
3.3. Keep in mind that changing the line voltage set-
ting requires a fuse change.

CAUTION
To prevent damage to the instrument that
may not be covered by the warranty, make
sure the rear panel LINE SUPPLY switch is
set to the correct line voltage setting.

2. The power cord is supplied with the instrument.
Connect the female end of the power cord to AC re-
ceptacle on the rear panel, and connect the other
end to a grounded AC outlet.

WARNING

The instrument is equipped with a 3-wire
power cord that contains a separate ground
wire and is designed to be used with
grounded outlets. When proper connections
are made, instrument chassis is connected to
the powerline ground. If the AC outlet is not
grounded, the rear panel safety earth ground
terminal must be connected to a known
safety earth ground using #18 AWG (or
larger) wire.
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3. Turn on the instrument by depressing the POWER
switch in to the ON position. The instrument will
perform its power up sequence (see paragraph
3.3.4). After successfully completing the power up
tests, the instrument will assume default conditions
that configure the instrument for immediate meas-
urements.

NOTE
The instrument is ready for immediate use.
However, to achieve rated accuracy, the in-
strument must be allowed to warm up for at
least 1/2 hour.

2.3 BASIC MEASUREMENTS

A measurement is performed by applying a known rms
signal level at a specific frequency to the DUT and then
calculating and displaying the results.

NOTE
The following procedure assumes that the in-
strument is configured to its power-up de-
fault conditions. If you are not sure about the
setup configuration, simply turn the power
off and then on again.

NOTE
The following procedure uses the Model 3323
Test Fixture to connect DUT to the instrument
(see Figure 2-1). If using test cables, make sure
4-terminal connections are used as explained
in paragraph 3.4.

Perform the following steps to make basic L, C, R or Z

measurements:

1. Connect the Model 3323 Test fixture to the instru-
ment. This test fixture allows easy DUT connection
to the instrument, and provides accurate measure-
ments by eliminating the stray capacitance of test ca-
bles.

2. Note that automatic function is selected as denoted
by the AUTO annunciator to the left of the [A] Dis-
PLAY.In AUTO function, the instrument will auto-

matically select the appropriate function (L, C, R or
Z) for the device connected to it.

3. Install the DUT (device under test) into the test fix-
ture. The appropriate function for the DUT will be
selected and the measurements will be displayed as
follows:

NOTE
The exponent symbol annunciators (p, n, u, m,
k and M) for the readings are located to the
right of each display.

A. For inductors (L), the [A] DISPLAY provides
the reading in henries (H), and the[ B ] DISPLAY
provides the quality factor (Q).

B. For capacitors (C), the [A] DisPLAY provides
the reading in farads (F), and the[ B ] DISPLAY
provides the dissipation factor (D).

C. For resistors (R), the[A] DISPLAY provides the
reading in ohms (€2), and the[B] DISPLAY pro-
vides the quality factor (Q).

The above procedure requires no instrument settings by
the operator. The test is completely automated by simply
using the power-up default setup configuration to test
DUTs. Of course this setup configuration is not desirable
for all measurements and thus, requires the operator to
modify appropriate operating parameters, such as the
test signal level and frequency.

The test signal level and frequency can be modified as fol-
lows:

Signal Level — On power up, the test signal level is set to
1V rms as denoted by the front panel LEVEL annuncia-
tor. To select the alternate signal level(50mV rms), simply
press the LEVEL key on the front panel. This key toggles
between the two available signal levels.

Signal Frequency — On power up, the test frequency is
set to 1kHz as denoted by the FREQ annunciator. To se-
lect one of the other frequencies (10kHz, 100kHz or
120Hz), press and release the FREQ key until the appro-
priate annunciator turns on. There are other frequencies
that can be selected and is explained in Section 3.
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2.4 DEVIATION MEASUREMENTS

The instrument can be configured to measure and dis-
play the deviation (A or A%) between a DUT and a de-
fined reference value.

A = Measured Value — Reference Value
A% = (A /=Reference Value) x 100

Perform the following steps to measure the deviation be-
tween a resistor that has a nominal rated value of 1kQ
and a 1kQ reference value:

1. Configure Instrument for Measurement
Deviation cannot be measured while the automatic
function is enabled (AUTO display annunciator on).
To disable AUTO function, press the[A] DISPLAY
key until only the R function is selected (R annuncia-
tor on, AUTO annunciator off).
2. Define Reference Value
A. Pressand release the SET UP key until the “blue-
labeled” REF annunciator blinks on and off. The
current reference value will be displayed on the

DISPLAY.

B. Using the data entry keys, enter the reference
value of 1k in one of the following two ways:

a. Using the “blue-labeled” number keys, press
1,0, 0, 0 in that order, and press the ENTER
key.

b. Press the number 1 key, then press the
“green-labeled” EXP key. Notice that all the
exponent symbols will turn on. To select the
10° (kilo) exponent, press the “green-la-
beled” k key. Only the k exponent
symbol will remain on. With 1k dis-
played, press ENTER.

C. Exit from the setup mode by pressing the EXIT
key.
3. Measure DUT
Connect the 1kQ resistor to the instrument and note
its measured value on the[[A ] DISPLAY.
4. Display Deviation
A. To display the deviation (A) between the meas-
ured value of the 1kQ resistor and 1kQ reference
value, use the AA%BIN key to select the follow-
ing combination:

A display annunciator on
BIN display annunciator off

2-4

% display annunciator off

Note: The % annunciator is located to the right of
the display, and above the exponent symbol an-
nunciator.

Example — If the measured reading of the resis-
tor is 998.1Q, the deviation (A) reading will be
—.0019k€2 (998.1 - 1000).

B. Todisplay the percent deviation (AA%) between
the measured value and the reference value, use
the AA%BIN key to select the following combina-
tHon:

A display annunciator on
% display annunciator on
BIN display annunciator off

Example — If the measured reading of the resis-
tor is 998.1Q, the deviation reading in percent
(A%) will be —0.19% ([-.0019k / 1000] x 100).

When finished measuring deviation, press AA%BIN until
the A, % and BIN annunciators are off.

2.5 COMPARATOR OPERATION

The Comparator allows DUTSs to be compared to defined
reading limits and classified into one of up to 20 catego-
ries (bins). Upper and lower limits can be set for each of
the 20 bins.

Comparator operation is demonstrated by configuring
the instrument to accomplish the following task.

Task:

You have a mixed pile of 1kQ, 2kQ and 3kQ resistors. A
resistor is considered “good” if its measured value is
within a tolerance of +1%. A resistor is “bad” if it is not
within +1% tolerance. It is your job to sort the resistors as
follows:

Place “good” 1kQ resistors in Bin 1.
Place “good” 2kQ resistors in Bin 2.
Place “good” 3kQ resistors in Bin 3.
Place all “bad” resistors in Bin 0.

LN
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Procedure:

1. Configure Instrument for Measurement

The Comparator (BIN) cannot be used while the
automatic function is enabled (AUTO display an-
nunciator on). To disable AUTO function, press and
release the[A ] DISPLAY key until only the R func-
tion is selected (R annunciator on, AUTO annuncia-
tor off).

2. Define Comparator Limits

A. Press and release the SET UP key until the “blue-
labeled” BIN annunciator blinks on and off. A
zero (Bin 0) will be displayed on the DIS-
PLAY.

NOTE
On power up, the upper and lower limits for
all bins are set to zero. Upper and lower limits
of zero for Bin 0 are satisfactory for this test
system. All “bad” resistors will be assigned to
this bin. Thus, Bin 0 does not have to be de-
fined.

B. Select Bin 1 by pressing the 1 key and then the
ENTER key.

C. Pressthe NEXT key to select LOWER. The “blue-
labeled” LOWER annunciator will blink on and
off. At this point the current lower limit and up-
per limit for Bin 1 will be displayed. Verify that
both limits are .0000.

NOTE
The following steps require data entry. If an
incorrect value is keyed in, use the CE key to
clear the entry.

D. Bin1is to be used for “good” 1kQ resistors, thus
the lower limit for this bin is to be 990 (99% of
1000). Using the number keys, keyin9, 9, Oin that
order, and press the ENTER key. UPPER will be
selected as indicated by the blinking UPPER an-
nunciator.

E. The upper limit for Bin 1 is to be 1010 (101% of
1000). Key in 1, 0, 1, 0 and press ENTER. Note:
The instrument will adjust the reading by using
the k exponent symbol.

F. Press the NEXT key. BIN will again be selected

and Bin 2 will be displayed.

Press the NEXT key to select LOWER.

Bin 2 is used for “good” 2kQ resistors, thus the

lower limit for Bin 2 is to be 1980 (99% of 2000).

Keyin1, 9, 8, 0 and then press ENTER. UPPER

will then be selected.

I. The upper limit for Bin 2 is to be 2020 (101% of

2000). Key in 2, 0, 2, 0 and then press ENTER.

Select Bin 3 by pressing NEXT.

Press NEXT to select LOWER.

Bin 3 is used for “good” 3k resistors, thus the

lower limit for Bin 3 is to be 2970 (99% of 3000).

Keyin 2,9, 7,0 and then press ENTER. UPPER

will then be selected.

M. The upper limit for Bin 3 is to be 3030 (101% of
3000). Key in 3,0, 3, 0 and then press ENTER.

L0

A

NOTE
For this test system, Bins 4 through 19 are not
used. Since the limits for Bin 4 are set to zero,
Bins 4 through 19 are considered closed and
effectively removed from the test system.

N. Press EXIT to return the instrument to the nor-
mal measurement state.

. Enable Comparator (BIN)

To enable the comparator, use the AA%BIN key to se-
lect the following combination:

BIN display annunciator on
A display annunciator off

. Connect DUT

When one of the resistors to be tested is connected to
the instrument, the [A ] DISPLAY will provide the
bin number that the resistor belongs in. Remember,
any resistor that is not within the 1% toleranceis as-
signed to Bin 0.

When finished, press AA%BIN until the A, % and BIN
annunciator are off.

NOTE
The Comparator can also be used with Devia-
tion to compare deviation readings. See Sec-
tion 3 for details.
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3.1 INTRODUCTION ciators and connectors on the front and rear panels of the
instrument.

This section covers front panel operation. For operation
over the GPIB bus, see Section 4.

The front and rear panels of the instrument are shown in

3.2 FRONT AND REAR PANEL Figure 3-1 and Figure 3-2.

FAMILIARIZATION

The following information describes the controls, annun-



SECTION 3
Operation

[ KEITHLEY l 3322 LCZ METER
eBUSY DISPLAY DISPLAY
®AUTO|® L(H) % ® Q| 9 ESR(Q) %
e 4 [ecCF v M|leD|e® G(s) oM
® BIN |® R(Q) n ok ® X n ok
L 74/(o)] P m @ 6(deg) P m
LOWER i UPPER
LEVEL ( 449 A
BIAS FREQ(Hz) (VOPEN) DISPLAY BN DISPLAY  SETUP
ON 120 1k 10k 100k 50m 1 .
° [ e . ° s | D e | B M
7 8 s NEXT
FREQ(Hz)
CKT SPEED
AUTO_SER___ PAR FAST _MED_ SLOW FREQ CKT SPEED LEVEL
oo o] [e o o] ;
n
DELAY REF BN LOWER UPPER GPIB— 4 5 6 cE PREV J
(sec)
DISCHARGE CAPACITORS ADROCRIE 1 r N
ADR.1:CR OPEN AUTO v A RANGE
BEFORE CONNECTING A UNKNOWN ( .
G Lcur LroT Heot Hecur ; 2 P 3 m Bxe J
A .
‘ sHort [ AuTo MAN RCL (-STO) |
@ : :
ENTER
0 . - EXIT
J
__zero L TRIG MEMORY )
L
| VN | I

Figure 3-1.  Model 3322 Front Panel




SECTION 3
Operation

3.2.1 Front Panel

[A] DISPLAY/ DISPLAY 4-1/2 Digit Displays —
Primarily used to display the measurement for the se-
lected function and function parameter. The selected
function and function parameter are indicated by annun-
ciators to the left of the two displays. The annunciators to
the right of the displays indicate the magnitude of the
reading using exponent symbols (i.e. k, u, M, etc.).

[A] DISPLAY Function Indicators — These annuncia-
tors denote the selected function:

AUTO AUTO function; function, function parameter
and equivalent circuits are in the automatic se-
lection mode.

Self inductance (H)
Electrostatic capacity (F)
Resistance (Q2)

[ Impedance (Q)

Deviation or % deviation; % deviation is denoted
by the % annunciator located to the right of the
displayed reading.

BIN  Comparator (for parts sorting) enabled.

> —
NWO[“

Note: The values of L, C and R change according to
whether the equivalent circuit is in series or parallel
mode.

DISPLAY Function Parameter Indicators — These
annunciators denote the selected function parameter:

Q Quality factor

D Dissipation factor (D =1/Q)
ESR Equivalent series resistance
G Parallel conductance

X Series Reactance

6 Phase angle of impedance

Exponent annunciators (both displays) — The following
exponent annunciators are used to denote the magnitude
of the reading:

M =mega = 10°
m =milli = 103
n = nano = 10~°
k = kilo=10°

U = micro = 10
P = pico =102

Front Panel Indicators:

BUSY — This indicator lights when a measurement is be-
ing made. This indicator is off while in OPEN or SHORT.

REMOTE — This indicator is on when the GPIB interface
is in the remote state. While in remote, the front panel
controls are disabled.

FREQ (Hz) — Denotes the frequency (120Hz, 1kHz,
10kHz or 100kHz) that was selected using the FREQ key.
If all these indicators are off, an alternate frequency is se-
lected. To check the frequency selection, press the SETUP
key. The frequency will be displayed on the DIS-
PLAY. To return to the normal measurement state, press
the EXIT key.

CKT — Denotes the equivalent circuit that was selected
using the CKT key.

AUTO Automatic selection mode; SER or PAR auto-
matically selected.

SER  Series equivalent circuit.

PAR  Parallel equivalent circuit.

Note: CKT selections only affect readings on [A] Dis-
PLAY.

SPEED — Denotes the measurement speed that was se-
lected by the SPEED key.

FAST Highspeed (60 to 80ms approx.). This speed low-
ers basic accuracy.

MED Medium speed (150 to 245ms approx.). Standard
speed.

SLOW Slow speed (480 to 600ms approx.). Use when
measured values are erratic (noisy).

LEVEL (Voren)— Denotes the level of the measurement
signal that was selected using the LEVEL key. The fre-
quency of the signal is set by the FREQ key.

'50m  50mV rms signal level. Basic accuracy is lowered

using this level.
1 Standard 1V rms signal level.

The indicated signal level is the voltage applied to the
output while under a “no load” condition. The output
impedance of the signal source is approximately 100Q.

3-3
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When connecting the signal to a device that has an im-
pedance of less than 1k€2, loading will cause the signal
level to drop below the indicated voltage level.

Front Panel Controls:

POWER ON-OFF — The “in” position turns power on
and the “out” position turns power off. After turning
power off, wait at least three seconds before turning it
back on.

BIAS ON — Pressing this key enables the internal 2V
bias power supply. Pressing the key a second time dis-
ables the bias supply. With therear panel BIASINT/EXT
switch set to the EXT position, the BIAS ON key will in-
stead control the externally applied bias supply.

NOTE
The bias supply can only be enabled with the
C (capacitance) function selected and AUTO
function (Display A) disabled.

[A] DISPLAY — Use this key to select the desired func-
tion (AUTO, L, C, R or Z). The function annunciators lo-
cated to the left of the[[A] DISPLAY denote the selected
function. The AUTO function automatically determines
the type of device connected to the instrument and se-
lects the appropriate function.

While in AUTO, the following conditions exist:

1. The DISPLAY function parameter is automati-
cally selected. Pressing the DISPLAY key while
in AUTO will result in “Err 13”.

2. AUTO CKT is enabled and the appropriate equiva-
lent circuit is selected. Pressing the CKT key will re-
sult in “Err 13”.

3. A {deviation) and BIN cannot be selected. Pressing
the AA% BIN key will resultin “Erx 13”. If already in
A or BIN, selecting AUTO will disable A and BIN.

DISPLAY — Use this key to select the desired func-
tion parameter (Q, D, ESR, G, X or 8). The annunciators
denoting the selected function parameter are located to
the left of the[ B ] DISPLAY. Note that if the AUTO func-
tion is selected (AUTO annunciator for [A_] DISPLAY

turned on), pressing the[[B_] DISPLAY will result in “Err
13”.

AA% BIN — Deviation (A and A%) and BIN Selection
Key. This key is used to enable one or more of these op-
erations. The selected operation(s) is denoted by the EAE
DISPLAY annunciator. Operations that can be selected
include:

AA% BIN ABIN A% BIN

Pressing the AA% BIN key with A% and BIN selected will
disable all these functions.

Note: Pressing the AA% BIN key while in AUTO function
(AUTO annunciator for[A JDISPLAY turned on) will re-
sult in “Exrr 13”.

CKT — This key is used to select the equivalent circuit.
The selected circuit is denoted by the CKT annunciator.
Equivalent circuit selections include:

AUTO SER PAR

Inthe AUTO mode, SER (series) or PAR (parallel) is auto-
matically selected.

Note: Pressing the CKT key while in AUTO function
(AUTO annunciator for[ A ] DISPLAY turned on) will re-
sult in “Err 13”.

FREQ — This key is used to select the frequency of the
measurement signal. The selected frequency is denoted
by the FREQ annunciator. Frequency selections include:

120Hz 1kHz 10kHz 100kHz

To select one of the alternate frequencies, refer to para-
graph 3.9.1.

SPEED — This key is used to select instrument measure-
ment speed. The selected speed is denoted by the SPEED
annunciator. Speed selections include:

FAST MED SLOW
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In MED speed, one measurement takes approximately
150ms.

LEVEL — This key is used to select the level of the meas-
urement signal. The selected level is denoted by the
LEVEL annunciator. Level selections include:

50mVrms 1Vrms

SET UP — This key is used to enable the auxiliary setup
mode. In this mode, parameter values can be checked, or
changed to alternate values. While in SET UP, front panel
keys correspond to the “blue” and “green” front panel la-
bels, and not the normal “black” labels.

When this key is pressed, SET UP is enabled and the an-
nunciator lamp adjacent to the key turns on. The parame-
ter to be checked or changed is denoted by the blinking
annunciator. The current value of the selected parameter
is displayed on the E DISPLAY or DISPLAY.

The following keys are associated with SET UP opera-
tion:

NEXT — Each press of this key enables the next SET
UP parameter. In general, parameter selections move
from left-to-right (as indicated by the blinking indi-
cator) on the front panel for each key press. The seven
SET UP parameters that can be selected are as fol-
lows:

FREQ DELAY REF BIN LOWER UPPER GPIB

PREV — Each press of this key selects the previous
parameter. This key operates similarly to the NEXT
key, except that, in general, selections move from
right-to-left.

Data Entry Keys — These keys are used to enter new
parameter values while in the SET UP mode. The
keys associated with numeric entry include:

0 to 9 — Number keys

“.” — Decimal point key

— Sign key. Toggles between plus and mi-
nus polarity. Plus polarity is implied by the ab-
sence of the “—” sign.

"o

If an exponent (see EXP) is not required to input a pa-
rameter value, simply input a valid numeric value
and press ENTER (see ENTER).

EXP — Use this “green” labeled key to enter the ex-
ponent part of a parameter value. When this key is
first pressed, all the exponent annunciators for the
[A] or[B] DISPLAY turn on. To input an exponent,
press the desired “green” labeled exponent key (u,
M, n, k, p, m). Only the annunciator for the selected
exponent will remain lit. The pending parameter
value can be entered by pressing ENTER (see ENTER
key) or cancel by pressing CE (see CE key).

CE — This key is used to cancel a pending parameter
value. A blinking least significant digit identifies a
pending value. Pressing the CE key will cancel the
displayed pending value and default to the previ-
ously entered value.

ENTER/EXIT — This key is used to enter a pending
parameter value, or simply exit SET UP without
changing the previous parameter value. If the dis-
played value is pending (least significant digit blink-
ing), then this key functions as an ENTER key. Other-
wise, as an EXIT key, it simply exits the SET UP
mode.

Trying to enter an invalid parameter value will result
in “Err 12”. Pressing any front panel key will display
the previously entered value.

ZERO — Performing zero correction measures residual
impedance and stray admittance, and then automatically
corrects the displayed reading caused by these errors.

. The following keys are used to perform zero correction:

OPEN — Open theinput and press OPEN to perform
zero correction.

SHORT — Short the input and press SHORT to per-
form zero correction.

TRIG — The two following keys are used to control trig-
gering:

AUTO — This key toggles between automatic trig-
gering and manual triggering. In AUTO trigger,
measurements are made continuously at an interval
determined by the selected SPEED. AUTO trigger is
denoted by the annunciator adjacent to the key.

3-5
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MAN — In MAN trigger, each press of the MAN key
will cause a single measurement to be made. Prior to
each actual measurement, the instruments waits for
the specified DELAY period.

RCL (-STO) — This key is used to store the current in-
strument setup in memory, or to recall one of ten setups
previously stored in memory. To store the current setup
in memory, first press the (-STO) key, then press the sign
(=) key, then assign a memory location by pressing a
number key (0 to 9), then finally press ENTER.

To configure the instrument to a setup previously stored
in memory, first press the RCL key, then press a number
key (0 to 9) that corresponds to the memory location
where the setup is stored, then finally press ENTER.

When the instrument is turned off, the current instru-
ment setup is automatically stored in Memory 0.

RANGE — The following keys are used to select the
measurement range of the instrument:

AUTO — This key toggles between auto ranging and
manual ranging. Selecting AUTO range turns on the
AUTO annunciator, and automatically selects the
most optimum range to make the measurement.

V¥V Down-range — Each press of this key selects the
next lower measurement range.

A Up-range— Each press of this key selects the next
higher measurement range.

Note that manually selecting an invalid range will dis-
play an error message. See paragraph 3.5.4 for details.

Notes:

1. It is recommended that manual ranging be used
when measuring small change or when comparing
parts with essentially the same value.

2. When using AUTO range, the effect of noise could
cause the instrument to experience inadvertent
range changes. In this situation, use manual ranging.

Measurement Terminals:

UNKNOWN — The following front panel connectors are
used to connect the DUT to the instrument:

G — Ground terminal that is connected to the chassis
of the instrument. Used for shielding.

L CUR — Current detection terminal

L POT — Voltage detection terminal (Low)

H POT — Voltage detection terminal (High)

H CUR — Drive signal output terminal.

Thebias voltage and the drive signal can be monitored on
these terminals.
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3.2.2

Rear Panel

GPIB — This connector is used to connect the GPIB inter-
face of the instrument to GPIB interface of a computer.
See Section 4 for details.

BIAS — The following switch, fuse and input connector
pertain to using an external bias supply:

INT/EXT Switch — This toggle switch is used to
switch between the built-in (INT) bias power supply
(2V) and the externally (EXT) applied bias supply
(up to 35V).

Fuse — Maintenance fuse for the external power
supply (0.1A quick acting type)

IN Connector — BNC connector used to connect the ex-
ternal bias supply to the instrument power input connec-
tor. Use a 0 to +35V supply with low ripple and noise.

CAUTION
0to +35V is the maximum voltage that can be
applied to the BIAS IN connector. Voltages
outside this range may blow the fuse and
cause damage to the instrument.

Ventilation Fan — The fan is used to keep the inside of
the instrument free from damaging heat build-up. The
fan ingests cool air into the instrument and expels warm
air out of the vents in the top cover. For proper ventila-
tion:

1.

2.
3.

Maintain at least 10cm between the rear panel and a
wall.

Do not block the air vents in the top cover.

Clean the air filter periodically to prevent clogging.
Figure 3-3 shows how to remove the filter for clean-
ing.

WARNING
Be sure to turn off the power and remove the
power cord before removing orinstalling the
filter.

Figure 3-3.

(1) Remove the inner holder

Cleaning Air Filter

(2) Remove and Clean
Air Filter

Rear Panel

Protrusion
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LINE SUPPLY — Set this switch to the available line volt-
age. Changing the line voltage setting will require a fuse
change. See paragraph 3.3.1 for details.

CAUTION
To prevent damage to the instrument that
may not be covered by the warranty, be sure
to turn off power and disconnect the line
cord before changing the line voltage set-
ting. Do not use a fuse other than the one
specified for the line voltage setting,.

Safety Ground Terminal — If the instrument is not con-
' nected to a safety earth ground through the supplied
3-prong line cord, connect this terminal to a known safety
earth ground using #18 AWG (or larger) wire.

LINE 48-62Hz — Power Receptacle and Fuse. Use the
supplied line cord to connect the instrument to the line
power. Fuse replacement is covered in paragraph 3.3.2.

3.3 POWER-UP PROCEDURE

3.3.1 Line Voltage Setting

The instrument is designed to operate from 90-132V or
198-250V line voltage ranges at 48 to 62Hz. Perform the
following procedure to set the line voltage:

WARNING
Make sure the instrument is disconnected
from the powerline and all other equipment
before proceeding.

1. Check the line voltage setting of the LINE SUPPLY
switch on the rear panel. To change the setting, use a
flat-blade screw driver to set the rotary switch to the
setting that best matches the available line power.

2. If the switch setting was changed, install a fuse con-
sistent with the operating voltage as described in the
next paragraph.

3.3.2 Fuse Replacement

Arear panel fuse located inside the AC LINE receptacleis
used to protect the power line input of the instrument. If
the fuse needs to be replaced (line voltage switch setting
changed or blown fuse), perform the following steps:

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

1. Using a flat-blade screw driver, pry open the fuse
drawer as shown in Figure 3-4.

2. Remove the fuse from the fuse clip. Notice that there
is a spare fuse in front of it.

3. Replace the fuse with the following type:

Line Voltage | Fuse Type

90-132V 0.54, 250V, 5 x 20mm,
Normal Blow
198-250V 0.25A, 250V, 5 x 20mm,

Normal Blow

CAUTION
Do notuse a fuse with a higher current rating
than specified, or instrument damage may
occur.

4. Push the fuse drawer back into the receptacle.

Figure 3-4.  Fuse Replacement
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3.3.3 Power Cord

Connect the female end of the power cord to the AC re-
ceptacle on the rear panel of the instrument. Connect the
male end of the cord to a grounded AC outlet.

WARNING

The instrument is equipped with a 3-wire
power cord that contains a separate ground
wire and is designed to be used with
grounded outlets. When proper connections
are made, instrument chassis is connected to
the power line ground. If the AC outlet is not
grounded, the rear panel safety earth ground
terminal must be connected to a known
safety earth ground using #18 AWG (or
larger) wire.

CAUTION
Be sure that the power line voltage agrees
with the indicated voltage of the LINE SUP-
PLY switch. Failure to observe this precau-
tion may result in instrument damage not
covered by the warranty. '

3.3.4 Power Up Sequence

To turn on the instrument, depress the POWER button.
During the power up cycle, the unit will perform the fol-
lowing:

1. All annunciators and display segments will turn on
for a few seconds. This allows you to check for defec-
tive indicators or display digits.

2. The revision level of the firmware is displayed
briefly on the [[A] DISPLAY. For example:

-1.10—~

3. Theself-check on memory elements and self-calibra-

tion of internal circuits are performed. During this

eriod, the “CAL” message will be displayed on the

DISPLAY and a countdown from 14 to 0 will

take place on the DISPLAY. Any errors that oc-

cur are denoted by error messages on the display.
Table 3-6 explains the error messages.

4. The unit will begin normal operation in accordance

with the power-up configuration discussed in the

next paragraph.
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3.3.5 Default Conditions

Default conditions are the setup conditions that the in-
strument will return to when the instrument is powered
up (or when a DCL or SDC command is sent over the
GPIB bus). The default conditions for the instrument are
summarized by Table 3-1.

Table 3-1. Power-up Defaults

Parameter Setting Remark
[A] DISPLAY | AUTO

DISPLAY | (AUTO)

A, A%, BIN Disabled

CKT AUTO

FREQ 1kHz

DELAY Zero

REF Zero

BIN No. Zero 1,3
UPPER Zero at all BINs :
LOWER Zero at all BINs

LEVEL 1Vrms

SPEED MED

TRIG AUTO

RANGE AUTO

Zero correction | No correction 1
BIAS Off 1
Header output | Inhibit (GPIB “HD 0”) | 1
SRQ output Inhibit (GPIB “RQ0”) |1
Address 2 1,2
Delimiter <CR> <LF> 1,2
Remarks:

1. The setting for this parameter cannot be saved in one of the ten
battery back-up memories. The setting for all other parameters
can be returned to the power-down condition by recalling
Memory 0.

2. The setting for this parameter is stored in battery backed-up
memory and automatically returns to the last programmed value
on power-up.

3. Whenever a setup configuration is recalled, the current bin
number resets to zero.

3.4 TEST CONNECTIONS

In general, 4-wire measurements are made on the device
under test using the front panel UNKINOWN BNC type
terminals. A test fixture, such as the Model 3323 which
connects directly to the front panel, or test cables can be
used to make connections to the DUT.
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The UNKNOWN terminals are described as follows: When using individual cables, refer to Figure 3-5 and use
the following rules to connect them:
E:D%;und terminal for guard that can be used to shield 1. Connect the voltage detection terminals (HPOT and
| L POT) to the inner position on the DUT leads as
L CUR — Current detection terminal shown in the illustration. )
2. Keep cables as short as possible.
L POT — Voltage detection terminal (Low) 3. If using long cables, twist the two voltage cables to-
gether, then twist the two current cables together. Fi-
H POT — Voltage detection terminal (High) nally, twist the two separate cable pairs together to
form one twisted cable assembly.
H CUR -— Drive signal output terminal. Delivers the DC 4. Atthe DUT, connect the shields of the BNC cables to-
bias and the sine wave signal. gether.
G L CUR L POT HPOT HCUR

D A G

\ [\ [T\ [\ [ @l@

Arrangement of
cables for twisting

DUT

Figure 3-5.  Connection to the Device Under Test
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3.5 BASIC MEASUREMENTS

To achieve rated accuracy, zero correction must first be
performed as explained in paragraph 3.15. In general,
zero correction is performed by first opening the meas-

urement terminals and pressing the OPEN key. After

completion of the OPEN correction, the terminals are
then shorted and the SHORT key is pressed.

3.5.1 Measurement Function Selection

The basic measurement functions are selected using the
[A] DISPLAY key. The selected function is denoted by
the annunciators located to the left of the lI' DISPLAY.
The measurement of the selected function is provided on
the [A] DISPLAY. The exponent annunciators for the
measured reading are located to the right of the[[A] DIS-
PLAY. Available functions include:

AUTO — Automatic function selection. With AUTO
function selected, the instrument will determine the type
of device connected to the input and automatically select
the appropriate measurement function.

L (H) — Self-inductance (self-induction factor)
C (F) — Electrostatic capacity
R () — Resistance

| Z| (©) — Magnitude of impedance

To select the desired function, simply press and release
the[[A] DISPLAY key until the desired function annun-
ciator is turned on.

Automatic Function Selection — When AUTO is enabled
by the[ A ] DISPLAY key, the instrument selects the func-
tion, function parameter and equivalent circuit automati-
cally. It does this by measuring the phase angle (0) of the
DUT connected at the input. Table 3-2 defines the se-
lected function and function parameter that is based on
the internally (not displayed) measured phase angle (0):

While in AUTO function:

1. Function parameters are automatically selected.
Pressing the DISPLAY key will result in “Err
13”.

2. The equivalent circuit (CKT) is automatically
(AUTO) selected (SER or PAR).
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3. A, A% and BIN are inoperative. Pressing the AA%
BIN key will result in “Err 13”.

Table 3-2. AUTO Function Selections

Internally Measured Function
Phase Angle (6) Function | Parameter
+90° +30° L Q
0° +30° R Q
—90° £30° C D
Other than (Z] 6
the above
3.5.2 Measurement Function Parameter

Selection

The measurement parameter for the selected function is
selected using the[ B | DISPLAY key. Note however, that
if AUTO function is enabled, this key is inoperative (Err
13). In AUTO function, the measurement parameter is
automatically selected.

The selected function parameter is denoted by the an-
nunciator located to the left of the DISPLAY. The
DISPLAY provides the reading of the selected pa-
rameter, while the exponent part of the reading is located
to theright of the display. The available function parame-
ters include:

Q — Quality factor

D — Dissipation factor (D =1/Q)

ESR (Q) — Equivalent series resistance
G (S) — Parallel conductance

X () — Series reactance

0 (deg) — Phase angle of impedance

To select the desired function parameter (AUTO off),
simply press and release the| B | DISPLAY key until the
appropriate function parameter annunciator turns on.

When ESR, X or G is selected, the equivalent series resis-
tance, series reactance or parallel conductance is dis-
played, respectively. The readings for Q, D and 6 are not
related to the equivalent circuit.
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3.5.3 Equivalent Circuit Selection
R
The equivalent circuit is selected using the CKT key. Note ] VW
that if AUTO functionis e1:1abled, tl}e CKT keyis inopera- AMA— ¢ L S )
tive (Err 13) and the equivalent circuit is placed in the
AUTO mode. C,L

The CKT annunciators on the front panel denote the se-
lected equivalent circuit. The equivalent circuit (series or
parallel as shown in Figure 3-6) affects the measured val-
ues of L, C and R on the[[A ] DISPLAY. The equivalent

circuit selections include:

AUTO — Automatic equivalent circuit selection
SER — Series Circuit
PAR — Parallel Circuit

To select the equivalent circuit (assuming AUTO func-
tion is disabled), simply press and release the CKT key
until the desired annunciator(s) are turned on.

With AUTO CKT enabled, the instrument selects an
equivalent circuit automatically. The selected circuit is
determined according to the combination of selected
function, function parameter, and phase angle. Table 3-3
summarizes the combinations that determine the equiva-
lent circuit while AUTO CKT is enabled.

3.5.4 Measurement Range Selection

Measurement range selection for the selected function
can be performed automatically or manually. Reading
range for the function parameter ([B] DISPLAY) is al-
ways selected automatically. The following front panel
keys are used for range selection:

SER (series) PAR (parallel)

Figure 3-6.  Equivalent Circuits of Device Under Test

AUTO — Each press of this key toggles between
autorange (AUTO RANGE annunciator on) and
manual range.

V¥ — Pressing this key disables AUTO range (if en-
abled) and selects the next lower range.

A — Pressing this key disables AUTO range (if en-
abled) and selects the next higher range.

In AUTO range, the instrument will go to the optimum
(most accurate) range to make the measurement. To en-
able autorange, simply press the AUTO key. The annun-
ciator located adjacent to the AUTO key will turn on. To
disable autorange, press AUTO a second time or press
one of the manual range keys (¥ or A). The ¥ key down
ranges while the A key up ranges.

Table 34 lists the impedance ranges for the instrument.
Notice that the valid measurement range is frequency
and level dependent. The reading limits for each range
are defined by the Lower Limit Extension and the Upper
Limit Extension. The instrument will not display read-
ings that fall outside of these limits. For example, trying
to measure 100kQ on Range 2 will cause the message
“OF” to be displayed. The largest allowable reading for
Range 2 is 11kQ. Display messages that result from ex-
ceeding range limits include:

Table 3-3. AUTO Equivalent Circuit Selections

Conditions for selection of

Conditions for selection of

series mode (SER) parallel mode (PAR)
Function Function
Function Parameter Function Parameter
L, CR,IZI ESR, X LCR,I1Z] G
LC (12l <1kQ) |Q,D,8 LC(ZI>1kQ) 1Q,D,0
R (6>0) Q,D,6 R (6<0) Q, D,
| Z1 QD6
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OF — The measured value is greater than the Upper
Limit Extension value.

UF — The measured value is less than the Lower
Limit Extension value.

OU — The measured value is out of the operating
range of the measurement circuitry.

The optimum measurement is performed on the range
thatis bounded by the Lower Limit and Upper Limit (see
Table 3-4). For example, for a 10kQ measurement, the
most accurate reading will occur on Range 3. In AUTO
range, the instrument will automatically measure 10kQ
on Range 3.

When in AUTO range, sufficient noise may prevent the
instrument from staying on the optimum range. In this
situation, disable AUTO range while on the optimum
range. Automatic range changes will not occur when in
manual ranging.

Hysteresis — For AUTO ranging, a hysteresis of approxi-
mately 10% is used to keep the instrument from changing
ranges for a reading that varies along the borderline of
two ranges. When a reading is increasing, the instrument
will up range immediately after 19,999 counts. For exam-
ple, on Range 2, assume a reading of 1.9999kQ. If the
reading increases by one count, the instrument up ranges
and reads 2.000 kQ on Range 3. When the reading is de-
creasing, the instrument will down range after 1800
- counts. Continuing with the same example, a decreasing
reading will read 1.800 kQ on Range 3. When the reading
decreases one more count, the instrument will down
range to Range 2 and read 1.7999 kQ. Thus, a window of
200 counts is provided for reading variances.

Measurement Capabilities

The measurement capability of each function and func-
tion parameter is summarized as follows:

|Z1,R,ESR, X

Type: Exponent representation
Resolution: | 4 1/2 digits (19999 digits max);
Minimum reading = 0.1mQ

Range: 0.0mQ, +(0.1mQ to 19.999MQ)
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C

Type: Exponent representation

Resolution: | 4 1/2 digits (19999 max)

Range: 0.000pF, £(0.001pF to 199.99mF)
The range of 1C! changes according to
frequency:
120Hz 0.000nF to 199.99mF
1kHz 0.0pF to 19.999mF
10kHz 0.00pF to 1.999mF
100kHz : 0.000pF to 199.99uF

L

Type: Exponent representation

Resolution: | 4 1/2 digits (19999 max)

Range: 0.0nH, =(0.1nH to 19.999kH)

The range of IL| changes according to
frequency:

120Hz 0.0uH to 19.999kH

1kHz 0.00uH to 1.9999kH

10kHz 0.000uH to 199.99H

100kH 0.0nH to 19.999H

G

Type: Floating-point representation

Range: 0.000uS, £(0.001uS to 199.99S);

Equivalent to 1GQ to 5mQ
Resolution: | 4 1/2 digits (19999 max)

QD

Type: Floating-point representation
Resolution: | 4 1/2 digits (19999 max)
Range: -0000, £(.0001 to 19999)

6

Type: Fixed-point representation
Resolution: | 0.01°

Range: -180.00° to +179.99°

Deviation Range information for deviation is covered in
paragraph 3.6.3.
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Calculating Admittance and Susceptance By = —

B= 1Y eSin By = -X/(Rs* + X?)

Admittance Y (1Y | and 8y) and susceptance B are not
displayed by the instrument, but can be calculated as fol-

lows:

1Yl =1/1Z]I

where; Rs is the value of R (=ESR) for the series equiva-
lent circuit (SER).

Table 3-4. Impedance Ranges

Measurement Range (Q)
Reference Lower Limit | Lower Limit | Upper Limit | Upper Limit
Level | Frequency | Range | Resistance (Q) | Extension xE i Extension
1V 100Hz *1 100 — 0 5 11
: 2 100 0.9 5 2 k 11 k
: 3 1k 980 2k 20 k 110 k
10kHz 4 10 k 9.8 k 20k . 200 k 1L.1M
5 50 k 49 k 200 k 2M 55M
*6 50 k 450 k 2M 20M co
20kHz *1 100 — 0 5 11
50kHz 2 100 0.9 5 2k 11 k
100kHz 3 1k 980 2k 20 k 110 k
4 10 k 9.8 k 20 k 200 k 1.1M
*5 10 k 90 k 200 k 2M oo
*6 10 k 90 k 200 k 2M oo
50mV | 100Hz *1 100 — 0 5 11
: 2 100 0.9 5 2k 11 k
: 3 1k 900 2 k 20 k 110 k
10kHz 4 10 k 9k 20 k 200 k 1.1M
5 50 k 45 k 200 k 2M 55M
*6 50 k 450 k 2M 20M oo
20kHz *1 100 — 0 5 11
50kHz 2 100 0.9 5 2k 11 k
100kHz 3 1k 900 2k 20 k 110 k
4 10 k 9 k 20 k 200 k 1.1M
*5 10 k 90 k 200 k 2M oo
*6 10 k 90 k 200 k 2M oo

*Extension range
**Lower limit values are inclusive.
**Upper limit values are not inclusive.
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3.6 DEVIATION (2, %A)

The deviation (A) and % deviation (A%) of a function with
respect to a reference value can be displayed. Note that
deviation of a function parameter cannot be performed.

A = Measured value — Reference value
A % = (A/Reference value) x 100

Paragraph 3.6.1 explains how to setareference value, and
paragraph 3.6.2 explains how to display deviation.

3.6.1 Setting a Reference Value
SET UP REF is used to set a reference value for deviation
measurements.

Reference Range: +(0.0001p to 19999M)

Perform the following steps to set a reference value for
deviation measurements:

1. Press the SET UP key. The[[A ] DISPLAY will blank
and the blue labeled FREQ (Hz) annunciator will
blink on and off.

2. Press and release the NEXT key until the REF (blue
label) annunciator blinks on and off. The current ref-
erence value will be displayed on the DISPLAY.
If the current reference value is to be retained, exit
from this mode by pressing ENTER/EXIT. Other-
wise, proceed to the next step.

3. Key inthe desired reference value using the numeric
entry keys and exponent keys (if necessary). For ex-
ample, a 1kQ reference value can be keyed in by
pressing the “1”, “0”, “0”, “0” keys in that order, or
by pressing the “1”, “EXP”, “k” keys in that order.

4. With the desired reference value displayed, press
ENTER.

Note: The instrument is still in the REFerence SET
UP mode. If you entered an incorrect reference
value, simply key in the correct value and press EN-
TER.

5. With the desired reference value displayed, again
press ENTER. The instrument will return to the nor-
mal measurement state.
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3.6.2 Displaying Deviation

With an appropriate reference value established (see pre-
vious paragraph), deviation (A or A%) canbe displayed.
The procedures in this paragraph assume that the instru-
ment is appropriately configured to measure a DUT.

In general, deviation (A or A%) is displayed with the use
of the AA%BIN key. This key simply selects A, A%, BIN or
a deviation/BIN combination (ABIN or A%BIN).

Perform the following steps to display deviation:

1. Deviation cannot be displayed with the instrument
in AUTO function. If AUTO function is enabled, use
the[A] DISPLAY key to disable it and select the ap-
propriate function.

2. Perform one of the following steps (A or B):

A. A Deviation — Press and release the AA%BIN
key until the A annunciator turns on, and the %
and BIN annunciators turn off. Deviation (A) is
displayed on the [A]] DISPLAY.

B. A% Deviation — Press and release the AA%BIN
key until the A and % annunciators turn on, and
the BIN annunciator turns off. Deviation (A) is
displayed on the [[A7] DISPLAY.

Note: Deviation can be used with the Comparator

(BIN) and is explained in paragraph 3.7.3.

3.6.3 Deviation Measurement Range

The measurement capabilities for deviation are summa-
rized as follows:

A

Type: Exponent representation
Display Range:| £19999 counts

Notes:

1. When the reference value is zero, the A value is the
same as the measured value.

2. If the displayed measured value is “OF”, “UF” or
“OU”, then the Areading is also “OF, “UF, or “OU".
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A%

Type: Fixed point representation

Display Range:|-199.99% to +199.99%;
Resolution: 0.01% (When exceeding
this range, “OF” is displayed)

Notes:

1. When the reference value is zero, the displayed A%
value is “OF”.

2. If the displayed measured value is “OF”, “UF” or
“OU”, then the A%reading is also “OF, “UF, or
IIOU/I'

3.7 COMPARATOR (BIN)

The Comparator allows DUTSs to be compared to defined
reading limits and classified into one of up to 20
catagories (bins). Upper and lower limits can be set for
the 20 bins and are designated as Bins 0 through 19.

Bins 1 though 19 are used for comparing and categorizing
the readings of measurement functions (L, C, R or Z). For
example, if a resistor measures 9000, it will be assigned to
the first bin (starting with bin 1) whose limits will accom-
modate the value 900. If there are no bins that are defined
to accommodate the 900Q2 reading, the resistor will be as-
signed to Bin 0.

When enabled with valid limits, Bin 0 becomes a special
case bin that first compares the reading of the function
parameter (Q, D, ESR, G, X or 0). If the reading of the
function parameter is not within the defined limits, it is
considered a failed part and is assigned to Bin 0. If how-
ever, the reading of the function parameter passes, then
the reading of the basic measurement function is com-
pared, and the part is assigned to the appropriate bin as
previously explained.

3.71 Defining Comparator Limits

The following procedure explains how define limits for
the 20 bins. The values of the limits that you choose will
depend on the type of comparison that is to be per-
formed. Basic measurement readings can be compared,
or deviation measurement readings can be compared.
Details for comparing deviation readings are contained
in paragraph 3.7.3.

Perform the following steps to define comparator limits:

1. Select BIN.

Press and release the SETUP key until the blue-la-

beled BIN annunciator blinks on and off. The last de-

fined bin will be displayed on the DISPLAY.

Upon power-up, Bin 0 will be displayed when BIN is

selected, and upper and lower limits of all bins will

be set to zero.

2. Select Bin 0.
Press the 0 key (“0” will blink on and off) and press
ENTER.

3. Define limits for Bin 0

If you do not wish to evaluate the function parame-

ter measurement, the lower limit of Bin 0 must be

equal to or less than the upper limit (Lower Limit <

Upper Limit). For example, to disable evaluation of

the function parameter, simply set both upper and

lower limits to zero.
A. With Bin 0 displayed, press the NEXT key. The
LOWER annunciator will blink on and off, and
the current lower and upper limits of Bin 0 will
be displayed (lower limit on the [A] DISPLAY
and upper limit on the[ B ] DISPLAY).
B. To change the lower limit, perform step a. To re-
tain the displayed lower limit, perform step b.
a. Change Limit — Key in the new value using
the data entry keys (see paragraph 3.8) and
press ENTER. The UPPER annunciator will
blink on and off.

b. Retain Limit — Press the NEXT key. The UP-
PER annunciator will blink on and off.

C. To change the upper limit, key in the new value
and press ENTER.

Note: If there are not going to be any changes to
other bins already defined, press EXIT to return
to the normal measurement state.

4. Define limits for Bins 1 through 19
A. With the limits for Bin 0 still displayed, press
NEXT. The BIN annunciator blink on and off and
Bin 1 will be displayed on the[B] DISPLAY.
B. Press NEXT.The LOWER annunciator will blink
onand off and the upper and lower limits of Bin 1
will be displayed.
C. Tochange the lower limit, perform step a. To re-
tain the displayed lower limit, perform step b.
a. Change Limit — Key in the new value using
the data entry keys (see paragraph 3.8) and
press ENTER. The UPPER annunciator will
blink on. and off.

b. Retain Limit — Press the NEXT key. The UP-
PER annunciator will blink on and off.

D. To change the upper limit, key in the new value
and press ENTER.
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E. Press NEXT to proceed to the next bin and define
the limits as explained in steps B, C and D.

F. Repeat the basic procedure in steps B through E
for as many bins (up to Bin 19) as needed.

G. After defining the last bin, press EXIT to return
to the normal measurement state.

Note: When abinis closed (Lower Limit=Upper
Limit), that bin and all subsequent bins are effec-
tively removed from the test system. For exam-
ple, for a 5 bin test system, Bins 1 through 5 are
defined with valid limits (Lower Limit < Upper
Limit). Bin 6 is closed by making the lower limit
equal to or greater than the upper limit. For this
test system, bins 6 through 19 are not used. All
parts will be sorted to bins 0 through 5.

5. Check Bin Limits
After defining limits for all the needed bins, it is a
good idea to scan through the bins to check for mis-
takes and make necessary corrections.

To check limits, press and release SETUP until the
front panel BIN annunciator blinks on and off. The
last defined bin will be displayed. To start at Bin 0,
key in 0 and press ENTER. At this point, simply
press and release the NEXT key to scroll through the
bins. The PREV key can also be used to scroll
through the bins. Note that after scrolling past Bin 19
(using NEXT) or past Bin 0 (using PREV), the instru-
ment will automatically return to the normal meas-
urement state. You can return to the normal meas-
urement state at any time by pressing EXIT.

A displayed lower limit can be changed by keying in
a new lower limit while the LOWER annunciator is
blinking on and off, and pressing ENTER. Con-
versely, a new upper limit can be entered with the
UPPER annunciator blinking.

3.7.2 Basic Comparator Operation

1. Configure instrument for DUT measurement
Configure the instrument to measure the device type
that you wish to compare and assign to bins. The
Compare (BIN) feature cannot be used with AUTO
function enabled. If AUTO function is enabled, use
the[A ] DISPLAY key to disable it and manually se-

lect the appropriate measurement function.

2. Define comparator limits
Define the limits of the comparator bins as explained
in paragraph 3.7.1.
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3. Select the BIN function
Press and release the AA%BIN key until the BIN dis-
play annunciator turns on. Note that this key also
controls the deviation selections (A and A%), so un-
less you are comparing deviation readings make
sure they are not enabled.

If comparing deviation readings, use the AA%BIN
key to select either ABIN or AA%BIN. See paragraph
3.7.2 for information on comparing deviation read-
ings.

4. Test DUT
Connect the DUT to the input of the instrument. In-
stead of displaying the measured reading of the
DUT, the bin number that the device is assigned to is
displayed on the[[A] DISPLAY.

If Bin 0 is open (Lower Limit < Upper Limit), the
function parameter (Q, D, ESR, G, X or 0) will first be
tested. If the part is not within the defined limits of
Bin 0, it will be assigned to Bin 0. If the part is within
the lirnits, then the function measurement (L, C,R or
Z) is compared and assigned to the appropriate bin.
If there are no bins that will accommodate the meas-
ured reading, then the part will be assigned to Bin 0.

When the displayed value for any partis “OF”, “UF”
or “OU”, that part is assigned to Bin 0.

3.7.3 Comparing Deviation Readings

The instrument can be configured to use Bins 1 through
19 to compare deviation (A or A%) readings. In general,
deviation readings are the result of subtracting the meas-
ured value from a defined reference value. The difference
(A) or the percentage of the difference (A%) becomes the
deviation value. Detailed information on deviation is
contained in paragraph 3.6.

When comparing deviation values, make sure the limits
for the bins reflect the appropriate deviation readings.
For example, assume that you wish to compare devices
that have a nominal value of 1kQ. For this comparison, a
reference value of 1kQ would be established. If you wish
to to assign devices that are within +1% (+10Q) tolerance
to Bin 1, you would set the Lower Limit of Bin 1 to —-1.000
(for A%) or —10.00 (for A), and the Upper Limit to 1.000
(for A%) or 10.00 (for A).

Comparisons begin at the lowest numbered bin. The
tested device will be assigned to the first bin whose limits
will accommodate the device reading. For this reason,
deviation limits must be in an ascending order starting
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with the lowest bin. For example, assume that you wish
to sort devices into one of the following three catagories;
+1% tolerance, £10% tolerance and +25% tolerance. The
correct way to do this is to define Bin 1 for the 1% limits,
Bin 2 for the 10% limits and Bin 3 for the 25% limits. If in-
stead, you defined Bin 1 for the 10% limits and Bin 2 for
the 1% limits, devices that have 1% tolerance will be as-
signed to Bin 1 since it is within the defined limits.

After defining comparator limits, and a deviation refer-
ence value, deviation comparisons are performed by se-
lecting ABIN or BINA% as explained in step 3 of para-
graph 3.7.2.

3.8 SETUP

This section explains how to use SET UP to select and set
up parameters that are labeled in blue on the front panel.
The SET UP parameter selections include:

FREQ — Use to select an auxiliary measurement fre-
quency

DELAY — Use to get the delay between a manual
trigger and the start of the measurement.

REF — Use to define a reference value for deviation
measurements

BIN, LOWER, UPPER — Use to define the upper and
lower limits of bins for the comparator.

GPIB — Use to set the primary address of the GPIB
bus.

To enable SET UP, press the SET UP key. The annunciator
next to the key will turn on. The current value of the se-
lected parameter is displayed. Each press of the NEXT
key enables the next SETUP parameter and displays its
value. In general, selections using the NEXT key move
from right-to-left. The PREV key operates in a similar
manner except that selections move from left-to-right.

The SETUP mode can be exited by pressing the EXIT key.
The instrument will return to the normal measurement
state.

Data Entry

When using the SET UP mode, numeric values for the se-
lected operation are entered using the data entry keys.
The data entry keys include the blue labeled number keys
(“0” ~#9”,“” ,“~ and “CE”), and the green labeled expo-
nent keys (“EXP”, “u”, “M”, “n”, “k”, “p” and “m”).

Use the following general rules to enter data for SET UP:

1. Once SET UP is enabled (SET UP annunciator on),
the blue labeled data entry keys become functional.

2. Eachdisplay hasa valuerange from .0001 to 19999. A
value in this range can be keyed in using the number
keys (0 -9), decimal point (.) and polarity sign ().
The ~ key toggles between minus (~) polarity and
plus (+) polarity, which is implied by the absence of
the minus sign (-).

3. The exponent part of the value is selected with the
EXP key. When the EXP key is pressed, all the expo-
nent annunciators turn on to denote that the green
exponent keys (u, M, n, k, p and m) are functional.
Exponent is selected simply by pressing the desired
exponent key. The annunciator that corresponds to
the selected exponent will remain lit. All others will
turn off. Exponent symbols are defined as follows:

p = pico =10
n=nano = 107
u = micro = 10

m = milli = 107
k =kilo = 10°
M = Mega = 10°

Note: The instrument will automatically adjust the
exponent in order to allow the largest possible man-

tissa to be displayed. For example, if you enter
0.001M, the instrument will display 1.0000k.

4. Onceanumberiskeyed in, the blinking digit will de-
note that the displayed valueis pending until itis en-
tered. A pending value can be canceled by pressing
the CE key. This cancel entry key will cancel the
pending value and display the previously defined
value.

5. A pending value is entered by pressing the ENTER
key.

3.8.1 FREQ (Hz)

The four most used measurement frequencies (120Hz,
1kHz, 10kHz and 100kHz) are usually selected using the
FREQ key as explained in paragraph 3.10. FREQ allows
any of the additional measurement frequencies to be se-
lected. The 11 frequencies that can be selected include:

100Hz, 120Hz, 200Hz, 500Hz, 1kHz, 2kHz, 10kHz,
20kHz, 50kHz, 100kHz

Perform the following steps to select one of the above fre-
quencies:
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1. Use the SET UP key to enable FREQ (Hz). The cur-
rently selected frequency will be displayed on the
DISPLAY. To retain this setting, simply press
EXIT to return to the normal measurement state.

2. To select an alternate frequency, key in the fre-
quency using the data entry keys (see paragraph 3.8
for details) and press ENTER.

3. To exit from SETUP, press EXIT.

Notes:

1. Entering an invalid frequency will result in “Err 12,
To clear the error message, press any front panel key.

2. When one of the auxiliary frequencies is selected, all
the FREQ annunciators will be off when the instru-
ment is in the normal measurement state.

3.8.2 DELAY

Trigger delay time is the time delay between a manual
trigger and when the measurement starts. Using an ap-
propriate delay period allows the instrument and the de-
vice to stabilize before a measurement is taken. A defined
delay period is only implemented when in manual trig-
ger (MAN TRIG). For continuous trigger (AUTO TRIG),
the delay is disabled (0 sec).

Range: 0.00 to 199.99[s], Resolution 0.01s

Perform the following steps to set a trigger delay time:

1. Use the SET UP key to enable DELAY. The currentl
selected delay period will be displayed on the
DISPLAY. To retain this setting, simply press EXIT
to return to the normal measurement state.

2. Tosetadifferentdelay period, key in the delay using
the data entry keys (see paragraph 3.8 for details)
and press ENTER.

3. To exit from SETUP, press EXIT.

Note: The lowest delay period that can be set is 10msec.

3.8.3 REF

A reference value from #(0.0001p to 19999M) can be es-
tablished for deviation measurements. In general, a refer-
ence value is established by selecting REF with the SET
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UP key, and then entering a valid reference value. Details
for establishing a reference value is contained in para-
graph 3.6.1.

3.8.4 BIN, LOWER, UPPER

BIN, LOWER and UPPER are used to set the upper and
lower limits for the bins of the comparator. In general,
BIN is used to select the bin number, LOWER is used to
enter the lower limit value, and UPPER is used to enter
the upper limit value. Complete details on using the co-
mparator are contained in paragraph 3.7.

385 GPIB

GPIB is used to set the GPIB primary address and the de-
limiter (terminator). The GPIB address can be set from 0
to 30. The delimiter can be set to 0, which is carriage re-
turn, line feed (<CR> <LF>) or to 1, which is carriage re-
turn (<CR>) only.

The displayed address and delimiter values are sepa-
rated by a decimal point on the[B] DISPLAY. For exam-
ple, aGPIB address of 2 and a <CR> <LF> delimiter is dis-
played as follows:

2.0

Perform the following steps to set the GPIB address and
delimiter:

1. Usethe SET UP key to enable GPIB. The currently se-
lected GPIB address and delimiter value will be dis-
played on the DISPLAY. To retain these set-
tings, simply press EXIT to return to the normal
measurement state.

2. To set a different address and/or delimiter, key in
the valid values using the data entry keys and press
ENTER. Make sure to separate the two values with
a decimal point. If only the GPIB address is entered,
the delimiter will automatically default to 0 (<CR>
<LF>).

3. To exit from SETUP, press EXIT.

Note: The GPIB address and delimiter are stored in bat-
tery backed-up memory and are not lost when power is
cycled.
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3.9 SAVING MEASUREMENT
CONFIGURATIONS

Up to 10 measurement configurations can be saved in in-
ternal memory. The memory is battery backed-up so that
set-up data is not lost after power is cycled.

The 10 memories are designated as Memories O through
9. Setup configurations can be saved in and recalled from
Memories 1 through 9 at the user’s discretion. Memory 0
is a special case where configuration save is not con-
trolled by the user. Upon power-down, the current in-
strument configuration is stored in Memory 0. When the
unit is again turned on, the instrument goes to the power-
up default conditions (see Table 3-1). However, the last
setup configuration (upon power-down) can be restored
by selecting Memory 0. Of course, any other configura-
tions stored in Memories 1 through 9 can instead be re-
stored.

The following operating states are saved in memory:

[A] DISPLAY: Function (L, C, R, Z)

DISPLAY: Function parameter {Q, D, ESR, G, X,
6)

AA%BIN: Deviation and comparator (BIN) bin as
signment

FREQ: Measurement frequency

CKT: Equivalent circuit mode

SPEED: Measurement speed

LEVEL: Measurement signal level

RANGE: Range

TRIG: Trigger mode

DELAY: Trigger delay time

REF: Reference value for deviation

LOWER/UPPER: Lower and upper limits for co-

mparator (BIN)

The GPIB address and delimiter are also backed-up by
battery and not lost after power-down. However, these
values are not stored in any of the 10 sets of memory.
They are controlled by SETUP GPIB (see paragraph
3.8.5).

Saving and Recalling a Setup Configuration

Perform the following steps to save the current setup
configuration in one of the nine available memories:

1. Press the (-STO) key. The annunciator next to that
key will turn onand “0” will be displayed on the[ B ]
DISPLAY.

2. Press the — (sign) key. The “0” will blink on and off.

3. Key in the number (1 through 9) of the memory that
you wish to store the configuration, and press Enter.

After pressing enter the setup configuration will be
stored in the selected memory designation and the in-
strument will return to the normal measurement state.

Perform the following steps to recall a setup configura-
tion from one of the 10 available memories:

1. Press the RCL key. The annunciator next to that ke
will turn on and “0” will be displayed on the
DISPLAY.

2. Key in the number (0 through 9) of the memory that
contains the setup configuration that you wish to re-
call and press ENTER.

After pressing ENTER, the instrument will return to the
configuration that is defined by the selected memory.

Notes:

1. With a memory designation number displayed, the
polarity sign can be changed as needed. If plus (-
sign not displayed), the setup will be recalled. Con-
versely, if minus (-), the setup will be stored.

2. An incorrect value can be cleared with the CE key.

3. Ifa “0” that is not blinking is entered, the recall op-
eration will not be performed.

3.10 FREQUENCY SELECTION

The impedance of a device under test changes with fre-
quency. Therefore, it is advisable to measure the device
with its operating frequency.

Use the following guidelines to select a measurement fre-
quency:
100Hz and 120Hz: Use to measure large values of C

1kHz: Use to measure intermediate values of R, L
and C

10kHz to 100kHz: Use to measure small values of L
and C
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To select one of the four measurement frequencies la-
beled on the front panel (120Hz, 1kHz, 10kHz, 100kHz),
press and release the FREQ key until the desired fre-
quency is selected. The selected frequency is denoted by
the enabled annunciator.

If all the FREQ annunciators are off, than an alternate fre-
quency is selected. To check the frequency value or to se-
lect one of the alternate frequencies (100Hz, 200Hz,
500Hz, 2kHz, 5kHz, 20kHz, or 50kHz), use SET UP FREQ
as explained in paragraph 3.8.1.

Using the FREQ key to select a frequency will cancel any
alternate frequency previously established using SET UP
FREQ.

3.11 SPEED SELECTION

Measurement speed is the time that it takes the instru-

ment to process a single measurement. There are three

measurement speeds that can be selected; FAST, MED, or
SLOW.

At a frequency of 1kHz, and assuming range changes do
not occur, the following approximate measurement
times apply:

FAST: 64ms (Note that accuracy is lowered.)

MED: 150ms

SLOW: 480ms (Use this mode when a measured
value is dispersed and it is hard to read.)

At FAST speed, accuracy is lowered. Use SLOW speed
when the measured reading is noisy and hard to read.

The current measurement speed is denoted by the front
panel SPEED annunciator thatis enabled. To select one of
the other speeds, press and release the SPEED key until
the desired speed is selected.

Note: Measurement time changes according to frequency
and range. When on an extension measurement range
(see paragraph 3.5.4), the measurement time doubles.
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3.12 SIGNAL LEVEL SELECTION

The instrument measures devices by applying an rms
signal (at the selected frequency) and then measuring the
subsequent current. The signal levels that can be selected
are 50mV rms and 1V rms.

The 1V signal level can be used for most measurements.
For semiconductors that have non-linear characteristics
that are affected by signal magnitude, use the 50mV level.

The front panel LEVEL annunciator denotes the current
signal level. To select the alternate level, simple press the
LEVEL key once.

The specified signal levels are maintained for devices
that have an impedance of 1kQ or more. At lower imped-
ances, loading lowers the level of selected signal.

Note: After a signal level is selected, the displays will
blank until the next measurement is completed.

3.13 TRIGGER

A trigger is a stimulus that will start a measurement con-
version. The instrument can be set for automatic trigger-
ing (AUTO TRIG) or manual triggering (MAN TRIG).
Also, a delay time between triggers can be set.

3.13.1 Trigger Selection

In the automatic (AUTO) trigger mode, readings are trig-
gered and measured continuously. The display is con-
stantly refreshed with readings at a rate that is deter-
mined by the selected measurement speed (SPEED).

In the manual (MAN) trigger mode, a trigger will only oc-
cur when the front panel MAN TRIG key is pressed. Each
press of this key will cause one reading to be measured
and displayed after the trigger delay period elapses (see
paragraph 3.13.2). The advantages of the manual trigger
are as follows:

® Retain the measured value on the display

¢ After connecting a device for sorting (Comparator),
you can allow the test system time to stabilize before
triggering a reading.
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On power-up, AUTO trigger is enabled and is denoted by
the annunciator next to the AUTO TRIG key. Note that
the BUSY annunciator is also enabled and blinks at the
measurement conversion rate. The AUTO TRIG key tog-
gles the instrument between automatic triggering and
manual triggering. When AUTO TRIG is disabled, the
BUSY annunciator turns off, and the last processed read-
ings are retained on the display.

Automatic triggering can also be disabled by pressing the
MAN TRIG key. The first press of this key disables AUTO
TRIG and triggers a reading after allowing the trigger de-
lay period to elapse. Each subsequent press of this key
will trigger one reading after waiting the trigger delay
period.

3.13.2 Trigger Delay

In the manual (MAN) trigger mode, a trigger delay pe-
riod from O to 199.9 seconds can be set. When the MAN
TRIG key is pressed, the trigger delay period will elapse
before the reading occurs. A delay period is useful to al-
low a device to stabilize before measuring it. It is particu-
larly useful when sorting parts using the comparator. A
proper delay period will allow an applied bias voltage to
settle before the comparison is performed.

In AUTO TRIG, the trigger delay is disabled (0s).

The delay period is set using SET UP and is explained in
detailin paragraph 3.8.2. In general, trigger delay is set by
pressing SET UP until DELAY is enabled, the time period
is keyed in, and ENTER is pressed.

Note: When a manual trigger occurs, the BUSY annuncia-
tor will turn on and remain on until the measurement is
completed. When the BUSY annunciator turns off, it indi-
cates to the operator that the test on the device is com-
pleted and can be removed.

3.14 DC BIAS

When measuring capacitance (C), a DC bias can be ap-
plied. This bias allows capacitance changes in semicon-
ductor junctions due to applied voltage to be measured.

The instrument has a built in 2V bias that can be used, or
an external bias voltage from 0 to +35V can be applied via

a BNC connector on the rear panel. The bias voltage (and
drive signal) can be monitored on the H CUR terminal.

DC bias cannot be used to measure L, R or Z. Pressing the
BIAS key while in one of these functions will result in
“Err 14”.

Bias Stabilization Time — When bias is abruptly changed
by turning BIAS on to its peak value, some time is re-
quired to allow the bias voltage to stabilize before an ac-
curate capacitance measurement can be made. Use the
following equation to determine the time required to
achieve stability:

Stabilization time (in seconds) = 4 + 0.015C
where; C is the capacitance in uF

Perform the following steps use DC bias:

1. If using an external supply, connect it to the BIAS
EXT IN BNC connector on the rear panel. Make sure
the supply is in standby and is set for OV.

CAUTION
To prevent damage to the instrument, do not
apply voltage that is not within the 0V to
+35V range. Also, adhere to the precautions
and considerations explained after this pro-
cedure.

2. Set the rear panel BIAS switch. If using the internal
supply, set the toggle switch to the INT 2V position.
If using an external bias supply, set the toggle switch
to the EXT position.

3. Using the DISPLAY key, select the C function.
Note that AUTO function must be disabled. DC bias
cannot be enabled in AUTO function.

4. Connect the device to be measured.

CAUTION
When checking a polarized device, make
sure to observe polarity. Also, make sure to
discharge capacitors before connecting them
to the input.

5. Enable DC bias by pressing the BIAS key. When
BIAS is enabled, its annunciator will turn on. Note
that if a different function is selected, BIAS will dis-
able.
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If using an external bias source, increase the bias
source gradually from zero to the desired level.
The capacitance reading using a DC bias will be dis-
played.

If using an external bias source, gradually decrease
the level to OV.

Disconnect the device.

External Bias Supply Precautions and Considerations:

1.

Ripple and Noise — The power supply must have
low ripple and noise (<1mV rms). It is recommended
that a switching type power supply not be used. If
ripple and noise are large, measurement accuracy is
lowered. »

Measuring Large Capacitors with High Voltage —
When measuring more than 100uF using a bias of
more than 10V, connect the capacitor to the input
with the bias supply set to 0V, and then increase the
voltage gradually. After completing the measure-
ment, decrease the voltage gradually to OV and then
disconnect the device.

Voltage Regulation — For a bias voltage of 10V or
more, the voltage level must be changed at at a slow
rate of speed (<10V/sec). Otherwise, the EXT 0.1A
protection fuse (accessed from the rear panel) will
blow.

3.15 ZERO CORRECTION

Zero correction is performed to cancel the effects of resid-
ual impedance and stray admittance caused by test fix-
tures and test cables.

3.15.1

Zero Correction Procedures

OPEN — Stray Admittance Measurement:

Perform the following steps to perform the OPEN correc-

tion

1.

2.
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procedure:

Open the measurement terminals as shown in
Figure 3-7.

Press the OPEN key. The instrument measures the
stray admittances for all frequencies, and stores the
values in memory. On the DISPLAY, the mes-
sage “OP 23” will be displayed. During the execution
of the correction, the display will count down to “OP

0” which signals the end of the correction procedure.
The instrument will then return to the normal meas-
urement state using the corrected values to calculate
readings. Note that during the execution of the cor-
rection procedure, stray capacitance readings will be
displayed on the DISPLAY.

NOTE :
For the OPEN correction, make sure L CUR is
connected to L POT, and H POT is connected
to H CUR as shown in Figure 3-7.

Figure 3-7.

L CUR L POT HPOT HCUR

OPEN Measurement

SHORT — Residual Impedance Measurement:

Perform the following steps to perform the SHORT cor-
rection procedure:

1.

Short the measurement terminals as shown in Figure
3-8.

Press the OPEN key. The instrument measures the
stray admittances for all frequencies, and stores the
values in memory. On the | A | DISPLAY, the message
“OP 9” will be displayed. During the execution of the
correction, the display will count down to “OP 07,
which signals the end of the correction procedure.
The instrument will then return to the normal mea-
surement state using the corrected values to calculate
readings. Note that during the execution of the cor-
rection procedure, stray capacitance readings will be
displayed on the [B] DISPLAY.

NOTE
For the SHORT correction, makesure L. CUR,
L POT, H POT and H CUR are all connected
together as shown in Figure 3-8.
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LCUR L POT HPOT HCUR

Figure 3-8.  SHORT Measurement

3.15.2 Equivalent Circuits of
Measurement System

If the correction values obtained and stored in memory
are represented by measurement circuits shown
Figure 3-9 use the following equation to calculate the true
impedance:

Zx=1/(Ym-Ypp) —Zss

3.15.3 Correctable Range

| Zss | <approx. 3Q (Rss < approx. 3Q, Lss < approx. SuH
at 100kHz)

IYpp! < approx. 10us (Rpp = 1/Gpp > approx. 100k,
Cpp < approx. 16pF at 100kHz)

If a value exceeds the correctable range, an error results,
an the correction factor (value of zero) does not change.
The instrument measures the overall impedance includ-
ing residual impedance and stray admittance, and then
corrects the residual impedance and the stray admittance
by calculation. Therefore, if the magnitude of the residual
impedance or stray admittance comes close to the magni-
tude of the measured impedance, or if the two magni-
tudes arereversed, the measuring accuracy is lowered. In
this case, calibrate the instrument using an external stan-
dard.

Zx =1/(Ym - Ypp) - Zss

(£ s9) (Y pp)

Rss Lss

Zx : Gpp

—Ym R ss : Residual resistance

Cpp

(a) Normal measurement mode

«~—Y pp

Gpp Cpp

(b) OPEN measurement mode

Figure 3-9.  Equivalent Circuits of Measurement System

Y m : Virtual admittance
Z x :Measured impedance

Z ss : Residual impedance (series)

Lss :Residual inductance
Y pp : Stray admittance (parallel)
G pp : Stray conductance

C pp : Stray capacity

Rss Lss

«——7Zss

(¢} SHORT measurement mode
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3.16 MEASUREMENT CABLES

3.16.1 Cable Requirements

When using the cables, maintain the four-terminal con-
figuration all way to the device under test. Use the coaxial
cables, and twist them as illustrated in Figure 3-10(a).
Make sure the cables are arranged as shown in the cross-
sectional view to minimize errors when performing low
impedance measurements. If it is impossible to bundle
the four cables, twist the two current cables together, and
then twist the two voltage cables separately. The shorter
the cables, the less the error.

Perform the OPEN and SHORT zero correction under
conditions that are similar to the actual measurement
condition. In other words, leave the cables connected to
the instrument, and perform the open and short at the
DUT end of the cables.

Low Impedance Measurements:

Model 3324 4-Terminal Alligator Clip Test Leads — If
possible, twist the two current leads and the two voltage
leads separately as shown in Figure 3-10(b).

Model 3325 Kelvin Clip Test Leads — If possible twist the
two leads together as shown in Figure 3-10(c).

High Impedance Measurements:

When measuring high impedances (i.e. low capacitance
at high frequency) use cables that are shielded all the
way to the test clips. This will minimize stray capacitance
between high and low. The Models 3324 and 3325 test
leads are properly shielded for this application.

HCUR

HPOT

L POT

L CUR

(b) Model 3324

Figure 3-10.  Test Cables

(a) How to bundle cables

(ror)
(o)
©

Cross-sectional view

HCUR ~HPOT

LCUR / LPOT

(¢) Model 3325
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3.16.2 Additional Error

The accuracy specifications are based on making meas-
urements at the input connectors of the instrument.
When using cables to connect to a the DUT, additional er-
ror is introduced due to stray capacitance and voltage
drop.

Additional Error in High Impedance Region:

The additional error in the high impedance region that is
caused by test cables is summarized in Table 3-5.

Additional Error in Low Impedance Region:

Test cables add the following error to | Z| measurements
of <2Q:

100 to 5kHz: 0.2m [Q]
10kHz: 0.3m

20kHz: 0.4m

50kHz: 0.7m

100kHz: 1.5m

3.17 ERROR MESSAGES

Errors may result from the following:

1. Self-check (power-up test or zero measurement dur-
ing OPEN or SHORT correction).

2. Invalid front panel setting.

3. Programming error over the GPIB bus.

On power-up, the instrument performs self-tests on its
memory elements and denotes a failure with one of the
following messages that cannot be cleared:

Self-test Failure Messages:

Message Description
EEEEE nnnnn Memory Failure
where: n=2 Invalid cal constants
n=4-7 RAM error
n=9 ROM error

The error messages caused by improper operation that
are displayed by the instrument are listed and explained
in Table 3-6.

It is possible to get the following messages on the [A]
and DISPLAYS if the instrument is exposed to exces-
sive noise fields:

[AT]DISPLAY: FFFFF DISPLAY: 66666

To clear this error, turn off power and turn powerback on
after three seconds. If this error occurs frequently, the in-
strument may be defective. Contact your sales represen-
tative or the factory.

Table 3-5. Additional Exror of |Z| Caused by Test Cables (Reference Data)

Reference Frequency
Resistance () 5kHz 10kHz 20kHz 50kHz | 100kHz
1kQ — —_ — 0.05% 0.2%
10kQ — 0.02% 0.08% 0.5% 2%
50kQ 0.05% 0.1% — — —
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Clearing Error Messages Clear over the GPIB bus — An error can be reset by

Once an error message is displayed, it will remain dis-

sending the device clear command (DCL, SDC) over
the bus.

played until it is cleared by the operator. The instrument
is effectively inoperable while the error message is dis-

played. Note: If “EEEEE” or “FFFFF” is displayed on the
[CADISPLAY section or when an error number ex-
ceeds 50, the instrument is not functioning properly.
Turn off power, and then turn power on again after
Clear from front panel — An error message can be three seconds. If the error message does not clear, the
cleared by pressing any front panel key. In this case, instrument is defective. Contact your sales represen-
the operation inherent to the key does function. tative or the factory.
Table 3-6. Error Message
Error | Message
Err 12 | Entered value exceeds measurement range.
Err 13 | Attempted to select a function parameter DISPLAY key), or enable deviation or BIN AA%BIN key)
while AUTO function is enabled.
Err 14 | Attempted to enable BIAS, while AUTO, L, R or Z function selected. Bias can only be used for capacitance
(C) measurements.
Err19 | Attempted to select a range past the upper or lower limit.
(4) Errors that occur during execution of an instrument operation.
Err 21 | Occurs during power-up when battery back-up memory fails. GPIB address defaults to 2, and delimiter
defaults to <CR> <LF>. '
Err 22 | Zero correction value exceeds the tolerance.
(5) GPIB error caused by programming or inquiry error.
Err31 | Attempted to send a command string that is too long. All commands in string are ignored.
Err 32 | Illegal header; received a header that was not defined.
Err 33 | lllegal header; inquiry performed when programmed to perform an operation, or operation performed
when programmed to perform an inquiry.
Err 34 | Illegal parameter; parameter expected but not sent.
Err 35 | lllegal parameter; comma (,) which delimits parameters missing.
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4.1 INTRODUCTION

The GPIB Interface is a general-purpose interface bus
system recognized by the IEEE (Institute of Electrical and
Electronics Engineers) in 1975 in the U.S and is a method
of standardizing the data input/output transfer between
measuring instruments and peripherals including re-
mote control functions.

By designing each controller and peripheral device into
an interface conforming to this standard, it is possible to
establish complete hardware compatibility between each
device.

Up to 15 devices may be connected to a single interface
bus with data transfer performed by three handshake
lines. These handshake lines ensure reliable data transfer
between data senders and receivers even though they
may have different transfer rates.

Various names have been applied to the GPIB, including
TEEE—488 bus. The official name, however, is the “IEEE-

Std 488-1978: IEEE Standard Digital Interface for Pro-
grammable Instrumentation.”

It has virtually the same specifications as the IEC bus, al-
though the connector differs, making it usable with this
bus by means of connector adapters.

4.1.1 Major GPIB Specifications
e Overall cable length: 20m max.
» Cable lengths between device: 4m max.
e Number of devices on bus (including controller): 15
max.
Transfer method: 3 Handshake Lines
Transfer rate: 1M bytes/s (max.)
Data transfer: 8 Bits parallel
Signal lines:
Data bus: 8 Lines
Control bus: 8 Lines
Handshake lines: DAV, NRFD and NDAC
Control lines: ATN, REN, IFC, SRQ and EOI
Signal/system grounds: 8 Lines
¢ Signallogic: Negative
True (low-level): 0.8V max.
False (high-level): 2.0V min.
¢ Interface Connector: See Figure 4-1
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/ Cable
i / Receptacle Side
D101 (\51 I ] D105
D102 ERNIER; D106
D103 3] [5] D107
D104 (4] [E] D108
EOI [5] [I7] REN
DAV 5] [18] DAV GROUND
NRFD [7] ] NRFD GROUND
NDAC (5] 9] NDAC GROUND
IFC 9] BTl IFC GROUND
SRQ o] 2] SRQ GROUND
ATN ] 2] ATN GROUND
SHIELD \\% LOGIC GROUND
-~
IEEE-488
Figure 4-1.  Interface Connector
4.1.2 Bus Line Signals and Operations

The GPIB bus line consists of 24 lines, including 8 data
lines, 8 control lines and 8 signal/system ground lines.

Data Bus (DIO1 to DIO8) — These are the data input/
output lines which are also used to input and output both
address and command information. The type of data pre-
sent on these lines are identified by means of the ATN
line. DIO1 is the least significant bit (LSB).

Handshake Bus (DAV, NRFD, NDAC) — These three
lines are handshake lines used to ensure reliable data
transfer.

4-2

e DAYV (DAta Valid) — This line indicates that the data
on the DIO lines sent from a talker or the controller is
valid.

e NRFD (Not Ready For Data) — This line indicates the
condition of readiness of listeners to accept data on the
DIO lines.

¢ NDAC (Not Data ACcepted) — This line indicates the
condition of acceptance of data by listeners.

Control Bus (ATN, REN, IFC, SRQ, EQI):

e ATN (ATteNtion) — This line is an output line from
the controller which indicates whether the signals on
the DIO bus are data signals or commands.

e REN (Remote ENable) — This output line from the
controller switches devices between remote control
and local control.

o IFC (InterFace Clear) — The output line from the con-
troller clears the interface of devices.

¢ SRQ (Service ReQuest) — This control line is used to
call the controller from a talker or a listener. The con-
troller detects this signal and executes a serial or paral-
lel poll operation.

e EOI (End Or Identify) — This is used to indicate the
end of a multiple byte transfer sequence or, in conjunc-
tion with ATN, to execute a parallel poll. -

4.1.3 GPIB Handshaking

GPIB handshaking is performed by checking the status of
all the listeners and inhibiting the next data transfer until
all listeners have received the data. Handshaking allows
the slowest device on the bus to perform data transfer re-
liably. The handshaking operations are executed by the
following status signals:

NRFD = High level. All listeners are ready for accepting
data.

DAYV =Low level. A talker is outputting valid data to the
data bus.

NDAC=Highlevel. Alllisteners have completed datare-
ception.

The handshaking timing diagram is shown in Figure 4-2.
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Figure 4-2.

NRFD _I—U_J— geadéfor next Data in
i ata Processing
(Listener)

O O]
I
l

DAV | Data Bus Disabled
(Talker) |_|_J Data Bus Enabled
? [ ® Termination of
NDAC r"‘l Data Reception
(Listener) f ® I® Data not received
| (In Data Reception)
® i I
Data Bus
Signal
Valid Data

@ Indicates that all listeners are waiting for data.
@ The talker outputs data to be sent to the data lines.
@ The talker checks NRFD and if high, DAV is set low to indicate to the listener that data is valid.
(@ When the DAV goes low, the listener reads data and NRFD is set low,
indicating to the talker that data processing is in progress. Each listener sets
NDAC high at the completion of data input. The NDAC of the bus is the OR
function of the NDACs from each listener.
® When all listeners have completed receiving data, NDAC goes high (result of
the OR output) indicating to the talker that data reception has been completed.
® The talker sets DAV high indicating fo the listener that the data on bus is not valid.
@ The listener checks whether DAV is high and sets NDAC low, completing the handshake.
Indicates that all listeners have completed data processing and is waiting for next data.

Handshake Timing Diagram

414

Figure 4-3 provides a data transfer example using the
three-line handshake process. In this example, the data

Data Transfer Example

ceived.

Whenever the talker address of another device is re-

Whenever the device is specified as a listener.

Whenever untalk (UNT) is received.
Whenever IFC is received.

“ABC” is sent, followed by the delimiter “CR/LF".

4.1.6 Basic Listener Functions

41.5 Basic Talker Functions

Only one talker may exist on the GPIB at any time.

e When the controller ATN signal is high, data is sent to
the listeners.

* Source handshaking is performed automatically.

¢ A service request (SRQ) is sent to the controller.

¢ The talker function is enabled for both the local and re-
mote modes.

The talker function is canceled by any of the following:

Two or more listeners may exist on the GPIB at any
time.

When the controller ATN signal is high, data is re-
ceived from a talker.

¢ Acceptor handshake is performed.
¢ The listener function is canceled by any of the follow-

ing: _
Whenever the device is specified as a talker.
Whenever unlisten (UNL) is received.
Whenever IFC is received.
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Talker Listener
UNL Address  Address

o XX XXX XX

~ guutduuidy
LML

LT,

EQI

Figure4-3.  Data Transfer Example

4.1.7  Major Specifications of Controller ¢ Outputs IFC and REN signals.
Functions

4.1.8 Multi-line Interface Message

¢ Only one controller can be active on GPIB.

» Sets the ATN signal low to control the listener and The multi-line interface message is the data output from
talker, and transmission of commands such as device the controller when the ATN signal is low. This is shown
clear. in Table 4-1.

4-4
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Table 4-1. Multi-Line Interface Message
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4.2 GPIB Precgramming Example

Most of the functions of the instrument can be controlled
by the GPIB, allowing automated test systems to be con-
figured.

When using the GPIB, set the address and delimiters for
the GPIB from the panel (see paragraph 3.8.5). Before
making any measurements over the GPIB, perform zero
correction as explained in paragraph 3.15.

After performing the above operations, the instrument
can be programmed to make measurements and read
data over the GPIB, as illustrated in the following exam-
ple program. The following program is written in BASIC
2.0 for the HP 9000 Series 200 computer:

100 DIM A$ [64)

110 ABORT 7

120 CLEAR 702

130 OUTPUT 702; “FR 1E3;LV 1T,RN 0;SP 1;TR 1,DL
0;DA 2,DB 1;DE 0;CK 1,TG”

140 ENTER 702;A$%

150 PRINT “ C(F) D~

160 PRINT A%

170 END

Sample Data:

CHD
0.0E-12,0.0078

Program Analysis:
100 Assign the length of the character string
110t0 120 Initialize the GPIB
130 Set the measurement conditions and the dis-
play, and then allow the instrument to start
measurements.
FR1E3: Frequency = 1kHz
LVI: Level =1V
RNO: Range = AUTO
SP1: Speed = MED
TR1: Trigger = Manual
DLO: Delay = 0s
DAZ2: DISP-A =C
DB1: DISP-B =D

DEQ: Deviation, no bin display
CK1: Series equivalent circuit
TG: Apply trigger

140 Reads data.

150 Prints header.

160 Prints data.

4.3 GPIB SPECIFICATIONS
4.3.1 Interface Functions

The interface functions of the instrument are listed in
Table 4-2.

Table 4-2. Interface Functions

SH1 All functions of transmit handshake

AHI1 All functions of receive handshake

Té Has basic talker function, serial poll, talker
canceled by MLA function, no talk only
function

14 Has basic listener function, listener canceled
by MTA function, no listen only function
SR1 All functions of service request

RL2 Has remote/local switching function, no
lock-out function

PPO No parallel poll function

DC1 All functions of device clear

DT1 | All functions of device trigger

Co No controller function

4.3.2 Bus Drivers

The specifications of the bus drivers of the instrument are
listed in Table 4-3.

Table 4-3. Bus Drivers

Data Bus DIO1 to DIO8 | Open Collector

Handshake Bus | NRFD, NDAC [ Open collector
DAV Tri-state

Control Bus SRQ Open collector
EOI Tri-state




SECTION 4
GPIB Interface

4.3.3 Address

The address of the instrument can be set within the fol-
lowing range:

0 to 30 (Decimal)

4.3.4 Receive and Transmit Codes

Receive Codes in Listener Mode

ISO 7-bit codes (JIS/ASCII) are used. The MSB (parity
bit) of 8-bit data is ignored. Uppercase letters and lower-
case letters are treated the same.

<Effective letters>

"#5 P& O +,~./

0123456789:<=>7@
ABCDEFGHIJKLMNOPQRSTUVWXYZ
[*14n -

abcdefghijklmnopqrstuvwxyz

{1y~

*is only for theJIS code. For the ASCII code, a backslash is
assigned.

The characters other than the above (control code includ-
ing space, semicolon, and tab) are ignored and do not en-
ter the receive buffer. <CR> (carriage return) and <LF>
(line feed) are effective only for the delimiters indicating
the end of the program code.

Transmit Codes in Talker Mode
ISO 7-bit codes (JIS/ ASCII) are used without parity code

(MSB of 8-bit data = 0). Alphabet is transmitted in upper-
case letters.

4.3.5 Delimiters

In Listener Mode (when the instrument receives)

Any <CR>, <LF> or END message (EOl line in data trans-
fer mode = LOW: True), or all of their combinations can
be accepted.

In Talker Mode (when the instrument transmits)

<CR> or <CR> <LF>-—The END message is output with
the last letter (of a delimiter) of the transmit data.

4.3.6 Program Codes

The instruction used to control the instrument over the
GPIB or to read the setting or measured data is called a
program code. The program code is classified as follows.

* Setting message: Performs setting or operation com-
mand.
¢ Inquiry message: Reads setting or measured data.

Execution

A program code is stored in the receive buffer, inter-
preted when its delimiter is received, and then executed.
When the execution terminates, the receive buffer is
cleared and ready for the next receive.

Receive Buffer

Capacity of buffer: 256 letters. A space, semicolon, <CR>
and <LF> do not enter the receive buffer.

When the instrument receives a long program code in ex-
cess of the capacity of receive buffer and the buffer over-
flow, an error results. In this case, all the codes are ig-
nored, and the receive buffer is cleared.
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Basic Syntax

The basic syntax of the program code is shown
Figure 4-4.

Program codes can be sent successively within the capac-
ity of receive buffer. When sending program codes suc-
cessively, spaces or semicolons can be inserted for easy
reading.

Header Parameter Delimiter

SP : Space code
;. Semicolon code

Header . Programs a major category such as functions,
operation objects.
Parameter : Values to be set expressing selection
Delimiter  : Indicates the end of a program code.
Figure 4-4.  Basic Syntax Program Code

4-8

Parameter

There are three numeric formats for parameters. Any for-
mat can be used if the value is within an acceptable range.
However, the standard format is determined for each pa-
rameter and if a different format is used, it is converted to
the standard format. When the number of significant dig-
its is too large, it is rounded to the specified resolution.

<Standard format>

e NR1 (Integer representation format)
(Example) 99 056 -1234  +24

» NR2 (Floating-point representation format)
(Example) 1.2 .001 -160.5  +003.82

* NR3 (Exponent representation format)

(Example) 12E3 9.8E+02 +04.5E—6 —.007E+09

Program Codes

The program codes for the instrument are provided in
Table 4-4.

The standard form is in parenthesis under the header of
each setting message. The form for the parameter to be
sent is in the parenthesis under the header of output for-
mat.
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Table 4-4. List of Program Codes

. Inquiry
Name or Function Setting Message Message Output Format
of Parameter Header | Parameter Header Header | Parameter
[A] DISPLAY DA 0+to 4 (to 8) ?DA DA |[1to8
(NR1) (0: AUTO) (NR1) (5:AUTOL)
DISPLAY DB Oto5 ?DB DB Oto5
(NR1) 0:Q) (NR1) |{(4:X)
A/BIN DE Oto5 ?DE DE Oto5
(NR1) (0 : NORM) (NR1)
CIRCUIT CK 0: AUTO, ?2CK CK 1,2 (MAN)
(NR1) 1: SER, 2 : PAR (NR1) 3,4 (AUTO)
REFERENCE RF 0 to ?RF RF 0to
(NR3) +/-19999.E+6 (NR3) +/-19999.E+6
BIN BN ml,m2,m3 (No, ?BN BN mlm2,m3
Lower, Upper) (repeat 20)
MEASURED DATA — — DT DT nl,n2
(DISPLAY-A, B)
FREQUENCY FR 100 to 100E+3 ?FR FR 100 to 100E+3
(NR3) | Spot (NR3)
LEVEL LV 0:50mV 7LV LV 0,1
(NRD) [1:1V (NR1)
RANGE RN 0to6 (to 12) ?RN RN l1to12
(NR1) 0: AUTO (NR1) (8: AUTO 2)
SPEED SP 0:FAST, 1:MED ?SP SP Oto2
(NR1) 2:SLOW (NR1)
DELAY DL 0.00 to 199.99 ?DL DL 0.00 to 199.99
(NR2) (NR2)
BIAS ON/OFF BO 0:OFF, 1: ON ?BO BO Oto1l
(NR1 (NR1)
TRIG MODE TR 0:AUTO, 1:MAN ?TR TR Oto1l
(NR1) (NR1)
MAN TRIG TG — — — —
ZERO OPEN or —_ — — —
ZERO SHORT SH — —_— — —
STORE SR 1to9 — — —
(NR1)

4-9
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List of Program Codes (Cont.)

: Tnquiry
Name or Function Setting Message Message Output Format
of Parameter Header | Parameter Header Header | Parameter
RECALL RC Oto9 — — —
(NR1)
HD Otol
HEADER HD 0: DISABLE ?HD (NR1)
(NR1) 1:ENABLE
RQ Otol
SERVICE REQUEST RQ 0: DISABLE 7RQ (NR1D)
(NR1) 1: ENABLE
ST 0to 127
STATUS — — ?ST (NR1)

Table 4-5. Response to Interface Messages

IFC Initializes the GPIB Interface.

(Interface Clear) (Cancels Listener or Talker)

DCL Resets an error.

(Device Clear) Clears the transmit and receiv buffers of the GPIB.
or

SDC Holds the issue of SRQ.  (Status byte is reset.)

(Selective Device Clear) | Inhibits the issue of SRQ. (Equivalent to “RQ 0”)
Inhibits the header output. (Equivalent “HD 0”)
Resets the wait state for end of measurement in manual trigger mode.

GTL Establishes the local mode.
(Go To Local)
GET Starts measurement (Same as trigger by program code)

(Group Execute Trig) Once trigger is applied by the GET command, the next GET command
is ignored until the end of measurement.

4.3.7 Response to Interface Messages 2. Though the GET command is invalid in the local
mode, the DCL and SDC commands are valid in the

The response to the interface messages of the instrument local mode.

are provided by Table 4-5. 3. The SDC, GTL and GET commands are in the ad-

dress command group (see Table 4-1). Thus, they are
valid only when the instrument is programmed as a

Notes: listener. On the other hand, the DCL command isin
1. Display parameter and frequency do not change by the universal command group, and is always valid
the IFC command. The IDC command is valid for all for all devices provided with the device clear func-

the devices connected to the bus. tion.

4-10
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4.3.8 Remote/Local Operation

Remote

When the instrument is assigned as a listener when the
REN message is true (REN line = Low: 1), the remote
mode is established, and the REMOTE light on the front
panel turns on. In the remote mode, operation over the
GPIB is possible, and the key entry from the front panel
(except for error reset) is invalid. Although a measure-
ment is not interrupted when the transition from local to
remote is made, the auxiliary setting mode (SET UP) is re-
set (EXTD).

Local

When the REN message becomes false (REN line = High:
0) or when the instrument receives the GTL command,
the local mode is established, and the REMOTE light
turns off. In the local mode, the settings from the front
panel are possible, and the GPIB program codes are ig-
nored. The GET command is also invalid. Measurement
cannot be interrupted when the remote mode is changed
to the local mode.

4.3.9 Service Request (SRQ)

Issue SRQ:

When an SRQ is issued, SRQ is sent in the following
cases:

e When one measurement is completed in the manual
trigger mode

e When the zero correction of OPEN or SHORT is com-
pleted

Reset SRQ:

¢ After reading status by performing a serial poll

e Afterreceiving the inquiry message for reading status
( II?STII)

e When the device clear command is received. (DCL or
SDC command)

4.3.10 Status Byte

The status byte sent in response to serial polling and in-
quiry messages is defined by Table 4-6 as follows.

4.3.11 Process Time

The data transfer rate is dependent on the speed of the
controller, and the process time of the instrument is
slower when making measurements. Table 4-7 provides
the process time for standard program codes during non-
measurement phases of operation. The process time is
slightly different from parameter to parameter.

The process times shown in Table 4-7 includes the fol-
lowing data transfer time:

Receive (to the instrument): approx. 250us/byte
Transmit (from the instrument): approx. 120us/byte

The process time for inquiry messages is the time from
the start of program code reception to the completion of
response message transmission. When sending a header
for an inquiry, add the following value to the process
time:

0.5ms approx.

4.4 SETTING GPIB ADDRESS AND
DELIMITER

The GPIB address and delimiter of the instrument can be
set from the front panel using the following format:

aa.d

where; Address aa =0 to 30
Delimiter d=0or1;
0 = <CR><LF> (carriage return, line feed)
1 = <CR> (carriage return)

Perform the following steps to check of change The GPIB
address and delimiter:

1. Press and release the SETUP key until GPIB is se-
lected as denoted by the blinking “blue-labeled”
GPIB annunciator. The currently selected address
and delimiter will be displayed on the DIS-
PLAY. For example, if the current address is 2 and
the delimiter is <CR> <LF>, the following will be
displayed:

2.0
To retain the current address and delimiter, press

EXIT. Otherwise, proceed to the next step.

4-11
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Table 4-6. Status Bytes
Bit | Content Condition to be set (1) Condition to be reset (1)
7 | Always zero
MSB
6 RQS When issuing the SRQ command When receiving the decive clear command*
After reading the status byte.**
5 ERR Zero correction error When receiving the device clear command
(Correction value is too large.) After reading the status byte
When the zero correction is normally per-
formed.
4 | BUSY Under measurement Under non-measurement
(Zero correction included)
3 | Zero End of zero correction of OPEN or SHORT | When receiving the device clear command
(Abnormal end included) After reading the status byte
When starting zero correction
2 | Always zero
1 Always zero
0 Always zero
LSB

*Device clear: DCL or SDC command
**Status byte read: Reading of the status byte by the inquiry message “?ST” or serial poll performed when issuing the SRQ command.
(Reset is not performed by the serial poll when the SRQ command is not issued.)

4-12
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Table 4-7. Process Time of Program Codes
(Reference Data)

Setting Message Inquiry Message
Processing Processing
Time Time
Header | (Approx.) | Header | (Approx.)
DA 6ms DA 4dms
DB S5ms ?DB 4ms
DE S5ms ?DE 4ms
CK 5ms 2CK 4dms
RF 7ms ?RF 6ms
BN 14ms ?BN 350ms*
— ?DT 12ms**
FR 7ms ?FR 5ms
LV 5ms LV 4ms
RN S5ms RN 4ms
SP 4ms ?SP 4dms
DL 7ms ?DL 5ms
BO 5ms ?7BO 4ms
TR 4ms ?TR 4ms
TG 3ms —
or 3ms —
SH 3ms —
SR 5ms —
RC 15ms —
HD 4ms ?HD 4dms
RQ 4ms ?RQ 4ms
— ?ST 5ms

*When all data of 20 bins are transmitted
**Approximately 5ms for bin display.

2. Using the “blue-labeled” number keys, key in the
value of the address and delimiter. Make sure to
separate the two values using the decimal point (.)
key.

3. With the desired address and delimiter values dis—_

played, press the ENTER key.
4. Press the EXIT key to return to the normal measure-
ment state.

The entered address and delimiter are retained when
power is turned off. However, when they are lost due toa
memory error when power is turned on, they become de-
fault values (address = 2, delimiter = 0; <CR><LF>).

4.5 GPIB PROGRAMMING

Program codes which are used to control the instrument
orread the setting or measured data over GPIB are stored
in the 256-byte receive buffer, and interpreted and exe-
cuted when the end of the program code is displayed.
The syntax of a program code is as follows.

<Header> < Parameter> < Delimiter>

e Header: Assigns a classification, including functions
and operation objectives.

¢ Parameter : Indicates setting values and selection val-
ues. There are three types; NR1 (integer representa-
tion), NR2 (floating-point representation) and NR3
(exponent representation)

¢ Delimiter: <CR>, <LF>, etc. which indicates the end of
a program code.

For details on syntax, see paragraph 4.3.6.

When the instrument is placed in the remote mode dur-
ing measurement, and a setting or inquiry is performed,
the measurement is interrupted.

4.5.1 Setting Messages

An instruction used to perform an instrument setting or
operation is called a setting message. The setting mes-
sages for the instrument are provided by Table 4-8.

Examples of setting messages:

“FR 10E3” — Sets frequency to 10kHz.

“DA 0" — [A] DISPLAY, [B] DISPLAY and CKT are
placed in the automatic selection mode.

“RC 2” ~— Setup Memory 2 is recalled.

CAUTION
Note that the zero correction operation of
OPEN and SHORT and the measurement in
the manual trigger mode are held up when
the next program code is received during
their execution.

4-13
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Table 4-8. Setting Messages
Parameter Name Program Code
or Function Header | Parameter Operation and Setting Range Inquiry
[A] DISPLAY DA | NR1 <Function> Yes
Integer Range: 0=AUTO
1=L
2=C
3=R
4=1Z1
5to 8=AUTO
DISPLAY DB | NRI <Function Parameter> Yes
Integer Range: 0=0Q
1=D
2=ESR
3=G
4=X
5=0
A/BIN DE NR1 <Deviation and bin display> Yes
Integer Range: 0 = Normal
1=A
2=A%
3=BIN
4 = ABIN
5=A%BIN
CIRCUIT CK NR1 <Equivalent circuit> Yes
Integer Range: 0=AUTO
1=SER
2=PAR
3to4=AUTO
REFERENCE RF NR3 <Reference value of deviation display> Yes
Exponent Type | Range: 0 and +(0.0001E-12 to 19999E+6)
Resoltuion: Max. 4-1/2 digits
BIN BN NRI Integer <Comparator> Yes
and NR3 Format: ml, m2, m3
Exponent Type m1: Bin No. (BIN)
m2: Lower Limit (LOWER)
m3: Upper Limit (UPPER)
Range: ml=0to19
m2, m3 =0, and £(0.0001E-12 to
19999E+6)
FREQUENCY FR NR3 <Frequency> Yes
Exponent Type | Range: 100 to 100E+3 [Hz]
Selections: 100, 120, 200, 500, 1k, 2k, 5k, 10k, 20k, 50k,
100kHz
LEVEL LV NRI1 <Measuring signal level> Yes
Integer Range: 0 =50mVrms
1 =1Vrms (Open)
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Setting Messages (Cont.)
Parameter Name Program Code
or Function Header | Parameter Operation and Setting Range Inquiry
RANGE RN NR1 <Range> Yes
Integer Range: 0=AUTO
1=MAN Range 1
é = MAN. Range 6
7to 12 = AUTO
SPEED SP NRI1 <Measuring Speed> Yes
Integer Range: 0=FAST
1=MED
2 =SLOW
DELAY DL NR2 <Delay Time> Yes
Floating-point | Time from the application of trigger to the start of
measurement
Range: 0.00 to 199.99[s]
Resoltuion: 0.01[s]
BIAS ON/OFF BO NR1 <Bias> Yes
Integer Range: 0= Off
1=0On
TRIG MODE TR NR1 <Trigger Mode> Yes
Integer Range: 0=AUTO
1=MAN
MAN TRIG G | — <Manual Trigger> No
Establishes manual trigger mode and applies trigger.
(Measurement is started.)
ZERO OPEN or — <Stray admittance correction> No
Starts OPEN correction.
ZERO SHORT SH — <Residual impedance correction. No
Starts SHORT correction.
STORE SR NR1 <Memory Store> No
Integer Range: 1to9
RECALL RC NR1 <Memory Recall> No
Integer Range: Oto9
HEADER HD NR1 <Header Output> Yes
Integer Range: 0 = Inhibit (Not output)
1 = Admit (Output)
SERVICE RQ NR1 <Service Request> Yes
REQUEST Integer Assigns whether or not to output SRQ.

Range: 0 = Inhibit (Not output)

1 = Admit (Qutput)

4-15
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4.5.2 Inquiry Messages

An instruction to read an instrument setting or the meas-
ured data is called an inquiry message. Each message
consists of the inquiry header that is preceded with “?”.
Inquiry messages are listed in Table 4-9. The response to
the message is in the format of “header” + “parameter” +
“delimiter”.

Headers

The output of a header is optional. The header output is
inhibited when power is turned on or when the device
clear command is received.

Parameters

The following formats are available for parameters. The
type of output and the number of digits (number of let-
ters) are determined according to the inquiry messages.

e NRI: Integer
“0”,“1”, etc.

e NR2: Floating-point representation (no exponent part)
“12.345", etc. When this format is used, the position of
the decimal point may be fixed or variable.

¢ NR3: Exponent representation (with exponent part)

“15.75E+03", etc.
When this format is used, the exponent becomes a
multiple of 3 in the range of E-12 (10™?) to E+06 (10°)
which is consistent with the how the front panel dis-
play handles exponents.

Generally, a zero in NR3 is expressed by making both
the mantissa and exponent zeros (“0.0000E+007).
However, for a measured value, only the mantissa be-
comes zero.

Notes:

1. Leading zeros are omitted (except for one zero be-
fore a decimal point), and data is right-justified.

4-16

2. The plus sign (+) for positive numbers is omitted.
However, the plus sign (+) for the exponent is in-
cluded. The exponent always has two digits.

Delimiters

The following two delimiters can be selected from the
front panel:

o <CR> <LF> (carriage return and line feed)
o <CR> (carriage return only)

The END message is output with the last letter (the last
letter after a delimiter) of the response of the instrument
to an inquiry (ECI line = Low).

Notes

1. When the instrument is programmed as a talker
without sending an inquiry message, a single blank
and a delimiter are output except immediately after
a measurement is performed in the manual trigger
mode.

2. When more than one inquiry is performed, only the
last inquiry is valid. Other inquiries are ignored.

3. Theresponse to an inquiry is canceled when the fol-
lowing operation is performed without receiving the
response after sending an inquiry command.

e Program code "TG”
e GET command
Example of response to inquiry:
“?FR” (Frequency) — “1E+03” or “FR 1E+03”

“?DT” (Measured value) - “123.45E-03, 0.0012” or
“DT 123.45E-03, 0.0012”

The example responses are shown with and without
the header.
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Table 4-9. Inquiry Messages
Inquiry )
Parameter Name Message Output Format and Content of Inquiry
or Function Header Header Parameter Setting
[A]pisPLAY ?DA DA <Function> Yes
Type: NR1 (Integer)
Range: 1=L
2=C
3=R
4=1ZI
5=AUTOL
6=AUTOC
7=AUTOR
8=AUTO |Z]|
No. of letters: 2 (4)
DISPLAY ?DB DB <Function Parameter> Yes
Type: NRI1 (Integer)
Range: 0=Q
1=D
2=ESR
3=G
4=X
5=6
No. of letters: 2 (4)
A/BIN ?DE DE <Deviation and bin display> Yes
Type: NR1 (Integer)
Range: 0 = Normal
1=A
2=A%
3 =BIN
4 = ABIN
5=A%BIN
No. of letters: 2 (4)
CIRCUIT ?CK CK <Equivalent circuit> Yes
Type: NRI1 (Integer)
Range: 1=S5ER
2=PAR
3=AUTO SER
4=AUTO PAR
No. of letters: 2 (4)
REFERENCE ?RF RF <Reference value of deviation display> Yes
Type: NR3 (Exponent type)
Range: 0.0000E+00 and +(0.0001E-12 to
19999.E+06)
Resoltuion: Max. 4-1/2 digits, when not
restricted by exponent part.
No. of letters: 11 (13)
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Inquiry Messages (Cont.)

Range: 1 =Range 1

6 =range 6
7=AUTOrange 1

i2 = AUTO range 6
No. of letters: 3 (5)

Inquiry ]
Parameter Name Message Output Format and Content of Inquiry
or Function Header Header Parameter Setting
BIN ?BN BN <Comparator> Yes
Format: ml, m2, m3
ml: Bin No. (BIN)
m2: Lower Limit (LOWER)
m3: Upper Limit (UPPER)
Delimited by delimiters for each bin
setting in the sequence of BIN 0 to
19 and output in succession from
BIN 0 to 19.
Type: m1: NR1 (Integer)
m2, m3: NR3 (Exponent type)
Range: ml=0to 19
m2, m3 = 0.0000E+00 and
+(0.0001E-12 to 19999.E+6)
No. of letters: 27 (29) per bin up to 620 with delim-
iters inlcuded.
MEASURED DATA DT DT <Measured data> No
Format: Only bin No. for [A]DISPLAY and
DISPLAY
Type and
Range: Different from parameter to
parameter
No. of letters: 23 (25) max.
For details, see paragraph 4.5.3.
FREQUENCY ?FR FR <Frequency> Yes
Type: NR3 (Exponent type)
Range: 100E+00 to 100E+03 [Hz]
Selections: 100, 120, 200, 500, 1k, 2k, 5k, 10k,
20k, 50k, 100kHz
No. of letters: 8 (10)
LEVEL 7LV LV <Measuring signal level> Yes
Type: NR1 (Integer)
Range: 0 =50mVrms
1=1Vrms
No. of letters: 2 (4)
RANGE RN RN <Range> Yes
Type: NRI1 (Integer)
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Inquiry Messages (Cont.)
Inquiry .
Parameter Name Message Output Format and Content of Inquiry
or Function Header Header Parameter Setting
SPEED ?SP SP <Measuring speed> Yes
Type: NRI1 (Integer)
Range: 0=FAST
1=MED
2=SLO
No. of letters: 2 (4)
DELAY ?DL DL <Delay time> Yes
Type: NR2 (Floating-point)
Range: 0.00 to 199.99 [s]
Resolution: 0.01 [s] Fixed point
No. of letters: 7 (9)
BIAS ON/OFF ?BO BO <Bias> Yes
Type: NRI1 (Integer)
Range: 0 = Off
1=0On
No. of letters: 2 (4)
TRIG MODE ?TR TR <Trigger mode> Yes
Type: NR1 (Integer)
Range: 0=AUTO
1=MAN
No. of letters: 2 (4)
HEADER ?HD HD <Header output> Yes
Type: NR1 (Integer)
Range: 0 = Inhibit (Not output)
1= Admit (Ouptut)
No. of letters: 2 (4)
SERVICE REQUEST ?RQ RQ <Service request output> No
Type: NR1 (Integer)
Range: 0 = Inhibit (Not output)
1 = Admit (Output)
No. of letters: 2 (4)
STATUS BYTE 78T ST <Status byte> No
Type: NR1 (Integer)
Range: 0to 127
Converter to decimal notation and
output
No. of letters: 4 (6)
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4.5.3 Reading Measured Data

Request for Measured Data

Measured data can be read by the following two meth-
ods:

» Request data by the inquiry message “?DT”
¢ Allow the instrument to measure data by the setting
message “TG"” or the GET command.

1. “?DT”
This command places the last measured reading in
the transmit buffer, and is sent when the instrument
is programmed to talk. Note that the data output by
“?DT” is canceled when an other inquiry message or
the setting message “TG” is sent after "?DT”.

2. “TG” or GET Command

. When the manual trigger mode (MAN) is estab-

lished by the “TR1” and trigger is applied by the
“TG” or the GET command, the instrument holds the
ongoing measurement and starts a new measure-
ment. When the new measurement finishes, the
measured data is placed in the transmit buffer. When
the instrument is programmed to talk immediately
after trigger is applied, the data is sent as soon as that
measurement is completed (the listener will waited
until the measurement is completed). Note that the
data output by “TG” is canceled if another program
command is sent after the ”TG” command.

If SRQ is enabled, SRQ is output when the measure-
ment is completed. SRQ is sent by applying a trigger
from the front panel.

When the next trigger is applied without reading
data, the transmit buffer is cleared, but SRQ is not re-
set.

Data Format

Data that correspond to the [A] DISPLAY and the
DISPLAY readings are separated (delimited) by a cornma
()

“[HEADER] Data of [A] DISPLAY, Data of
DISPLAY Delimiter”

When displaying a bin number (Comparator operation),
only the bin number is sent.
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“[HEADER] Bin number Delimiter

The header output is enabled and disabled by the setting
messages “HD 0” and “HD 1” respectively. A delimiter
<CR> <LF> or <CR> is selected from the front panel us-
ing SET UP GPIB. The END message (EOI line = Low) is
output with the last command of the delimiter.

Each measured value is output in the same format as it is
displayed on the front panel, and is summarized as fol-
lows:

L,C R, |Z],ESR, G, X

Type: NR3 (exponent representation) Expo-
nent part is a multiple of 3.

Resolution: | 4-1/2 digits (19999 max. typically 2000
to 19999)

Range: 0.0000E-12, (0.0001E~12 t0 19999.E+06)
The display range is restricted by the
types of parameters, ranges and phase
angles. The exponent and a decimal
point are output without fail.

“OF": “99999.E+06”

“UF”: “-99999.E+06”

“Qu”: “88888.E+06” (L, C, R, 1Z1);
0.0000E+00” )ESR, G, X)

Blank: “77777 E+06”

No. of letters:| 11

QD

Type: NR2 (Floating-point representation)
Resolution: 4-1/2 digits (19999 max.)

Range: 0.0000, (0.0001 to 19999.)

“OF”: “99999.”

“UF”: “-99999.”

“QU": “0.0000”

Blank: “77777.”

No. of letters:| 7

0
Type: NR2 (Floating-point representa-
tion)
Resolution: | 0.01
Range: —-180.00 to +179.99
“OuU” “0.00”
Blank: “777.77"
No. of letters:| 7
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?

Type: NR3 (Exponent representation) Expo-
nent part is a multiple of 3

Resolution: | 4-1/2 digits (19999 max.)

Range: 0.0000E-12, (0.0001E-12 to 19999.E+06)

“OF": “99999.E+06”

“UE": “-99999.E+06"

“Ou”: “88888.E+06”

Blank: “77777 E+06"

No. of letters:{ 11

%

Type: NR2 (Fixed point representation)
Resolution: | 0.01

Range: 199.99

“OF”: 999.99”

“UF": “-999.99”

“Ou”: “888.88”

Blank: “777.77"

No. of letters:| 7

BIN
Type: NR1 (Integer)
Range: 0to 19 (“OF”, “UF”, “OU”, blank means
0)
No. of letters:| 3

Notes:

1. The plus sign (+) is omitted and is implied by its ab-
sence. However, it is included for the exponent.

2. The major differences between the data displayed at
the front panel and the GPIB output are as follows:

Front Panel Display GPIB Output
K,u, etc. E+03, E-06, etc.
1234 0.1234
OF, UF, OU Numbers like
“99999 E+06”
Blank; measured Numericlike “77777.”

value not displayed

4.5.4

Reading Bin Setting

upper limit are arranged in this order, and delimited by
commas (,).

“[Header] Bin No., Lower limit, Upper limit Delimit-

€r

The header output is enabled and disabled by the op-
tional setting messages “HD 0” and “HD 1”, respectively.
The delimiter <CR> <LF> or <CR> is selected from the
front panel (SET UP GPIB). The END message (EOI line =
Low) is output with the last code of the delimiter of bin
No. 19. For the other delimiters, the END message is not
output.

The format of each parameter is as follows:

Bin number

Type: NRI1 (Integer)
Range: 0to19

No. of letters:| 3

Lower and Upper Limits

When the bin setting of the comparator is read by the in-
quiry message “?BN”, the setting data of 20 bins are all
output in sequence from 0 to 19. The output format of
each bin is as follows. The bin number, lower limit and

Type: NR3 (Exponent representation)
Exponent is a multiple of 3

Resolution: 4-1/2 digits

Range: 0.0000E+00, (0.0001E-12 to 19999.E+06)

No. of letters:| 11

4.6 MEASUREMENTS OVER GPIB

Measurement over the GPIB is basically the same as mak-
ing measurements from the front panel. Before using the
GPIB, make sure front panel operation (Section 3) is un-
derstood.

4.6.1 Preparation

1. Input/output Connections — Connect a test fixture
or test leads to the instrument, and perform zero cor-
rection.

2. Inijtial GPIB Settings:

¢ Interface clear (IFC) — Initialize the GPIB system
by sending the interface clear command from the
controller.

¢ Remote enable (REN) — Send the REN message
from the controller to enable the instrument to
respond to GPIB commands. The REN command
must be true (REN line = Low). To control the in-
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strument over the GPIB, REN must be main-
tained true unless some front panel operation is
needed.

e Device clear (DCL, SDC) — Initialize the GPIB
system of the instrument by sending a device
clear command from the controller. The transmit
and receive buffers will be cleared, and any pre-
vious error will reset. SRQ will disable, and the
header for an inquiry message will disable.

4.6.2 Measurement and Reading of Data

This paragraphs describes how to make a measurement
and send the reading (data) over the GPIB bus to the con-
troller.

Set Measurement Conditions

Example: “FR 2E3;SP 1;LV 1;RN0”

FR 2E3: Frequency = 2kHz

SP1: Measuring speed = MED

LV1: Measuring signal level = 1Vrms (output
open)

RN 0: Range = Automatic

Set Display

Example: “DA 2; DB ,DE 0;CK 1”

DA 2: Cisdisplayed on[A] DISPLAY (electro-
static capacity)

DB 1: D is displayed on[B ] DISPLAY (Dissi-
pation) '

DE 0: Deviation and BIN are not displayed
(NORMAL)

CK1: Equivalent circuit (CKT) is series (SER).

When using the Comparator and Deviation for sorting,
additional settings are needed.

Example: “RF 100E-12;DE 5; BN 0,~.0005,.004;BN
1,-2,2;BN 2,-5,5;BN 3,0,0”

RF100E-12:  Reference = 100p(F)

DE5: % BIN (sorts the devices by %.)

BNO..: BIN 0 = —.0005 to .004; Acceptance range
of D

BN1..: BIN1=-2to+2 (%)

BN2..: BIN 2 = -5 to +5 (%)

BN 3,0,0: Closes BINs 3 to 19.

For the above program code, a device in the range of
100pF +2%, is assigned to Bin 1, and a device in the range
of 2% to +5% is assigned to Bin 2.
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Devices out of these ranges are assigned to Bin 0.

Perform Measurement
Send the following command string to select the manual
trigger mode, and make a single measurement:

“TR1; TG”

TR 1: Selects the manual trigger mode.

TG: Applies a trigger and performs one meas-
urement. The GET command can be used
instead.

Read Data

Once the measurement has been made, the reading (data)
is sent to the computer by programming the instrument
to talk.

SRQ can be used to ensure that the measurement is com-
pleted before sending the reading by programming the
instrument to talk. To enable SRQ, send the following
command before making the measurement:

”RQ 1 7

When an SRQ occurs, serial poll the instrument to con-
firm that the RQS bit is set, and then program it to talk.

Another way to verify the completion of a measurement
is toread the status byte using the “?ST” inquiry message
and wait until the BUSY bit (Bit 4) is reset.

4.7 GPIB OPERATING CONSIDERATIONS

Before connecting or disconnecting GPIB cables, be sure
to turn off the instrument. When other equipment is con-
nected to the bus, turn off that equipment also.

¢ When using the GPIB, make sure all equipment con-
nected to the bus is turned on.

* Exercise care for delimiters. If the same delimiters are
not used, the bus could hang up.

¢ Up to 15 units (including the controller) can be con-
nected to the GPIB bus at one time.

e Cable length restriction:
Total transmission path length = 2m x (no. of units) or
20m (whichever is shorter). Maximum length of one
cable = 4m.

e The GPIB is intended to be used in an environment
that is not subjected to excessive electrical noise.
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Table 4-10. GPIB Error Messages

Err31 Receive buffer over-flow

"

Display assignment error
While DISPLAY in AUTO, an item of DISPLAY is assigned, CKT is assigned, or

DISPLAY in AUTO, L, Ror | ZI, you attempted to turn on DC bias.

Err12 | The entered parameter value exceeds the rated range
Errl3
deviation display is assigned.
Errl4 | lllegal request for DC bias
While
Err22 | Zero correction abnormal

Zero correction value exceeds the tolerable range.

A program code is too long for the receive buffer. Command string is ignored.

Though only a setting can be made, an inquiry is made, or though only an inquiry can be

Err32 | Illegal header
Receives a header that is not assigned.
Err33 | lllegal header
made, a setting is made.
Err34 | Illegal parameter
Required parameter missing.
Err35 | Illegal parameter

Comma “,”, which delimits a parameter, is missing.

4.8 GPIB ERRORS

When an error occurs during GPIB bus operation, an er-
ror message (see Table 4-10) is displayed and the com-
mand string is ignored. After analyzing a displayed GPIB
error, it can be cleared by pressing any front panel key or
by sending a device clear command over the bus.

4.9 EXAMPLE PROGRAMS

This section provides some example programs used to
control the instrument over the GPIB. The personal com-
puter used for those examples is listed as follows:

HP 9000 Series 200 Computers
Series 200 computers, HP9816, 9826, 9836, etc.
BASIC 2.0 software

All the programs assume that the GPIB address of the in-
strument is set to 2 and the delimiter is set to <CR> <LF>.

4.9.1  GPIB Initialization
The following program will initialize the GPIB:
Sample program to initialize the GPIB:

100 ABORT 7
110 CLEAR702
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Program Analysis: Program Analysis:
Line No. _ Operation Line No. Comment
100 Send the IFC (Interface Clear) command. 100 Inhibits a header output
110 Send the SDC (Selective Device Clear) com- 200 to 220 Inquires and displa}fs the frequency.
mand. 300 Inquiry the bin settings (bin No., upper
limit and lower limit).
) ) 320 Assigns the length of a character-string
Normally REN is enabled, unless otherwise pro- 33745360  Read and print the settings of the 20 bins

grammed, and the delimiter is <CR> <LF> unless other-
wise programmed by the OUTPUT statement.

49.2 Display Setting

The following example program will set the display of
the instrument. When this program is executed, R and X
(series equivalent circuit R +jX) will be measured repeat-
edly at 1kHz. Make sure the GPIB was previously initial-
ized (see paragraph 4.9.1) before using this program.

Sample program to set the display:

100 OUTPUT 702; “FR 1E3;DA 3;DB 4,DE 0;CK 1,TR 0”

4.9.3 Inquiry

The following sample program will inquire and display
the currently selected frequency and the bin settings for
the comparator. Make sure the GPIB was previously in-
itialized (see paragraph 4.9.1) before using this program.

100 OUTPUT 702;“HD 0"

200 OUTPUT 702;?FR”

210 ENTER702;Fr

220 PRINT “FREQ = ";Fr

230 PRINT

300 OUTPUT 702; “?BN”

310 PRINT “BIN, LOWER, UPPER”
320 DIM A%[64]

330 FORI=0TO 19

340 ENTER702;A$% 'ENTER 702;B,L,U
350 PRINT A$% !PRINT B,L,U
360 NEXTI
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in sequence.

4.9.4 SRQ and Serial Poll

The following sample program will acquire measured
data using SRQ. Measurements are performed at a fre-
quency of 1kHz and are displayed on the computer CRT.
Make sure the GPIB was previously initialized (see para-
graph 4.9.1) before using this program.

Sample program to SRQ and serial poll:

100 DIM A$[64]

110 OUTPUT702;“FR1E3;DA 2;DB 1;,DE 0;CK 2, TR 1;5P
17

120 ONINTR 7 GOSUB 200

130 OUTPUT 702; “RQ 1”

140 OUTPUT 702; “TG”

150 ENABLE INTR7;2

160 GOTO 160

170 !

180 !

200 S=SPOLL (702)

210 IF BINAND(S,64)=0 THEN 260

220 OUTPUT 702; “?DT”

230 ENTER 702;A% IENTER 702;C,D
240 PRINT AS$ IPRINT
7 C=II;C’_II F’
D=";D

250 TRIGGER 702
260 ENABLEINTR7
270 RETURN
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Program Analysis:

Line No. Comment

100 Assigns the length of the character string.

110 Sets measurement conditions. Frequency
=1kHz,[AJDISPLAY =C,[B]DISPLAY
= D, no deviation and no bin display,
parallel equivalent circuit, manual trig-
ger mode, speed = MED.

120 When SRQ is received, branch to the sub-
routines starting from line 200.

130 Enable SRQ of the instrument.

140 Applies the remote trigger to make meas-
urement.

150 Admits the SRQ interruption.

200 Performs the serial poll.

210 Confirms that the RQS bit of a status byte
is set, waits for the completion of zero
correction.

220 to 240 Receives and displays measured values.

250 Applies a trigger by the GET command
and allows the instrument to start the
next measurement.

260 Admits the next SRQ interruption.

4.9.5 Measurements

The following sample program measures an electrolytic

capacitor:

Program Analysis:

Line No.

Comment

100
110 to 125
130

140 to 180

200
210
220 to 340

Assigns the length of the character string.
Initializes the GPIB.

Sets measuring conditions. Measuring
signal level =1V, measurement range =
automatic, speed = MED. [A]DISPLAY
= C,[B]DISPLAY = ESR, no deviation
and no bin display, series equivalent cir-
cuit, manual trigger mode, trigger delay
time 1s.

Turns on the DC bias and allow capacitor
time to charge.

Assigns a frequency table.

Displays a header.

Read and display the frequency

220,330 Deletes a frequency from a frequency ta-
ble.

230 ”*” is displayed at the end of the table.

240 to 280 Set a frequency and allow to settle.

290 Apply trigger to make a single measure-
ment.

300 Displays a measured frequency.

310 to 320 Read and display the measured value.

350 to 380 Turn off the bias and finish measure-
ment.

400 to 430 Frequency table

Sample program to measure electrolytic capacitor:

100
110
120
130

140
150
160
170
180
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420

430
440

DIM AS$[64]

ABORT 7

CLEAR 702

OUTPUT 702; “LV 1,RN 0;SP 1;DA 2;DB 2;DE 0;CK
LTR1;DL1”
OUTPUT 702;“BO 1”7
Witm=15
T=TIMEDATE+Wtm
WHILE TIMEDATE<T
END WHILE
RESTORE Flist
PRINT “FREQ(Hz) C(¥) ESR(ohm)”

READ F3

WHILE F$<>**"

OUTPUT 702; “FR” &F$

Wim=2

T=TIMEDATE+Wtm

WHILE TIMEDATE<T

END WHILE

OUTPUT 702,“TG”

PRINT “ “&F$&"” ”;

ENTER 702;A%

PRINT A%

READ F$%

END WHILE

OUTPUT 702; “BO 0~

PRINT

PRINT “End of job”

STOP

1

Flist: !

! Frequency list

DATA “ 100”,” 200”,” 500”,“ 1E3”,“ 2E3”,“ 5E3",”
10E3”

DATA “ 20E3”,” 50E3”,“100E3",“*"

END

'wait time (s)
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Model 3322 Specifications

A.1 MEASUREMENT PARAMETERS

Kinds of Parameters
® Main Parameters

AUTO: Selects the main parameters, sub-parameters and equivalent
circuits automatically.

L: Self-inductance (unit: H, henry)

C: Capacitance (unit: F, farad)

R: Resistance (unit: Q, ohm)

1Z1: Magnitude of impedance (unit: Q)

There are series and parallel measuring modes for each of L, C and R.
® Sub-parameters

Q: Quality factor (quality of circuit)

D: Dissipation factor (=tan 8 = 1/Q)

ESR: Equivalent series resistance (unit: Q)

G: Parallel conductance (unit: S, siemens; 1/Q; Mho)

X: Series reactance (unit: Q)

0: Phase angle of impedance (unit: degree)
*» Equivalent Circuits

AUTO: Automatic selection

SER: Series

PAR: Parallel
¢ Deviation Measurement

A:Deviation display of main parameters (Display range+100% or more)

A%: % deviation display of main parameters (Display range +199.99%)
Note: The deviation of sub-parameters cannot be displayed.

* Automatic Parameter Selection

Parameters can be automatically selected by the phase angle of imped-
ance.

8=+90°£30°—-L-Q
6=0°+30°—>R-Q
6=-90°+30°->C-D
8 = Other than the above — 1Z1 -8

* Automatic Selection of Equivalent Circuits

Equivalent circuits can be automatically selected by the valueand phase
angle of impedance, and the combination of parameters.

Conditions for Selection Conditions for Selection

of Series Mode of Parallel Mode
L CR 1Z1 -ESR, X LCR IZ] -G
L C(lIZ]l <1kQ) -Q,D,8 LC(ZI>1kQ) -QD,8
R(©20) -Q,D,8 R@O<0) -Q,D,0
1Z| -Q,D,6

Specifications subject to change without notice.

Displayed Resolution
4-1/2 digits (19999 max)
D and Q Resolution: 0.0001 min
0 Resolution: 0.01°

Measuring (display) Range
R, IZ1, ESR, X: 0.1m to 19.999MQ
C: 0.001pF to 199.99mF
L: 0.1nH to 19.999kH
Q, D: 0.0001 to 19999
G: 0.001S to 199.995
6: -180.00° to +179.99°

These ranges are dependent on the frequency, measuring range, and
phase angle of impedance.

Accuracy
Accuracy Guarantee Conditions
* Warm-up time: 30 minutes.
¢ Ambient temperature and humidity: 23° +5°C, <90% RH.
® Zero correction: Performed under the above conditions.
* Calibration period: 12 months.
Accuracy of | Z[ and :
For 0.2Q < | Z1 <20MQ, see Table A-1.
For | Z1 <0.2Q, see Table A-2.
For |1Z| >20MQ, see Table A-3.

Notes:

1. When a measurement is made at twice line frequency, the measured
value may deviate beyond the accuracy range due to interaction with
line frequency. In this case, use 100Hz for a 60Hz line and 120Hz for a
50Hz line.

2. When the operating temperature is 5°-40°C, add the value shown in
Table A4 to that in Table A-1. Double the values shown in Table A-2
and A-3.

3. Tables A-1 through A-3 show the worst case value in each impedance
range. Obtain the correct accuracy in the following ranges by linear
interpolation:

¢ 1Z| = 1M to 20MQ

In this range, as impedance increases, accuracy decreases.
accl: Accuracy shown in one range below the range including a Z in
Table A-1.

acc2: Accuracy (worst case value) shown in the range including a Z in
Table A-1.



*|Z| =02t02Q
In this range, as impedance decreases, accuracy decreases.

accl: Accuracy (worst case value) shown in the range including a Z in
Table A-1.

acc2: Accuracy shown in one range above the range including a Z in
Table A-1.

acc = [accl (Z2-Z) +acc2 (Z-Z1] / (Z2-2Z1)

Z: Magnitude of measured impedance (measured value)
Z1: Lower limit value of each impedance range in Table A-1.
Z2: Upper limit value of each impedance range in Table A-1.

acc: Measuring accuracy of impedance Z (1 Z| is displayed by %, and 8
by degree.)

accl: Measuring accuracy of impedance Z1
acc2: Measuring accuracy of impedance of Z2

When obtaining the accuracy in the ambient temperature ranging from
5°-40°C, add each corresponding value in Table A4 to accl and acc2 in
advance.

* Accuracy is not guaranteed in the following ranges.
1Z1 z20MQ
1Z1 22MQ and frequency = 50kHz
[Z] <0.2Q

Accuracy of R, ESR and G

In the case of Q < 0.1 (D > 10), use the accuracy of | Z1:
IRl = 1ZI
|IESRI = |Z]
IGl =1/1Z]

Accuracy of L, Cand X
In the case of Q > 10 (D < 0.1), use the accuracy of 1Z1:

|Z1
L=
2nf

1
C=
2nf | Z|

Xt =1ZI

where f is the test frequency in Hz.
Refer to Figure A-1, Conversion from LC to |Z1.

Accuracy of D and Q

In case D<<1 (Q>>1), use the following equations:
Accuracy of D =£(0.0175 x 8 accuracy (deg))
Accuracy of Q =(0.0175 x 6 accuracy (deg) x Q?)

In any parameter, add the £1/2 count, i.e., half of the resolution to the
displayed value as actual accuracy.



Table A-1. Accuracy of |Z| and 0 for 0.2Q < 1 Z| <20MQ

1zl LEVEL =1V rms, SPEED = MED or SLOW LEVEL = 50mVrms, SPEEP = MED or SLOW
Q) Frequency, (Hz) Frequency, (Hz)
100 1200 |1k 2k 10k {20k |50k |[100k | 100 200 |1k 2k 10k |20k |50k | 100k
120 {500 5k 120 | 500 5k
10M<IZ1<20M| 3.0% [20% |1.0% |20% |3.5% |4.0% |14.0%]20.0%|7.0% |45% |35% |6.0% |85% |17.0% |~ -
15° |1.0° |0.8° |1.5° |20° |3.0° {80° |12.0°|4.0° [25° |20° |35° [50° [10.0° |~ -
5M<1Z1<10M 15% |1.0% |05% |1.0% | 1.8% |2.0% |7.0% |10.0%|3.5% |22% |17% |2.7% |35% |7.0% |- -
09° |0.6° (04° 106° |1.1° |1.3° |40° |6.0° |2.0° |13° ]1.0° |1.6° 120° 140° |- -
2M<I|Z[<5M 0.75% | 0.5% (0.3% | 05% }{09% |[1.0% |3.5% |50% |2.0% |12% {09% | 12% |1.6% |3.5% |- -
045° 103° ]02° |03° |06° j0.6° |2.0° [30° |1.2° |08 [06° |08 [1.0° |2.0° |- —
IMIZ1<2M 0.36% |0.3% |0.2% |03% |04% |05% |1.6% |3.0% |1.0% |06% |04% |0.6% |08% |1.6% |12.0%|14.0%
0.22° 10.15° j0.1° |0.15° J02° 10.3° [ 1.0° |20° |0.6° |035° |025° |0.35° |0.5° |09° [7.0° |8.0°
200k<tZ1<IM | 0.25% |0.2% [0.15% | 0.2% | 0.27% | 0.35%| 1.0% |2.0% | 0.5% |04% |0.3% | 0.35% | 04% |0.7% |6.0% |7.0%
0.15° 10.12° ]0.09° |0.12° | 0.16° |0.2° | 0.6° |1.2° | 0.3° |0.25° | 0.18° | 0.20° | 0.25° |0.4° [3.6° |4.0°
20k<1Z1<200k | 0.15% {0.12% [ 0.1% | 0.18%| 0.25% | 0.3% | 0.6% |1.2% | 0.3% |0.2% |0.16%| 0.24% | 0.32% | 0.40% | 1.8% | 3.0%
0.10° |0.06° |0.04° | 0.08° | 0.15° j0.2° |04° |08° |0.18° |0.12° |0.08° | 0.14° {0.18° |0.23° |1.0° |1.5°
2k< | Z 1 <20k 0.14% | 0.12% | 0.1% | 0.12%| 0.15% | 0.2% | 04% |0.8% | 0.25%|0.18% | 0.16% | 0.2% |0.24% |0.35% | 1.4% | 2.0%
0.09° |10.05° |0.03° | 0.06° | 0.08° 10.12° {0.3° |0.6° | 0.15° | 0.09° |0.06° | 0.12° |0.14° ]0.20° [0.8° |1.2°
10<1Z1<2k 0.13% | 0.11% | 0.1% | 0.11%| 0.13% | 0.17%| 04% | 0.7% | 0.20% ; 0.18% | 0.15% | 0.20% | 0.23% | 0.32% | 1.2% | 1.6%
0.08° |0.05° 10.03° | 0.08° | 0.1° ]0.15° | 0.25° [0.5° | 0.12° | 0.09° | 0.06° | 0.12° |0.13° |0.18° [0.7° |1.0°
2<1Z1<10 0.25% |0.2% |0.15%|0.2% | 0.32% |0.5% |0.8% |1.5% | 0.5% |0.35% | 0.25%| 0.35% | 0.5% [0.7% |3.4% |4.0%
0.15° ]0.1° [0.07° 0.12° } 0.2° |0.3° |04° |0.8° |03° |0.20° |0.14° | 0.20° |0.3° [04° |2.0° |23°
1£1Z1<2 0.35%{0.3% |02% |0.25%|05% |0.7% |1.0% |20% |1.0% |0.6% |05% |0.6% {08% |1.1% |6.0% |8.0%
0.22° |0.2° {0.12° [0.15° |0.3° |04° |06° |1.2° |0.6° [04° |03° 104° [05° |0.7° [3.6° 150°
0.5<1Z1<1 07% 06% |04% |05% |08% |[1.2% |1.7% |33% |1.8% |12% |1.0% | 1.2% |15% |[1.8% |10.0%]| 14.0%
045° |04° ]0.25° | 03° |05° |07° |1.0° [20° |11° |07° |0.6° [0Q7° |09° |11° [6.0° |85°
0.2<1Z1<0.5 14% |1.1% {0.8% |11% |1.25% (1.8% [27% |55% | 3.7% |2.6% |20% |2.6% |29% |34% |21.5%|28.0%
0.9° ]07° J05° |07° |08 |LI° |1.6° |3.0° |22° |15° |12° |15° |17° |2.0° |13.0° |16.0°

|Z| Accuracy: % reading shown on upper line.
6 Accuracy: + degrees shown on lower line.
When SPEED=FAST, accuracy is 2 times amount shown.

Table A-2. Accuracy of [Z] and 6 for | Z| <0.2Q

120|500 5k

1Z1 LEVEL =1V rms, SPEED = MED or SLOW
(0)} Frequency, (Hz)
100 200 |1k 2k 10k |20k |50k 100k

0<1Z1<0.2 1.7% [15% |1.0% |1.3%
+0.2m | +0.2m | +0.2m |[+0.2m

1.4%

+0.3m

20% |3.0% | 6.0%
+0.6m |{+1.5m | +3m

|Z| Accuracy: +(% reading + R) shown.

6 Accuracy: (8 Accuracy for 0.2<!Z1<0.5 in Table A-1) x (0.2Q/ 1 Z1)
When SPEED=FAST, accuracy is 2 times amount shown.

Table A-3. Accuracy of | Z| and 6 for | Z|220MQ

120|500 5k

1Y LEVEL =1V rms, SPEED = MED or SLOW
(&) Frequency, (Hz)
100 200 1k 2k 10k 20k 50k 100k

0<1Y1<50nS |1.8nS {1.2nS [0.6nS |1.2nS

2.1nS

24nS (7.5nS | 12nS

|Z| Accuracy: Specified by the + deviation (S) of admittance | Y| shown.
8 Accuracy: (6 Accuracy for 10M<|Z[<20M in Table A-1 x ([ Z| /20MQ).
When SPEED=FAST, accuracy is 2 times amount shown.




Table A-4. Additional Error for 5°-40°C

1Z] LEVEL =1Vrms LEVEL = 50mVrms
Q Frequency, (Hz) Frequency, (Hz)
100 to | 20k 50k to | 100 to | 20k 50k to
10k 100k | 10k 100k
10M<I|Z|<20M | 02% |1.0% |20% [03% | 3.0% | —
0.12° ] 0.6° 1.2° 0.2° 2.0° —
5M<I|ZI|<IOM | 0.12% {0.5% |1.0% |02% | 15% | —
0.07° | 0.3° 0.6° 0.12° | 0.9° —
2M<|[Z|<5M 0.07% | 0.25% | 0.5% | 0.14% | 0.75% | —
0.04° 10.35° | 03° 0.09° | 0.5° —
200k<!Z1<2M | 0.04% | 0.10% | 0.20% | 0.1% | 0.3% | 0.6%
0.024° | 0.06° | 0.12° 10.06° | 0.2° 0.4°
20k<[Z1<200k | 0.04% | 0.10% | 0.20% | 0.06% | 0.15% | 0.3%
0.024° | 0.06° | 0.12° }0.035°} 0.10° | 0.2°
2k< 121 <20k 0.04% | 0.04% | 0.08% | 0.06% | 0.06% | 0.15%
0.024° | 0.024° | 0.05° | 0.035°| 0.035° | 0.1°
10<1Z1<2k 0.04% | 0.04% | 0.08% | 0.06% | 0.06% | 0.15%
0.024° | 0.024° | 0.05° | 0.035°| 0.035° | 0.1°
2<1Z1<10 0.04% { 0.05% { 0.10% | 0.2% | 0.3% | 1.0%
0.024° | 0.03° | 0.06° |0.12° | 0.2° 0.6°
11Zl<2 007% | 0.08% | 0.18% | 04% | 0.6% | 2.0%
0.04° | 0.05° | 0.1° 0.24° | 0.4° 1.2°
0.5<{Z1<1 012% | 0.13% | 0.33% } 0.8% | 1.2% | 4.0%
0.07° | 0.08° | 0.2° 0.5° 0.7° 3.5°
0.2<[Z1<0.5 02% |02% |0.6% |20% | 3.0% | 10.0%
0.12° | 0.12° | 04° 1.2° 2.0° 6.0°




Y,
09% ,*oo,o 20 @ »962\
—— 20M | 1N ®
3 ,;) 3 />< >< >< 2_
pui R g E
S — T 7 >< > < SRS
RN < < Dr
E G N
—— 200k ] ~< < F \@“
o 1 M < < 3
b KE £
— 201 '_< >< >< P
ISP s P NPa NPy
—_— o 1 _: r \6\\2\
HEERE N >4 < 3
P &
—100F g ] > >< >< 3
B %0 3 E
3 - S
4 R By
103 )= P > -0
2] >< o
> < >4 >§‘
——200m {—— <'\ < > > 3
Capacitance C | Inductance L
100 1K 10k 100k
: 200 2 20k
Impedance Z (Q) 120 500 5k 50k
Frequency { (Hz)
{(a) Conversion diagram
2, 2 P Ry & 2, 2 2z o &
£ 20 N N X0 £ 2N &
| A e ST R B ST AT T AT AT T o
— 20M 7 ] q N — 20M ] N
N > < >r =, 1 I Do >4 >
oM y IR M :< < < < [
< 1IN | ® 4 I N L
EEND QP e é ARSI > Qe
: N ] A
—— 200k - < >< > >< L ,\@@ ——— 200k - i < F \@6\
D -GN RN QG G
3 % 3 r 3 % 3 r
] E! < F & 1 -1 < < r &b
20k A § Lt —— 20k 1 ] .
- ] N | | - L
R ) 2 > />< - S et 25 > 3
2k ] 5 > > L& 2k 1 7 < L&
k! N 1 S
2 oqo O D N Qe G
] E o E E < £
] »<\ < C \Q@} q ] § r \QQQ'
wd g 1 X > >4 E wy g 1 < >4 > 3
I % g > > E R < E
h 3 o ] 3 Fo
< RN ] i Py
10 4= E| L 10 4 ] L
R, < > R P £< 3
™ < > < ™ <
2 ] \ L& 2 1 § E&
3 Z ] = 3 7z ] =
E 2N E >< <>< < E ] R 5 < ><> >< E
——200m 1 7 s —200m —_< .
Capacitance C Inductance L Capacitance C Inductance L
100 1k 10k 100k 100 1k 10k 100k
i 200 2k 20k i 200 2k 20k
Impedance Z 120 500 5k 50k Impedance Z 120 500 5k 50k
@ Frequency f (Hz) @ Frequency f (Hz)
by ¢c— 2] € L—»1z!

Figure A-1. Conversion Diagram from L or C to [ Z]



Examples of Determining Accuracy

Ex. 1: Find the accuracy when R=33kQ, {=10kHz, 1V, while Q<0.1.

1. Find the accuracy from Table A-1, using the following parameters: 1V,
10kHz and 20k to 200k€2.

2. When the measuring speed is set to FAST, double the accuracy value.

3. When operating within a temperature range from 5 to 40°C, add the
value in Table A4.

4. When accuracy is needed for 21IMQ or <2Q, interpolate the value
according to Note 3.

5. Add +1/2 count of display value. When the display shows a measured
value of 33.14k<, the 1/2 count becomes 0.005kQ.

Ex. 2: Find the accuracy when C = 10uF, f=1kHz, 50mV, while D < 0.1.
1. Find 1Z| from Figure A-1 Conversion Diagram.
¢ Find the line descending from C = 10pF. Find the vertical line from
frequency = 1kHz. Mark their intersection.
® Extend a horizontal line from the intersection, to the left side. Read
thevalueof | ZI (=16Q). Also, youcan calculate the accuracy using the
following equation.

|Z1 = 11/2xfClI

2. Find the accuracy from Table A-1, using the following parameters:
50mV, 1kHz and 10 to 2kQ.

3. When the measuring speed is set to FAST, double the accuracy value.

4. When operating within a temperature range from 5 to 40°C, add the
value in Table A4.

5. When accuracy is needed for 2IMQ or < 2Q, interpolate the value
according to Note 3.

6. Add £1/2 count of display value.

Ex. 3: Find the accuracy when L = 680uH, f=100kHz, while Q > 10.
1. Find 1Z! from Figure A-1 Conversion Diagram.
® Draw a straight line from L = 680uH, in parallel with the ascending
lines. Find the intersection with the vertical line at frequency =
100kHz.
* Read | Z1 asshowninEx. 2. Also, you can calculate the accuracy using
the following equation:

{Z] = 12xnfL |

2. Find the accuracy from Table A-1, using the following parameteré:
f=100kHz and 10 to 2kQ. Repeat procedures 3 to 6 in Ex. 2.

Ex. 4: Find the accuracy of | Z! atany 6 and for parameters other than 6.

1. Measure | Z| and 8, or calculate the accuracy, using the other param-
eters.

Q=1/D 181 = larctan Q|
= 2nflLs/ESR Izl = {2nfLs/sin 61
=1/(2rfCs ESR) = 11/2nfCs sin 0) |
=2xnfCp/G = 11/@2rfCp sin 6) |
=1/QnfLp G) = 12nfLp/sin 61

f: Frequency (Hz)
Suffix s: Series equivalent circuit
p: Parallel equivalent circuit
2. Find the accuracies of 1 Z1 and 6. Refer to Ex. 1.

3. Find the maximums and minimums of | Z| and 6 from the measured
values and accuracies of | Z1 and 8.

Z max, min = Measured value |Z[ x [1 + Accuracy of [ Z| (%)/100]
6 max, min = Measured value 8 + Accuracy 6 (degree)

4. Find the maximums and minimums of the parameters for the four sets
of combinations of maximums and minimums of | Z| and 6, using the
calculating equation of each parameter. B is a susceptance, i.e., an
imaginary component of admittance.

Rs =1Z] cos® Rp =1[Z1/cos®
ESR = Z] cos © G =@0/1ZI)cos®
X =1Zlsin® B =-(1/1Z1)sin®
Ls =X/2xnf Lp =-1/2=fB

Cs =-1/2nfX Cp =B/2=nf

Q =Isin6l/cos6 D =cos8/lsinBl

5. Theaccuracy is the value that the error of 1/2 count of display is added
to | maximum value-measured value | or | minimum value-measured
value |, whichever is greater.

A.2 MEASURING SIGNAL

Frequency
Range: 100, 120, 200, 500, 1k, 2k, 5k, 10k, 20k, 50k, 100k (Hz)
Accuracy: £0.005% (50ppm)
Signal level (HCUR open voltage with terminal)
3% at 1kHz
+4% at 100Hz to 20kHz
+5% at 50kHz and 100kHz
50mVrms: +5% at 1kHz
+6% at 100Hz to 20kHz
7% at 50kHz and 100kHz

1Vrms:

DC bias
Internal: 2V, 5%
External: 0 to 35V

A.3 MEASURING RANGE

Number of ranges: 6 (Reference resistance: 100, 1k, 10kQ, 50k, upper
and lower extension ranges 2)

Selection: Automatic or manual

A.4 MEASURING SPEED (reference value)

Measuring time (fixed range and auto trigger mode)

Typical Maximum on
at 1kHz, 1kQ  any range, any frequency
FAST: 64ms 80ms
MED: 150ms 245ms
SLOW: 480ms 600ms

Automatic range switching time (per range)
The automatic range switching time is nearly equal to the measuring
time. When the frequency is 500Hz and the impedance is 2IMQ, it will
take time for the measured value to stabilize. When measuring a device
whoseimpedance changes according to the magnitude of the measuring
signal, time will extend until the value of the device becomes stable.

Level switching stabilization time: 200ms to 4s
The level switching stabilization time will change according to the
kinds of devices under test. Time increases when measuring non-linear
elements, such as diodes, or when switching from 1V to 50mV. This is
the time required for the stabilization of measured values. The time
needed to change the device under test is excluded.

Bias stabilization time: (4 + 0.015C)s
Where C=capacitance of device under test (UF).

Frequency switching stabilization time: 150ms to 4s

The frequency switching stabilization time increases when a high
frequency is changed to a low frequency (e.g.: 100kHz to 120Hz)



MEASURING SPEED (reference value) (Cont.)

Also, time changes according to the device under test. This is the time
required for the stabilization of the measured value. The time taken to
change the device under test is excluded.

A.5 TRIGGER

Trigger modes: Automatic (repeat) and manual
Trigger delay time: 0 to 199.99s

A.6 MEASUREMENT TERMINALS

4 terminals (BNC) + guard terminal

A.7 COMPARATOR FUNCTIONS

Number of categories: 20 max.

Main parameter judgement: 1 to 19 sets of upper and lower limits can be
set.

Sub-parameter judgement: 1set of upper and lower limits can be judged.

A.8 SETUP MEMORIES

Number of Setups: 10. One of the 10 setups saves the data at power off.

Memory Content: All settable data (except bias on-off).
Battery Life: 3 years minimum when stored at 40°C max.

A.9 GPIB

Interface Functions: SH1, AHI, T6, L4, SR1, RL2, PP0, DC1, DT1, CO.

Setting: Of the items settable via the front panel, all the parameters except
address and delimiter of GPIB can be set. Also, trigger, OPEN/SHORT
compensation and memory operation can be performed.

Readout: All the settable parameters, measurement data and status.
Standards: Based on IEEE-488-1978 and IEEE-488A-1980.
Code: ISO 7 bit code (ASCII code).

A.10 GENERAL

Power requirements: AC line voltage: selectable to 100V, 120V, 220V,
240V £10% (250V max.). 48 to 62Hz, approx. 21VA.

Operating Environment: 0° to 40°C, 10 to 90% RH (non-condensing).
Storage Environment: -10 to +50°C, 10 to 80% RH (non-condensing).
Dimensions, Weight: 216mm wide x 132.5mm high x 350mm deep

(8-1/2in. x 5-1/4 in. X 13-3/4 in.), excluding protrusions. Net weight
3.6kg (7.91b.).



SIDE VIEW

FRONT VIEW

Figure A-2. Dimensions
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KEITHLEY
Service Form

Model No. Serial No. Date
Name and Telephone No.

Company

List all control settings, describe problem and check boxes that apply to problem.

[ Intermittent 4 Analog output follows display [ Particular range or function bad; specify
(J IEEE failure (1 Obvious problem on power-up (1 Batteries and fuses are OK
[ Front panel operational d Al ranges or functions are bad [l Checked all cables

Display or output (check one)

1 Drifts [ Unable to zero

[ Unstable 1 Will not read applied input

1 Overload

(1 Calibration only (L Certificate of calibration required

1 Data required
(attach any additional sheets as necessary)

Show a block diagram of your measurement system including all instruments connected (whether power is turned on or not).
Also, describe signal source.

Where is the measurement being performed? (factory, controlled laboratory, out-of-doors, etc.)

What power line voltage is used? Ambient temperature? °F

Relative humidity? Other?

Any additional information. (If special modifications have been made by the user, please describe.)

Be sure to include your name and phone number on this service form.
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