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Preface
Thank you for purchasing the "ZGA5920 IMPEDANCE/GAIN-PHASE ANALYZER".

Please read, first of all, "Safety Precautions" on the next page, so that you can use the
instrument in the correct and safe manner.

® Notes on marks, symbols and terminology used in this Manual
The marks shown below are used in this Manual to indicate Warning and Caution instructions. Please
carefully follow the instructions that are indicated by these marks, so that users or operators are safe in
using the instrument and that the instrument will not be damaged during operation.

/\ WARNING . _ _ _ o _
Instructions are given to avoid such potential hazardous situations that instrument

operators would be involved in a risk of facing death and/or personal serious injury.

AUTION . . . . .. .
A CAUTIO Instructions are given to avoid possible personal injury or instrument damages due

to incorrect use/operation of the instrument.

® This Instruction Manual comprises the following Chapters.
Please read the Manual from the very beginning, i.e., from Chapter 1, if you use this type of instrument
for the first time. Meanwhile, please be advised that the instructions for the USB interface are included
in a separate manual.

—

Introduction
This Chapter involves such information as overview, features, applications, functions and
operational principles of the instrument.
2. Preparations before use
Information is given in this Chapter on what should be done by users and other people concerned
before you use the instrument.
3. Description on panels and basic operations
Descriptions are given in this Chapter on functions and basic operations of the indicators and
connectors located on panels. Please also read this Chapter while you operate the instrument.
4. Measurement operation (Basic)
Descriptions are given in this Chapter on operations of impedance measurement and gain-phase
measurement.
5. Measurement operation (Samples)
Descriptions are given in this Chapter on operations of measurement functions for each application.
6. Files
Descriptions are given for file formats.
7. Troubleshooting
Error messages and their implications are described.
8. Maintenance
Procedures of performance testing of the instrument are described. Information on storage,
re-packaging and transportation is also provided.
9. Specifications
Instrument specifications are provided in regard to functions and performance.
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—— Safety Precautions ——

To ensure safe use, be sure to observe the following warnings and cautions.

NF Corporation shall not be held liable for damages that arise from a failure to observe these warnings and
cautions.

This product is a Class I product (with protective conductor terminal) that conforms to the JIS and IEC
insulation standards.

® Observe all the instructions of this Instruction Manual by all means.
This Instruction Manual contains those instructions which are to be observed by users so that
users and/or operators prepare and operate the instrument in safety.
Read the Manual by all means as your first duty before you use the instrument.
All the Warnings described in this Manual are provided for you to avoid any serious accidents to
occur from using the instrument. Therefore, your observation of the instructions in the Manual is
essential to use the instrument.

® Ground the instrument at all times.
To avoid risk of electric shock, be sure to connect securely to ground through less than 100 Q.
This instrument is so designed that the instrument will be grounded by connecting its three-pole
power supply plug with a three-pole electric power source outlet with a proper grounding
connection.

® Check the power supply voltage.
This instrument operates at the power source voltage as described in "2.3 Grounding and
power supply connection" in this Instruction Manual.
Inspect and confirm that the outlet voltage conforms to the rated supply voltage of the
instrument, before connecting the power supply of the instrument to the power source.

® React promptly if you notice anything wrong with the instrument.
Promptly stop operating the instrument by disconnecting the power supply cable plug from the
power source outlet, if any amount of smoke or strange smell or sound comes out from the
instrument, for example.
Immediately contact NF Corporation or your dealer, if you have a problem as described above.
Keep the instrument unoperated and take measures so that no one could operate it until the
instrument will have been repaired.

® Do not operate the instrument in the gaseous environment.
Operation of the instrument in any gaseous environment could cause an explosion.

® Do not remove the housing (cover) from the instrument.
This product has high-voltage portions inside. Never remove the housing (cover) from the
instrument by any means.
No one except the service technicians certified by NF Corporation are allowed to check or touch
the inside of this instrument. Do not touch the inside by yourself in any case.
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® Do not modify the instrument.
Never modify or try to modify the instrument. Y our modification of the instrument could cause

unexpected accidents or failures. NF Corporation has the right to refuse providing services for

any instruments modified by unauthorized persons.
® Marks and codes to indicate safety information and/or instructions:
General definitions for marks and codes to indicate safety information and/or instructions in this

Manual as well as at the instrument itself are the following:

A Instructions Manual reference mark
This mark indicates that users should pay attention to potential failures, damages or injury and

that they are requested to refer to the appropriate section in the Reference Manual.

A Mark to indicate risks of electric shocks
This mark is used at locations where one can receive an electric shock under certain conditions.

/\ WARNING Warning mark
Instructions are given to avoid such potential hazardous situations that

instrument operators would be involved in a risk of facing death and/or
personal serious injury.

/\ CAUTION Caution mark
Instructions are given to avoid possible personal injury or instrument

damages due to incorrect use/operation of the instrument.

® Other marks and

codes

| This mark indicates the "ON" position of the power switch.

O This mark indicates the "OFF" position of the power switch.

) This mark indicates a connection with the instrument housing.

= This mark indicates that the outer conductor of the connector is connected with the signal
ground.

® Request about disposal
For environmental protection, please note the following guidelines for disposal of this device.

1. This device is equipped with a lithium battery. Ask an industrial waste disposal contractor

to dispose of such batteries.
2. Ask an industrial waste disposal contractor to dispose of the entire device.
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Microsoft Software License Terms for:
Windows XP Embedded and Windows Embedded Standard Runtime

These license terms are an agreement between you and NF Corporation. Please read
them. They apply to the software included on this device. The software also includes
any separate media on which you received the software.

The software on this device includes software licensed from Microsoft Corporation or its
affiliate.

The terms also apply to any Microsoft

. Updates,
. Supplements, and
. Support services

for this software, unless other terms accompany those items. If so, those terms apply.
If you obtain updates or supplements directly from Microsoft, then Microsoft, and not NF
Corporation, licenses those to you.

By using the software, you accept these terms. If you do not accept them, do
not use or copy the software. Instead, contact NF Corporation to determine its
return policy for a refund or credit.

If you comply with these license terms, you have the rights below.

1. Use Rights.
You may use the software on the device with which you acquired the software.

2. Additional Licensing Requirements and/or Use Rights.
a. Specific Use. NF Corporation designed this device for a specific use. You may
only use the software for that use.
b. Other Software. You may use other programs with the software as long as the
other programs
e Directly support the manufacturer's specific use for the device.

3. Scope of License. The software is licensed, not sold. This agreement only gives
you some rights to use the software. NF Corporation and Microsoft reserve all
other rights. Unless applicable law gives you more rights despite this limitation,
you may use the software only as expressly permitted in this agreement. In
doing so, you must comply with any technical limitations in the software that
allow you to use it only in certain ways. For more information, see the software
documentation or contact NF Corporation. Except and only to the extent
permitted by applicable law despite these limitations, you may not:

Work around any technical limitations in the software;

Reverse engineer, decompile or disassemble the software;

Make more copies of the software than specified in this agreement;

Publish the software for others to copy;

Rent, lease or lend the software; or

e Use the software for commercial software hosting services.

Except as expressly provided in this agreement, rights to access the software on this
device do not give you any right to implement Microsoft patents or other Microsoft
intellectual property in software or devices that access this device.

4. Product Support. Contact NF Corporation for support options. Refer to the
support number provided with the device.

5. Backup Copy. You may make one backup copy of the software. You may use it
only to reinstall the software on the device.

6. Proof Of License. If you acquired the software on the device, or on a disc or other
media, a genuine Certificate of Authenticity label with a genuine copy of the software
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identifies licensed software. To be valid, this label must be affixed to the device, or
included on or in NF Corporation's software packaging. If you receive the label
separately, it is not valid. You should keep the label on the device or packaging to
prove that you are licensed to use the software. To identify genuine Microsoft
software, see http://www.howtotell.com.

. Transfer to a Third Party. You may transfer the software only with the device, the

Certificate of Authenticity label, and these license terms directly to a third party.
Before the transfer, that party must agree that these license terms apply to the
transfer and use of the software. You may not retain any copies of the software
including the backup copy.

. Not Fault Tolerant. The software is not fault tolerant. NF Corporation

installed the software on the device and is responsible for how it operates on
the device.

. Restricted Use. The Microsoft software was designed for systems that do not

require fail-safe performance. You may not use the Microsoft software in any device
or system in which a malfunction of the software would result in foreseeable risk of
injury or death to any person. This includes operation of nuclear facilities, aircraft
navigation or communication systems and air traffic control.

10.No Warranties for the Software. The software is provided "as is". You

11.

12,

bear all risks of using it. Microsoft gives no express warranties, guarantees
or conditions. Any warranties you receive regarding the device or the
software do not originate from, and are not binding on, Microsoft or its
affiliates. When allowed by your local laws, NF Corporation and Microsoft
exclude implied warranties of merchantability, fithess for a particular
purpose and non-infringement.

Liability Limitations. You can recover from Microsoft and its affiliates only
direct damages up to two hundred fifty U.S. Dollars (U.S. $250.00). You
cannot recover any other damages, including consequential, lost profits,
special, indirect or incidental damages.

This limitation applies to:

e Anything related to the software, services, content (including code) on

third party internet sites, or third party programs; and

e Claims for breach of contract, breach of warranty, guarantee or condition,

strict liability, negligence, or other tort to the extent permitted by
applicable law.

It also applies even if Microsoft should have been aware of the possibility of
the damages. The above limitation may not apply to you because your
country may not allow the exclusion or Ilimitation of incidental,
consequential or other damages.

Export Restrictions. The software is subject to United States export laws and
regulations. You must comply with all domestic and international export laws and
regulations that apply to the software. These laws include restrictions on destinations,
end users and end use. For additional information, see www.microsoft.com/exporting.
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1.1 Features
L LZ/

1.1 Features

The "ZGA5920 IMPEDANCE/GAIN-PHASE ANALYZER" can measure the impedance characteristics
of electronic components, dielectric materials, and magnetic materials, the gain-phase characteristics of
electronic circuits, and the servo characteristics of negative feedback loop. In addition to the measurement,
it can perform the measurement data analysis, the feature extraction, the simulation, and the report
generation on one unit. It can be widely used for the material research, circuit analysis, or other purpose.

B Various measurement functions
It can measure the impedance characteristics of the target sample and the gain-phase characteristics of
the target circuit by sweeping them in the wide frequency range between 0.1 mHz and 15 MHz. In
addition to the frequency, it can sweep the measurement amplitude, the DC bias, and the time (zero
span), which enables the nonlinearity and time variability measurements of the sample.

B Advanced analysis functions for various measurement applications
It provides the advanced analysis functions for many applications, such as piezoelectric parameter
extraction, characteristics simulation, and drive circuit design support as analysis functions for the
piezoelectric material.

(Examples of the supported application and analysis functions)

Piezoelectric material: Piezoelectric parameter display, simulation, etc.

Dielectric material, magnetic material: Derivation of dielectric permittivity and magnetic permeability,
etc.

Electronic components (inductor, capacitor, and resistor): Equivalent circuit estimation and
simulation, etc.

Electronic component (transformer): Mutual inductance, coupling coefficient, turns ratio, etc.
Servo characteristics: Phase margin/gain margin, open- and closed-loop conversion, transfer
function generation, etc.

Amplifier circuit: Transfer function generation, CMRR, PSRR, Differential gain/differential phase,
group delay, saturation characteristics, etc.

Filter: passband ripple, attenuation, cutoff frequency, group delay, transfer function generation, etc.

B Excellent operability
This instrument is operated by using a keyboard and trackball. The results of measurement, analysis,
and simulation are displayed on the high resolution large-sized screen monitor with a high level of
visibility (external). They can also be printed by the printer or copied to a USB memory as a file to be
reused on a PC.

B Management functions for measurement conditions and measurement result data
Measurement conditions can be saved as measurement recipes, and measurement conditions that vary
with the sample can be managed as the measurement conditions for each sample unit.
Recipes and measurement result data can easily be verified on the instrument operation screen. Even if
the number of recipes or measurement data increases, you can easily find the target recipe or
measurement result by selecting what to be displayed.

1-2 ZGA5920



1.1 Features

L/

Automatic measurement function
The measurement can be automatically repeated, such as the measurement due to change of DC bias
voltage.

Measurement support

The operation screen shows how to connect the sample to this instrument and to operate this instrument,
and provides the support information to help you determine measurement conditions. When this
instrument is connected to the Internet, you can obtain the information useful for measurement, and
inquire about measurement methods while operating this instrument.

Ability to work with external devices
This instrument has a control I/O function to control external devices in concert with measurements on
the instrument or control measurements on this instrument according to external control signals.

Data logging function for analog signals
This function allows you to log signal states during measurement.
This instrument can be used as a drive source to measure (drive) DUTs while logging data.

Ability to work with user systems

Connecting this instrument to LAN allows you to easily build a measurement system on PC that
remotely controls measurement operations from PC and accesses the application data stored in this
instrument, such as measurement recipes and measurement result data.

A software developer kit provided with this instrument can be used to build a system on PC by
programming in the general PC software development environment.

NF FRA compatible remote control functions

This instrument has the FRA compatible remote control functions so that you can use this instrument as
our FRA5097. The FRA compatible remote control functions can be used like the FRA5097 via USB
connection.

Various installation types supported
The horizontal and vertical installations are supported.

.2 Applications

Research and evaluation of materials and electronic components such as piezoelectric material,
capacitor, and inductor.

Evaluation of response characteristics of electronic circuits such as filter and amplifier.
Evaluation of negative feedback characteristics of switching power supply, inverter, etc.
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1.3 List of functions

L/

1.3 List of functions

The followings show a list of important functions (measurement types) of the ZGA5920 and the function

tree of them.

Measurement type name

General descriptions

Piezoelectric measurement

Resonance characteristics measurement and
piezoelectric parameter extraction of piezoelectric
material

Dielectric measurement

Complex dielectric permittivity measurement and
analysis

Magnetic measurement

Complex magnetic permeability measurement and
analysis

Inductor measurement

Characteristics measurement and equivalent circuit
estimation of inductor

Capacitor measurement

Characteristics measurement and equivalent circuit
estimation of capacitor

Resister measurement

Characteristics measurement and equivalent circuit
estimation of resistor

Transformer

Leakage inductance measurement

Leakage inductance measurement of transformer

Mutual inductance measurement

Mutual inductance measurement of transformer

Coupling coefficient measurement

Coupling coefficient measurement of transformer

Turns ratio measurement

Primary/secondary turns ratio measurement of
transformer

Varactor diode measurement

CV characteristics measurement, tuning characteristics

simulation

Servo

Feedback loop measurement

Loop characteristics measurement, model identification,

simulation

Closed loop gain measurement

Open to closed loop conversion, model identification,

simulation

Open loop gain measurement

Closed to open loop conversion, model identification,

simulation

Amplifier circuit

Gain-Phase measurement

Frequency characteristics measurement, model
identification, simulation

CMRR measurement

Common-mode or normal-mode gain measurement,
CMRR calculation

PSRR measurement

PSRR measurement

DG/DP measurement

DG/DP measurement

Saturation measurement

1 dB compression level measurement

Filter measurement

Calculation of passband ripple and cutoff frequency,
transfer function identification

Impedance measurement

Impedance measurement

Gain-Phase measurement

Gain-phase measurement
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Piezoelectric
material

Dielectric
material

Magnetic
material

Inductor

Capacitor

Resistor

Transformer

Diode

Piezoelectric measurement

Dielectric measurement

Magnetic measurement

J

Piezoelectric material measurement
Display parameter
Simulation

Dielectric material measurement

Analyze parameter

Magnetic material measurement

[Analyze parameter

Inductor measurement

Capacitor measurement

Measurement
—Equivalent circuit estimation

—Simulation

—Measurement
—Equivalent circuit estimation

—Simulation

Measurement

Resister measurement

—Leakage inductance measurement

—Mutual inductance measurement —

—Coupling coefficient measurment —

—Turns ratio measurement

——  Varactor diode measurement—[

—Equivalent circuit estimation

—Simulation
—VLeakage inductance measurement

—Aid connection measurement
—oppose connection measurement

—Mutual inductance measurement

—Short secondary measurement
—Open secondary measurement

—Coupling coefficient measurement
Turns ratio measurement

CV measurement

Simulation
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Servo ————Feedback loop measurement —Loop measurement
—Identify parameter
—Simulation
—Closed loop gain measurement ——r—Loop gain measurement

—Feedback transfer function
—Open to close conversion

—ldentify parameter

—Simulation

—Open loop gain measurement —Closed loop measurement
—Feedback transer function
—Close to open conversion

—ldentify parameter

—Simulation

Amplifier circuit——Gain-Phase measurement —————Gain-Phase measurement
—Identify parameter
—Simulation

—CMRR measurement Normal-Mode gain

—Common-Mode gain

—CMRR measurement

—PSRR measurement PSRR measurement
—DG/DP measurement ——————DG/DP measurement
—Saturation measurement ———Saturation measurement

Filter circuit Filter measurement Gain-Phase measurement

kldentify parameter
Simulation
Impedance ——Impedance measurement
Gain-Phase Gain-Phase measurement
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1.4 Principle of operation

1.4.1 Basic principle

ZGAS5920 measures the 1/O transfer characteristics of a system under test and the impedance of a target
sample. ZGA5920 is equipped with the oscillator output section with the sine wave oscillator and the
two-channel measurement signal input section (CH1 and CH2), and calculates vector quantity (amplitude
and phase) of each measurement frequency component from the Fourier coefficient obtained through the
discrete Fourier transform of the input signal. It can obtain the gain and the phase at the measurement
frequency f by measuring the input and output signals of the system under test from each of the
measurement signal inputs (CH1 and CH2) and calculating the vector ratio (CH1/CH2).

For impedance measurement, it can measure the impedance as ratio of CH1 (voltage) and CH2 (current),
taking the voltage of sample from CH1 and the voltage signal proportional to the current from CH2.

4 . N N\
H(f) .Z Shunt resister
In out @ Rsh
DUT H
Poeer] [l ["e ] zeasezo| |[PSEST]| [MET]l [MeF ]| zeAse2o
i A i I A B |
e N .
: Freqijfency CHZ(t) CH1(t) : : Freqf:ncy CH'|(t) CHZ(t) :
: B [ADG | [ ADC | : : B [ADC | [ ADC | :
I | I |
| [ oDFT | [ DFT ] I | [ DFT | [ DFT ] I
I I | I
I L] I I L] ¢ L] ¢ I
- - - ] - ]
. CH1,, . V,  CHl,
H= Zy=—0 = X Rsh
CH2 I CH2
Y 6] )L () ) )

Figure 1-1 Transfer characteristics/impedance characteristics measurement

At one time of measurement, the gain and the phase at the measurement frequency f, which is the oscillator
output frequency, will be measured. The frequency characteristics like the Bode diagram will be obtained
by sweeping the measurement frequency and thus accumulating the values of the amplitude and the phase
of CH1 and CH2 at individual frequencies. In addition to the frequency, the sweep can also be applied to
the amplitude, the DC bias, and the time (zero span). At each measurement, the gain of the measurement
signal input section will be readjusted to be most appropriate for the coming measurement. Therefore, the
measurement will be performed with a wide dynamic measurement range and optimum signal-to-noise
ratio, adding the gain variation range of the preamplifier before A/D conversion in the measurement signal
input section to the A/D converter dynamic range.
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In addition, the discrete Fourier transform used for the measurement has the following features:
® The discrete Fourier transform itself has a steep band-pass characteristic, which reduces the
effect of noise and harmonics.

® Measurement can be made within the time period corresponding to the measurement frequency,

that is, only about one second is needed to measure the amplitude and phase for 1 Hz.
® The freedom of setting measurement frequencies (frequency sweep density) is large, which
allows you to select linear or logarithmic sweep and set the number of measurement points per

sweep.

1.4.2 Block diagram

PC

MONITOR

REMOTE
CONTROL
DEVICE

IMPEDANCE/GAIN-PHASE ANALYZER
ZGA5920 (main unit)

KEYBOARD

ANALOG
SIGNALS

SAMPLE

Figure 1-2 System block diagram

TRACKBALL

Components

A monitor, keyboard, and trackball (pointing device) are required to operate ZGA5920. If you use ones
other than the included items, they might not work correctly.

ZGA5920
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Xny

1NdNITYNOIS
90TYNY

0O/1"1041NOD

NV1

AY1dSIa

AYOWIW @SN

TIvaMOvHL

qHY0gAIN

TOYINOD 10N
FT8LUYdNOD Vit

LOGIC

0SCBD

CH1 PREAMP BD

CH2 PREAMP BD

CHO-LNdNI

IHO-1NdNI

3S0-1NdLNO

Figure 1-3 Block diagram (main unit)

ZGA5920

1-9



1.4 Principle of operation

L/

This section describes the configuration of the ZGA5920 (see "Figure 1-3 Block diagram (main unit)").

a)

b)

d)

e)

0osCcBD

This is an oscillator that generates timing signals for the ZGA5920.

The OSC BD generates the three following types of signals: sampling clock signal for A/D
conversion, local frequency signal for heterodyne, and oscillator output.

This oscillator has a setting resolution of 0.1 mHz for the frequency range of 0.1 mHz to 15 MHz,
based on the direct digital frequency synthesizer technology using dedicated LSIs. It has other
features, such as instantaneous frequency change with phase continuity.

PREAMP BD

This is the measurement signal input section composed of an amplifier with variable gain and an
A/D converter.

The input signal will have its DC component removed and be amplified or attenuated to an
appropriate level to be A/D-converted to a 16-bit signal. If the analysis frequency is below 3 kHz,
the signal will be directly A/D-converted. If the analysis frequency is 3 kHz or higher, the signal
will be converted to the intermediate frequency of approx. 55 Hz through the frequency conversion
circuit before the A/D conversion.

AD CPU BD

In the AD CPU BD, the digital data signal that has been A/D-converted through the PREAMP BD
will be Fourier-integrated and stored as measurement data. The AD CPU BD contains a 16-bit CPU
and controls the Fourier integration, the auto-range of PREAMP BD, or other functions.

CPUBD
The MAIN CPU BD reads measured data from the AD CPU BD, performs calculations such as
coordinate transform and error compensation, and displays the outcome on the external monitor.

DCPS BD
The DCPS BD supplies isolated electric power with high impedance to the measurement signal
input section (CH1 and CH2) and the oscillator output section.
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2.1 Inspection before use

Ensuring safety

To ensure the safety, refer to "Safety Precautions" described in the beginning of this Instruction
Manual before using the ZGA5920.

In addition, read "2.3 Grounding and power supply connection" in this Instruction Manual to
sufficiently ensure the safety before connecting the instrument to the power source.

Check upon Unpacking
At first, check that there is no damage caused by an accident or other reason during transportation.

After unpacking, refer to "Table 2-1 Content list" to check the contents.

Table 2-1 Content list

ZGAS5920 (MAIN UML) ...ttt ettt ettt e te et eaeeteeaeeaeeaeereeneeeenens 1
Monitor (19-inch, 1280 X 1024 dOt).....cceereerierieriieriieriiesieeeeseeseesre e seeeseeeneees 1
KEYDOATA ...ttt ettt ettt e naenneas 1
TTACKDALL ...ttt ettt nneas 1
Accessories
CD-ROM provided with the ZGAB920 ..........c.ooveiiiiiieieeeeeeeeee e, 1
ZGA5920 Instruction Manual............ccecvevveieenrerierieinrinreieeeeeressesseseesessessesens 1
Signal cable (BNC-BNC 50 Q 1 m, 250 VIMS) .c.eeevvveiieiieieeieeieeieeie e 3
T-branch (250 VITNS) .....oooiiiiiiiiiieeiie ettt e etae e eae e eesarae e 1
Ferrite core (Clamp LYPE) .eoveerueerieeiieiieiieiiesitetee ettt 1
Power code set (2m, with 3-prong plug) .......ccceeverierienienieeieeieee e 1

Monitor, keyboard, and trackball

A monitor, keyboard, and trackball (pointing device) are required to operate this instrument.

Use the items provided with this instrument. If you use ones other than the items provided or items not
specified by us, they might not work correctly.

B Ferrite core

Attach a ferrite core to the connecting cable of the trackball to prevent noise.
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B Accompanying CD-ROM
The CD-ROM contains a utility software and a software developer kit (SDK) that can be used on a PC.
You can use the utility software to easily obtain measurement result data.
You can use this SDK to develop programs in a general PC programming environment for controlling
measurement by this instrument and accessing information on measurement conditions, and
measurement result data on it.
To use the utility software and the software developer kit, you need to connect this instrument to PC via
LAN.

[Utility software]
Operating environment (OS) Windows XP, Vista, 7

NET Framework 3.5 needs to be installed in your environment.
[SDK]
Operating environment (OS) Windows XP, Vista, 7

NET Framework 3.5 needs to be installed in your environment.
PC programming environment ~ Microsoft Visual Studio 2008
Programming languages Languages supporting .NET Framework 3.5 like C#, Visual Basic

In addition, the CD-ROM contains the Instruction Manual of FRA compatible remote control that provides
the same remote control functions as our FRA5097 in electronic data form.

B Remote interface cable
A remote interface cable is required when you want to remotely control this instrument from a PC or
other device. A remote interface cable is not provided. Please purchase separately commercial cables
according to each remote interface, which is used for different purpose. The cable specifications are:

[ZGA remote control communications]

To control measurement by this instrument, or access measurement recipes and measurement result
data on it

LAN cable RJ-45, category 5 or higher 2-pair or 4-pair UTP cable

In addition to the above cable, a HUB will be required to connect this instrument to a PC via LAN.

[FRA compatible remote control]
To use the FRA compatible functions
USB cable USB 1.1, USB 2.0 compliant cable

About registered trademarks
Company or product names used in this specification are generally trademarks or registered trademarks of
their respective holders.
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B Peripherals

For specific targets, the peripherals and related products listed in the table below are available (sold

separately). For details of restrictions other than ones described in the table below, see the specification for

each peripheral.
Target Peripherals/related products Features
Piezoelectric material Impedance Measuring Adapter Directly connected, 4 terminal
Dielectric material PA-001-0368 configuration

Magnetic material
Inductor
Capacitor
Resistor
Transformer
Varactor diode

~200 kHz

Kelvin clip for Impedance Measuring Adapter
PC-007-1490

(for replacement)

High Power Impedance Measuring Adapter
PA-001-1840 (Max. input current 1 Arms)
PA-001-1841 (Max. input current 0.1 Arms)

Measures impedance at actual
operating voltage by using a
bipolar amplifier together

Test Fixture Adapter
PA-001-1838 (built-in shunt resistor 1 Q)
PA-001-1839 (built-in shunt resistor 100 Q)

Can be used to connect various
test fixtures for LCR meters

Shunt Resistor

For current-voltage conversion

PA-001-0370 1 V/1 A, 1 Arms rated
High Speed Bipolar Amplifier For drive signal amplification
HVA/HSA/BA/BP series Maximum 50 MHz, 10 kV, 20 A
Servo loop Loop Gain Measuring Adapter Directly connected, withstand
PA-001-0369 voltage 42 V DC
Clip cable for Loop Gain Measuring Adapter | (for replacement)
PC-007-1922
Signal Injector Probe Low stray capacitance,
5055 maximum 100 kHz
Others High Withstand Voltage Alligator Clip Cable Set | Maximum 250 Vrms
(Cables and others) (3 per set)

PA-001-0420 (small)
PA-001-0421 (large)

High Withstand Voltage Clip Set (3 per set) Rated 250 Vrms
PC-001-0419

High Withstand Voltage BNC Cable Rated 250 Vrms
PC-002-3347 (*1)

High Withstand Voltage BNC Adapter Rated 250 Vrms

(T-branch)
PC-001-4503 (*1)

Alligator Clip Cable Set (3 per set) Rated 30 Vrms

PC-001-0422

(*1) The same one as provided with the main unit.

/\ WARNING [ o ,
High voltages appear inside of the instrument. Do not remove the cover.

No one except the trained service technicians who are thoroughly experienced in the
hazard prevention is allowed to check or touch the inside of this instrument. Do not
touch the inside by yourself in any case.
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2.2 Mounting and installation

2.2.1 General precautions on installation

® Install the instrument with all the four foot-stands on the bottom or side of the instrument on the level plane,
e.g., on an appropriate desk surface, so that the instrument will be stationed stable. The ZGA5920 can be
placed horizontally or vertically (the power switch is on the top and the BNC connector is on the bottom).

® The ZGAS5920 uses a forced air cooling system with a fan. If you notice the fan stopped, remove
immediately the power supply and report to NF Corporation or NF's agent/dealer.
If you continue to use the instrument with the fan stopped, there is a risk of expansion of damages and
hence difficulty/impossibility of repair.

® Air intake and exhaust ports are located on the bottom and rear surfaces of the ZGA5920 (when placed
horizontally). Therefore, it is requested to install the instrument with its bottom and rear surfaces 10 cm
apart from the wall at minimum.

2.2.2 Installation location conditions

a) Use the instrument under the following range of temperature and humidity environment: Note that
the pollution condition is degree 2.
Operation +5 to +35 °C, 30 to 80% RH (no condensation)
Storage -10 to +50 °C, 30 to 80% RH (no condensation)

b) Do not install the instrument at locations as follows:
® Environment with flammable gas
If the instrument is placed in environment with flammable gas, there will be a high risk of
explosion. Never install, use or operate the instrument in such environment.
® Places with direct sunshine or near fire or near fire or heat source
If the instrument is installed or operated at a place with direct sunshine or near fire or heat
sources, it may not meet the performance specifications or instrument failures may be induced.
® Environment with corrosive gas, moisture or dust, or with high humidity
If the instrument is installed in such environment, it could be corroded or instrument failures
could be caused.
® Places near high voltage equipment, power cables or high electromagnetic field sources
Operating the instrument at such a place could cause malfunctions and/or measurement errors.
® Environment with vibration
Operating the instrument in such environment could cause malfunctions and/or failures.

In addition, signal cables for measurement shall be so routed that they will be immune from
interference/induction with noise or electric power by separating them from power cables of the ZGA5920
or otherwise. If signal and power supply cables are routed close to each other, there could be malfunctions
and/or measurement errors.
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2.2.3 Peripherals connection

Connect the monitor, keyboard, and trackball to the instrument in the following order. Use the
recommended items described in "2.1 Inspection before use" for these peripherals. Other items may not
work correctly. For inquiry about failure of a peripheral, contact us or our agents, instead of its
manufacturer.

® Monitor
Use the monitor cable provided with the monitor to connect the DISPLAY connector on the rear of the
ZGA5920 main unit with the analog RGB connector (mini D-Sub 15-pin) on the monitor.

Monitor connecting cable

(provided with the monitor)

0
1|
! T
I‘I
Rear of ZGA5920 main unit Rear of monitor

B Keyboard
Connect the keyboard USB connector (plug) to the USB connector on the rear of the ZGA5920 main unit.

U

Rear of ZGA5920 main unit Keyboard
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B Trackball

The keyboard is equipped with two ports of USB hub. Connect the trackball to the USB hub on the
keyboard instead of the USB port on the ZGA5920 main unit.

Ferrite core (included)

Keyboard Trackball

Please install the ferrite core (included) near the keyboard. It can reduce interference of the high-frequency

electromagnetic field radiated from surrounding objects, and also reduce interference to surrounding
objects.
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2.3 Grounding and power supply connection

B Grounding

This product uses a line filter, which may cause electric shock if the product

is not grounded.

Be sure to connect the protective grounding terminal to an earth ground before
connecting measurement cables.

The protective grounding terminals of the ZGA5920 main unit and monitor are
ground pins for three-pole power supply cables. Be sure to insert the power supply
plug into the three-pole power supply outlet with a protective grounding contact.

B Power source

A CAUTION Confirm that the voltage of the power supply outlet is within the range of the power

supply voltage specifications before connecting the power supply. Otherwise, the
ZGA5920 may be damaged.

B Power supply conditions of ZGA5920
e Voltage range: AC90 V~132 V/180 V~250 V
e Frequency range: 50 Hz/60 Hz
e Power consumption: 150 VA or lower (ZGA5920 main unit), 45 W (monitor)
e Overvoltage category: I

B The following procedure shall be taken to connect the power supply:
1) Confirm that the commercial power supply voltage is within the allowable voltage range of the
ZGA5920.
2) Connect the power supply cable female-plug into the power supply connector located on the rear
of the ZGA5920 main unit.
3) Connect the power supply cable female-plug into the power supply connector located on the rear
of the monitor.
4) Insert the power supply cable plugs for the monitor and main unit into three-pole power supply
outlets.
After turning off the power, wait for at least 5 seconds before turning on the power again.

2-8 ZGA5920



2.3 Grounding and power supply connection
L L7/

/\ WARNING S o
This device contains high-voltage parts. Do not remove the cover.

2.4 Compliant standards

The ZGA5920 complies with the following standards.
Safety standard: EN 61010-1:2010
EN 61010-2-30:2010
EMC: EN 61326-1:2006 (Group 1, Class A)
EN 61000-3-2:2006
EN 61000-3-3:2008

The following cables and peripherals are used during the EN 61326-1:2006 test.

® Monitor: S1901-BST (Eizo Nanao Corporation)
The monitor accessories are used for the power cord and monitor cable.
® Keyboard: PD-DB200B/U (PFU LIMITED)
® Trackball: TM-150 (Logitech International S.A.), Ferrite core (included)
® Printer: H470 (Hewlett-Packard Development Company, L.P.)
The printer accessories are used for the AC adapter, power cord, and USB
cable.
(Cables and others)
® Power cord: Accessory
® Signal cable: Accessory
® T-branch: Accessory
® USB cable: USB 2.0 compliant cable, 1 m (Sanwa Supply, Inc., KU20-1)

(for external PC control)
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2.5 Quick function checking

This section introduces quick operation checking methods for this instrument to be used for quickly
checking important functions of the instrument after delivery or prolonged storage.
Refer to "8. Maintenance" for more detail on instrument check-out.

2.5.1 Checking functions and indications at power "ON"

First, turn on the monitor. When you turn on the ZGA5920 main unit, all lamps on the front panel of the
ZGAS5920 main unit will be lit on. Make sure there are no unlit lamps.

e For more detail on lamp indications at the time of power supply "ON", refer to "3.2
Display at power "ON" and initial settings".
e For more detail on error messages, refer to "7.1 Error messages".

/\ WARNING
Smoke, odor, strange sound

In such event, immediately disconnect the power cable from the outlet and do not
use the equipment until repairs are completed.

2.5.2 Checking responses for key actions

Check and ensure that main keys and the trackball function properly.

Click

The Application pallet appears.
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Click the button on the bottom of the screen by using the left button of the trackball.

Check that the OUTPUT-OSC ON lamp (above the oscillator output connector) on the front panel of the
ZGAS5920 main unit is turned on. Similarly, check that the ON lamp is turned off when clicking the
button again on the bottom of the monitor screen.

Click

Lamp on
Lamp off

\

ON
\B

OUTPUT-0SC

:I '

+10V
Zout=500 =

Click the measurement condition setting area and then click the setting field of number of measurement

points ([Point]). Enter a numeric value from the keyboard to check that key entries work correctly.

Sweep param | Frequency |w
Start |

Paint | 300 Interval | Lin

Circuit parameter Oscillator
CH1 weight | 1 | Frequency |
CH2 weight | T Ampitude |

Invert |OFF || DL Bias |

Ext amp gain | 1 |

Sweep

Anytime OM

Tk |He
1 |k
0y

29k |Hz

Advanced J

_— Key entry check

2.5.3 Precautions at power "OFF"

When turning off the power, press the power switch on the ZGA5920 main unit to turn it off. This
automatically shuts down the power and turns off the power lamp.

Do not disconnect the power supply cable from the outlet or shut down the commercial power source

supplying to the ZGA5920 main unit by an external breaker. It may cause the internal data and program to

be damaged, and thus the ZGA5920 may not start up at the next power-on. Never shut down the

commercial power source.

If it has been one minute without power-off since you started the power shutdown process, internal

processing may be delayed. You can press and hold down the power switch for 5 seconds or longer to turn

off the power.

After turning off the power, wait for at least 5 seconds before turning on the power again.

ZGA5920
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2.6 Calibration

Although somewhat contingent on the usage environment and how often the ZGAS5920 is used, conduct
the performance tests of Section 8.5 at least once a year.

The performance tests are also recommended immediately before using the equipment for important
measurements or testing.

Refer the performance tests to technicians possessing experience in operating measuring equipment and
have a good general knowledge of instrumentation.
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3.1 Panel descriptions

This section describes names and operations of various parts of the main unit front and rear panels and the
monitor display of the ZGA5920.

3.1.1 Main unit front panel USB peripherals
They are connected by an USB memory,

keyboard,, etc.

Power switch and lam STATUS lamp
W w P ERROR: It is lit on when an error occurs.
The lamp is on while the o )
) MEASURE: It is lit on during measurement.
power is on. . . o
CALIBRATION: Tt s lit on during self-calibration.
\QI‘II= IMPEDANCE/GAIN-PHASE ANALYZER ml_}w"mf&:ﬂ?{%g ]]

POWER STATUS use
i 4]
O Enwcn =
@ £ vERSR MG

[ O CALERATR = ]

CONTROL 1D ANALOG S1GNAL MEASUREMENT
INPUTACUTRPUT IWPUT D j ::]
£ n-l L ;m” 1y _.;.“m - _;“m
ps @ @Tﬁf -;,J“_.,ﬂ{:': “___-_;-’1;,;" ]]
“ ‘| \\ Il
\/ —
Analog signal input Measurement signal input
terminal (ANALOG (INPUT-CH1, CH2)
SIGNAL INPUT) Measurement signal is input.
Data logging signal is input.
Oscillator output
(OUTPUT-0SC)

Control I/O terminal Measurement signal is output.
(CONTROL I/O INPUT/OUTPUT)

Digital I/O control signals are input and Measurement ground

output. terminal

It is connected to the enclosure.

Figure 3-1 Main unit front panel
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3.1.2 Main unit rear panel

USB peripherals

They are connected by an USB

memory, keyboard, etc.

USB connector

It is used for communication with

an external PC.

[ Monitor connecting connector ]

[ LAN connector ]

l Air outlet l

[ COA"" label

[ Certification label ]

®
H: @ DISPLAY | an @ O ——
= = = a =
MATNTENANCE 1 @ Aux gl - I
—
[ ——)] )] —=—
[ @ ® = :|
MAINTENANCE 2 O %%
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:1 ‘} Z:Z""'l‘;"g' s ® ., A i o o ﬁ
[ ® \ / ® / ©
—J \ 7 j—
Maintenance connector [ Nomenclature plate ] Power inlet
Do not connect anything.
AUX connector
Connector for a signal injector probe 5055
(sold separately)
*1: COA (Microsoft Certificate of Authenticity)
Figure 3-2 Main unit rear panel
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3.2 Display at power "ON" and initial settings

3.2.1 Displays and indications at power "ON"

Take necessary steps before instrument usage/operation according to “2. Preparation before Use”.
When the power switch is turned on, all of the lamps on the main unit front panel of the ZGA5920 are lit
on and then the system starts up.

The system starts up after approximately one minute, and then all the lamps on the front panel other than
the "POWER" lamp are lit off.

Figure 3-3 Screen at power “ON”

When you start the ZGA5920 for the first time or under factory default conditions, the setup screen
appears, allowing you to specify a language and time zone. When you click the @ button, the system

| Setup pallet |

Language

restarts.

Timezone

[GMT+09:00) Ozaka, Sapporo, Tokyo v

Enter OK key, restart the system.
OK

Figure 3-4 Setup screen
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When the startup process is complete, the display changes "Figure 3-5 Measurement screen" to be
operational.

Figure 3-5 Measurement screen

3-5 ZGA5920



3.2 Display at power "ON" and initial settings

L/

3.2.2 Initial settings

The measurement condition setting area on the measurement screen of the ZGA5920 is initially populated
with the default measurement conditions (Measurement Recipe) as the factory default. The initialization

values and setting ranges of the default measurement conditions are shown in "Table 3-1 List of

initialization values (measurement condition setting area)" and "Table 3-2 List of initialization

values (measurement condition setting pallet)".

Table 3-1 List of initialization values (measurement condition setting area)

Setting items Initialization value Setting range Settmg Unit
resolution
Circuit
CH1 weight 1.0000.000E+00 | 0.0000~1.0000E+06 5 digits|1E-11
CH2 weight 1.0000.000E+00 | 0.0000~1.0000E+06 5 digits|1E-11
Phase invert OFF OFF|ON
Ext amp gain +1.00 +(0.01~999) 3 digits|0.01
Oscillator
Frequency 1,000.0000 0.0001~15,000,000.0000 | 0.0001 Hz
Amplitude™ 1.00 0.00~9999 3 digits|0.0001 | Vpk™
DC Bias ' 0.0000 -9990~+9999 3 digits|0.0001 | V@
Sweep
Sweep param ° Frequency|Amplitude|DC bias|Zero span
Min (Frequency) 10.0000™ 0.0001~15,000,000.0000 | 0.0001 Hz
Max (Frequency) 1,000,000.0000™ [ 0.0001~15,000,000.0000 | 0.0001 Hz
Min (Amplitude) 0.00 0.00~9999 3 digits|0.0001 | Vpk®
Max (Amplitude) 10.0 0.00~9999 3 digits|0.0001 | Vpk*
Min (DC bias) 0.00 -9990~9999 3 digits|0.0001 | V*
Max (DC bias) 5.00 -9990~9999 3 digits|0.0001 | V@
Sweep Time (Zero 30.00 0.03~999999.99 0.01 s
span) )
Point 1017 4~20000 1
Interval Log™® LoglLin
Anytime ON OFF OFF|ON
*1: The following restrictions are applied to the setting range of External amplifier gain, Amplitude, and
DC Bias:
(Amplitude setting value + DC Bias setting value) < (External amplifier gain x 10)
*2:  When the measurement application is "Magnetic measurement” or "Inductor measurement”, the
unit is current [Apk] or [A] instead of voltage.
*3: The available sweep parameters vary depending on the measurement type. Refer to "Table 3-3 List
of available sweep parameters".
*4: When the measurement application is "Piezoelectric measurement", the Min is 10 kHz and the
Max is 100 kHz.
*5:  When the measurement application is "Piezoelectric measurement”, this is 11.
*6: When the measurement application is "Piezoelectric measurement"”, "DG/DP measurement”, or

"Saturation measurement”, this is Lin.
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Table 3-2 List of initialization values (measurement condition setting pallet)

Setting items Initialization Setting range Setting Unit
value resolution
Input over
CH1 250 0~250 1 Vrms
CH2 250 0~250 1 Vrms
. None|Stop sweep|Output
Action None OFF
Integration
Type Cycle Cycle|Time
Cycle 1 1~9999 1 Cycle
Time 0.01 0.01~9999 4 digits|0.01 | s
Delay
Type Cycle Cycle|Time
Cycle 0 0~9999 1 Cycle
Time 0.00 0.00~9999 4 digits|0.01 |s
Slow sweep
Item OFF OFF|LogR|R|0]A|B
CH CH1 12
Variation (LogR) 1.00 0.00~1000 3 digits|0.01 | dB
Variation (R) 1.00 0.00~1.00G 3 digits|1p Vrms
Variation (0) 1.00 0.00~180 3 digits|0.01 | deg
Variation (A, B) 1.00 0.00~1.00G 3 digits|1p Vrms
Amplitude compression
Compression mode OFF OFF|CH1|CH2
Amplitude [Vrms] 1 1m~250 3 digits|10y | Vrms
Limit [Vpk] 1 1m~10.0 3 digits[10p | Vpk
Error [%] 10 0~100 1 %
Retry 10 1~9999 1
Correction [%] 100 0~100 1 %

*1: The slow sweep works only when the sweep parameter is Frequency.

Setting values of Amplitude and DC Bias are External amplifier output equivalents.
(The value of Amplitude or DC Bias divided by External amplifier gain is output for the oscillator output of
the ZGA5920.)
Example) When External amplifier gain = -100 and DC Bias = 10.0 V, the result of 10.0 V / (-100)
= -0.1 V is output on the ZGA5920 front panel.
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Table 3-3 List of available sweep parameters

Measurement application

Sweep parameter

Frequency

Amplitude | DC Bias

Zero span

Piezoelectric measurement

X

Dielectric measurement

Magnetic measurement

Inductor measurement

Capacitor measurement

Resister measurement

O|O|Of x | x
O| O] O] O[O x

Transformer

—Leakage inductance measurement

—Mutual inductance measurement

—Coupling coefficient measurement

—Turns ratio measurement

Varactor diode measurement

Servo - Feedback loop measurement

Servo - Closed loop gain measurement

Servo - Open loop gain measurement

Amplifier circuit - Gain-Phase measurement

Amplifier circuit - CMRR measurement

Amoplifier circuit - PSRR measurement

Amplifier circuit - DG/DP measurement

Amoplifier circuit - Saturation measurement

Filter measurement

Impedance measurement

Gain-Phase measurement

O|O| O} x | x|O|O| O] O] O] O|O|O|O|O| O |O]O[O|OI0|0O

XX | X |X|Ox|x|[x|x|x|[x|OQ|x|x]|x]|x

XIX|X|OI X | x| X|[X|x|x|[x]|x|x]|x]|x]|xX

X[ x| x| x|x|x|x|Q]x|x|xOlOlx|x|O| |O]OOlO00O
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The following tables show the setting items for each measurement application screen and the initial values

for the analysis setting area and simulation condition setting area.

Table 3-4 List of initialization values for piezoelectric measurement

Setting

Setting item Initialization value Setting range ; Unit
resolution
Constants display
Cd mode High Frequency High Frequency|Gmax|
Bmax_Bmin
AL value 100.0 0.001~9999 4 digits|0.001 nH/N*
Constants
Cd 10.0000E-12 +(1E-18~999.999E+15) 6 digits|1E-18 | F
C1 100.000E-09 +(1E-18~999.999E+15) 6 digits|1E-18 | F
L1 10.0000E-03 +(1E-18~999.999E+15) 6 digits|1E-18 | H
R1 1.00000E+00 +(1E-18~999.999E+15) 6 digits|1E-18 | Q
Simulation
Min (Minimum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Max (Maximum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Point (Number of 3~20000 1
measurement points of
measurement data)
Interval (Measurement interval | Log|Lin
of measurement data)
Lin
Table 3-5 List of initialization values for dielectric measurement
Setting item Initialization value Setting range Settmg Unit
resolution
Parameter
Electrode area S 1 0.001~99990 4 digits|0.001 | mm?
Electrode distance | 1 0.001~9999 4 digits|0.001 | mm
t
Simulation
None
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Table 3-6 List of initialization values for magnetic measurement
Setting item Initialization value Setting range Setthg Unit
resolution
Parameter
Core area S 1 0.001~99990 4 digits|0.001 | mm?
Core magnetic path | 1 0.001~9999 4 digits|0.001 | mm
length |
Coil turns N 1 1~9999 1
Winding diameter d | 0.080 0.001~9999 4 digits|0.001 | mm
Winding around 1 0.001~9999 4 digits|0.001 | mm
length len
Electrical resistivity | 16.80n 1.0E-11~1.000 4 digits|10p Om
p
Simulation
None
Table 3-7 List of initialization values for inductor measurement
Setting item Initialization value Setting range Settmg Unit
resolution
Analysis
Equivalent circuit A:Inductor(lossy A:Inductor(lossy core)
core) | B:Inductor or resistor
| C:Resistor(high
resistance) | D:Capacitor
| E:Resonator
Equivalent circuit simulation
Equivalent circuit A:Inductor(lossy A:Inductor(lossy core)
core) | B:Inductor or resistor
| C:Resistor(high
resistance) | D:Capacitor
| E:Resonator
Co 0.00000E-12 +(1E-18~999.999E+15) | 6 digits|1E-18 | F
C1 1.00000E-09 +(1E-18~999.999E+15) | 6 digits|1E-18 | F
L1 10.0000E-03 +(1E-18~999.999E+15) | 6 digits|1E-18 | H
R1 1.00000E+00 +(1E-18~999.999E+15) | 6 digits|1E-18 | Q
Simulation
Min (Minimum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Max (Maximum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Point (Number of 3~20000 1
measurement points of
measurement data)
Interval (Measurement interval | Log|Lin
of measurement data)
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Table 3-8 List of initialization values for capacitor measurement
Setting item Initialization value Setting range Setthg Unit
resolution
Analysis
Equivalent circuit D:Capacitor A:Inductor(lossy core)
| B:Inductor or resistor
| C:Resistor(high
resistance) | D:Capacitor
| E:Resonator
Equivalent circuit simulation
Equivalent circuit D:Capacitor A:Inductor(lossy core)
| B:Inductor or resistor
| C:Resistor(high
resistance) | D:Capacitor
| E:Resonator
Co 0.00000E-12 +(1E-18~999.999E+15) | 6 digits|1E-18 | F
C1 1.00000E-07 +(1E-18~999.999E+15) | 6 digits|1E-18 | F
L1 1.00000E-02 +(1E-18~999.999E+15) | 6 digits|1E-18 | H
R1 1.00000E+00 +(1E-18~999.999E+15) | 6 digits|1E-18 | Q
Simulation
Min (Minimum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Max (Maximum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Point (Number of 3~20000 1
measurement points of
measurement data)
Interval (Measurement interval | Log|Lin
of measurement data)
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Table 3-9 List of initialization values for resistor measurement
Setting item Initialization value Setting range Setthg Unit
resolution
Analysis
Equivalent circuit B:Inductor or resistor | A:Inductor(lossy core)
| B:Inductor or resistor
| C:Resistor(high
resistance) | D:Capacitor
| E:Resonator
Equivalent circuit simulation
Equivalent circuit B:Inductor or resistor | A:Inductor(lossy core)
| B:Inductor or resistor
| C:Resistor(high
resistance) | D:Capacitor
| E:Resonator
Co 0.00000E-12 +(1E-18~999.999E+15) | 6 digits|1E-18 | F
C1 1.00000E-07 +(1E-18~999.999E+15) | 6 digits|1E-18 | F
L1 1.00000E-02 +(1E-18~999.999E+15) | 6 digits|1E-18 | H
R1 1.00000E+00 +(1E-18~999.999E+15) | 6 digits|1E-18 | Q
Simulation
Min (Minimum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Max (Maximum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Point (Number of 3~20000 1
measurement points of
measurement data)
Interval (Measurement interval | Log|Lin
of measurement data)

Table 3-10 List of initialization values for transformer leakage inductance measurement

Setting item Initialization value Setting range Settmg Unit
resolution
Analysis
None
Simulation
None
Table 3-11 List of initialization values for transformer mutual inductance measurement
Setting item Initialization value Setting range Settmg Unit
resolution
Analysis
None
Simulation
None
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Table 3-12 List of initialization values for transformer coupling coefficient measurement

Setting item Initialization value Setting range Setthg Unit
resolution
Analysis
None
Simulation
None
Table 3-13 List of initialization values for transformer turns ratio measurement
Setting item Initialization value Setting range Settmg Unit
resolution
Analysis
None
Simulation
None
Table 3-14 List of initialization values for varactor diode measurement
Setting item Initialization value Setting range Setthg Unit
resolution
Analysis
None
Tuning characteristics simulation
Co 1.00000E-12 +(1E-18~999.999E+15) 6 digits|1E-18 | F
C1 1.00000E-09 +(1E-18~999.999E+15) 6 digits|1E-18 | F
L1 1.00000E-03 +(1E-18~999.999E+15) 6 digits|1E-18 | H
Simulation
None

3-13

ZGA5920




3.2 Display at power "ON" and initial settings

Ll /S
Table 3-15 List of initialization values for servo - feedback loop measurement
Setting item Initialization value Setting range Setthg Unit
resolution
Circuit model generation
Algorithm A A|B
Min (Minimum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Max (Maximum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Order 5 5~20 1
Simulation
Min (Minimum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Max (Maximum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Point (Number of 3~20000 1
measurement points of
measurement data)
Interval (Measurement interval | Log|Lin
of measurement data)
Table 3-16 List of initialization values for servo - closed loop gain measurement
Setting item Initialization value Setting range Setthg Unit
resolution
Calculation mode
Feedback Measurement Measurement|Constant
parameter
Circuit model generation
Algorithm A A|B
Min (Minimum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Max (Maximum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Order 5 5~20 1
Simulation
Min (Minimum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Max (Maximum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Point (Number of 3~20000 1
measurement points of
measurement data)
Interval (Measurement interval | Log|Lin
of measurement data)
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Table 3-17 List of initialization values for servo - open loop gain measurement
Setting item Initialization value Setting range Setthg Unit
resolution
Calculation mode
Feedback Measurement Measurement|Constant
parameter
Circuit model generation
Algorithm A A|B
Min (Minimum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Max (Maximum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Order 5 5~20 1
Simulation
Min (Minimum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Max (Maximum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Point (Number of 3~20000 1
measurement points of
measurement data)
Interval (Measurement interval | Log|Lin
of measurement data)
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Table 3-18 List of initialization values for amplifier circuit gain-phase measurement
Setting item Initialization value Setting range Setthg Unit
resolution
Phase range
Phase range +180deg -180~+180 | -360~0
| 0~+360 | UNWRAP
Group delay
Aperture (Number of data x 2 to (Number of data-1) |1
0.05)
Transfer function generation
Algorithm A A|B
Min (Minimum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Max (Maximum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Order 5 5~20 1
Simulation
Min (Minimum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Max (Maximum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Point (Number of 3~20000 1
measurement points of
measurement data)
Interval (Measurement interval | Log|Lin
of measurement data)
Table 3-19 List of initialization values for amplifier circuit CMRR measurement
Setting item Initialization value Setting range Settmg Unit
resolution
Normal-Mode gain selection
Normal-Mode gain | Measurement Measurement|Constant
Constant 0.000 -99.999~+99.999 0.001 dB
Simulation
None
Table 3-20 List of initialization values for amplifier circuit PSRR measurement
Setting item Initialization value Setting range Settmg Unit
resolution
Analysis
None
Simulation
None
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Table 3-21 List of initialization values for amplifier circuit DG/DP measurement
Setting item Initialization value Setting range Setthg Unit
resolution
Analysis
None
Simulation
None
Table 3-22 List of initialization values for amplifier circuit saturation measurement
Setting item Initialization value Setting range Settmg Unit
resolution
Analysis
None
Simulation
None
Table 3-23 List of initialization values for filter measurement
Setting item Initialization value Setting range Setthg Unit
resolution
Phase range
Phase range +180deg -180~+180 | -360~0
| 0~+360 | UNWRAP
Aperture (Number of data x 2 to (Number of data-1) | 1
0.05)
Filter
Filter Type LPF LPF|HPF|BPF|BEF
Fc mode -3dB -3dB|GRipple
Transfer function generation
Algorithm A A|B
Min (Minimum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Max (Maximum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Order 5 5~20 1
Simulation
Min (Minimum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Max (Maximum frequency | 0.0001~15,000,000.0000 | 0.0001 Hz
of measurement data)
Point (Number of 3~20000 1
measurement points of
measurement data)
Interval (Measurement interval | Log|Lin
of measurement data)
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Table 3-24 List of initialization values for impedance measurement
Setting item Initialization value Setting range Setthg Unit
resolution
Analysis
None
Simulation
None
Table 3-25 List of initialization values for gain-phase measurement
Setting item Initialization value Setting range Settmg Unit
resolution
Analysis
None
Simulation
None
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3.2.3 Warm-up

It takes at least 30 minutes after the power supply switching-on for the internal temperature of the
ZGA5920 to reach stable.

Perform measurement right after calibration is made, which shall be made after sufficient time of warm-up
has been made. Note that the measurement accuracy specification is met under the condition immediately
after calibration.

Conduct re-calibration when environment temperature has been changed.
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3.3 Input and output terminals

B INPUT-CH1, INPUT-CH2

CH1 .
, ATT
: 1MQ
CH2 .
. e
: 1MQ

enclosure

777

Each of the measurement signal inputs (CH1 and CH2) of the ZGA5920 is electrically insulated from the
enclosure, the oscillator output, and the other measurement signal input. The minimum breakdown voltage
is 250 Vrms between any two of the enclosure, CH1, CH2, and the oscillator output when using the
accompanying insulated coaxial cable. Restriction of 30 Vrms applies when a cable other than the
accompanying cable is used. Note that accidents due to electric shocks could occur, if voltages exceeding
the minimum breakdown voltage are applied between the above mentioned insulated parts, leading to
dielectric breakdown. Refer to “3.4 Insulation breakdown voltages of input and output terminals” by
all means, when you make a measurement with a higher voltage applied between any two of the enclosure,
CHI1, CH2, and the oscillator output.

¢ Do not use for measurement of the main power supply circuit.

e Do not connect to any measurement target with transient overvoltages that exceed
1,500 Vrms.

e Do NOT connect to any measurement target that exceeds 250 Vrms.
Doing so may result in insulation breakdown, imposing electric shock.

¢ You could be suffered from electric shocks when you measure high voltage circuit
signals. Use accessory coaxial cables of the insulation type by all means, so that
you cannot directly touch metallic portions of the BNC connectors at the
measurement signal input terminals.

The measurement signal input terminals have the input impedance of 1 MQ (parallel capacitance of 25
pF=£5 pF) and the maximum allowable input voltage of £350 V for AC+DC. Never apply any voltages
exceeding the maximum allowable voltage, since the inside of the instrument will be damaged by
application of voltages exceeding the minimum allowable voltage.

The ZGA5920 has the capability of measuring the amplitude and the phase of input signals up to 15 MHz.
Use the same type and the same length of signal cables to be connected to individual measurement signal
inputs so that the phase can be measured with high accuracy at high frequencies.

The connection between the input connector and the internal circuits is cut off when the power supply is off.
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B Oscillator output terminal (OUTPUT-OSC)

The oscillator output is electrically insulated from both the

. . 50Q
enclosure and the measurement signal inputs (CH1 and
CH2). The minimum breakdown voltage between the

oscillator and either the enclosure or the measurement
signal inputs is 250 Vrms when using the accompanying enclosure
insulated coaxial cable. Restriction of 30 Vrms applies A

when a cable other than the accompanying cable is used.

Note that accidents due to electric shocks could occur, if voltages exceeding the minimum breakdown
voltage are applied between the above mentioned insulated parts, leading to dielectric breakdown.

Refer to “3.4 Insulation breakdown voltages of input and output terminals” by all means, when you
make a measurement with a higher voltage applied between any two of the enclosure, CH1, CH2, and the
oscillator output.

e Do not use for measurement of the main power supply circuit.

e Do NOT connect to any measurement target with transient overvoltages that
exceed 1,500 Vrms.

e Do NOT connect to any measurement target that exceeds 250 Vrms
Doing so may result in insulation breakdown, imposing electric shock.

e You could be suffered from electric shocks when you measure high voltage circuit
signals. Use accessory coaxial cables of the insulation type by all means, so that
you cannot directly touch metallic portions of the BNC connectors at the oscillator
output terminal.

The output impedance is always 50 2 whether or not the output is "ON".

The maximum allowable output voltage is =10 V (for no load condition) for AC+DC, and the maximum
allowable output current is £100 mA.

The load resistance to be connected at the maximum output shall be no less than 50 Q.

The maximum output voltage to be set is £10 V (peak value) for AC+DC when a 50 Q load is connected,
where £5 V is applied for the 50 Q load.

Set the output voltage with a condition of no load connected.

A CAUTION The internal circuit will be damaged if you apply external signal voltages to the output

terminal. Never apply signal voltages to the output terminal.
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[Notes]

o A signal transmitted on a 50 Q series coaxial cable and the accompanying BNC cable (e.g.,
RG-58A/, 3D-2V, etc.) gets approx. 5 ns per meter of time delay. This can be converted to the phase
of 1.8 deg. per meter for 1 MHz.

o A 50 Q series coaxial cable has approx. 100 pF per meter of electrostatic capacitance. If a signal is
driven with a signal source resistance of 50 Q, the signal will be affected so that it changes about
-0.0043 dB in amplitude and -1.8 deg. in phase at 1| MHz.

o Pay attention to the cleanliness of the contact of the connector. Dirt/stains at the connector contact can
cause approx. 0.03 dB of measurement errors depending upon measurement conditions.

B 24 V power supply output (AUX)

This is an electrical power supply outlet for supplying electrical power to the Signal Injector Probe 5055
(sold separately), which is used for servo measurement. Connect to the outlet (AUX) the cable that is
attached to the Signal Injector Probe 5055.

The figure below shows an example of connection of the Signal Injector Probe 5055 to the instrument.

For further information on operational methods of the 5055, refer to the 5055 Instruction
Manual.

Rear of main unit Front of main unit
UélB DISPLAY UE‘B
c
AUX
—_
OUTPUT- INPUT-NPUT-
T g S

? 5

Cogers
Attached to 5055 (.mg yﬁ

Signal Injector Probe 5055
(Sold separately)

Figure 3-6 Connection with signal injector probe 5055

3-22 ZGA5920



3.4 Insulation breakdown voltages of input and output terminals
| Ll /S

3.4 Insulation breakdown voltages of input and output terminals

The oscillator output terminal (OUTPUT-OSC) and the analyzer input terminals (INPUT-CH1 and
INPUT-CH2) individually are electrically insulated from the enclosure. The minimum dielectric
breakdown voltage between the enclosure and the above mentioned parts of the ZGA5920 is 250 Vrms
when the accompanying BNC cable is used, and 30 Vrms when another cable is used. Be careful not to
apply voltages exceeding 250 Vrms between the enclosure and the individual polarities (i.e., signals and
ground) of OUTPUT-OSC, INPUT-CH1 and INPUT-CH2 terminals.

OUTPUT INPUT-| [INPUT-
OosC CH1 || CH2
250Vrms 250Vrms
250Vrms | 250Vrms 1 *q:
J__ = 250Vrms = 250 Vrms (AC),

+200V (DC), or
= +350 Vpk (AC + DC)

Figure 3-7 Specifications for isolation withstand voltage (with supplied BNC cable used)

OUTPUT- INPUT-{ [INPUT-
0SsC CH1 CH2
; 30Vrms 30me3
1 - 30Vrms = 30 Vrms (AC)

+60V (DC), 0
: +42 Vpk (AC +DC)

Figure 3-8 Specifications for isolation withstand voltage (with other cable used)
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OUTPUT-OSC, INPUT-CH1 and INPUT-CH2 are electrically insulated to each other. The minimum
insulation breakdown voltage between the signal and the ground polarities for OUTPUT-OSC,
INPUT-CH1 and INPUT-CHZ2, individually, is 250 Vrms when the accompanying BNC cable is used, and
30 Vrms when another cable is used. The same minimum insulation breakdown voltage of 250 Vrms
applies between signal polarities of OUTPUT-OSC, INPUT-CH1 and INPUT-CH2.

OUTPUT- INPUT- INPUT-
OSC CH1 CH2
- 250Vrms
- 250Vrms
— 250Vrms 250Vrms
250Vrms 250Vrms
250Vrms 250Vrms
N——250Vrms 250Vrms
- 250Vrms
~ 250Vrms

Figure 3-9 Specifications for isolation withstand voltage between oscillator and analysis input
(with supplied BNC cable used)

OUTPUT- INPUT- INPUT-
0sc CH1 CH2
- 30Vrms
- 30Vrms
30Vrms 30Vrms
@t 30Vrms 30Vrms
30Vrms 30Vrms
NM——30Vrms 30Vrms
- 30Vrms
~ 30Vrms

Figure 3-10 Specifications for isolation withstand voltage between oscillator and analysis input
(with other cable used)

¢ Do not apply excessive voltages between insulated signal terminals. You could be
suffered from electric shocks, if excessive voltages are applied between these
terminals leading to dielectric breakdown.

¢ You could be suffered from electric shocks when you measure high voltage circuit
signals. Use accessory coaxial cables of the insulation type by all means, so that you
cannot directly touch metallic portions of the BNC connectors at the analyzer input
and output terminals.
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3.5 Basic operation

The ZGA5920 is operated by clicking buttons on the monitor and entering numeric values with the
pointing device (trackball) and the keyboard.

The followings describe the typical operations of the ZGA5920.

B Button operations and pallet screen display

With the ZGA5920, the button operation for opening screens basically involves the toggle operation of
clicking a button to open the screen and clicking the button again to close the screen.

The operation may differ for some processes with operational restrictions.

Click Click

=

Pallet opens Pallet closes

= =

Figure 3-11 Button operations
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B Search refine setting
Search refine setting is a function for specifying a keyword to display only certain data in a list.

This function allows you to refine a search for each of measurement application on the Application pallet,
measurement recipe, and measurement result data.

The registered keywords are displayed on the buttons, and clicking a keyword button displays a list of data
that corresponds to that keyword.

Also, multiple keywords can be selected at the same time.
Clicking M cancels the search refine setting.

—

Figure 3-12 Refining search by selecting multiple keywords

You can also register a keyword by clicking the button shown in "Figure 3-13 Search refine setting
button", entering a string for the keyword, and registering the keyword.
You can also select a partial match from the names in the list.

Figure 3-13 Search refine setting button
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3.5.1 Descriptions on screens

This section describes the basic screen configuration of the ZGA5920.
The screen is split into four areas as shown in the figure below.

Tool pallet

[
-—
[
[
[

Information area

"]

Measurement application area
The measurement condition
settings and graph items vary
depending on the measurement
application.

e e e e e e e

Measurement operation area

Figure 3-14 Basic screen configuration
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B |nformation area

This area displays the operating status and operational guidance for the ZGAS5920.

During measurement, it displays the estimated time until the measurement is completed to represent the
progress of measurement.

The contents of the information area are organized as shown in the following figure.

Operational guidance or messages External connection state Correction state
:III IllIIIIllIIIIllIIIllllIlllll.ﬁ‘Illllllllll=Ill III...‘IIIIIIIIIIII+IIII. IIIIII.‘
= L - oy -
= L - ] -
= % - ] -
N b - ] :
: : S :
-’llllIIIIllIIIIllIlllllllllllllll.’llll IIIIII“IIIIIII"lllllllllllllllll 'lllll‘.
Output from oscillator Output or warning state
Figure 3-15 Information area configuration
The following figure shows an example of display indicating the state during measurement.
Auto repeat times for measurement Output ON
Measuring (3/4) Frea  28170.0000 Hz st'arl 27000,0000 Hz 801
AEERRR AR RN RRR RN ERRANR R NN M z::) £9000.0000 H: : OVER
| e -
Progress of measurement Current output state Calibration
Open and short correction are
enabled.

Figure 3-16 Example of display indicating the state during measurement

3-28 ZGA5920



3.5 Basic operation
| Ll /S

H Tool pallet

This pallet includes the button for the Utility of the ZGA5920 and the function buttons commonly used for
all measurement applications. Clicking a button on the Tool pallet displays the pallet screen of the
corresponding function to enable you to set and operate the function.

Application pallet
Opens the Application pallet for switching the measurement application.

Support pallet

Shows the support information provided for each measurement application, such as how
to connect the ZGA5920 and measurement target. The support information will be
improved through, for example, software updates.

The information on the Topics and Communication will also be improved in the same way.

Advanced graph

Displays the Advanced graph pallet for displaying all of the types of graph that can be
displayed for each measurement application.

Report
Displays the Report pallet for printing the reports of measurement applications.

Analog signal monitor
Displays the pallet of the analog signal input for data logging.

Calibration
Displays the Calibration pallet for self correction of the ZGA5920.

Utility
Opens the Utility pallet to enable you to configure various system settings of the
ZGA5920.

[

Update
Opens the screen for updating the software of the ZGA5920.

Figure 3-17 Tool pallet buttons

To close the displayed pallet, click the button again you clicked to open the pallet.

Click Click
Pallet opens Pallet closes

3-29 ZGA5920



3.5 Basic operation
| LS/

B Measurement application area

You can set different measurement conditions, analysis or simulation conditions for each measurement
application, and display graph.

You also can select or view the measurement recipe that enables measurement conditions, correction data,
auto repeat measurement setting values, and other data to be handled as a measurement template, and
perform measurement result data.

Measurement application name

ecipe 'Praph ---------------------------
™ . 1
ST p— 3 | [ Smstion_| ] :
3y EGircuit parameter Oscillator :
. al : Frequency - [v] | : CH1 weight 1 ‘ Frequency 1 Kle L
-
b - 100m - B CHZ weight pk b
. . m
e - B e Measur_e_ment :
" i £ 1om- B oo condition p
= Measurement & = i po r !
= ; it 278006008 T Rweep setting area b
u recipe g 4.34260m o ‘ ] 7, | EEprE
b - 275k 27.6k 27.8k 28k W L
u operation area . FrequencylHz] = S [ 000 |1z Sip | Wk |He
-
= e o Frequency - By %l :,Djm. o300 | el U vl advenced 4
: materia : 90— | .‘ ‘.
" - = bharacteristic frequency Constants :
.
- : Graph dlsplay area n fs 0 |Hz HighFrequency [v] :
b iy e B . 0
E E P Hz Cd 0F L
L e e e 3
"’ -6301 275k 27.6k 27.8k 28k m ME=0) AnalySiS c
—— - FrequencylHz] R W
= s
-
" = e oy B copdltlon o
. - 20m- M it setting area :
-
| Al - B (1(Bmax] TETCTIITE TOOTTET GE G,
'] " -
: Measurement | Analysis | Transfer function | (4[] : g [ZBmin) 0 [Hz AL value 100 |anN 2 :
ot _ " i 0
m [02011/09/30 111621 ~materiald{] :>< S 1om ] Ls A B 2
- " L 0H N 0
E Measurement E\’ —521.792. - h------------D----------D----"
. [ 0% -
] reSU|t data : = >onstants :
. - -
| operation area |= = [ﬁ Simulation [ i
- ~ -10m— Ll agn Elﬁ =
b [212010/06/15 1609264k | | | um - condition .
B J2011./10/11 9461 3-data ~ Simulatiory . | :
B 02011710411 047 06data  [v] | = Min settlng area k|H2
- - -20m— i i i ' [7 | L
e i ] - i 10m 20 3m aar B Point el L L R L
== R I'TS ] 48 b
* .-IIII--IIII--IIII--IIII--IIII--II--— LA B B B B EEENENENREERBEDRDSSRSESESESESESESESEH®S.]

Figure 3-18 Measurement application area
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(Measurement recipe operation area)
You can handle measurement and other conditions and correction and other data as a single measurement

recipe, and create a list of measurement recipes suitable for samples.

Selecting a measurement recipe from the list instantly applies all of the measurement conditions, analysis

and simulation conditions, correction data, etc.
Clicking each corresponding icon in the area enables you to create, save, edit, import, export, or delete a

measurement recipe, or refine your search.

New
Save
Edit
Import/Export

Delete

Search refine setting

| New | | Save | | Edit |

|

/

Import Export Delete Search refine setting

Figure 3-19 Operation icons

Creates a new recipe with default measurement conditions.

A single recipe is added.

Saves the changed settings (the current settings configuration) to the recipe.

A single recipe is added.

Allows you to edit the current content of the recipe, or rename the recipe.

Allows a recipe to be added to or exported from the root directory of USB memory.
An exported recipe can be edited on a PC in accordance with "6.2 Measurement
recipe and measurement result data formats".

Deletes a recipe.

The deletion pallet appears when you click this. Select the recipe you want to delete
in this pallet, and click the button.

Allows you to refine the search as described in "Search refine setting" of "3.5
Basic operation".

The names of recipes created by clicking the or icon are assigned automatically. To rename a
recipe, click the icon while the recipe you want to edit is selected.
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(Measurement result data operation area)

When a measurement operation is performed, the measurement results are automatically recorded.
Non-measurement data such as analysis and simulation data is also recorded.

To display measurement results, analysis, simulation, or other data, click the corresponding place for the
data type to display a list.

Clicking measurement result data from the measurement result list displays a graph of the measurement
result data, measurement conditions, and other information.

Also, selecting the checkboxes on the left in the list overlays graphs so that the differences in the samples
and measurement conditions can be viewed even while measurement is not being performed.

The measurement result data operation area also has the Import, Export, Delete, and Search refine setting
icons as with the measurement recipe operation area.

In the same way as with measurement recipes, operation can be performed in each of the measurement data,
analysis result, transfer function, simulation result, and analog input tabs.

The measurement results, analysis results, simulation results, and other results are displayed in lists like the
one shown in the following figure.
Clicking data in the list reads its data and then displays it as a graph.

teasurement | Analpsiz | Transfer function | 4%

Checked data is TN

displayed overlaid. ¥ 2010/06/15 13:15:51 -1 Vpk
TT2M 006715 1341 16-2%pk
_D_‘ECH 050615 1351 558-3pk
oM 201 0/06/°15 161
TT2011/10/11 9461 3—data
C]2011.A011 947 :06—data
21101 54752 data

(1201141011 9:48.38-data

Figure 3-20 Specifying overlaying

If data is clicked after other data has been read, the displayed data is cleared and the newly specified data is
read.
If you want to overlay data, select the checkboxes on the left side after data has been read.

3-32 ZGA5920



3.5 Basic operation
| Ll /S

By default, the data name "data" is assigned to the measurement result. If you want to rename the data,
click the data to be renamed and then press the F2 key. The field for renaming the data will appear.

.
---------

B .
----------------------------------------------------

Figure 3-21 Renaming data
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(Measurement condition setting area)
You can set measurement conditions for the ZGA5920.

When setting a numeric value for a measurement condition, you can set it in combination with the
auxiliary unit.

Use the trackball or the Tab key on the keyboard to select a setting item and then left click or press the
Enter key to enter the numeric value input state.

Enter a numeric value and then use the trackball to click one of the icons for auxiliary unit or press the 4
or | cursor key to change the auxiliary unit.

If the auxiliary unit is changed before a numeric value is entered, the auxiliary unit will change but the

numeric value will become 0. In this case, be sure to enter an appropriate numeric value.
The following shows the example of changing a frequency setting parameter from 10 Hz to 1 kHz.

10

Click ﬂ Enter a numeric value Change the auxiliary unit

—> —>

Change the auxiliary unit

Figure 3-22 Numeric value input example

If the combination of the entered numeric value and auxiliary unit result in a value that is outside the range
of that setting parameter, the parameter will be restored to the original numeric value setting.

Specified auxiliary units can be saved to the recipe for each setting item.

With some numeric value input parameters, auxiliary units cannot be used due to setting range limits.
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(Analysis condition setting area)
You can set analysis conditions for each measurement application.

(Simulation condition setting area)
You can set simulation conditions for each measurement application.

B Measurement operation area

This area is for performing operations during measurement.

After the measurement conditions are determined, the basic measurement operations can be performed
using the buttons in this area.

Correction pallet Execute simulation

Auto repeat Execute analysis
measurement setting

Execute measurement

Analog signal input settings

Change signal output with
Control I/O settings Oscillator ON/OFF oscillator output state unchanged

Figure 3-23 Measurement operation area
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3.5.2 Measurement application selection

You can select a measurement application from the Application pallet.
Click the button for the measurement application from the list you want to select.

To switch to measurement operation, click the |App|ication palleﬂ on the Tool pallet again.
The Application pallet closes and operations can be performed in the measurement screen.

| Application pallet

Fiezoelectric material | Dielectric material Magretic material Inductor
Capacitor Resistor Transfarmer Diode
Servo Amplifier circuit Filter circuit
All
=
IToTl| Piszoslectric material Tl Dislestric material i
’ m Piezoelectric measurement | l @ Dielectric measurement ] CIICK to seIeCt a

— — measurement
m Magnetic material H Inductor . .
mmm| Magretic measurement bl Inductor measurement appllcatlon_
BT Capacitor ﬁ Resistor
E Capacitor measurement Ml Resistor measurement

‘M‘II Transformer ‘M‘II Transformer
=hads| | eakage inductance measurement | | (=aiis) Mutual inductance measurement
-nrl A Transfarmer -wrl i Transtormer
whiths| Coupling coefficient measurement | | (<5 Turns ratio measurement
m Diade P Servo

Varactor diode measurement

L!J Feedback loop measurement
F| Servo |

L?J Glosed loop gain measurement

AN EEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEED

RI‘T Servo
L!J Open loop gain measurement

) Aplifr cicuit I Anolier cicui

el Gain—Phase measurement el CMRR measurement
| Alier ciui W Anplifer creut

il PSRR measurement Ball DG/DP measurement
T Aol cicuit Igg Fiter circut

el Saturation measurement L=2J Filter measurement

=zH Material = Gircuit
==l Impedance measurement =) Gain—Phase measurement

b

Figure 3-24 Application pallet
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The Assist tab of the Support pallet displays information, such as connection examples between the sample

and the ZGA5920 according to the application selected in the Application pallet.

Information on measurement

such as connection diagram Topics Communication

‘ Support pallet

Assist

Topics Communication

Piezoelectric measurement

IMeasure the impedance (admittance) resonance characteristics of the
piezoelectric oscillator to get piezoelectric parameters such as damping
capacitance. By the simulation with the obtained piezoelectric parameters
you can see the difference from measurement data or design parameters.

Connecting with sample

Power amplifier

IGA (if necessary)
osc{H >
CHI 77271
=DuT
CH Shunt resistor
(currert to votage
conwersion)

Caonnection example of piezoelectric measurement

The figure is just an example of connection, and various measurement
connections are supported depending on your purpose.

If the voltage/current is insufficient, use a power amplifier {for example, our
HSA, BA, or BP series) to amplify the oscillator output of the ZGAS920. Our

PA-001-0370 (1 VIA, 1 Arms rated, sold separately) is available as the
shunt resistor

Perform the error compensation for measurement system (open correction,

short correction), before measuring the impedance characteristics of a
sample.

Figure 3-25 Support pallet
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3.5.3 Operations from measurement through analysis up to
simulation

This section shows the procedure of operations from the start of measurement through analysis up to
simulation, taking the piezoelectric measurement as an example. Analysis or simulation may not be
possible in some cases depending on the measurement application.

For how to connect the sample, click the on the Tool pallet and then access the Assist tab
on the Support pallet, or see "5. Measurement Operation (Samples)".

To close the Support pallet, click the [Support pallet,.

B Starting the piezoelectric measurement application
Open the piezoelectric measurement screen. The following describes the operations of (1) to (9) in order.

(8)

:’ ________________ Y 1 \. )
© | i

: :

1 1

1 1

| S 7 @

: / \I

1 1

1 1

1 1

1 |

1 1

1 1

1 1

! = ~{

'\ A y

(3) (4) (5) (6) (7)

Figure 3-26 Piezoelectric measurement screen
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B Setting the measurement conditions

Set the required measurement conditions in the measurement condition setting area.
If necessary, click and set the advanced measurement conditions on the Advanced setting

pallet.

| Advanced setting pallet |

Input over

CHI [ o BN

tH2 [ a0 |vms

Action None M
Inte gration

Tvpe Cycle v

Cycle 1
Delay )

Type Cycle v

Cyele ‘—U‘

Slow sweep

Item

CH

Amplitude compression

Compression mode | OFF v
Ampltude [ 1 ]vms
Limit \:ﬂ Wk
Enror \=w\ %
Rety ‘—‘IU‘
Carection ‘7‘100‘ E4

QFF N

! 4]

Figure 3-27 Advanced setting pallet

When measuring a sample like piezoelectric material where sharp changes occur around specific
frequencies, accurate measurement is possible using "Slow sweep". For details, see "4.3.3 Slow sweep".
When the settings are finished, click to close the Advanced setting pallet.

B Correction

Next, perform open correction and short correction to reduce errors in the measurement system (cables,

etc.).

Click in the measurement operation area to display the Correction pallet.

7] Correction pallet
. ;
Open Short Equalize [ Ensble
Gircuit parameter Circuit parameter Circuit parameter
CH1 weight | 1] cH2weight CHI weight | 1] cH2weight | 1) CH1 weicht | 1] cH2weight | 1]
Inert |OFF || Evtompgan Imet OFF |v|  Evtonpgan | il ot OFF [v]  Ewompgan | il
Oscillator Oscillator Oscillator
Frequency | T |He Frequency Tk He Frequency | Tk|He
Ampliude | 1 |vek DCBiss | 0w Ampliude | 1 |vek DCBiss | oy Amplude | 1 |vpk DCBiss | oy
Sweep Sweep Sweep
Stat 27k He Stop | 2k|He et 27k [He Stop | 23Kk|He  Start | 10 |He Stop 100k [He
Pont [ 01| Intenal [ Lin [ Pon [ 801] Ineval|[Ln [ Pon [ 100 Intenal[Lin [
Advanced Advanced Advanced
Frequency - 2] N Frequency - 21 ) Frequency - Gain ol
160k~ | 1162 | 0 -
1 1.16-|
g g 25
B 40k I 1155 3
370k i i i . 1157 i i i . 0 ,
2 215 £ 285 25 E a5k 28 285 2% a 2 4 6 g 10
FrequencyiHz] FrequencylHal FrequencyiH]
Frequency -6z A Frequency -2 A Frecquency -6 A
a1 215 10-
= B = 2 =
2 b & 57
& a0 -| & =
&y i i i : 20 i i ' 0 i i i i |
7 275 28 285 25 27 275 5 2% 0 2 4 6 8 10
Frequencyl FrequencylHz]
., g
T

Figure 3-28 Correction pallet
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Click for open correction on the Correction pallet to perform open correction.

When the correction is finished, click for short correction to execute short correction.

Select the Enable checkboxes for open correction and short correction so that the correction results will be
used to measure.

When the settings are finished, click to close the Correction pallet.

For details on open correction and short correction, see "4.1.3 Open correction and short correction".

B Starting measurement

When the preparation for measurement is finished, execute measurement. To start measurement, click

in the measurement operation area to turn output on.

Check the output state in "OUTPUT" of the information area and then click [Start measuring| to start
measurement.

The progress is displayed in the information area during measurement.

When measurement is finished, a graph of the measurement results is displayed in the graph display area
and the measurement results are displayed on the Measurement tab in the measurement result data
operation area.

Figure 3-29 Display during measurement
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Figure 3-30 Measurement results

B Executing analysis
When the measurement is finished, execute analysis.
Set the conditions in the analysis condition setting area and then click |[Start analyzing| in the measurement

operation area.
When analysis is finished, the analysis results are displayed in the analysis condition setting area and on

the Analysis tab in the measurement result data operation area.

------------

Figure 3-31 Analysis results
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B Executing simulation

Set the conditions in the simulation condition setting area and then click [Start simulating| in the
measurement operation area.

When simulation is finished, the results are displayed in the graph display area and on the Simulation tab
in the measurement result data operation area.

------------

Figure 3-32 Simulation results

It is possible to show a magnified view of, for example, a location where there are sharp changes in the

graph displaying measurement results or simulation results. For the detailed operations, see "3.5.7 Graph
display".

Figure 3-33 Magnification view of graph

3-42 ZGA5920



3.5 Basic operation

L/

B Advanced graph display

Click [Advanced graph] in the Tool pallet to display the Advanced graph pallet. Using the Advanced graph
pallet, you can select and display graph formats that cannot be displayed in the graph display area.

Figure 3-34 Advanced graph display
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3.5.4 Report output

The measurement conditions of the ZGA5920 and a screen capture image can be output as a report in PDF
format.

Lists the PDF templates used for report output.

Previews the output report.

Outputs reports using the template selected
in the template list.

Lists the output reports.
Click a report in the list to preview it.

Lists the screen capture images. : :
Click an image in the list to preview it. Outputs the data being previewed to the

printer connected to the ZGA5920 via USB.

Captures the screen of the ZGA5920.

Figure 3-35 Report pallet
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You can change the output layout by preparing a PDF template file (using Adobe Acrobat or other

software) that contains the report output layout and any changes, and then importing the file to the
ZGAS920.

The name of the report layout file is assigned automatically when the image file is created. To rename the
file, press the F2 key while the file you want to edit is selected. The field for renaming the file will appear.
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3.5.5 Correction process

e Calibration (self-calibration)

This is a self-calibration performed using an internal reference signal source of the ZGA5920. The
calibration results are stored in the internal memory and will be used as calibration data for measurements.

With the ZGAS5920, calibration is not performed at power-on.

If you need calibration, click in the Calibration pallet.

| Calibration pallet \

Last calibration date 21101 13:37:53 Date and time that
calibration was
Calibrating. . [ ;E;;E l performed.

Figure 3-36 Calibration pallet

At the time of calibration, the BNC connectors of the oscillator output, CH1, and CH2 on the front panel
are separated from the internal circuit by turning off the internal relays. Although calibration can be
performed with the signal cable connected, it becomes susceptible to disturbance noise. Therefore, perform
calibration with the signal cable (BNC cable on the front panel) disconnected preferably.

While the oscillator output is on, calibration cannot be performed. Turn off the oscillator output for
calibration.

Note that the measurement accuracy specification of the ZGA5920 is met under the condition immediately
after calibration. It is recommended that calibration is performed when sufficient heat run time has elapsed
(approximately 30 minutes) since power-on, immediately before conducting important measurements, or
when environment temperature and humidity have been changed.
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e Open correction, short correction, and equalization
As correction functions, the open correction and short correction are effective (significant) at the time of
impedance measurement and the equalization is effective at the time of gain-phase measurement.

These correction functions also cover the measurement system including cables and probes connected to

ZGA5920.

Enable or disable each correction.

D Correction pallet

Open

Short

Enable Enable Equalize [ Enable
Circuit parameter Circuit parameter Circuit parameter
CHI weight | T cHzweighe | 1 CHI weight | 1] cHzweight | 1 CHI weight | 1] cHzweigh | 1]
Inven | OFF |+ Ext anp gsin | 1] Inven | OFF [+ Ext anp gsin | 1] Inven |OFF [+ Extanp gsin | 1]
Oscillator Oscillator Oscillator
Frequency | 1k He Frequency | 1k | He Frequency | 1k | He
Amplide | 1 |vpk DCBiss | ov Ampliude | 1 |vpk DCBiss | 0y Ampliude | 1 |vpk DCBiss | 0y
Sweep Sweep Sweep
St | 27k |Hz Stop | 2k[H:  star | 7k |Hz Stop| 3k|H:  star | 10 |Hz Stop | 100k |H
Point [ o0 | Interval [Lin [ Point | 801 | Interval Lin [ Pt | 100 | Irterval Lin [w
Advanced Advanced Advanced
Fiequency - | A Fiequency - | A Fiequency - Gisin A
450k 1162 10-
b 116 "
z z g gl Displays a graph
& 4a0k- B 1185 I h f
- » , when correction
l i I i | I i i i | | I I - -
27 275k 28 285k 29 27k 275k 28k 285k 29 0 2 4
Fosatid Pt ‘e data is obtained.
Frequency - 82 %l Frequency - 82 %l Frequency - 8 ]
81 715 10—
= 5] = a4 =
K| 3 2 o
F a0 & =
947‘ I I 1 I 20 I 1 I I D7I I I I I 1
27 275k 28 285k 29 27k 275k 28k 285k 29 0 2 4 5 8 10
FrequencylHz] FiequencylHz] FrequencylHz]

Before executing each correction, disable the other corrections.
They automatically return to their original correction states.

Figure 3-37 Calibration pallet

The open correction is effective for higher impedance measurements (roughly 10 kQ or more) and the
short correction for lower impedance measurements (roughly 10 Q or less).

The correction functions including equalization require preliminary correction data to be created before
starting measurement. For each correction function to be applied, click and wait until the

correction data has been obtained.
After the data has been acquired, the function for which the Enable checkbox was selected is enabled. The
enabled correction function is reflected in the correction state display section in the information area. (See
"Figure 3-16 Example of display indicating the state during measurement”.)

For details of usage, see "4. Measurement Operation (Basic)".

3-47

ZGA5920




3.5 Basic operation

L/

3.5.6 Measurement conditions

e Setting the measurement conditions

[@Sotting |

Circuit parameter Oscillator
CH1 weight | 1 | Frequency | 1k|HZ
CH2 weight | 1| Amplitude | 1 |wpk
Invert |OFF |+ DCBas [ 0Oy
Ext amp gain | 1 |
Sweep

Sweep param | Freguency v Anytime QN ON _v'

Start | 10 |Hz St0p| 1DDk|Hz

F'oint| 1DD| Interval | Lin v Adwvanced ‘

Figure 3-38 Measurement condition settings

(Circuit parameter)
B CH1 weight, CH2 weight

Weighting factor of the measurement signal inputs. The input values
multiplied by these numeric values are used for measurement processing.

H Invert Turned on for the measurement circuit in which the phase of voltage or
current detection is inverted, for example when the PA-001-0368 Impedance

Measurement Adapter (sold separately) is used.
It must normally be left OFF.

W Ext amp gain Enter the amplifier gain to amplify the oscillator output signal. It must be
left 1.0 when the amplifier is not used.

(Oscillator)

H Frequency Set the output frequency. After the frequency sweep measurement, the last
swept frequency is output.

B Amplitude Set the measurement signal amplitude (external amplifier output equivalent).
After amplitude sweep measurement, the last swept amplitude is output.

® DC Bias Set the DC bias (external amplifier output equivalent).
After DC bias sweep measurement, the last swept DC bias is output.

(Sweep)

B Sweep param Select Frequency, Amplitude, DC Bias, or Zero span (time).

B Start, Stop (Sweep time (Zero span))

Set the sweep range. There is no minimum value setting for the zero span

sweep.
The Direction is determined by the values of sweep start and sweep stop.
W Point The number of measurement points to acquire between the values of sweep
start and sweep stop.
N Interval Select Lin (linear scale) or Log (logarithmic scale).
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W Anytime ON Set the ON/OFF state of the oscillator output after a measurement.

Even if the AC amplitude or DC bias setting is changed, the signal output from the BNC connector
(oscillator output) on the front panel will not change unless OUTPUT]| button or button is clicked.

A CAUTION Even if the output voltage setting is changed, the output voltage will not change
unless the output is turned OFF and then the OUTPUT] button is clicked.

(Advanced)
Click to further refine the measurement settings.

sEEEN
«*® Tu,

2N Paint | 100 | Irterval | Lin v :‘ fdvanced :- Click
D Advanced setting pallet
Input over Slow sweep
CH1 Item OFF v
CHz 20 |vims CH ! [x]
Action Mone v
Integration Amplitude compression
Type Cycle v Compression mode | OFF v
Cycle 1 Arnplitude | 1 |vims
Delay . Limit | 1 |wvpk
Type Gycle K4 Errar | 10 | %
Cycle | ] | Fietry | 10 |
Carrectian | 100 | %
Figure 3-39 Advanced measurement condition settings
(Input over)
m CH1 Set the voltage to detect as an overload input for CH1.
m CH2 Set the voltage to detect as an overload input for CH2.
W Action Select whether to continue, abort sweep, or stop oscillator output when
overload input is detected.
(Integration)
H Type Select the setting unit of integration (averaging). Select [Cycle] or [Time].
H Cycle/Time Set integration. Regardless of the integration time setting, integration is

always performed for one cycle of the measurement frequency.
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(Delay)

H Type Select the delay setting unit. Select [Cycle] or [Time].

W Cycle/Time Set the delay.

(Slow sweep)

Enabled only when the sweep parameter is Frequency.

H [tem Select the parameter for monitoring an abrupt change. Select [OFF]
(function off),
LogR (ratio dB unit), R (ratio), 0 (phase), A (real part), or B (imaginary
part).

uCH Select the input for monitoring an abrupt change. Select [CH1] or [CH2].

(Amplitude compression <pseudo constant current measurement>)
B Compression mode CH1, CH2, or OFF

B Amplitude Detection range of target voltage level 1 m to 250 Vrms
M Limit Limit range of output voltage 1 mV to 10 Vpk
W Error Tolerance range of target level 0 to 100%
W Retry Maximum level control counts 1 t0 9,999
H Correction Level correction control rate 0 to 100%

Constant current measurement can be performed for the samples.

The constant current measurement can be performed by converting the
current applied to the sample into a voltage using a shunt resistor, detecting
it at the monitored measurement signal input, and controlling the oscillator
output level. In consideration of the characteristics of the sample, you need
to select the shunt resistor and the amplifier which can properly detect the
voltage from the target current value at the monitored measurement signal
input, and set them as appropriate.

O Zero span sweep

When you set the sweep parameter to Zero span, measurements are repeated for the same oscillator output
frequency, AC amplitude, and DC bias to obtain data where the X axis represents time. It is a function to
observe time variation of the gain, impedance, or other parameter of the target.

For zero span sweep measurement, it takes approximately 2 seconds for each measurement point. If the
time of ("Point" x 2 seconds) set in the measurement value input tab exceeds the "Sweep Time", the time
required for the zero span sweep is calculated by ("Point" x 2 seconds).
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3.5.7 Graph display

Some measurement applications have more than one graph format (combination of X and Y axes). When
you click a desired graph format, the graph is displayed in the selected format. The graph format varies
depending on the selected measurement application.

Switches the graph display

h between measurement, analysis,
qrﬁn SN EEEEEEEEEEEEEEEEEENEENEDMD . .
" ) ) C and simulation results
T Simulation | =
'IIIIIIIIIIIIIIIIIIIIIIIIIII'
Frequency - [7] 4
A40m—
)
= 10m-—
® s 27781 9273 4m-, , ; \
Yoo 24.0734m 27,5k 27.7k 278k 27.5k
Frequency[Hz]
Frequency - By %)
40—
=]
2 0-
&
X : 27781 5273 o0 ; . -
Yoo —35833 27,5k 27.7k 278k 2781k
Frequency[Hz]
G-B 4|
20m—
10m—
® = 1951 70m
Y : -1 40831 m
& -
om
-10m—
-20m— i i i |
1] 10rm 20rm 30rm A40m
Glg]

Figure 3-40 Graph display area

For details, see "4. Measurement Operation (Basic)" and "5. Measurement Operation (Samples)".
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B Marker

For measurement data or simulation data, you can use the marker to read the numeric value of a data item
on the graph. The read numeric value is displayed.

Immediately after a sweep measurement, the marker is at the left or right end of the graph. When you
hover the pointer over the marker by the trackball, the pointer changes. The O mark is displayed on the
intersection of the plotted data and the marker.

Intersection with — Marker
data N
" Pointer ~~ Pointer
Data "
Normal pointer When the pointer is on the marker

Pointer ~
When the pointer is on the For Nyquist diagram or other graph, the
intersection of data and marker marker is displayed on the X and Y axes

Figure 3-41 Marker pointer

The marker displays a numeric value based on the sweep parameter. When plural data items are displayed,
for example the measurement data and the simulation data, the values with the same frequency are
displayed. Even in a graph that does not have a sweep parameter on the X axis, for example the Nyquist
diagram, the marker moves along the sweep parameter.

You can move the marker by dragging the pointer (while holding down the left button of the trackball) as
well as using the cursor keys on the keyboard.

T | or | > | keys: Moves the marker to the next data
d | or | « | keys: Moves the marker to the previous data
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B Graph operation

SHIFT] + left button click  : Zoom in

SHIFT] + right button click : Zoom out

SHIFT| + drag : Zoom in to the selected range

SHIFT]| + ALT]+ drag : Zoom in, keeping the aspect ratio

CTRL] + drag : Pan

SHIFT] + BackSpace] : Cancel the pan or zoom (return to auto scale)
CTRL] + BackSpace] : (same as above)

* "Drag" is an operation to move the pointer by rolling the ball while holding down the left button of the
trackball.
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You can set the display ranges and titles of the X and Y axes for graphs.

-
Ot

s v,
ans?®

Frequency - |7 &

100m— ’...‘o’ %
10m—

w
100k E Dizplay
100 i i i I Auto Scale True
27k 27 .5k 28k 28.5k 29k Graph Title Frequency - [Y]
Frequency[Hz] B 3 Axis
RS 29k
hdin 27k
Scale Lin
Title Frequency[Hz]
B ¥ Axis
b 3¢ 100m
din 10p
Scale Log
Title IY1IS]

Figure 3-42 Graph scale setting

For [Auto Scale], you can select [True] or [False].
True:  Automatically sets the axis ranges so that all data can fit into the graph.
False: Applies the manually set values to the axes.

When you open the Graph setting pallet while [Auto Scale] is set to [True], the values of the currently
displayed graphs are entered in [Min] and [Max] of the X and Y axes.

For [Scale] of the X or Y axis, the axis scale type is set.

Lin: Axis with a linear scale

-Lin: Axis with a linear scale and the vertical (X axis) or horizontal (Y axis) scale in the
reverse direction

Log: Axis with a logarithmic scale

-Log:  Axis with a logarithmic scale for negative data

When zero or less value is included in the [Log] axis data or zero or more value is included in the [-Log]
axis data, the graphs cannot be displayed correctly. Set the axis scale to [Lin] for data including both
negative and positive values.
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3.5.8 OUTPUT ON, OFF

In the output on state, the "OUTPUT" lamp of the oscillator output connector is lit on and the signal is
being output.

The ON/OFF state of oscillator output after measurement differs depending on the [Anytime ON] setting
in the measurement condition settings.

e When [Anytime ON] is set to [ON]: The ON state continues after a measurement.
The oscillator output keeps the last state (Frequency, Amplitude, and DC Bias) of the sweep.

e  When [Anytime ON] is set to [OFF]: The output is turned OFF after a measurement.

Next time the oscillator output is turned on, Frequency, Amplitude, and DC Bias set in [Oscillator] of
the measurement condition setting area are used for output.

3.5.9 Measurement control

Use the |Start measu ring| button to start a sweep measurement. When the measurement signal output is
OFF, you cannot start a measurement.

Use the button to interrupt the measurement. The data measured by the time of interruption is
displayed in the graph. Note that in case of interruption, the start and stop sweep values setting do not
apply to the data range.
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3.5.10 Control I/O

You can control the external device and operate it in conjunction with the ZGA5920 using the control I/O.

The control I/O is set on the Control I/O setting pallet, which opens by clicking [Control I/O] in the
measurement operation area.

To control the ZGA5920 with input via the control I/O, select the [Enable] checkbox.
It is possible to control the starting and aborting of measurement and ON/OFF of output.

Output from the control I/O includes the pulse output of elapsed time since the start of measurement (set 0

to 999 seconds) in addition to the pulse outputs of start measuring and complete measuring, Output
ON/OFF, and the output of measurement state.

| Control I/O setting pallet |

Input [ Enable Output
Start measuring Start measuring
Pin 2 Fin 11
Abort measuring Complete measuring
Fin 3 Fin12
Output OM Elapsed time since the start of measurement
Pin 4 Fin 13 0ls
Qutput OFF Qutput ONFOFF e —
Fin 5 Fin 14
Meazurement Measurine/Idle
Pin15

Figure 3-43 Control 1/0 screen

19 1
O0O0O00O0D0D0O0O0D0O0O0O00O0O0O0O0O0
O00O0O0O0D0O0O0DO0O0D00D000O0O0
37 20
(D-Sub connector, view from panel side)

Figure 3-44 Control I/O connector
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Table 3-26 Control 1/0O connector

Pin No. | Signal name Type Description
1 Reserved Input Reserved
2 Start measuring Input When a negative logic pulse is input, measurement is started.
3 Abort measuring Input When a negative logic pulse is input, measurement is aborted.
4 Output ON Input When a negative logic pulse is input, output is turned ON.
5 Output OFF Input When a negative logic pulse is input, output is turned OFF.
6 Reserved Input Reserved
7 Reserved Input Reserved
8 Reserved Input Reserved
9 Reserved Reserved
10 Reserved Reserved
11 Start measuring Output | When measurement is started, a positive pulse is output.
12 Complete measuring | Output | When measurement is completed, a positive pulse is output.
13 Elapsed time Output | Output varies in accordance with the [Elapsed time since the
start of measurement] setting.
14 Output Output | 1: Output ON, 0: Output OFF
15 Measurement Output | 1: Measuring, 0: Idle
16 Reserved Output | Reserved
17 Reserved Output | Reserved
18 Reserved Reserved
19 Reserved Reserved
20 GND GND
37 GND GND
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3.5.11 Analog signal input

The ZGA5920 is equipped with an analog signal input with an input range of £10 V.

You can log temperature, humidity, and other data in accordance with the measurement that is performed.
Data logging starts when measurement is started and completed or when output is turned ON and OFF. The
delay time can also be set.

The analog signal input is set on the Analog condition pallet, which opens by clicking |JAnalog signal| in

the measurement operation area.

When the [Enable] checkbox is selected, logging is performed in accordance with the [Start logging] and
[Stop logging] settings.
Sampling rate 1 to 25000 S/s
Start logging  [Start measuring] or [Output ON]
Delay time can be set from 0 to 999 seconds.
Stop logging  [Complete measuring], [Abort measuring], [Output OFF], or [Logging time]
Logging time can be set from 0 to 28800 seconds (8 hours).

Ana log condition pallet |

Sampling rate | 28,000 |S,-"s [] Enatle
Start logging Stop logging
Start measuring v Complete measuring v
Delay time Logging time
0ls 0z

Figure 3-45 Analog signal input screen
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Clicking |Analog signal monitor on the Tool pallet opens the analog input signal monitor to enable you to
see the input signal during logging.

Analog Input Signal Monitor

10+

| | ] ] i
200 400 600 ann 1000

Figure 3-46 Analog signal monitor

You can also export the logged data to USB memory.
Select the logged data in the Analog signal tab of the data list display section in the measurement result
data operation area, and then export it.
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3.5.12 Automatic measurement

You can automate repeated measurement operations.

Auto measurement setting pallet |

Start parameter setting

Repeat parameter setting Stop parameter setting

Oscillator Repeat times Oscillator
[] Output OM | 0 | [] Output OFF

Step A ——
Frequencyl 1.000 |H2 Frequenc:y| ] |Hz Frequenc:yl 1,000 |H2
Amplitude | 1 |\-"|:|k Amplitude | ] |Vpk Amplitude | 1 |\-"pk
DCBias | DCBias | 0|y DCBias | 0|y

Graph overlaid
Enable

(Start parameter setting)
B Oscillator

B Frequency

B Amplitude

B DC Bias

Figure 3-47 Auto measurement setting pallet

When [Output ON] is selected and the measurement signal output is turned
off, the measurement signal output will be turned on before the measurement
is started automatically.

This setting is enabled when the [Repeat times] setting is set to at least one
time.

Set the output frequency for when the sweep for automatic measurement
starts.

This setting is enabled when the [Repeat times] setting is set to at least one
time.

Set the amplitude (external amplifier output equivalent) for when the sweep
for automatic measurement starts.

This setting is enabled when the [Repeat times] setting is set to at least one
time.

Set the DC bias (external amplifier output equivalent) for when the sweep
for automatic measurement starts. This setting is enabled when the [Repeat
times] setting is set to at least one time.
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(Repeat parameter setting)

B Repeat times

Set the number of times to repeat the measurement. The actual number of
measurements will be the [Repeat times] setting +1. When 0 is set, one
measurement will be performed.

B Step (Frequency, Amplitude, DC Bias)

B Graph overlaid

(Stop parameter setting)
M Oscillator

B Frequency

B Amplitude

B DC Bias

Set the incremental increase in the measurement signal output for each
successive sweep measurement.

When [Enable] is selected, the results of the repeated measurements will be
overlaid in a graph. Up to 16 data sets can be overlaid. If measurements are
repeated more than 16 times, the newest 16 data sets will be overlaid.

When [Output OFF] is selected, the measurement signal output will be
turned off when all measurements are complete.

This setting is enabled when the [Repeat times] setting is set to at least one
time.

Set the output frequency for when automatic measurement completes.

This setting is enabled when the [Repeat times] setting is set to at least one
time.

Set the amplitude (external amplifier output equivalent) for when automatic
measurement completes.

This setting is enabled when the [Repeat times] setting is set to at least one
time.

Set the DC bias (external amplifier output equivalent) for when automatic
measurement completes.

This setting is enabled when the [Repeat times] setting is set to at least one
time.
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3.5.13 Excessive input indicators

The maximum measurement voltage of the ZGA5920 is 250 Vrms. When a signal exceeding 250 Vrms is
input to a measurement signal input terminal, the "OVER" lamp on the main unit front panel and the
excessive input indicator at the top right of the monitor screen are lit on. When these lamps are lit on, turn
OFF the oscillator output or remove the signal cable to avoid an excessive input to the ZGA5920.

¢ Do not use for measurement of the main power supply circuit.
Do NOT connect to any measurement target with transient overvoltages that
exceed 1,500 Vrms.

e Do NOT connect to any measurement target that exceeds 250 Vrms.
Doing so may result in insulation breakdown, imposing electric shock.

® You could be suffered from electric shocks when you measure high voltage circuit
signals. Use accessory coaxial cables of the insulation type by all means, so that
you cannot directly touch metallic portions of the BNC connectors at the
measurement signal input terminals.

For details of specifications and precautions of the input connectors, see "3.3 Input and output
terminals" and "3.4 Insulation breakdown voltages of input and output terminals".
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3.5.14 Utility

When you click the |Utility| button in the Tool pallet, the Utility pallet is displayed.

| Utility pallet |

Femote zetting

IP address
0 . |0 .0 |0
Subnet mazk

[J DHEP

Default gateway
a .o .0 |0

Open part
200

Apply

FR& conpatible

Yender ID USB-TMC

0x00 44, LISE0:: 00044 0001 D::5380009
Product 1D

0x001D

Serial number

5380009

Date and time

2Mz/09/2019:18:56 %

Apply

Language and Time Zone

Enter apply key. restart the system.

[GMT+09:00) Osaka, Sappora, Tokyo v

Englizh ™
o Apphy

Factony

Enter execute key, shutdown the system.

Execute

Canrection

[] Continue to uze the correction data

Figure 3-48 Utility pallet

H LAN

Specifies the IP address used to connect the ZGA5920 to your PC via LAN and perform measurement

control from your PC.

The default value 8001 for the Open port can be changed.

However, when using the NFRemote component in the Software Developer Kit for LAN connection
(contained in the accompanying CD-ROM) or the ZGA5920 Utility Software, you need to use the same
port number. See also the instructions contained in the accompanying CD-ROM.

You can use the Utility Software to easily obtain measurement recipes or measurement result data via

LAN.
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B FRA compatible remote control

When you connect the ZGA5920 to an external PC or other controller via FRA5097-compatible USB
connection, the switching operation is required. Click to enable or disable FRA compatible
remote control. When you want to perform the remote control, use a commercial USB cable to connect the
USB-B connector on the rear of the ZGA5920 main unit with the PC. For details on remote control
commands, see "ZGA5920 FRA Compatible Remote Control Instruction Manual".

The displayed values are numbers for the PC to identify the ZGA5920. From the top:
0x0D4A:  USB Vendor ID of NF Corporation.
0x001D: Product ID, the number representing the model number ZGA5920.
xXxxxxx:  7-digit manufacturing number (serial number). This is unique to each product.

Note that measurement operations are disabled on the ZGA5920 under remote control.

B Data and Time
This tab is used to set the built-in calendar and clock of the ZGA5920.

B Language and Time zone
Switches time zones and the Japanese/English display setting.

Click the button to restart the system.

B Factory
Restores the ZGA5920 to the factory default.
All saved data is deleted at this time.

B Correction

When [Continue to use the correction data] is selected, you can continue to use the same correction
data, even after changing recipes or applications.

When you load data while this check box is selected, the correction data from during the measurement will
not be loaded.
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3.5.15 Update

This pallet is used to upgrade the ZGA5920 software. For a specific operation, see update information
provided by us.

Update pallet

Would pou like to update the software??

Enter execute key, restart the zypstem.

Execute

Figure 3-49 Update pallet
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3.6 High frequency measurement

At frequencies above approx. 100 kHz, measurement error increases with greater frequency. This section

describes main considerations for measurement at high frequencies.

a) Effect of isolation

The oscillator output has 250 pF and each of CH1 and CH2 has 200 pF of against-enclosure electrostatic
capacitance (isolation capacitance). The reactance (impedance) with 250 pF of electrostatic capacitance
can reduce to approx. 6.4 kQ at 100 kHz and approx. 640 Q at 1 MHz. For a measurement circuit using
isolation, it must be considered that the impedance of isolation is finite and can reduce in proportion to
frequency.

For measurement at high frequency, a measurement circuit with the shield side of three measurement

terminals (OSC, CH1, and CH2) grounded to the enclosure can get better results.

b) Auto ranging
The internal measuring range of the ZGA5920 automatically corresponds to the signal size. Since
calibration error increases at high frequency, the measurement graph may show small bumps before and

after range selection.

¢) Use correct probe

At high frequency, line-to-line electrostatic capacitance of the cable may give load to the system under test
(SUT) and thus greatly affect the measurement result and the action of SUT. In addition, with a longer
cable (than approximately a few percent of the measurement signal wave), the signal reflection can
increase measurement error due to impedance mismatch. In these situations, the use of a suitable probe is
recommended to reduce measurement error.

For example, a 10:1 oscilloscope probe can be used. Select a probe with an oscilloscope matching
impedance within the allowable range of 20-30 pF or more at 1 MQ. Before measurement, adjust the probe
trimmer for flat frequency response. While using the probe to measure the oscillator output signal, adjust
the trimmer so that the gain at 100 kHz is equal to the one at 10 Hz. According to the probe type and
trimmer initial setting, a lower reference frequency is desirable.

By using a 10:1 probe, the signal is attenuated 1/10. This can be largely compensated by setting the CH1

or CH2 weighting factor to 10 in the measurement condition setting area.
For details of the CH1 and CH2 weights, see "4.3 Overview of measurement and
processing”.

The ZGA5920 equalizer function can be used to correct the probe error accurately.
For details of the equalize function, See "4.2.3 Equalize".

By applying a feed through type 50 Q terminator to the ZGA5920 measurement signal input terminal, a
500 Q input impedance high frequency 10:1 probe can also be used.
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d) Connecting cable length and routing

The signal line and the enclosure of the ZGA5920 are isolated. However, at high frequency, current can
easily flow between the cable outer conductor (shield) and ground due to stray capacitance.

If the connecting cable is long, oscillation can occur due to such properties as cable inductance and
isolation capacitance, disturbing frequency response and possibly preventing measurement. In this type of
case, such measures as shortening the cable or inserting a common mode choke in the cable can provide
improvement. For example, a clamp type ferrite core, such as used for correcting noise, can be attached to
the cable.

Cable routing and coupling between cables can change the impedance to ground and thus appear like a
variation in characteristics. In this type of case, minimizing cable induction and securing the cable location
can improve measurement consistency.
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4.1 Impedance measurement

"Impedance measurement" is a general-purpose impedance measurement function which is not limited
to particular measurement purposes. To open the measurement screen, select [Impedance measurement]
from the Application pallet.

Figure 4-1 Impedance measurement screen

The ZGAS5920 performs impedance measurement by the following calculations.

|Z| = (CHI voltage amplitude) / (CH2 voltage amplitude)

0 = (CHI phase) - (CH2 phase)
The impedance of a sample can be measured by adding the oscillator output signal to the sample, then
inputting the voltage between both ends of the sample to CH1 and the voltage converted from the current
flowing through the sample to CH2.

ZGA
ZGA | — | 1=V Y25 cH
-V (Iv2|, 8., 1Z|= V1| |V2|
V1 6=16,—6
osc DUT V———CH1 viT 72
(IvV1l. 6,)

Figure 4-2 Principle of impedance measurement
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4.1.1 Connecting with sample

The ZGA5920 supports various measurement connections depending on the impedance magnitude and the
measurement conditions of the target sample. Select the appropriate measurement circuit (connection) by
referring to "Figure 4-3 Measurement connection selection procedure”. Note that the frequency or
impedance magnitude given as the selection range is just a guide for you.

WMeasurement

connection
selection

+Electronic circuit {output)

Amplifier output
+Electronic part DCPS output eg
+ Electronic circuit (input) ACPS output

Sample?

Floating Grounding One-wire grounding
status?

|Z] < several k& @ |Z] = several k& |2] < several k3 @
f < 100KHz E f =100KHz f< 1U-UkH:-100kHz f< 10{]kH>100kHz

Measurement Measurement Measurement] |Measurement Measurement] | Measurement Measurement
connection connection connection connection conne-::unn connection connection
{5) or (1) (3) 6) i1 i2) 4

|Z| > several k&

f = 100kHz @ f =100kHz

MeaSuremem Measuremenl
connecuon connecnon
{7) (&)

Figure 4-3 Measurement connection selection procedure

The measurement connections (x) are explained in the following pages.
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In the figures below, ~), @, and @ indicate the oscillator output, CH1, and CH2, respectively. Rsh
indicates the shunt resistor for current-to-voltage conversion. Our PA-001-0370 (1 V/A, 1 Arms rated, sold

separately) is available as the shunt resistor. Use a shunt resistor with appropriate current value and

current-voltage conversion ratio for on your purpose.

O Measurement connection (1)

- ~
ZGA
Ory
O
Rsh
of 3
. N J

O Measurement connection (2)

Low-Z, Low-f, grounded sample measurement

This 4-terminal configuration is impervious to the measurement cable
contact resistance and thus is suited to measure low-impedance samples.
The appropriate shunt resistor Rsh is approx. 1 Q or less.

With a larger sample impedance, the ZGA5920 CH1 input impedance
or the cable capacitance would be an error factor. With a higher
frequency, the CH2 floating capacitance would adversely affect the
measurement accuracy.

For the Rsh (CH2) and the DUT (CH1), place whichever is lower in
impedance (smaller voltage drop) on the ground side (see also the
measurement connection (5)).

High-Z, Low-f, grounded sample measurement

Input impedance of electronic circuit, high-impedance sample, and so on

4 N\
ZGA
O3
Qs
@ -
Rsh
N
g J

This connection is effective when the sample impedance is high and the
ZGA5920 CH1 input impedance (1 MQ) is not ignorable. A higher
frequency would reduce the measurement accuracy due to effect of the
CH2 floating capacitance.

Making the Rsh as large as several tens to a hundred ohms improves the
signal-to-noise ratio at high impedance measurement.
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O Measurement connection (3) Low-Z, High-f, grounded sample measurement
4 N

N
@®
>

This connection is impervious to the ZGA5920 CH1 and CH2 floating
capacitances, and thus can stably measure up to high frequencies.

However, the measurement error increases for a larger sample

impedance. The appropriate Rsh is approx. 1 Q or less.

olclo

- J
O Measurement connection (4) High-Z, High-f, grounded sample measurement
4 N hi D .
ZGA This connection is suitable for measurement at high
O _ frequencies when the CT (current transformer) and
% current probe band widths are wide. However, the
@ — signal-to-noise ratio is disadvantageous (due to a larger
% noise particularly for DC-CT).
@_ S CT/
current probe

@

- J

O Measurement connection (5) Low-Z, Low-f, both-end floating sample measurement
Electric double layer capacitor (EDLC), and so on

This 4-terminal configuration is impervious to the measurement cable

contact resistance. The appropriate Rsh is approx. 1 Q or less.

For the Rsh and the sample, place whichever is lower in impedance
(smaller voltage drop) on the ground side. See also the measurement

a
= connection (1).
LB

® O QF
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4.1 Impedance measurement
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O Measurement connection (6) High-Z, High-f, both-end floating sample measurement

4 "\ This connection is impervious to the ZGA5920 CH1 and CH2 floating
capacitances, and thus can stably measure up to high frequencies.
Making the Rsh as large as several tens to a hundred ohms improves the

N
@®
>

signal-to-noise ratio at high impedance sample measurement.

®0

e

Rsh

- J

O Measurement connection (7) Low-Z, Low-f, grounded sample measurement
Output impedance of electronic circuit (e.g., amplifier, power supply circuit) , and so on

4 )
ZGA The R1 (protective resistance) limits the current

R1 Rsh reversely injected to the oscillator output by the

Zx
w%b ‘q output voltage of the sample (amplifier or
power supply circuit). Decide the resistance

N

value to limit the current to tens of milliamperes

QOO

or less.
_ /A higher frequency would reduce the

measurement accuracy due to effect of the CH2 floating capacitance.

O Measurement connection (8) Low-Z, High-f, grounded sample connection
Output impedance of electronic circuit (e.g., amplifier, power supply circuit) , and so on

( ") TheRl (protective resistance) limits the current

reversely injected to the oscillator output by the

R1
output voltage of the sample (amplifier or power

o} M VA ZX
% fD supply circuit). Decide the resistance value to

OOOF

/\ limit the current to tens of milliamperes or less.
By using a CT (current transformer) or current
\CT/ probe for current detection, the connection is
L current probe ) more impervious to the ZGA5920 floating

capacitance and thus stabilizes measurements at
high frequencies.
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Though the ZGA5920 oscillator output has 10 V output at maximum, a larger signal can be used for
measurement by connecting a power amplifier. We offer a variety of power amplifiers, including High
Speed Bipolar Amplifier HSA/BA series, BP series, and 4500 series, for various voltage, current, and
bandwidth requirements. In combination with any of these power amplifiers, you can perform
measurements at actual signal levels used by the sample.

The maximum input voltage of the ZGA5920 measurement signal input terminals is 250 Vrms. However,
the voltage measurement range can be expanded by externally connecting an attenuator, high pressure
probe, or differential probe.

4.1.2 Setting impedance measurement

Set the followings according to the circuit connected with the sample.
(Circuit parameter)

+ CH1 weight

» CH2 weight

* Invert

« Ext amp gain

For the CH1 weight, set the inverse number of the gain for the probe or preamplifier connected to the CH1.
For the CH2 weight, set the inverse number of the gain for the shunt resistor or CT (current-voltage
conversion) connected to the CH2. These weight settings allow you to perform measurement as a value at
the sample end, instead of at the ZGA5920 input terminal. Setting examples of the external amplifier gain,
CH1 weight, and CH2 weight are shown in the "Figure 4-4 Connection diagram for impedance
measurement - Setting example".

ZGA
| Ext amp gain
Power amp 50
X 50 0SC
Vout Vout/50 0 .
| o) @ Vourso— < Amplitude Vout
$ CH1 weight
=100
100:1 probe CH1 v
DuT :I v V/100
Zx=VII Measure, Analyze
| CH2
IXRs I
shunt resistor g ’\
Rs | CH2 weight
=1/Rs

Figure 4-4 Connection diagram for impedance measurement - Setting example
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4.1 Impedance measurement
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Set [Invert] to [ON] to perform measurement with the phase inverted (+180°). This can be effective for
inverting voltage and current phase when measuring impedance. When using the Impedance Measuring
Adapter PA-001-0368 (sold separately), set [Invert] to [ON].

a e 3
Cll-|2 C||_|2 Common ground for voltage
( )?7 CH1 ( )?iand current inputs
+ - -
LA R + L= =Ty
Rsh Rsh =
DUT DUT
0osC OSsC
- T W)
Invert: OFF Invert: ON | CH1
J \ J

Figure 4-5 Phase invert function

Set other items, according to the measurement.

(Oscillator)
* Frequency:

*  Amplitude, DC Bias:

(Sweep)

+ Sweep param:
» Anytime ON:

« Start, Stop:

+ Point:

* Interval:

(Integration):
(Delay):

(Slow sweep):

Immediately after the setting, this is the frequency of a signal actually output
from the current oscillator output regardless of the start and stop sweep
values. When a frequency sweep finishes, the last measured frequency in the
sweep is output regardless of this setting.

The signal to be actually output from the oscillator output connector on the
ZGA5920 main unit is (This value)/(External amplifier gain).

Fixed to Frequency in the impedance measurement.

Selects whether to turn off (OFF) or leave on (ON) the oscillator output after
a sweep measurement.

Sweep measurement range.

The number of measurement points between the start and stop sweep values.
[Lin] (linear) or [Log] (logarithmic) of the measurement frequency sweep,
which is independent from Lin or Log of the graph display.

Set when the noise is large. See "4.3.1 Integration”.

Needs to be set when measuring a sample that shows sharp resonance
characteristics. See "4.3.2 Delay".

This function automatically increases the sweep density in the portion where
the characteristics are greatly changed. See "4.3.3 Slow sweep".
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Each gain (attenuation) for the shunt resistor and probe set in the CH1 and CH2 weights is a certain value
regardless of the frequency. The effect of phase shift cannot be corrected. For more accurate measurements
by correcting the residual impedance and admittance of cables for each measurement frequency, perform
the open or short correction (see "4.1.3 Open correction and short correction™).

4.1.3 Open correction and short correction

This function measures in advance the measurement system errors (residual impedance and admittance)

generated from the connection with a sample, stores them in the ZGA5920 main unit, and uses them for

correcting the impedance measurement result to reduce measurement system error effects. The open

correction is effective for higher impedance measurements (roughly 10 kQ or more) and the short

correction for lower impedance measurements (roughly 10 Q or less). Of course, it is also effective to

perform both the open and short corrections.

These corrections are performed by the following procedure.

1) Set the sweep parameter to Frequency. Make any other necessary settings such as start sweep value,
stop sweep value, and AC amplitude. See "4.1.2 Setting impedance measurement".

2) Open the Correction pallet. See "Figure 4-6 Correction pallet".

Correction pallet |

Open ox  Shart swe  Equalize
Circuit parameter Circuit parameter Circuit parameter
CHI weight | 1] oHz weigh | 1] CHI weight | 1] cH2 weight | 1] CH1 weight | 1] cH2 weint | 1]
Invert OFF |+ Ext amp gain | 1 \ Invert |OFF |+ Ext amp gain \ 1 | Inwett |OFF |+ Ext amp gain \ 1 |
Oscillator Oscillator Oscillator
Frequercy | Tk | He Frequency | k| He Fraquency | 1k |Hz
Ampltude | 1 gk DCBiss | 0|y Ampitude | T Wk DCBiss | 0|y Ampliude | 1 |vpk DCBiss | 0w
Sweep Sweep Sweep
Start \ 1Uk|Hz Slupl wuk\Hz Slarll wk\Hz Slopl TUUk‘Hz Slaltl 1Uk|Hz Stop\ 1UUk|Hz
Faint | 101 | Interval |Lin | Faint | 01| Interval Lin [w] Faint | 01| Interval Lin v
Advanced Advanced Advanced
Frequency - | A Frequency - | A Frequency - Gain A
10 10— 10~
g 5 g
S S 5o = 65—
) [ ]
&
D’\ 1 1 I I I |]7I I I I I 1 D7I I I 1 1 1
10k 20k 40k 60k a0k 100k 10k 20k 40k 60k 80k 100k 10k 20k 40k 60k 80k 100k
FrequencylHz] FrequencylHz] FrequencylHz]
Frequency - 82 A Frequency - Bz A Frequency - 8 A
120~ 180~ 180~
£ o £ o g o
& & =
n 1 1 I I I 180 n I I I I 1 150 n I I 1 1 1
10k 20k 40k 60k a0k 100k 10k 20k 40k 60k 80k 100k 10k 20k 40k 60k 80k 100k
FrequencylHz] FrequencylHz] FrequencylHz]

Figure 4-6 Correction pallet
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(To perform the open correction)

3-1) Open the measurement terminal (that is, an infinite-ohm sample is connected). When the oscillator
output signal is amplified using a constant-current power amplifier, prevent overcurrents by inserting a
bleeder resistance in the power amplifier output or by any other mean.

Make as much distance between measurement terminals as at the sample measurement, in order to
keep the terminal-to-terminal electrostatic capacitance equivalent to the one when the sample is
connected.

3-2) Set the measurement conditions for open correction. When you click the fromMeas] or ffromShor
button, the measurement condition parameters or the short correction measurement condition

parameters will be copied respectively.
3-3)Click the button in the Correction pallet, and then wait until the sweep measurement finishes.
3-4) When finished obtaining correction data, a graph is displayed in the Correction pallet.

You can obtain correction data as many times as you want.

(To perform the short correction)

4-1)Short the measurement terminals using a material with the impedance low enough such as a metal plate
(that is, a zero-ohm sample is connected). When the oscillator output signal is amplified using a power
amplifier, temporarily lower the oscillator output level to avoid the shunt resistor from being burnt by
overcurrents.

4-2) Set the measurement conditions for short correction. When you click the ffromMeas| or |fromOpen|
button, the measurement condition parameters or the open correction measurement condition
parameters will be copied respectively. Click the button in the Correction pallet, and then
wait until the sweep measurement finishes.

4-3) When finished obtaining correction data, a graph is displayed in the Correction pallet.
You can obtain correction data as many times as you want.

5) When you performed the open correction measurement, check the [Enable] checkbox for the open
correction. When you performed the short correction measurement, check the [Enable] checkbox for
the short correction. When you performed both the measurements, check the [Enable] checkbox for
each of the open and short corrections.

6) When you actually perform measurement, the correction data is logged in the measurement result data.
When you obtain a correction data while editing a measurement recipe, the data can also be logged in
the measurement recipe.

A CAUTION When the measurement terminal is shorted or opened, the shunt resistor may burn by

overcurrent or overvoltage depending on the connection. Be careful not to generate
overcurrent (overvoltage), for example, by temporarily lowering the oscillator output
level.
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Each correction data is stored in the ZGA5920 even when the [Enable] checkbox is deselected. Re-select
[Enable] to activate the correction again.

The open correction data and short correction data are logged in the measurement result data when you
perform measurement with correction enabled, and in the measurement recipe when you obtain the
correction data while editing a measurement recipe.

Perform the correction measurement again after a change of the measurement connection, or before an
accurate measurement.

(Description)
The open and short corrections perform the correction calculation based on the following model.
Measurement
termlnals

O
Zx:Sample impedance
V<:| -V Yp:Residual admittance
1/Yp) ' Zs:Residual impedance

s ; Z:Measured impedance
ample : Measurement i ZGA
connection including
cables

Figure 4-7 Measurement system error model

Zp is obtained by a measurement with the sample Zx opened (open correction measurement). Zs can be
ignored, as it is far smaller than Zp.

Measurement
terminals
¥ Zs Ip
_© o
C
g Zp Y% <j _Vp =
Q p Zp=——"—-7Zs=Z
] (=1/Yp) I P7p TP
o O (Because Zs<<Zp)
Measurement ZGA
connection including

cables
Figure 4-8 Open correction measurement

Zs is obtained by a measurement with the sample Zx shorted (short correction measurement).

Measurement
terminals
Zs Is
L O

Short
<
w
N
9

«75

_—
|
|

Measurement
correction including
cables

Figure 4-9 Short correction measurement
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Each of the open correction and short correction can be set to Enable or Disable independently. The sample
impedance Zx is obtained through the correction calculations in the table below, according to the
combinations of these Enable/Disable.

Table 4-1 Open and short correction formulas

Open correction | Short correction Correction formula
Disable Enable Zx=1—17s
Enable Disable Zx=2pxZ/(Zp—Z)
Enable Enable 2x=12p*(Z—7Zs)/(Zp—(Z—Zs))

After any of the following cases, perform the open and/or short correction measurement again.

» After power-on
The open correction data and short correction data are cleared at power-off.
However, you can set them using the correction data logged in the measurement recipe or the
measurement result data.

« After the measurement connection is changed
The residual impedance and admittance have changed.

« After the sweep range (start or stop sweep value) is changed
A wider sweep range makes a frequency area with no correction data, which disables the
corrections.
With a narrower sweep range, the frequency is interpolated for the open or short correction. The
correction is effective. However, another correction measurement is recommended because it has
different frequency measurement points.

« After the measurement interval is changed
Even when Lin/Log of the sweep is changed, the correction is effective through frequency
interpolation unless there is no change to the sweep range. However, another correction
measurement is recommended because it has different frequency measurement points.
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4.1.4 Measuring sample impedance

Click the [Start measuring| button to start a sweep measurement. When the sweep finishes, the data are
displayed in graphs.

| Advanced graph pallet |

GHi/GH2 | | cH2/cH1 |
Frequency[Hz] RIC| dB5[dEs]
] . (0] G|
Bldeg] 5] E[S]
BB Byleleg]
Frequency - 2] =N Bz - =y Frequency - [ ) By - Il %
10- 10— 10— 10-
g g o) z
g g = =
0 al 1 1 o Tl 1 I o al I I 0 T I I
100m 1 10 1) ] 10 100m 1 10 o ] 10
Frequency(Hz] B{de] Frequency[Hz] By[deq)
Frequency -8z Frequency - g Frequency By 4 Frequency -G N
10— 10 10 10—
£ g g z
8 = 3 5
0 al 1 1 o al 1 I o al I I 0 al I I
100m 1 10 100m 1 10 100m 1 10 100m 1 10
Frequency(Hz] Frequency[Hz] Frequency[Hz] Frequency[Hz]
Frequency - B2 | Fiequency X g Frequency-dBS (g Frequency -B N
0= 10 10 10—
g I
3 =) kA D
g k4 2 @
U 0 al 1 1 o al 1 Foo al I I 0 al I I
100m 1 10 100m 1 10 100m 1 10 100m 1 10
Frequency(Hz] Frequency[Hz] Frequency[Hz] Frequency[Hz]
. B2 - dBO | LEEN . B - dBS %] 5.8
& 10— = 10-
s = el @
g ES = g
g
T o0 i | 0 | s i | o=} 1
5 10 0 10 0 5 10 o 10
Baldeg] RIQI By[deg] GlS]

Figure 4-10 Impedance measurement graphs

Displayed graph varies depending on the analysis mode setting. In analysis mode, "CH1" indicates
measurement input terminal 1, and "CH2" indicates measurement input terminal 2. When the analysis mode
is set to "CH1/CH2", the impedance-related graphs can be displayed. When it is set to "CH2/CH1", the
admittance-related graphs can be displayed. The types of graph that can be displayed are shown in "Table
4-2 Graph types in Basic mode (impedance measurement)".
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Table 4-2 Graph types in Basic mode (impedance measurement)
Graph type X axis Y axis Measurement| Analysis | Simulation | Notes
Frequency | Frequency [Hz] Impedance [€2] — —
—Z|
Frequency | Frequency [Hz] Impedance phase — —
—0z [deg]
Frequency | Frequency [Hz] Impedance [dBQ] O — —
—dBQ
0z—dBQ | Impedance phase | Impedance [dBQ] O — —
[deg]
0z—|Z| Impedance phase | Impedance [Q] O — —
[deg]
Frequency | Frequency [Hz] Resistance [Q] O — —
—R
Frequency | Frequency [Hz] Reactance [€2] O — —
—X
R—X Resistance [Q] Reactance [Q2] O — —
Frequency | Frequency [Hz] Admittance [S] O — —
—1Y]
Frequency | Frequency [Hz] Admittance phase O — —
—bBy [deg]
Frequency | Frequency [Hz] Admittance [dBS] O — —
—dBS
By—dBS | Admittance phase | Admittance [dBS] O — —
[deg]
By—I|Y]| Admittance phase | Admittance [S] O — —
[deg]
Frequency | Frequency [Hz] Conductance [S] O — —
—G
Frequency | Frequency [Hz] Susceptance [S] O — —
—B
G—B Conductance [S] Susceptance [S] O — —

The polarities of the phase are opposite for the analysis modes CH1/CH2 and CH2/CH1.
(impedance phase in CH1/CH2 and admittance phase in CH2/CH1)
"dBQ" is the calculated result of 20 x Log;o(|Z]). Its unit is [dBQ].
"dBS" is the calculated result of 20 x Logo(|Y]). Its unit is [dBS].
Each parameter is determined through the following conversions using the complex impedance
(Z=R+jX) measured in the CH1/CH2 analysis mode.

(Analysis mode = CH1/CH2)
|ZI=VR* +X*, 0=tan' X
R

(Analysis mode = CH2/CH1)

G=

RZ+X2%’

R -X

CR24+X2

1

JR? +X? ’

Y=

0 =—tan"

=sf P
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The markers in the table below are displayed according to the analysis mode, regardless of the selected
graph format. Each indicates the parameter at the marker frequency.

Table 4-3 Marker display in impedance measurement

Display parameter Unit Description Notes
Frequency Hz Frequency
1Z| Q Absolute value of impedance
R Q Resistance
X Q Reactance
6z deg | Phase of impedance
dBQ dBQ | Impedance (dB unit)
Y] S Absolute value of admittance
G S Conductance
B S Susceptance
By deg | Phase of admittance
dBS dBS | Admittance (dB unit)
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4.2 Gain-phase measurement

L/

4.2 Gain-phase measurement

"Gain-Phase measurement” is a general-purpose gain-phase measurement function which is not limited
to particular measurement purposes.

For each measurement application, the same explanation applies to the gain-phase measurement.

Figure 4-11 Gain-phase measurement screen

The ZGAS5920 performs gain-phase measurement by the following calculations.
Gain = (CHI voltage amplitude) / (CH2 voltage amplitude)
0 = (CHI phase) - (CH2 phase)
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The gain-phase (transfer characteristics) of the target circuit can be measured by applying the oscillator
output signal to the target circuit and inputting the target circuit output and input to CH1 and CH2

respectively.

ZGA
osC CH1
(IV1], 8y .
@ Gain= |[V1|./|V2|
CH2 CH1 CH2 0 = 9\/1_ 0 v
V2 v (V2L By)
Vin ™ Vout

| DUT

Figure 4-12 Principle of gain-phase measurement

"Figure 4-12 Principle of gain-phase measurement" measures the transmission characteristics between
the input and the output of an amplifier or filter. The servo-feedback loop measurement (switching power

supply loop characteristics and other automatic control loop) uses the principle shown in the figure below
(loop gain characteristics measurement).

DUT
0 + | A Vosc=V1_V2
Gain=|V1|./|V2|
—X V,™~ "2 Phase=6

CH2 CH1

Figure 4-13 Principle of servo measurement
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4.2.1 Connecting with target circuit
®Measurement connection with amplifier circuit, filter, and so on (1)
( \ . . . . .
ZGA This connection measures the input/output characteristics
0sC (transfer characteristics) of the target circuit.
@ CH2 CH1
DUT
1
T divider
N J
®Measurement connection with amplifier circuit, filter, and so on (2)
( N\
ZGA When CH1 and CH2 are connected at some midpoints in
OSsC the circuit as shown in the left figure, the input/output
@ transfer characteristics (gain-phase characteristics) can be
CH2 CH1

measured only for the amp2 portion.

®Servo-feedback loop measurement ~ Connection for switching supply loop characteristics measurement

( sy rectification The injection resistor prevents the target
ZGA loop from becoming open if the
@ LS —N— CH1 connection is disconnected from the
D ZGA5920. Make this resistance value
@ 0SC much smaller than R1 to avoid effects on
erroramp R1= 1] the output voltage.
PWM R2 CH2 This connection is applicable to a

| . switching supply with up to 200Vdc

Vrefé aplnr;)"raglig?ar’;eelsyllsé%r~ 1009 (<<R1) (ZGA5920 floating breakdown voltage)
L ) output.
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L L7/

4.2.2 Setting gain-phase measurement

Set the followings according to the circuit connected with the target circuit.
(Circuit parameter)

+ CH1 weight

+ CH2 weight

+ Extamp gain

For the CH1 and CH2 weights, set the reciprocal number of the gain for the probe or preamplifier
connected to CH1 and CH2, respectively. These weight settings allow you to perform measurement as a
value at the target circuit, instead of at the ZGA5920 input terminal. Setting examples of the external
amplifier gain, CH1 weight, and CH2 weight are shown in the "Figure 4-14 Gain-phase measurement
connection - Setting example".

ZGA
Ext amp gain
Attenuator 05
1/2 0sC
25 ATT 2 o\ o O<— Amplitude Vosc
CH1 weight
=10
CH2 \)k ,
. %) - Vin
Vin/10 | i 4
Measure, analyze
Vout/100 C:” (R Vout
p DUT é
I> CH2 weight
/ Vin ‘ Vout\ =100
10:1 probe 100:1 probe

Figure 4-14 Gain-phase measurement connection - Setting example
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Set other items, according to the measurement.

(Oscillator)
* Frequency:

* Amplitude, DC Bias:

(Sweep)

+ Sweep param:
* Anytime ON:

+ Start, Stop:

« Point:

* Interval:

(Integration):
(Delay):

(Slow sweep):

Immediately after the setting, this is the frequency of a signal actually output
from the current oscillator output regardless of the start and stop sweep
values. When a frequency sweep finishes, the last measured frequency in the
sweep is output regardless of this setting.

The signal to be actually output from the oscillator output connector on the
ZGA5920 main unit is (This value)/(External amplifier gain).

Fixed to Frequency in the gain-phase measurement.

Selects whether to turn off (OFF) or leave on (ON) the oscillator output after
a sweep measurement.

Sweep measurement range.

The number of measurement points between the minimum and maximum
sweep values.

[Lin] (linear) or [Log] (logarithmic) of the measurement frequency sweep,
which is independent from Lin or Log of the graph display.

Set when the noise is large. See "4.3.1 Integration”.

Needs to be set when measuring a circuit with a large attenuation slope. See
"4.3.2 Delay".

This function automatically increases the sweep density in the portion where
the characteristics are greatly changed. See "4.3.3 Slow sweep".

Each gain (attenuation) for the preamplifier and probe set in the CH1 and CH2 weights is a certain value

regardless of the frequency. The effect of phase shift cannot be corrected. For more accurate measurements

by correcting the frequency characteristics (gain and phase) of probes, perform the equalization (see "4.2.3

Equalize").
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4.2.3 Equalize

This function measures in advance the measurement system errors generated by cables or probes used for

connection with the target circuit, stores them in the ZGA5920 main unit, and uses them for correcting the

gain-phase measurement result to reduce measurement system error effects. Measurement error occurs even

if the connection is made using only the coaxial cables that come with the product, without using a probe (a

cable itself is an error factor).

The equalization is performed by the following procedure.

1) Set the sweep parameter to Frequency. Make any other necessary settings such as start sweep value,
stop sweep value, and AC amplitude. See "4.2.2 Setting gain-phase measurement".

2) Open the Correction pallet. See "Figure 4-6 Correction pallet".

3) Remove the target circuit and directly connect the input to the output (that is, the transfer gain is 0dB
and Odeg).

4) Set the measurement conditions for equalization. You can copy the measurement condition parameters
by clicking the button.

5) Click the button for the equalization, and then wait until the sweep measurement finishes.

6) When finished obtaining correction data, a graph is displayed in the Correction pallet.
You can obtain correction data as many times as you want.

7) Select the [Enable] checkbox for the equalization.

8) When you actually perform measurement, the correction data is logged in the measurement result data.
When you obtain a correction data while editing a measurement recipe, the data can also be logged in
the measurement recipe.

The equalization does not work when [Enable] is not selected even if the equalization measurement is
made. Be careful about it.

The equalization data is stored in the ZGA5920 even when the [Enable] checkbox is deselected. Re-select
[Enable] to activate the equalization again.

The equalization data is logged in the measurement result data when you perform measurement with
correction enabled, and in the measurement recipe when you obtain the correction data while editing a
measurement recipe.

Perform the correction measurement again after a change of the measurement connection, or before an
accurate measurement.
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(Description)

The equalization is done through two steps: a) to measure the measurement system errors and b) to correct
the measurement data that includes the measurement target (i.e., to equalize). The equalization operation
procedure is shown with "Figure 4-15 Principle of equalization" as an example.

This example assumes that you want to have the correct characteristics of the target circuit (for which
transfer function is Hdut) through canceling errors caused/brought by "Amp", "Probe1" and "Probe2".

ZGA ZGA
0OsC C(I-)|2 CH1 0SsC C(I-)lz CH1
V2m V1m VZe V1e
| Amp | |Probe2| |Probe1| | Amp | |ProbeZ| |Probe1|
) L] een
Vin Vout \Y

eql

a) Measurement connection involving DUT b) Connection for measuring measurement
system errors
Figure 4-15 Principle of equalization

First, perform a sweep measurement with the connection b) in "Figure 4-15 Principle of equalization”.
Suppose the Amp output is Vg, then the CH1 and CH2 input voltages (V. and V., respectively) are:
Vie = Veq X Probel
Vie = Veq X Probe2
Record/store the above measurement data in the equalizing memory of the ZGA5920 main unit as the
equalization data. The equalizing memory records (CH1/CH2). Therefore, the content of the equalizing
memory (EQL) will be:

V. V.qxProbel Probel

EQL=_1¢= -
Vye  VeqxProbe2 Probe2

e

Connect as shown in a) in "Figure 4-15 Principle of equalization" and measure the overall system under
test. Suppose the Amp output voltage is Vi, and the target circuit's output voltage V,, then the data
measured by the ZGA5920 (MEAS) is:

Vim  Vou xProbel V, xHdutxProbel Probel

MEAS = =

= = xHdut
Vo Vi, xProbe2 V,, x Probe2 Probe2

Equalize the above measurement data MEAS by the EQL value. The equalization process is an operation to
divide (normalize) the measurement data MEAS by EQL. The equalized measurement data MEAS' is given
by:

Probel
"~ xHdut
MEAS = MEAS _ Probe2 - Hdut
EQL Probel
Probe2

This cancels the Probel and Probe2 effects and provides the target circuit's transfer characteristics Hdut.
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After any of the following cases, perform the equalization measurement again.

« After power “ON”
The equalization data is cleared at power-on.

« After the measurement connection is changed
The probe gain and phase characteristics of CH1 and CH2 have changed.

« After the sweep range (start or stop sweep value) is changed
A wider sweep range makes a frequency area with no correction data, which disables the
corrections.
With a narrower sweep range, the frequency is interpolated for the equalization. The correction is
effective. However, another correction measurement is recommended because it has different
frequency measurement points.

« After the measurement interval is changed
Even when Lin/Log of the sweep is changed, the correction is effective through frequency
interpolation unless there is no change to the sweep range. However, another correction
measurement is recommended because it has different frequency measurement points.
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4.2.4 Measuring gain-phase characteristics of target circuit

Click the [Start measuring| button to start a sweep measurement. When the sweep finishes, the data are
displayed in graphs.

| Advanced graph pallet |

GH1/GH2 CH2/GH1 | Both |
FreauencylHz] A
GainldB] B
Bldea]
Fi
Frequency - Gain N Frequency - Al N Frequency - & N
10- . 10— 10- .
g _
= z <
5
“ D’I D’\ 1 0,
100m 1 0 100m 1 10 100m 1 0
FrequencylHe] FrequencylHe] FrequencylHz]
Frequency - B %l Frequency - 8 %l Frequency - B %l
10— ) 10— ) 10— )
= =
& 3 @
= =
El7I 1 I Ui\ 1 1 EI7I 1 I
100m 1 10 100m 1 10 100m 1 10
FrequencylHz] FrequencylHa] FrequencylHa)
8- Gain ) ERG] o) a8 ol
10— 10— 10—
8- 8 8-
= - 5 6-
k) _
=) [} @
& 4- 4- 4-
2- 2- 2-
I:l_l 1 1 D_\ 1 1 D_I 1 1 I I 1
i 5 10 0 5 10 b 2 4 B 8 10
Hldeg] 8ldeg] A

Figure 4-16 Graph display of gain-phase measurement

In analysis mode, "CH1" indicates measurement input terminal 1, and "CH2" indicates measurement input
terminal 2. Normally, the analysis mode is set to "CH1/CH2". Measurements and analyses in "5.
Measurement Operation (Samples)" also assume the gain and phase in the analysis mode "CH1/CH2"
(the analysis mode is always "CH1/CH2" in the advanced mode). When the analysis mode is set to
"CH2/CH1", the gain is indicated as an inverse number (sign inverted in the dB display) and the phase
indicated with the sign inverted.

Available graph types are shown in "Table 4-4 Graph types in gain-phase measurement".
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Table 4-4 Graph types in gain-phase measurement

Graph type | X axis | Y axis | Measurement | Analysis | Simulation | Notes
Analysis mode: CH1/CH2
Frequency | Frequency [Hz] Gain [dB] O
—Gain
Frequency | Frequency [Hz] Phase [deg] O
—0
Frequency | Frequency [Hz] Gain O
—IR|
6—|R| Phase [deg] Gain O
6—Gain | Phase [deg] Gain [dB] O
Frequency | Frequency [Hz] Real part of gain O
—A
Frequency | Frequency [Hz] Imaginary part of gain O
—B
A—B Real part of gain Imaginary part of gain O
Analysis mode: CH2/CH1
Frequency | Frequency [Hz] Inverse number of O
—InvGain gain [dB]
Frequency | Frequency [Hz] Phase of inverse O
—InvO number of gain [deg]
Frequency | Frequency [Hz] Inverse number of O
—inv|R| gain
invb— Phase of inverse Inverse number of O
inv|R| number of gain gain
[deg]
InvO— Phase of inverse Inverse number of O
InvGain | number of gain gain [dB]
[deg]
Frequency | Frequency [Hz] Real part of inverse O
—invA number of gain
Frequency | Frequency [Hz] Imaginary part of O
—invB inverse number of
gain
invVA—invB | Real part of inverse | Imaginary part of O
number of gain inverse number of
gain

* "Gain (dB)" is the calculated result of 20 x Log;o(/R]). Its unit is [dB].
» Each parameter is obtained by the following formulas from the complex gain (R=A+jB) measured in the

analysis mode "CH1/CH2".
(Analysis mode: CH1/CH2)

IR=vVAZ+B?, aztmflE
A

(Analysis mode: CH2/CH1) A', B, |R[, ' are values in the analysis mode "CH2/CH1"

. A _,  -B

-  B=——
A%+ B? A%+B

1

JaZ B2’

. IRI'=

0'=—tan

4B

A

4-25

ZGA5920



4.2 Gain-phase measurement
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The graph display area shows the following markers. Each indicates the parameter at the marker frequency.

Table 4-5 Marker indication in gain-phase measurement

Display parameter Unit Description Notes
Analysis mode: CH1/CH2
Frequency Hz Frequency
Gain dB Absolute value of gain
0 deg Phase
A (No unit) | Real part of gain
B (No unit) | Imaginary part of gain
|R| (NO unit) Gain
Analysis mode: CH2/CH1
invGain dB Inverse number of gain
invl deg Phase of inverse number of gain
invA (No unit) | Real part of inverse number of gain
invB (No unit) | Imaginary part of inverse number of gain
inv|R| (No unit) | Inverse number of gain
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4.3 Overview of measurement and processing

This section describes the flow of data processing in the ZGA5920 (see "Figure 4-17 Measurement
processing overview"). The same processing applies to both the impedance and gain-phase
measurements.

Calibration CH1 weight Equalizing
data CH2 weight memory

v v v
self error Input
N p

DFT [

compensation| weighting Equalizing
@ Short correction Open correction

memory memory

\ \

To
Shor't —> Ope’? —> Invert —> Display,
correction correction

Analyze

Figure 4-17 Measurement processing overview

e DFT: The measurement frequency component contained in the input signals are detected by DFT
(discrete Fourier transform) to obtain the magnitude ratio and phase difference between the two signals
as a complex number consisting of the real and imaginary parts.

Figure 4-18 DFT overview

e Self error compensation: Self error compensation is made through the use of data obtained by
calibration. Calibration can be performed by using the Calibration pallet.

o Weighting operation: The CH1 and CH2 weight values are reflected by multiplying (CH1
weight)/(CH2 weight).

e Equalize: The measurement data is divided by the data registered in the equalizing memory. This
function corrects the frequency characteristics of peripherals connected to the measurement input
terminals (such as probes and amplifiers) and is effective for gain-phase measurement.
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e Short correction: The data registered in the short correction memory is subtracted from the measurement
data. This function corrects the residual impedance due to test fixtures or contact resistances and is
effective for impedance measurement.

e Open correction: The reciprocal numbers of the data registered in the open correction memory is
subtracted from the reciprocal numbers of the measurement data. This function corrects the residual
admittance due to test fixtures or cables and is effective for impedance measurement.

e Invert: This function is used when the phase is inverted by an external wiring such as the PA-001-0368
Impedance Measuring Adapter (sold separately).

Equalizing Open correction
Calibration . memory Short memory
data CH1weight correction
l CH2weight /X memory
. selferror | : % : : + J_g' .
a+jb %compensation ; X ; A ; ~ ; A+jB
oo .\ (Short ! (Open
(welghtlng)i (Equallzmg)i correction) |  correction) (Invert)

Figure 4-19 Error correction overview
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4.3.1 Integration

The ZGA5920 performs analysis processing through discrete Fourier transform (DFT) with one period of
the measured waveform as the unit. This eliminates noises and harmonics depending on the DFT's nature.
However, a number of times of integrations enables measurement with a higher accuracy when the
measurement amplitude is smaller than the noise or when a highly accurate measurement is necessary.
The Fourier integral operation by its nature attenuates harmonics component by more than 60 dB,
irrespective of the integration period. White noise component is suppressed by Fourier integration by the
amount approximately proportional to the integration period. Noise components outside of analysis
frequencies are also suppressed by increasing the integration period. Therefore, the more the integration
period, the higher the accuracy of measurement. The time required for measurement is, needless to say,
proportional to the number of times of Fourier integrations.

When the sweep target is Frequency, the time needed for one integration period varies depending on the
analysis frequency f, which is roughly:

* f<approx. 54 Hz: 1/f (period of )
e approx. 54 Hz < f <3 kHz: 18 ms to 55 ms
e 3kHz<f approx. 18 ms

"Figure 4-20 Effect of integration” illustrates an example of effect of the number of times of integrations
by comparing the numbers 100 versus 1. The figure shows that the noise suppression effect is
approximately 10 times (20 dB), which is the square root of the integration period ratio 100.

R
(=]
T

A
o
T

o)
o
T

Gain(dB)

1 integration

-100+

-120 - :
100 1k 10k 100k

Frequency(Hz)
Figure 4-20 Effect of integration
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4.3.2 Delay

When the measurement signal frequency or amplitude is changed, its transient response causes an error in

the measurement data if the system under test includes a response delay element. The delay setting has a

function to delay the measurement start in order to minimize this error. You can set the delay time period
according to the time constant of the system under test. Note that the delay setting does not work for the

Zero-span sweep.

Oscillator output
waveform

Oscillator output frequency = 1

|

|

|

|

| f2,,, cpeep-
I

|

Response waveform
of device under test

PSS FO A A }

<>
Measured waveform  Measured waveform range
range at delay = 0 at an appropriate delay

Figure 4-21 Response waveform requiring delay

A larger delay time is necessary for devices that have a resonance circuit with a high Q (quality factor),

such as steep filters and piezoelectric vibrators. Figure 4-22 shows an example of the resonance

characteristics of the quarts crystal (32.768kHz). Normal characteristics cannot be obtained without an

appropriate delay time. Start the measurement with 0 second delay. Then, increase the delay time

appropriately to find the optimum (necessary) delay time where the measurement data does not show a

large difference.

|
MH * /l\\
i N

] Delay: 0.3 second

i
Delay: 3.0 second \\'/

Log|Z| [Q]

SR

-100 -50 0 50 100
Afrequency [Hz] Ref=32.768kHz

Figure 4-22 Example of resonance characteristics by delay
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4.3.3 Slow sweep

This function automatically fine-measure the sweep density only before and after an abrupt change in the
measurement data when the data substantially changes. This gives highly accurate data in a short time when
measuring a sample like piezoelectric vibrator that has mixed characteristics of less change and sudden
change around the resonance point. The slow sweep (automatic high density sweep) function works only
when the sweep parameter is Frequency (and does not work for Amplitude, DC Bias, and Zero span).

The slow sweep is configured in the Advanced setting pallet.

+ Item: Select "LogR" (ratio dB), "R" (ratio), "0" (phase), "A" (real part of ratio), "B" (imaginary
part of ratio), or "OFF" (function off).
+ CH: This is used to select the channel in which to monitor if there is any abrupt change in the

measurement data.
+ Variation:  Enter the value regarded as an abrupt change.

When the difference between the measured values at the previous frequency and this frequency exceeds
[Variation], the sweep density is automatically increased until the difference becomes equal to or lower
than the value set in the [Variation]. The original sweep density is restored when the data change becomes
equal to or lower than [Variation].

If the value set in [Variation] is too low, the sweep density becomes extremely high and the sweep
operation could stop on the way due to the memory capacity being full. Note that the ZGA5920 has the
maximum number of frequency point measurement capacity of 20,000 due to the memory capacity
available. Do not decrease the [Variation] setting needlessly.

When measuring the resonance characteristics (impedance characteristics) of a piezoelectric vibrator, set
the monitoring parameter to "0" (phase) for better results. This is because the phase change is steepest at
frequencies around the (anti) resonance point peak or bottom. Either the monitoring channel CH1 or CH2
has the same result because the phase change is monitored. First, perform a measurement by setting the
number of sampling points to a lower value such as 100 and the slow sweep variation to around 10 (deg).
Then, adjust these parameters as you check the measurement time and data fineness (frequency density
fineness).
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"Figure 4-23 Slow sweep example" shows an example of the resonance characteristics of a piezoelectric
vibrator. Each dot "e" means a measured data point. These figures indicate that abrupt phase changes are
measured at high density.

Frequency

Figure 4-23 Slow sweep example
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5.1 Overview of measurement for each specific sample

With the ZGAS5920, each specific sample has a corresponding measurement application.

Each measurement application includes the measurement method, data format, graph format, analysis
method, and simulation method in accordance with its measurement purpose. For a selected
measurement type, you can perform a series of operations from measurement to simulation, without
having to switch measurement types (move to another measurement type).

The measurement type can be selected in the Application pallet of the ZGAS5920. To switch to another
measurement type, click the button for the target measurement application in the Application pallet.

The measurement process of each measurement application includes the analysis of the data obtained by
the impedance measurement of a sample or the gain-phase measurement/servo measurement of a target
circuit, and in some cases, the simulation. For details on how to connect a sample (or a target circuit) to
the ZGA5920, see "4.1.1 Connecting with sample" (for impedance measurement), or "4.2.1
Connecting with target circuit" (for gain-phase measurement).
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5.2 Piezoelectric measurement

Measure the impedance (admittance) resonance characteristics of the piezoelectric oscillator to get
piezoelectric parameters such as damping capacitance. By the simulation with the obtained piezoelectric
parameters, you can see the difference from measurement data or design parameters.

5.2.1 Connecting with sample

Power amplifier

ZGA (if necessary)
0OSC
CH1 =)
= DUT
CH2 = Shunt resistor
(current to voltage
conversion)

Figure 5-1 Connection example of piezoelectric measurement

"Figure 5-2-1 Connection example of piezoelectric measurement” shows an example of
connecting with a sample. The figure is just an example of connection, and various measurement
connections are supported depending on your purpose. See also "4.1.1 Connecting with sample".

If the voltage/current is insufficient, use a power amplifier (for example, our HSA, BA, or BP series) to
amplify the oscillator output of the ZGA5920. Our PA-001-0370 (1 V/A, 1 Arms rated, sold
separately) is available as the shunt resistor.

Perform the error compensation for measurement system (open correction, short correction), before
measuring the impedance characteristics of a sample. See "4.1.3 Open correction and short
correction”.
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5.2.2 Piezoelectric measurement setting

For details on basic settings, see "4.1.2 Setting impedance measurement”. This section describes

only points to be considered when measuring piezoelectric material characteristics.

(Sweep)

» Sweep param:

(Delay):

(Slow sweep):

sweep.

5.2.3 Graph and marker display

The graphs in the table below are displayed.

Table 5-1 Graph types of piezoelectric measurement

Effective when measuring a oscillator with steep frequency
characteristics. See "4.3.3 Slow sweep".

Select Frequency or Zero span (time). The piezoelectric parameter
extraction and the simulation are performed for the data of frequency

Needs to be set when measuring a oscillator with steep frequency
characteristics. See "4.3.2 Delay".

Graph type X axis Y axis Measurement | Analysis | Simulation | Notes
Frequency | Frequency [Hz] Admittance [S] @) — O

—1Y]

Frequency | Frequency [Hz] Phase (of @) — O

—0y admittance) [deg]

Frequency | Frequency [Hz] Impedance [Q] @) — O

—IZ|
Frequency | Frequency [Hz] Phase (of impedance) O — O

—0z [deg]

G—B Conductance [S] Susceptance [S] O — @)
Time—|Y| | Time [s] Admittance [S] O — —
Time—HBy | Time [s] Phase (of O — —

admittance) [deg]
Time—|Z| | Time [s] Impedance [Q] O — —
Time—06z | Time [s] Phase (of impedance) O — —
[deg]
G—B Conductance [S] Susceptance [S] O — —
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The markers in the table below are displayed in graphs. The marker moves along the sweep target.

Table 5-2 Marker indication in piezoelectric measurement

Display parameter Unit Description Notes
Frequency Hz When the sweep parameter is Frequency * Select sweep
Time S When the sweep parameter is Zero span * Select sweep
Y] S Admittance
[Y|(Sim) S Admittance (Simulation data)

By deg Phase of admittance

By(Sim) deg Phase of admittance (Simulation data)
G S Conductance

G(Sim) S Conductance (Simulation data)

B S Susceptance

B(Sim) S Susceptance (Simulation data)

|Z| Q Impedance

|Z|(Sim) Q Impedance (Simulation data)

0z deg [ Phase of impedance

0z(Sim) deg Phase of impedance (Simulation data)
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5.2.4 Measure

Turn on the oscillator output, click the |Start measu ring| button to start measurement. When the

measurement is finished, the data are displayed in graphs. The graph of simulation data is displayed
when simulation is performed.

Each parameter displayed in the graph is determined through the following conversions using the
complex impedance (Z=R+jX) obtained from the measurement.

1 X . R X

1Y =

——, fy=—tan' =, G , B=
JR? + X2 Y R R? +X? R? +X2

You can use "G—B" for extracting piezoelectric parameters.

A marker is displayed in the graph of the measurement results. The marker moves along the sweep
target. The marker of simulation data is displayed when simulation is performed.

In the calculation of piezoelectric constants described in the next chapter, the measurement data
including different resonance characteristics cannot be analyzed successfully. Adjust the sweep
frequency range so that there is only one resonance characteristic as shown in "Figure 5-2 Analyzable
characteristics". The analysis is also difficult when the width of the resonance characteristic is too

narrow.

1Y)
Y]
Y]

.

= e
O\ s

® © ] ®
Frequency Frequency Frequency
Appropriate Inappropriate Impossible
(too narrow and unclear  (more than one resonance
resonance characteristic) characteristics)

Figure 5-2 Analyzable characteristics
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5.2.5 Calculation of piezoelectric constants

After the sweep measurement (or reading from measurement result data) is finished, click the [Start

button to get the piezoelectric constants. Note that the piezoelectric constants calculation and
the simulation can be performed only for the frequency sweep data.

Characteristic frequency Constants
fz 277675 Hz High Frequency v
ip 28,520 |Hz Cd 118524 n | F
friiE=0) 287685 Hz C1 B2.330M p F
fa[B=0] 27977 R Hz L1 B02.867 m H
el max] 277675 Hz R1 631922 |0
Frlf i) 28520 Hz Um 138838k
A(Bmax) 277575 [Hz Matching inductance
F2[Bin] 2ETTEE Hz AL value 100 [pHAMN™2
Ls 47481 p H N E
Lp 27E248m H Np 525

Figure 5-3 Piezoelectric parameter display screen

B Characteristic frequency extraction
The frequency information is automatically searched from the measurement data to calculate the

piezoelectric constants. They are determined automatically.

fs:

fp:

fr(B=0):
fa(B=0):
fm(|Y|max):
fn(|Y|min):
f1(Bmax):

f2(Bmin):

Mechanical series resonance frequency

(Frequency at which the conductance G
is maximum)

... Usually, this is the frequency for driving the piezoelectric oscillator.

Mechanical parallel resonance frequency (Frequency at which the phase is same

Resonance frequency

Antiresonant frequency

Maximum admittance point

Minimum admittance point

Susceptance maximum point

Susceptance minimum point

as that of fs)
(Frequency at which the susceptance B
is 0, fr < fa)
(Frequency at which the susceptance B
is 0, fr < fa)
(Frequency at which the admittance |Y|
is maximum)
(Frequency at which the admittance |Y|
is minimum)
(Frequency at which the susceptance B
is maximum)
(Frequency at which the susceptance B
is minimum)
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j8 1
i fs
fn ;
. | By =27 fs-Cd
N N
0
.

f/p b N\e

Figure 5-4 Admittance circle of piezoelectric oscillator

Each characteristic frequency is obtained from the actually measured frequency data. For this reason, a
lower sweep frequency density of the measurement data causes a larger error. Be sure to perform the
measurement with a high enough sweep density.

If the frequency range is appropriate for analysis (the resonance can be recognized clearly), the
admittance locus has an approximately circular shape. If it is shown as an irregular circle or polygonal
shape, the sweep density is too low. In this case, perform the measurement again with an increased
number of measurement points, or use the slow sweep function to get data with a high enough density.

W Calculation of piezoelectric constants
The LCR constants (piezoelectric constants) shown in "Figure 5-5 Equivalent circuit of piezoelectric
oscillator" are calculated from a characteristic frequency searched from the measurement data.

* Cd: Damping capacitance

» C1: Equivalent electrostatic capacitance of piezoelectric

L1 C1 R1 mechanical vibration
e L1: Equivalent inductance of piezoelectric mechanical vibration
O{,VV\_j :_I\/\/\,—|—0 * R1: Equivalent resistor of mechanical vibration loss
(I;é (+  Qm: Mechanical quality factor)

Figure 5-5 Equivalent circuit of piezoelectric oscillator

The admittance locus of the circuit shown in Figure 5-5 will describe a true circle that is offset by +B¢q
(= 2nfsCd) in the Y-axis (susceptance) direction, like the circle shown in "Figure 5-4 Admittance
circle of piezoelectric oscillator". First, you need to get the offset value in the Y-axis direction, Bcg.
There are three methods for getting B¢y, which can be selected from the pull-down menu for the Cd
mode.
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+ High Frequency: As B¢y, this method obtains the susceptance for the maximum frequency from
the measurement data.
 Gmax: As Bcg, this method obtains the susceptance for the maximum conductance (at
fs) from the measurement data.
+ Bmax_Bmin: As By, this method uses the average of the maximum (at f1) and minimum (at
f2) susceptances obtained from the measurement data.
If the obtained characteristic data is ideal, any of these methods produces the same result. However, for
the real data, these methods produce different results due to various reasons, such as measurement error,
finite frequency sweep density, existence of noise, difference in their equivalent circuits, and so on. So
you also need to check the result of the simulation described in "5.2.6 Simulation", and then select the
method that produces the result closest to the actual measurement data.

After getting the offset value in the Y-axis direction, B¢g, the values of Cd, C1, L1, R1, and Qm are
automatically calculated using a characteristic frequency.

B Matching inductance design support

A piezoelectric oscillator can most effectively convert electrical energy into mechanical oscillation at
the mechanical series resonance frequency, fs. fs is usually used to drive a oscillator. However, the
impedance at fs of a piezoelectric oscillator includes a reactance component in addition to a resistance
component (component converted into mechanical vibration). Due to a reactance component, all of the
electrical energy output from the driving amplifier is not converted into the mechanical vibration, and
some of the energy returns to the driving amplifier. This may cause abnormal heat generation or damage
on the driving amplifier, so a driving amplifier with an unnecessarily large capacity is required. If there
is only a pure resistance component, not a reactance component, then the required output of the driving
amplifier can be minimum.

The impedance at fs of a piezoelectric oscillator is capacitive. The inductor that is used to compensate
the capacitance at fs so that the driving amplifier recognizes only a pure resistance, is called "matching
inductance". The ZGA5920 can display design parameters of this inductance. There are two types of
matching circuit, parallel and series. The series circuit has a smaller inductance.

. . Ls
Drive signal source |]
= Piezoelectric
vibrator
Parallel circuit Series circuit

Figure 5-6 Matching circuit

Ls and Lp are the inductances that are necessary to compensate the reactance at the mechanical series
resonance frequency (fs) to zero.

Ns and Np are the numbers of coil turns that are necessary to get the inductances, Ls and Lp,
respectively. Input the AL value (unit: nH/turn?) of a magnetic core you want to use to display Ns and
Np.
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5.2.6 Simulation

After obtaining the piezoelectric constants on the parameter display screen, perform the parameter

simulation to see how well the simulated data matches the actual measured data.

(Constants)

- Cd, C1, L1, R1: Input the constants for the piezoelectric material equivalent circuit
(piezoelectric constants).

(Simulation)

+ Min, Max: The frequency range to be used for simulation. They are automatically
populated with the frequency range obtained from the measurement data,
but you can change them arbitrarily.

+ Point: The number of frequency points to be used for simulation.

* Interval: The frequency interval to be used for simulation. Select [Lin] (equal

interval) or [Log] (equal ratio interval).
« [Start simulating| button:Click to calculate the admittance characteristics with the simulation
conditions that you have set, and display it on a graph.

If there is a large difference between the measurement and simulation data, recalculate the piezoelectric
constants (change Cd mode) or modify the piezoelectric constants manually. When you modify the

piezoelectric parameters or the simulation conditions and click the |Start Simulating| button, the

recalculation will be performed to update the graph.

After the simulation is complete, the marker will be displayed for the simulation data as well as the
measurement result. Note that the marker is displayed for the frequencies at which this simulation is
performed. If the frequencies of measurement data do not match those of the simulation data,
interpolation is executed using data at neighbor frequencies.
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5.3 Dielectric measurement

Derive the complex relative dielectric permittivity by measuring the capacitance of a sample (dielectric
material) which is fitted with electrodes to make up a capacitor. You can use the frequency sweep to
measure the frequency dependence of the dielectric permittivity, the DC bias voltage sweep to measure
the nonlinearity of the dielectric permittivity, and the zero span sweep to measure a time variability.

5.3.1 Connecting with sample

ZGA 10kV AC/DC AMPLIFIER
0sC ZGA HVA4321

_ 0SC > o
Area:S L DUT
Sample CH1 ,ATTI—‘ s 4

/ﬂ Distance:d CH2 J7

Shunt resistor
(current to voltage
conversion)

CH1

G G-

Figure 5-7 Connection example of dielectric measurement

"Figure 5-7 Connection example of dielectric measurement" shows an example of connecting with
a sample. Make up a capacitor by attaching electrodes on both sides of the dielectric material to measure
the electrostatic capacitance.

You can use our 10kV AC/DC Amplifier HYA4321 as a power amplifier to amplify up to £10 kV for
measurement. As it is equipped with voltage and current monitor terminals, the ZGA5920 never
touches a high voltage section, which enables safer measurement. The figure is just an example of
connection, and various measurement connections are supported depending on your purpose. See also
"4.1.1 Connecting with sample".

Perform the error compensation for measurement system (open correction, short correction), before
measuring the impedance characteristics of a sample. See "4.1.3 Open correction and short
correction". As the impedance of a sample is usually large, only the open correction can achieve
enough accuracy.
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5.3 Dielectric measurement

L/

5.3.2 Setting

For details on basic settings, see "4.1.2 Setting impedance measurement”. This section describes

only points to be considered when measuring dielectric material characteristics.

(Sweep)

« Sweep param:

(Oscillator)

» Frequency:

» DC Bias (voltage):

5.3.3 Graph and marker display

The graphs in the table below are displayed.

Table 5-3 Graph types of dielectric measurement

Select Frequency, DC Bias (bias voltage), or Zero span (time).

The output frequency when the sweep parameter is DC Bias or Zero span
(time).

The DC bias voltage when the sweep parameter is Frequency or Zero span
(time).

Graph type X axis Y axis Measurement | Analysis | Simulation |Notes
Frequency | Frequency [Hz] [ Parallel capacitance [F] O — —
Frequency | Frequency [Hz] [ Parallel resistance [Q] @) — —
Frequency | Frequency [Hz] [ Impedance [€2] @) — —
—1Z|
Frequency | Frequency [Hz] | Phase (of impedance) ©) — —
—0z [deg]
Frequency | Frequency [Hz] [ Relative dielectric — O —
—E€S permittivity
Frequency | Frequency [Hz] | Dissipation factor — O —
—tand
Frequency [ Frequency [Hz] | Real part of relative — @) —
—e€s' dielectric permittivity
Frequency | Frequency [Hz] | Imaginary part of relative — @) —
—es" dielectric permittivity
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5.3 Dielectric measurement

| Ll /S
Graph type X axis Y axis Measurement | Analysis | Simulation |Notes
DC Bias— | DC bias [V] Parallel capacitance [F] O — —
Cp
DC Bias— | DC bias [V] Parallel resistance [€2] O — —
Rp
DC Bias— | DC bias [V] Impedance [Q] O — —
Z]
DC Bias— | DC bias [V] Phase (of impedance) ©) — —
0z [deg]
DC Bias— | DC bias [V] Relative dielectric — O —
€S permittivity
DC Bias— | DC bias [V] Dissipation factor — O —
tand
DC Bias— | DC bias [V] Real part of relative — O —
es' dielectric permittivity
DC Bias— | DC bias [V] Imaginary part of relative — ©) —
€s" dielectric permittivity
Time—Cp | Time [s] Parallel capacitance [F] O — —
Time—Rp | Time [s] Parallel resistance [Q] O — —
Time—|Z| | Time [s] Impedance [Q] @) — —
Time—6z | Time [s] Phase (of impedance) O — —
[deg]
Time—es | Time [s] Relative dielectric — O —
permittivity
Time—tan | Time [s] Dissipation factor — @) —
0
Time—es' | Time [s] Real part of relative — ©) —
dielectric permittivity
Time—es" | Time [s] Imaginary part of relative — O —
dielectric permittivity

The markers in the table below are displayed in graphs. The marker moves along the sweep target.

Table 5-4 Marker indication in dielectric measurement (dielectric material characteristics)

Display parameter | Unit Description Notes
Frequency Hz | When the sweep parameter is Frequency. * Select sweep
DC Bias V| When the sweep parameter is DC bias. * Select sweep
Time S When the sweep parameter is Zero span. * Select sweep
Cp F | Parallel capacitance

Rp Q | Parallel resistance

|Z] Q | Impedance

6z deg [ Phase of impedance

€S — | Relative dielectric permittivity

tand — | Dissipation factor

es' — | Real part of complex relative dielectric permittivity

es" — | Imaginary part of complex relative dielectric permittivity
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5.3 Dielectric measurement
L LZ/

5.3.4 Measure

Turn on the oscillator output, click the |Start measu ring| button to start measurement. When the

measurement is finished, the data are displayed in graphs. The graph of analysis data is displayed when
dielectric permittivity derivation is performed.

The measurement result graph plots Cp (parallel capacitance) and Rp (parallel resistance). Cp[F] and
Rp[€2] are determined through the following conversions using the complex impedance (Z=R+jX)
obtained from the measurement. f is the measurement frequency [Hz].

Cp R? + X2 X
o_{ }_o R=—"T2 o2&
Y »" R P T AR+ X7)

A marker is displayed in the graph of the measurement results. The marker moves along the sweep
target. The marker of analysis data is displayed when dielectric permittivity derivation is performed.
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5.3 Dielectric measurement
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5.3.5 Dielectric permittivity derivation

The ZGA5920 derives the relative dielectric permittivity to the dielectric permittivity € in vacuum. The
information necessary for derivation can be set in the analysis condition setting area.

» Electrode area S: Input the electrode area of the sample in mm?®.
+ Electrode distance t: Input the distance between electrodes in mm.
« |Start analyzing| button: Click to convert the measurement data to a complex relative

dielectric permittivity using the values of [Electrode area S] and
[Electrode distance t] that you have input, and display the result in
graphs.

Each parameter is determined through the following conversions using the values of Cp and Rp
obtained from the measurement. f is the measurement frequency [Hz].

C 1 f £s"
Es‘:—p, Es"= es=vVes?+es"™ , tand ="

 22fC,Rp’ £s'

Co[F] is the electrostatic capacitance in a virtual and ideal vacuum for the electrode area S (mm?) and
the distance between electrodes t (mm).

¢, [F] = Se,
1000t
1
£ =—7 = 8.854187816..X10"* [F/m]  permittivity of vacuum
Hy¢
¢ = 2.99792458...%10° [m/s] speed of light in vacuum

Uy =47rx107 = 1.2566370614... X 10°  permeability of vacuum

The dielectric constant is calculated on the assumption that all lines of electric force pass through the
sample (dielectric material) located between electrodes. Note that the error becomes larger if there is a
gap between the electrodes and the sample, or if the electrode area is small in proportion to the distance
between the electrodes (more lines of electric force pass through space).

There is no gap between the
electrodes and the sample

All lines of electric force pass

through the sample \>£\ Sample

Electrodes

Figure 5-8 Preconditions of dielectric permittivity derivation
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5.4 Magnetic measurement

Derive the complex relative magnetic permeability by measuring the inductance characteristics of a
magnetic sample with windings applied to make up a coil. You can use the frequency sweep to measure
the frequency dependence of the magnetic permeability, the DC bias current sweep to measure the
nonlinear characteristics, and the zero span sweep to measure a time variability of the magnetic
permeability.

5.4.1 Connecting with sample

ZGA BIPOLAR DC POWER SUPPLY
OSC i ZGA BP4610/BP4620
l\ o AL
CH1 ‘i Sample (inductor) 0sC L 1" Sample
CH1 ATT
_ CH2
CH2 Shunt resistor

(current to voltage
conversion)

Figure 5-9 Connection example of magnetic measurement

"Figure 5-9 Connection example of magnetic measurement" shows an example of connecting with
a sample. Wind a conductor wire around the sample to make up a coil, and measure the inductance
characteristics of the coil.

You can use our Bipolar DC Power Supply BP4620 as a power amplifier to amplify the sample current
up to 20 A for measurement. As it is equipped with voltage and current monitor terminals, you can
easily connect it to the ZGA5920. The figure is just an example of connection, and various
measurement connections are supported depending on your purpose. See also "4.1.1 Connecting with
sample".

Perform the error compensation for measurement system (open correction, short correction), before
measuring the impedance characteristics of a sample. See "4.1.3 Open correction and short
correction”.
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5.4 Magnetic measurement

L/

5.4.2 Setting

For details on basic settings, see "4.1.2 Setting impedance measurement”. This section describes

only points to be considered when measuring magnetic material characteristics.

(Circuit parameter)

+ Extamp gain: Set the voltage-current conversion gain of the current-output amplifier (CC

amplifier). In the magnetic measurement, a CC amplifier is assumed as the

external amplifier.

(Oscillator)

» Frequency: The output frequency when the sweep target is DC or Zero span (time).

« Amplitude (current): Set the AC current amplitude to be measured.

» DC Bias (current): The DC bias current when the sweep parameter is Frequency or Zero span
(time).

(Sweep)

+ Sweep param: Select Frequency, DC Bias (bias current), or Zero span (time).

If a constant voltage amplifier (CV amplifier) is used as the external amplifier, set the gain (voltage

amplification factor) of the CV amplifier for the external amplifier gain. The values of Amplitude and

DC Bias correspond to the output voltage of the external amplifier. A large current may flow to the

sample due to the DC offset voltage of the external amplifier. Prevent an excessive current, for example,

by connecting a current-limiting resistor in series.
ZGA CV amplifier | Current-limiting resistor |
osc]—>—AW—
CH1 i Sample (inductor)
CH2 =

Shunt resistor
(current to voltage
conversion)

Figure 5-10 Notes on using CV amplifier
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5.4 Magnetic measurement
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5.4.3 Graph and marker display
The graphs in the table below are displayed.
Table 5-5 Graph types of magnetic measurement
Graph type X axis Y axis Measurement | Analysis | Simulation |Notes
Frequency | Frequency [Hz] | Series inductance [H] O — —
—Ls
Frequency | Frequency [Hz] [ Series resistance [Q] O — —
—Rs
Frequency | Frequency [Hz] | Impedance [Q] O _ —
—Z|
Frequency | Frequency [Hz] | Phase (of impedance) O — —
—0z [deg]
Frequency | Frequency [Hz] | Relative magnetic — O —
—us permeability
Frequency | Frequency [Hz] | Dissipation factor — O —
—tand
Frequency | Frequency [Hz] | Real part of relative O —
—us' magnetic permeability
Frequency | Frequency [Hz] | Imaginary part of relative — O —
—ps" magnetic permeability
DC DC bias [A] Series inductance [H] O — _
Bias—Ls
DC DC bias [A] Series resistance [Q] [9) — —
Bias—Rs
DC DC bias [A] Impedance [Q] [®) _ —
Bias—|Z|
DC DC bias [A] Phase (of impedance) O — _
Bias—6z [deg]
DC DC bias [A] Relative magnetic — O _
Bias—us permeability
DC DC bias [A] Dissipation factor O —
Bias—tand
DC DC bias [A] Real part of relative — O _
Bias—us' magnetic permeability
DC DC bias [A] Imaginary part of relative — O —
Bias—ps" magnetic permeability
Time—Ls | Time [s] Series inductance [H] O — —
Time—Rs | Time [s] Series resistance [Q] O — —
Time—|Z| [ Time [s] Impedance [Q] @) — —
Time—0z | Time [s] Phase (of impedance) ©) — —
[deg]
Time—ps | Time [s] Relative magnetic — O —
permeability
Time— | Time [s] Dissipation factor — O —
tand
Time—ups" | Time [s] Real part of relative — O —
magnetic permeability
Time—ps" | Time [s] Imaginary part of relative — O —
magnetic permeability
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The markers in the table below are displayed in graphs. The marker moves along the sweep target.
Table 5-6 Marker indication in magnetic measurement

Display parameter | Unit Description Notes

Frequency Hz | When the sweep parameter is Frequency. * Select sweep

DC Bias V | When the sweep parameter is DC Bias. * Select sweep

Time S | When the sweep parameter is Zero span. * Select sweep

Ls H Series inductance

Rs Q | Series resistance

|Z] Q | Impedance

0z deg | Phase of impedance

VES — | Relative magnetic permeability

tand — | Dissipation factor

us' — | Real part of complex relative magnetic permeability

ps" — | Imaginary part of complex relative magnetic permeability

5.4.4 Measure

Turn on the oscillator output, click the |Start measu ring| button to start measurement. When the
measurement is finished, the data are displayed in graphs. The graph of analysis data is displayed when

magnetic permeability derivation is performed.

The measurement result graph plots Ls (series inductance) and Rs (series resistance). Ls[H] and Rs[Q]
are determined through the following conversions using the complex impedance (Z=R+jX) obtained
from the measurement. f is the measurement frequency [Hz].

Rs Ls X

o—AM\N—""—0 Rs=R, Ls=——
2af

A marker is displayed in the graph of the measurement results. The marker moves along the sweep
target. The marker of analysis data is displayed when magnetic permeability derivation is performed.
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L L7/

5.4.5 Magnetic permeability derivation

The ZGA5920 derives the relative magnetic permeability to the magnetic permeability o in vacuum.
The information necessary for derivation can be set in the analysis condition setting area.

+ Core area S: Input the effective cross-section area of the sample (core) in
mm”.

« Core magnetic path length I: Input the effective magnetic flux path length of the
sample (core) in mm.

» Coil turns N: Input the number of turns of a coil (integer equal or
greater than one).

* Winding diameter d: Input the diameter of conductive part of winding (wire) in
mm.

+ Winding around length len: Input the length of winding per turn in mm.

» Electrical resistivity p: The resistivity of winding. The initial value is the copper

resistivity, 1.68 x 10™ [Qm)]. If it is necessary to change it,
input the value in [Qm)]. This value is used for calculation
of the winding resistance.

. button: Click to convert the measurement data to a complex
relative magnetic permeability using the parameter values
that you have input, and display the result in graphs.

Each parameter is determined through the following conversions using the values of Ls and Rs obtained
from the measurement. f is the measurement frequency [Hz].

us'=—, HS"—M us=yus+us” tan o = 25

B 27f L, ’ us'

Lo[H] is the inductance of a toroidal coil in a virtual and ideal vacuum for the effective cross-section
area S [mm’], the effective magnetic flux path length | [mm], and the coil turns N.

_ Sx NZ x U
%" 10007
Ho=47n X107 = 1.2566370614...X 10° [H/m] permeability of vacuum
Rw[Q] is the resistance value of winding.
Rw = Nplgn x 4000
zd

The magnetic permeability is calculated on the assumption that the Effective magnetic flux path length

sample has no leakage magnetic flux like an ideal toroidal core. P
. )
Note that the error becomes larger if the sample has a large =7

leakage magnetic flux, as in the case of a core with a gap or a Effective cross-section area S

solenoidal coil.
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5.5 Inductor measurement

Measure the impedance characteristics of a inductor to show the inductance characteristics, ESR
(equivalent series resistance), Q (quality factor), and so on. By the equivalent circuit estimation, you can
also get ESR and the winding capacitance (stray capacitance). In addition to the frequency sweep, you
can use the DC bias current sweep to measure DC superposition, AC current amplitude sweep to
measure the nonlinearity of the inductance, and the zero span sweep to measure a time variability.

5.5.1 Connecting with sample

BIPOLAR DC POWER SUPPLY

ZGA ZGA BP4610/BP4620
OSC i 0SC >yt Sample
CH1 _i Sample (inductor) CHA ATT \—%
CH2 J_
CH2- Shunt resistor < |
(current to
voltage

conversion)

Figure 5-11 Connection example of inductor measurement

"Figure 5-11 Connection example of inductor measurement" shows an example of connecting with
a sample. You can use our Bipolar DC Power Supply BP4620 as a power amplifier to amplify the
sample current up to 20 A for measurement. As it is equipped with voltage and current monitor
terminals, you can easily connect it to the ZGA5920. The figure is j