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1 Introduction

1.1 About this document

This User Manual was written for professional specialists in electronics and electrical engineering. Its
purpose is to familiarize you with the Bode 100 or Bode 500 vector network analyzer and its various
application fields. It contains helpful instructions on how to use Bode 7100 or Bode 500 safely, properly,
and efficiently.

This User Manual provides you with information on how to download and install the

Bode Analyzer Suite and how to connect the Bode 700 or Bode 500 to your computer. It is intended as
an aid for you to take the Bode 100 or Bode 500 into operation quickly and easily.

The latest version of the Bode 100, Bode 500 User Manual and Quick Start Guides can be
downloaded from www.omicron-lab.com.

1.2 Safety symbols used

DANGER
Death or severe injury will occur if the appropriate safety instructions are not
observed.

Death or severe injury can occur if the appropriate safety instructions are not
observed.

CAUTION

Minor or moderate injury may occur if the appropriate safety instructions are not
observed.

> B P

NOTICE

Equipment damage or loss of data possible
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1.3 Bode 100 compliance statements

In the following statement, the Bode 100 device is designated as "product”, "equipment", or
"apparatus". The OMICRON contact address can be found on the last page of this document.

Declaration of conformity (EU)

The equipment adheres to the guidelines of the council of the European Community for meeting the
requirements of the member states regarding the following directives:

» Electromagnetic compatibility (EMC) directive
* RoHS directive

Declaration of conformity (UK)

The equipment adheres to the regulations of the UK government for meeting the requirements
regarding the following regulations:

» Electromagnetic Compatibility (EMC) Regulation

* Regulation for Restriction of the Use of Certain Hazardous Substances in Electrical and Electronic
Equipment

FCC compliance (USA)

This equipment has been tested and found to comply with the limits for a Class A digital device,
pursuant to part 15 of the FCC Rules. These limits are designed to provide reasonable protection
against harmful interference when the equipment is operated in a commercial environment. This
equipment generates, uses, and can radiate radio frequency energy and, if not installed and used in
accordance with the instruction manual, may cause harmful interference to radio communications.
Operation of this equipment in a residential area is likely to cause harmful interference, in which case
the user will be required to correct the interference at his own expense.

Changes or modifications not expressly approved by the party responsible for compliance could void
the user's authority to operate the equipment. If this equipment does cause harmful interference to
radio or television reception, contact OMICRON Support.

Declaration of compliance (Canada)

This Class A digital apparatus complies with Canadian ICES-003. Cet appareil numérique de la classe
A est conforme a la norme NMB-003 du Canada.

The use of the delivered mains adapter is required to comply with FCC and ICES rules as
well as the EMC directive.

OMICRON Lab 9
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1.4 Bode 500 compliance statements

In the following statement, the Bode 500 device is designated as "product”, "equipment", or
"apparatus". The OMICRON contact address can be found on the last page (back page) of this
document.

Declaration of conformity (EU)

The equipment adheres to the guidelines of the council of the European Community for meeting the
requirements of the member states regarding the following directives:

» Electromagnetic compatibility (EMC) directive
* RoHS directive

Declaration of conformity (UK)

The equipment adheres to the regulations of the UK government for meeting the requirements
regarding the following regulations:

» Electromagnetic Compatibility (EMC) Regulation

* Regulation for Restriction of the Use of Certain Hazardous Substances in Electrical and Electronic
Equipment

FCC compliance (USA)

This equipment has been tested and found to comply with the limits for a Class B digital device,
pursuant to part 15 of the FCC Rules. These limits are designed to provide reasonable protection
against harmful interference in a residential installation. This equipment generates, uses and can
radiate radio frequency energy and, if not installed and used in accordance with the instructions, may
cause harmful interference to radio communications. However, there is no guarantee that interference
will not occur in a particular installation. If this equipment does cause harmful interference to radio or
television reception, which can be determined by turning the equipment off and on, the user is
encouraged to try to correct the interference by one or more of the following measures:

» Reorient or relocate the receiving antenna.
* Increase the separation between the equipment and receiver.

» Connect the equipment into an outlet on a circuit different from that to which the receiver is
connected.

» Consult the dealer or an experienced radio/TV technician for help.

Declaration of compliance (Canada)

This Class B digital apparatus complies with Canadian ICES-003. Cet appareil numérique de la classe
B est conforme a la norme NMB-003 du Canada.

O The use of the delivered mains adapter is required to comply with FCC and ICES rules as
well as the EMC directive.

O If an antenna is connected to the Bode 500, the emission limits for class B will be violated. If
this application is required, ensure that the other environment is electromagnetically
protected.

10 OMICRON Lab
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1.5 Information for disposal and recycling

Bode 100, Bode 500, and its accessories, are not intended for household use. At
the end of its service life, do not dispose of the device with household waste!

For customers in EU countries (incl. European Economic Area)

OMICRON devices are subject to the EU Waste Electrical and Electronic
Equipment Directive (WEEE directive). As part of our legal obligations under

[ this legislation, OMICRON offers to take back the device and to ensure that it is
disposed of by authorized recycling agents.

For customers outside the European Economic Area

Contact the authorities in charge of the relevant environmental regulations in
your country and dispose of the OMICRON device only in accordance with your
local legal requirements.

1.6 Cleaning

Use a cloth dampened with isopropanol alcohol to clean Bode 100, Bode 500 and its accessories.

OMICRON Lab 11
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2 Safety instructions

Before operating Bode 100, Bode 500, and their accessories, read the safety instructions in this
document carefully. A summary and translation of the safety instructions can be found at the end of
this document. If you do not fully understand any safety instruction or any part thereof, contact
OMICRON Lab before proceeding. When working with Bode 100 or Bode 500, observe all safety
instructions in this document. You are responsible for every application that makes use of an
OMICRON or OMICRON Lab product. Any miss-operation can result in damage to property or
persons. Maintenance and repair of Bode 100, Bode 500 and its accessories is only permitted by
qualified experts either at OMICRON Lab or at certified repair centers.

Following these instructions will help you to prevent danger, repair costs and possible down time due
to incorrect operation. Furthermore, it ensures the reliability and life-cycle of Bode 100 or Bode 500.

O Use Bode 100 or Bode 500 in observance of all existing safety requirements from national
standards for accident prevention and environmental protection.

Reading the Bode 100, Bode 500 manual alone does not release you from the duty of complying with
all national and international safety regulations relevant for working with Bode 100 or Bode 500.

2.1 Operator qualifications

» Testing with Bode 700 or Bode 500 must only be carried out by qualified, skilled and authorized
personnel.

» Personnel receiving training, instructions, directions, or education on Bode 700 or Bode 500 must
be under constant supervision of an experienced operator while working with the equipment.

» Testing with Bode 100 or Bode 500 must comply with the on-site safety instructions as well as
additional relevant documents.

2.2 Rules for use

* Bode 100 or Bode 500 is exclusively intended for the application area specified in this document.
The manufacturer/distributors are not liable for damage resulting from a use other than the
specified operation. The user alone assumes all responsibility and risk.

» Use Bode 100 or Bode 500 only when it is in a technically sound condition.
» Do not operate Bode 100 or Bode 500 in the presence of explosive gas or vapours.

» Do not operate Bode 100 or Bode 500 under ambient conditions that exceed the temperature and
humidity limits listed in the user documentation.

» Do not open Bode 100, Bode 500 or remove any of its housing components.

» The Bode 100 or Bode 500 does not contain any serviceable parts. Do not open the Bode 100,
Bode 500 or carry out any modifications, extensions, or adaptations.

» Use Bode 100 or Bode 500 in observance of all existing safety requirements from national and
international standards for accident prevention and environmental protection.
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» Always keep the manual as PDF file or printed at the site where Bode 100 or Bode 500 is used.
The manual must be read by all people working with Bode 100 or Bode 500. In addition to the
manual and the applicable regulations for accident prevention in the country and at the site of
operation, heed the accepted technical procedures for safe and competent work.

2.3 Designated use

Bode 100, Bode 500 and their accessories are especially designed for Gain/Phase, S-Parameter and
Impedance measurements of electronic circuits in laboratory and manufacturing environments.
Typical applications are:

» Measurement of the complex transfer function of amplifiers, filters and attenuators
» S-Parameter measurement in the 50 Q domain

» Stability assessment of control loops

» Determination of resonance frequencies of piezo elements and quartz crystals

* Impedance measurement of inductors, capacitors and resistors

Disclaimer

The advisory procedures and information contained within this document have been compiled as a
guide for a safe and effective operation of Bode 100 or Bode 500. It has been prepared in conjunction
with application engineers and the collective experience of the manufacturer. The in-service conditions
for the use of Bode 100 or Bode 500 may vary between customers and end-users.

Consequently, this document is offered as a guide only. It shall be used in conjunction with the
customers own safety procedures, maintenance program, engineering judgment, and training
qualifications.

Using Bode 100, Bode 500 or its accessories in a manner not specified by the manufacturer may
result in damage to property or persons.

OMICRON Lab 13
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3 Description

3.1 Functional description

The flexible hardware concept of Bode 100 and Bode 500 allows to use it for several applications such
as:

* Transmission / Reflection measurements
* Gain / Phase (transfer function) measurements
* Impedance measurements

The devices operate in a wide frequency range from 1 Hz up to 50 MHz for Bode 100 and from 1 Hz
up to 450 MHz for Bode 500. Both devices generate a sine-wave at a frequency and measure two
complex voltage signals. The generation of the sine wave and both voltage measurements are
synchronized such that the magnitude and phase relation of the two measured voltages can be
derived. This method is called stepped-sine-wave frequency response analysis. The measurement is
frequency-sensitive, meaning that the receiver rejects side-band frequencies and noise. This results in
a high dynamic range and a high noise rejection.

From the magnitude and phase ratio of the two voltages, the Bode Analyzer Suite calculates complex
values such as Impedance, Reflection, Admittance, Transmission or Gain of the DUT (Device Under
Test).

For a complete list of all possible measurements that you can perform with Bode 100 and Bode 500
see 7 Measurement types and applications on page 54.

3.2 Connectors

Bode 100 connectors

Bode 100 is a USB controlled vector network analyzer. The system consists of the Bode 100 hardware
and the Bode Analyzer Suite software. In the following the Bode 100 hardware is described in detail.
To learn more about the Bode Analyzer Suite, please check out 6 Bode Analyzer Suite introduction on
page 33 ff.

Bode 100 provides the following three connectors at the front panel:
* OUTPUT: signal output (BNC socket)

* CH 1: channel 1 signal input (BNC socket)

* CH 2: channel 2 signal input (BNC socket)

QUTPUT INPUT

OUTPUT power LED INPUT CH 1 INPUT CH 2

Figure 3-1: Bode 100 front view
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Death or severe injury can occur if hazardous voltages are connected to the
Bode 100.

Bode 100 is a SELV device (SELV = Safety Extra Low Voltage according to IEC
60950-1), also known as protection class Ill or ES1 equipment according to IEC
62368-1).

» Do not apply voltage levels > 50 V DC or > 25 V AC to the inputs of Bode 700.

» When working with external voltage or current sources in the test setup, ensure
that they can not exceed the SELV levels and provide appropriate isolation to other
hazardous circuits, such as the AC line voltage supply.

» Be aware that the Bode 700 has no indicator to show if the output is active. This
could be especially critical if amplifiers are connected to the Bode 100

Bode 100 provides the following three connectors at the rear panel:
» Supply power input for DC voltages from 9 V to 24 V (5.5 mm coaxial plug with 2.5 mm pin)
» USB: data interface (USB type B port)

. <+ : Ground connector for external ground connection (4 mm banana-socket)

= -

Supply

9-24VDC/10W = USB .
O f r@\ J:_— @
\ | -
DC power input Ground connector USB connector

Figure 3-2: Bode 100 rear view

NOTICE

Risk of permanent damage of the device.
Exceeding the absolute maximum ratings will result in equipment damage.

» The AC-coupled inputs represent a high impedance for DC signal. Before using passive probes,
check out 8.5 Using external probes & injection transformers on page 102.

NOTICE

Risk of permanent damage of the device.
Connecting a charged DUT to the Bode 700 can damage the input and output ports.

» Always discharge the DUT (e.g. piezo or capacitor) before connecting it to the Bode 100.

OMICRON Lab 15
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Bode 500 connectors

Bode 500 is a portable vector network analyzer. The system consists of the Bode 500 hardware and
the Bode Analyzer Suite software. In the following, the Bode 500 hardware is described in detail. To
learn more about the Bode Analyzer Suite, please check out 6 Bode Analyzer Suite introduction on
page 33 ff.

Bode 500 provides the following connectors and indicators at the front panel:

* OUTPUT: signal source output (Type-N socket)

» Source ON LED (yellow): indicates when a signal generated at the output port

+ Power/Status LED (RGB): yellow during power-up phase; adjustable color after device has booted
» CH 1: channel 1 signal input (Type-N socket)

» CH1 Termination LED (yellow): indicates channel input impedance (50Q or high-impedance)

» CH 2: channel 2 signal input (Type-N socket)

» CH2 Termination LED (yellow): indicates channel input impedance (50Q or high-impedance)

OUTPUT CH1 INPUTS
- \ Bode 500 .

- ®

®

omncnou‘ ‘
SOURCE POVIER st
ON STAUS a0

OUTPUT | power/status INPUT CH 1 INPUT CH 2
source LED CH1 CH2
LED termination termination

Figure 3-3: Bode 500 front view

Death or severe injury can occur if hazardous voltages are connected to the
Bode 500.

Bode 500 is a SELV device (SELV = Safety Extra Low Voltage according to IEC
60950-1), also known as protection class Ill or ES1 equipment according to IEC
62368-1).

» Do not apply voltage levels > 50 V DC or > 25 V AC to the inputs of Bode 500.

» When working with external voltage or current sources in the test setup, ensure
that they can not exceed the SELV levels and provide appropriate isolation to other
hazardous circuits, such as the AC line voltage supply.
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Bode 500 provides the following connectors at the rear panel:

+ CONTROL USB: USB-C device port to connect Bode 500 to a computer

+ CONTROL ETH: RJ45 network interface

»  Supply power input for DC voltages from 9 Vdc to 24 Vdc (5.5 mm coaxial plug with 2.5 mm pin)

. = : Ground connector for external ground connection (4 mm banana-socket)
» Kensington security lock slot

+ EXT TRIG OUT: External trigger output*

+ EXT TRIG IN: External trigger input®

* REF FREQ IN: External frequency reference input®

+ USB-A: USB host port*

0 *...reserved for future use, no function in current software version.

Ground connector Reset hole

REF FREQ USB-A CONTROL SUPPLY

External trigger Reference USB-A USB Type C Ethernet DC power Kensington
output / input frequency input connector connector connector  input  security slot
Reserved for future use

Figure 3-4: Bode 500 rear view

NOTICE

Risk of permanent damage of the device.
Exceeding the absolute maximum ratings will result in equipment damage.

» The AC-coupled inputs represent a high impedance for DC signal. Before using passive probes,
check out 8.5 Using external probes & injection transformers on page 102.

NOTICE

Risk of permanent damage of the device.
Connecting a charged DUT to the Bode 500 can damage the input and output ports.

» Always discharge the DUT (e.g. piezo or capacitor) before connecting it to the Bode 500.
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3.

3 Block diagram

Bode 100 and Bode 500 are flexible devices with a similar structure. The main difference is in the
digital system architecture and the frequency range of the measurement. Bode 100 features a minimal
digital control circuit, the digital signal processing is performed on the computer running the Bode
Analyzer Suite. Bode 500 includes a complete embedded system executing the digital signal
processing on the device. In the following, the block diagram of both devices is shown in detail.

Bode 100 block diagram

The Bode 100 device is composed of the following main building blocks:

Bode 100

OUTPUT Sine wave generator
<

18

Adjustable output amplifier (50 Q)

Internal reference

A

Attenuation
AC coupling

CH.1 Input Termination

Power supply

Frequency

Reference

A

CH.2 Input Terminat.ion
- Attenuation
AC coupling

\ 4

Analog
downconversion

Analog
downconversion

Controller

A A

24bit |

ADC ;

24bit | i
ADC

| USB

Figure 3-5: Bode 100 block diagram

Signal source:

The signal source of Bode 100 consists of an adjustable DDS sine-wave generator and the
adjustable output amplifier. The output impedance is 50 Q. More information can be found in
Signal Source Settings on page 99. Internal reference connections allow to directly connect the
source signal to the input channels during transmission and reflection measurements.

Channel inputs:

Each of the Bode 7100 inputs features an adjustable attenuator (see Choosing the receiver
attenuator on page 97) and software-switchable termination. Channel termination can be either
50 Q or 1 MQ. Without 50 Q terminations the inputs are AC coupled, representing a very high

impedance at DC.
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» Down-conversion & sampling:
The input signal is down-converted to an intermediate frequency and sampled by a 24 bit ADC.
The sampled data is sent to the PC and evaluated by the Bode Analyzer Suite.

More details on the hardware configuration and the available measurement modes can also be found
in Bode 100 hardware setup on page 93.

Bode 500 block diagram

The Bode 500 device includes the same main elements as Bode 100 but features a complete
embedded system. The architecture of the device is shown below:

Bode 500
; Power suppl _ :DC Power IN
OUTPUT Sine wave generator PPy B
: Adjustable output amplifier (50 Q) USB (USB-PD IN)
o1 A "~ ETH(PoE IN)
o] <>
[ .
%’ Frequency Embedded System . USBA® N
© Reference Controller «— REFFREQIN'
= * EXT TRIG IN*
E CEXTTRIG OUT®
5 : >
= AA
| — R -
CH'1 Input_| Termination Analog 24 bit o
—————>» Attenuation > . > -
: . downconversion ADC '
AC coupling > '
; — s |
CH 2 Input I\erm'”at.'m Analog 24 bit :
- ttenuation > . S S
. downconversion ADC
AC coupling >

Figure 3-6: Bode 500 block diagram

+ Signal source:
The signal source of Bode 500 consists of an adjustable DDS sine-wave generator and the
adjustable output amplifier. The output impedance is 50 Q. More information can be found in
Signal Source Settings on page 99. Internal reference connections allow to directly connect the
source signal to the receivers during transmission and reflection measurements.

* Channel inputs:
Each of the Bode 500 inputs features an adjustable attenuator (see Choosing the receiver
attenuator on page 97) and software-switchable termination. Channel termination can be either
50 Q or 1 MQ. Without 50 Q terminations the inputs are AC coupled, representing a very high
impedance at DC.
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» Down-conversion & sampling:
The input signal is down-converted to an intermediate frequency and sampled by a 24 bit ADC.
The embedded system controller evaluates the sampled data and provides the measurement
results to the client device via USB or Ethernet. The client device can either be a computer running
Bode Analyzer Suite or any SCPI capable software client.

More details on the hardware configuration and measurement modes can also be found in Bode 500
hardware setup on page 94.

3.4 Bode 100 hardware revisions

Currently there are two major hardware revisions of Bode 100 in the field. Revision 1 and Revision 2.
To find out if you are using a Bode 100 R1 or a Bode 100 R2, check the identification plate on the
bottom of the device.

Bode 100 R1 has been manufactured from 2006 to 2017.
Bode 100 R2 is in production since 2017.

Below typical identification plates or name plates for a Bode 100 R1 and a Bode 100 R2 are shown.
The name plate of a Bode 100 can be found on the bottom of the device.

Bode 100 R1 Bode 100 R2
Tye BODE 100 Tyoe BODE 100 %
Option option Rev. 2 :
serNo NC815D serNo TL129K

Input 10 - 24VvDC / 10W

? U K Made in
Output = M Austria
119,

cA
CE = CE Il N omcron ™

B e %%
Austria OMICRON

o If Option is Rev. 2, you are using a Bode 700 R2. If Option is empty, you are using a
Bode 100 R1.

o Your identification plate might look slightly different due to different declaration logos or other
reasons.
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3.5

Delivered items with Bode 100

Delivered items

Description

Bode 100
multi-functional measurement
device

*

18 V, 18 W wide-range AC
power supply including mains
input plugs for different national
standards

USB-A to USB-B Cable

4 pc. BNC 50 Q cables with
500 mm length (m-m)*

b

=g=&

BNC adapters (straight, T, Short,
Load 50 Q)*

Quartz Filter W 0ev-0
£198312/05

Test objects
(Quartz filter and IF filter) on
pPCB*

Bode 100 Quick Start Guide
including multi-language safety
instructions

Bode Analyzer Suite on DVD

Bode 100.

OMICRON Lab

The delivered items may vary a bit from the look shown above.

Iltems marked with * are not included in the Bode 7100 basic set.

We strongly recommend to use the original wide-range AC power supply delivered with
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Delivered items with Bode 500

Bode 500
multi-functional measurement
device

*

18 V, 24 W wide-range AC
power supply including mains
input plugs for different national
standards

USB-A to USB-C cable

2

2x N-N (M-M) Cable 50cm

%

Adapters: N-Thru (F-F), N-Short
(M), N-50Q Load (M), 2x N-BNC
(M-F) and BNC-T (F-F-F)

Quartz Filter

Test objects
(Quartz filter and IF filter) on
PCB with BNC connectors

Bode 500

Bode 500 Quick Start Guide
including multilingual safety

instructions

Bode Analyzer Suite on DVD

least 24 W of power.
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The delivered items may vary a bit from the look shown above.

We strongly recommend to use the original wide-range AC power supply delivered with
Bode 500. If you choose to use a different power supply, make sure that it can provide at

OMICRON Lab



Description

3.6 Optional accessories

B-WIT 100 Wideband Injection Transformer
B-LFT 100 Low-Frequency Injection Transformer

B-WIT 100 and B-LFT 100 are used to inject signals into control
loops. Its main application are the stability analysis of switched
mode power supplies and linear voltage regulators.

B-WIT 100 order number: PO005758
B-LFT 100 order number: PO005773

Passive Probes PML 1110 & PHV 1000-0

PML 1110 is a passive 10:1 probe designed for precise low-noise
transfer function measurements.

PHV 1000-0O is a passive 100:1 high-voltage probe designed for a
maximum working voltage of 2000 V.

PML 1110 order number: B1666600
PHV 1000-O order number: PO008137

B-WIC & B-SMC Impedance test fixtures

B-WIC and B-SMC are designed to extend the impedance
measurement range of Bode 100. They enable you to easily
measure THT or SMD components such as inductors and
capacitors.

B-WIC and B-SMC can be also used in conjunction with the
Bode 500 using N-BNC cables.

The maximum frequency for B-WIC and B-SMC is
50 MHz.

B-WIC order number: PO005760
B-SMC order numer: P0O005759

B-TCA Wide Frequency Test Fixture

B-TCA is designed to perform impedance measurements in a wide
frequency range up to 450 MHz using the Bode 500.

B-TCA can be also used in conjunction with the Bode 100 using
two BNC-N cables.

B-TCA order number: PO009653

B-AMP 12 Amplifier

B-AMP 12 boosts the output signal of Bode 100 or Bode 500 up to
25 dBm in a frequency range from dc to 50 MHz.

Order number: P0O005772

OMICRON Lab
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B-LCM Common Mode Choke

A low-frequency common mode choke to reduce ground-loop
errors in e.g. Shunt-Thru measurements.

Order number: PO005778

B-RFID Measurement Adapters

The B-RFID adapters allow the contact-less measurement of
the resonance frequency and Q-factor of 13.56 MHz RFID
transponders / chip-cards.

0 For more information on the above mentioned accessories and other recommended
accessories for your Bode 100 or Bode 500 please check out www.omicron-lab.com.
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4 Bode 100 technical data

In this section you can find the most important technical data valid for the Bode 100 Revision 2 device.
You can download a more detailed technical data sheet for Bode 100 Revision 2 as well as for the
olderBode 100 Revision 1 from the OMICRON Lab website www.omicron-

lab.com — Bode 100 — Technical Data.

NOTICE

Risk of permanent damage of the device.
Exceeding the absolute maximum ratings will result in equipment damage.

» Do not exceed the absolute maximum ratings listed below.

4.1 Absolute maximum ratings

Table 4-1: Absolute maximum ratings

Characteristic |Absolute Maximum Rating
dc Power Input

Max. dc supply voltage +28V

Max. dc supply reverse voltage -28'V

INPUT CH 1, INPUT CH 2 connectors (1 MQ input impedance selected)
Maximum dc input signal 50V

Maximum ac input signal 1 Hz...1 MHz: 50 Vrms

1 MHz...2 MHz: 30 Vrms

2 MHz...5 MHz: 15 Vrms

5 MHz...10 MHz: 10 Vrms
10 MHz ... 50 MHz: 7 Vrms

INPUT CH 1, INPUT CH 2 connectors (50 Q input impedance selected)

Maximum input power 1w

Maximum input voltage 7 Vrms

OUTPUT connector

Maximum reverse power 0.5WwW

Maximum reverse voltage 5 Vrms (< 3.3 Vdc recommended)
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4.2

Table 4-2: Bode 100 Revision 2 specifications:

Bode 100 specifications

Characteristic

Rating

Frequency range

1 Hz to 50 MHz

OUTPUT

Waveform

Sinusoidal

Signal level range

-30 dBm...13 dBm
7 mVrms...1 Vrms (50 Q load)
14 mVrms...2 Vrms (no load)

Source level accuracy

+0.3 dB (1 Hz to 1 MHz)
+0.6 dB (1 MHz to 50 MHz)

Source level frequency response (flatness)

10.3 dB (typical, referring to 10 MHZz)

Frequency accuracy after adjustment

* 2 ppm % 0.5 stepsize

Frequency resolution (step size)

6.05 mHz (1 Hz to 100 Hz)
36.32 mHz (100 Hz to 50 MHz)

Source impedance

50 Q

Return loss (1 Hz to 50 MHz)

>30 dB, >35 dB (typical)

Spurious signals & harmonics

<-25 dBc at full output power (typical)

Maximum reverse signal / power

0.5 W =5 Vrms (< 3.3 Vdc recommended)

INPUT CH 1, INPUT CH 2

Input impedance (software switchable)

High: 1 MQ (ac-coupled)
Low: 50 Q (dc-coupled)

1 MQ input impedance

1 MQ 10.5% || 40...55 pF

50 Q input impedance return loss

> 28 dB, >35 dB typical (dc to 50 MHz)

Receiver bandwidth (RBW) software selectable

1 Hz, 3 Hz, 10 Hz, 30 Hz, 100 Hz, 300 Hz, 1 kHz,
3 kHz, 5 kHz

Input attenuator (software selectable)

0dB, 10dB, 20 dB, 30 dB, 40 dB

Full-scale ac input signal

100 mVrms @ 0 dB input attenuator
316 mVrms @ 10 dB input attenuator
1 Vrms @ 20 dB input attenuator
3.16 Vrms @ 30 dB input attenuator
10 Vrms @ 40 dB input attenuator

Input channel sensitivity (typical)

<1 pVrms (0 dB attenuator, 10 Hz RBW)

Maximum dc voltage

1 MQ input impedance: 50 V
50 Q input impedance: 7 V

Input channels dynamic Range

> 100 dB (@ 10 Hz RBW)

Noise floor (S21 measurement)
RBW = 10 Hz, PSOURCE = 13 dBm, Attenuator
CH1: 20 dB, CH2: 0 dB

1 Hz to 10 kHz: -115 dB (typical)
10 kHz to 10 MHz: -125 dB (typical)
10 MHz to 50 MHz: -105 dB (typical)

Warn-up time (371) 62 min*
Gain Error (User-Range calibrated) <0.1dB
Phase Error (User-Range calibrated) <0.5°

26
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Characteristic

Rating

OUTPUT, CH1, CH2 connector type

BNC

USB interface connector

USB type B socket

*...specifications are valid after device has warmed up and reached a stable temperature

Bode 100 power requirements

Supply voltage range

+9 VDC to +24 VDC

Power demand

<10W

Connector type

Coaxial power socket (2.5 mm / 5.5mm)
Inner conductor is positive

4.3 System requirements

Table 4-3: System requirements

Characteristic

Minimum PC Configuration

Processor

Intel Core-i Dual-Core (or similar)

Memory (RAM)

2 GB, 4 GB recommended

Graphics resolution

Super VGA (1024x768)
higher resolution recommended

Graphics card

DirectX 11 with Direct2D support

USB interface

USB 2.0 or higher

Operating System

Microsoft Windows 10 / 11

Bode Analyzer Suite Software

Bode 100 Revision 2 requires Bode Analyzer
Suite 3.00 or newer.

API Software

.NET >= 8.07 or COM or SCPI compatible client

COM is not recommended for new
developments. We recommend using
the SCPI interface instead.

4.4

Table 4-4: Wide-range mains power adapter

Power Adapter requirements

Characteristic

Rating

Line input voltage / frequency / current

100...240V /47...63Hz/<05A

Output voltage / current / power

18Vdc/1A/18 W

OMICRON Lab
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4.5 Environmental requirements

Table 4-5: Environmental requirements

Characteristic Condition Rating
Temperature Storage -35 ... +60 °C / -31...+140 °F
Operating +5 ... +40°C/-41..4104 °F

For specification

23°C+5°C/73°F 18 °F

Relative humidity

Storage

20 ... 90 %, non-condensing

Operating

20 ... 80 %, non-condensing

4.6 Mechanical data

Table 4-6: Mechanical data

Characteristic

Rating

Dimensions (w x h x d)

26cmx5cmx27cm/10.25"x2"x 10.65"

Weight

19kg/4.21b

28
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5 Bode 500 technical data

In this section you can find the most important technical data for the Bode 500 device. For a more
detailed technical datasheet, please check out www.omicron-lab.com — Bode 500 — Technical Data.

NOTICE

Risk of permanent damage of the device.
Exceeding the absolute maximum ratings will result in equipment damage.

» Do not exceed the absolute maximum ratings listed below.

5.1 Absolute maximum ratings

Table 5-1: Absolute maximum ratings

Characteristic |Absolute Maximum Rating
dc Power Input

Max. dc supply voltage +26 V

Max. dc supply reverse voltage -26 V

INPUT CH 1, INPUT CH 2 connectors (1 MQ input impedance selected)
Maximum dc input signal -50 V...+ 50 V

Maximum peak value for ac + dc signal -60 V...+ 60V

Maximum ac input signal 10 mHz...1 MHz: 40 Vrms

2 MHz...5 MHz: 15 Vrms
5 MHz...10 MHz: 10 Vrms
10 MHz ... 450 MHz: 7 Vrms

INPUT CH 1, INPUT CH 2 connectors (50 Q input impedance selected)

Maximum input power 1w

Maximum input voltage 7 Vrms

OUTPUT connector

Maximum reverse power 0.5W

Maximum reverse voltage 5 Vrms (< 3.3 Vdc recommended)
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5.2

Table 5-2: Bode 500 specifications:

Bode 500 specifications

Characteristic

Rating

Frequency range

1 Hz to 450 MHz

OUTPUT

Waveform

Sinusoidal

Signal level range

-50 dBm...16 dBm*
4 mVpp to 8 Vpp (no load)
2 mVpp to 4 Vpp (50 Q load)

*...linear derating from 16 dBm to 13 dBm (100 MHz to 300 MHz), and to 7 dBm at 450 MHz.

Source level accuracy

+0.2 dB (dc to 100 MHz)
+0.6 dB (100 MHz to 450 MHz)

Source signal dc offset

Up to 35 kHz: <5 mV or < 0.2% of Vpp
Above 35 kHz: <2 mV

Frequency accuracy after adjustment

1 0.5 ppm £ 0.5 step size

Frequency resolution (step size)

3.52 yHz

Source impedance

50 Q

Return loss (1 Hz to 50 MHz)

>30 dB, >35 dB typical (dc to 100 MHz)
>26 dB, >30 dB typical (100 MHz to 200 MHz)
>23 dB, >28 dB typical (200 MHz to 450 MHz)

Spurious signals & harmonics

<-25 dBc at full output power (typical)

Maximum reverse signal / power

0.5W =5 Vrms (< 3.3 Vdc recommended)

INPUT CH 1, INPUT CH 2

Input impedance (software switchable)

High: 1 MQ (ac-coupled)
Low: 50 Q (dc-coupled)

1 MQ input impedance
Input capacitance

1 MQ + 0.5 % (ac-coupled)
25 pF @ 1 MHz (typical)

50 Q input impedance return loss

> 28 dB, >35 dB typical (dc to 100 MHz)
> 23 dB, >28 dB typical (100 MHz to 450 MHz)

Receiver bandwidth (RBW) software selectable

1 Hz, 3 Hz, 10 Hz, 30 Hz, 100 Hz, 300 Hz, 1 kHz,
3 kHz, 5 kHz, 10 kHz, 15 kHz

Input attenuation (software selectable)

0dB, 20dB

Full-scale AC input signal

1 Vrms @ 0 dB input attenuator
10 Vrms @ 20 dB input attenuator

Input channel sensitivity (typical)

<1 uVrms (@ 0 dB attenuator, 10 Hz RBW, 3 kHz
to 100 MHz)

Maximum dc voltage

1 MQ input impedance: 50 V
50 Q input impedance: 7 V

Input channel dynamic range (typical)

> 120 dB (@ 10 Hz RBW, 3 kHz to 100 MHz)

Noise floor (S21 measurement)
RBW = 10 Hz, PSOURCE = 16 dBm, Attenuator
CH2: 0dB

1 Hz to 10 kHz: -120 dB (typical)

3 kHz to 100 MHz: -130 dB (typical)
at 300 MHz: -115 dB (typical)

at 450 MHz: -105 dB (typical)
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Characteristic Rating
Warn-up time (37) 84 min*
OUTPUT, CH1, CH2 connector type N
Control (and supply) USB connector USB-C
Control (and supply) Ethernet connector RJ45
USB-Host interface connector USB-A**
External reference input connector BNC**
External trigger input/output connector BNC**

*...specifications are valid after device has warmed up and reached a stable temperature.
**_..reserved for future use.

Bode 500 power requirements

Maximum power requirement 24 W

Coaxial Power socket +9 Vdc to +24 Vdc
Type: 2.5 mm / 5.5mm
Inner conductor is positive

Power over Ethernet PoE+, class 4
USB-PD (Powered over USB) demand 20V /1.25A0r
15V /1.75A
5.3 System requirements
Table 5-3: System requirements
Characteristic Minimum PC Configuration
Processor Intel Core-i Dual-Core (or similar)
Memory (RAM) 2 GB, 4 GB recommended
Graphics resolution Super VGA (1024x768)
higher resolution recommended
Graphics card DirectX 11 with Direct2D support
USB interface USB 2.0 or higher
Operating System Microsoft Windows 10 / 11
Bode Analyzer Suite Software Bode 500 requires Bode Analyzer Suite 3.50 or
newer.
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5.4 Power adapter requirements

Table 5-4: Wide-range mains power adapter

Characteristic Rating

Line input voltage / frequency / current 100...240V /47...63Hz/<05A

Output voltage / current / power 18 Vdc/1.33A/24 W

5.5 Environmental requirements

Table 5-5: Environmental requirements

Characteristic Condition Rating

Temperature Storage -35 ... +60 °C /-31...+140 °F
Operating +5 ... +40 °C/-41..4104 °F
For specification 23°C+5°C/73 °F £18 °F

Relative humidity Storage 20 ... 90 %, non-condensing
Operating 20 ... 80 %, non-condensing

5.6 Mechanical data

Table 5-6: Mechanical data

Characteristic Rating
Dimensions (w x h x d) without connectors 26cmx5cmx27.5cm/10.25"x2"x10.85"
Weight 22kg/491b
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6 Bode Analyzer Suite introduction

In this section you will learn the basics of the Bode Analyzer Suite 3.51. The window structure and the
main functionality is explained.

Step-by-step examples

6 Get a quick introduction to the Bode Analyzer Suite and how to use Bode 100 or Bode 500
by following the step-by-step examples. For the examples and features described in this
User Manual the Bode 100 is used. If you use the Bode 500 the steps for connecting to the
device, performing a calibration or measurement are similar. Please keep in mind that the
hardware setup, measurement ranges and default settings differ. The following examples are
included in this document:

* Perform a Transmission / Reflection measurement on the IF filter DUT,
see Transmission / Reflection measurement example on page 63.

* Perform a one-port impedance measurement on the Quartz filter DUT,
see One-Port measurement example on page 71.

* Measure impedance of an inductor using the B-WIC impedance adapter,
see Impedance Adapter example on page 80.
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6.1 Start Screen

After the Bode Analyzer Suite has started, you will see the Start Screen shown below. If more than
one Bode device is connected locally to your computer or you are using the Bode 500 via network,
the Device Selection will be shown.

Welcome, please select a measurement type...

Bode
Analyzer Suite 3.50

-
Vector Network Analysis | Impedance Analysis | Advanced

¥ Transmission / Reflection 3

D New measurement

Recent

Measure S-parameters (521, $11) with 50 Q termination.
Measure Gain with internal or external reference.

Bode100_ImpAdapt_Inductor.bode3
CA\Users\BriLan00\AppData\Roamin...

Bode100_OnePort_Quartz_Filter. bode:

CA\Users\BriLan00\AppData\Roamin...

Bode100_TransRefi_IF_Filter.bode3
C\Users\BriLan00\AppData\Roamin...

Bode500_TransRefl_IF_Filter.bode3

1 Do not exceed 3.3 Vims at the output (30 Q).
" Do not exceed 7 Vms at Channel 2 input (50 Q).

Select measurement

Vv Gain / Phase

Measure transfer function (Gain/Phase) from CH1 to CH2.

C:\Users\BriLanOO\AppData\Roamin...
§ By default, the inputs are set to high impedance and
~ are ac-coupled.

Do not exceed 50 Vdc at the inputs.

Do not exceed 3.3 Vims at the output (50 Q).

Open other file

§ Read user manual

ﬁ Options
® About

Select measurement

? Reflection with external coupler ‘

[Selectthedeviceln use: | ML723D ¥ 1 ]

Set default startup

Figure 6-1: Bode Analyzer Suite Start screen with a Bode 7100 device selected

» Select the device to use (1.). This field is only visible if you have a connection to Bode 7100 or
Bode 500. If no serial number / device is available for selection, please check out Troubleshooting.

» To start your first measurement open one of the available Bode 100 demo file, for example
Bode100_TransRefl_IF-filter.bode3 from the Recent list (see 2.). For more explanations about
the demo files check out the Examples section.

* Or alternatively select an empty Transmission / Reflection measurement from the Vector
Network Analysis measurement mode list (3.) to start a measurement.

If you cannot see the file Bode100_TransRefl_IF-filter.bode3 in the Recent list, use the
Open other file function and enter "%appdata%
\OMICRON_Lab\BodeAnalyzerSuite\DemoFiles" to navigate to the demo files.

Hint: If you prefer to automatically select a measurement instead of entering the Start
screen, choose your default startup measurement mode by clicking on Set default startup
and choosing your preferred startup mode. You can also choose a custom .bode3 file to be
your default startup configuration.
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6.2 Device Detection and Selection

If more than one Bode 100 or Bode 500 is connected locally via USB or remotely via network, the

Bode Analyzer Suite introduction

Device Selection dialogue opens before the Start Screen will appear. In the Device Selection dialogue

(available devices) you can select the device to use for your measurement.

Available devices X

Select the device to use:

® 102377729
mml Bode 500 Reference Device (@HanSpi)

F 102416807
[ Bode 500 @ 172.22.45.141

® 102416809
[l Cl device

@ 102459967
[l Bode 500 @ 172.22.44.21

SB297K
OMICRON Lab Bode 100 (Rev. 2)

No device

Don't ask again

Cancel

Figure 6-2: Device selection with a Bode 100 device pre-selected

Each device in the list shows:

» Device serial number (9-digit number for Bode 500 and 6-digit combination of letters and numbers

for Bode 100

» Device information about the device type and which instance/user is currently connected to a
device. In case of a Bode 500, the IP address of the connection is shown.

If a device shows "In use", it is already connected to a different client like a second instance of
Bode Analyzer Suite or an automation or SCPI client.

If a device is marked as "not compatible", the .bode3 file is not compatible with the device type. Note

that files generated with Bode 700 devices are not compatible with Bode 500 and vice versa.

If no device is available for connection,"No device" is pre-selected. "No device" is always available in

the device detection and selection dialogue. A selected "No device" does not allow to open a new

Measurement but allows to open an existing Bode file without the need to connect any physical Bode

device.

0 * The device detection and selection dialogue is updated in a regular time basis to check if

there are new devices available or "in use". You can hide the dialogue by activating the
"Don't ask again" check box. You can revert your decision under

Options — General — Common.

« If your Bode 500 does not show up in the device selection dialogue or in the drop-down
menu, check out the Bode 500 Troubleshooting section.

OMICRON Lab
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Manually adding a Bode 500

In some cases, it might be necessary to manually add a Bode 500 to the device detection.

Before you manually add a Bode 500, we recommend checking out the standard procedure
for Bode 500 Troubleshooting.

Bode Analyzer Suite uses mDNS to search for Bode 500 devices. If these messages cannot reach the
device, it will not be detected by Bode Analyzer Suite. This could be the case if Bode 500 is in a
different subnet than the client computer. In such a situation, it can help to manually add information
about a Bode 500. To do so, use the + symbol to the right of the device selection or in the available
devices dialog. Pressing the + symbol will open a dialog window where you can add information about
your Bode 500. The following information can be added:

* Hostname (default is Bode500-SerialNumber).
» IP-address (if you know the IP configuration or can reach the Bode 500 webinterface).

After entering the hostname or IP address, press the Connect button. If the Bode Analyzer Suite can
successfully connect to your Bode 500 the dialogue box will be closed automatically, and the device
will be added to the list of manually added devices. The list can be found in the Options dialogue in the
Advanced section. Deleting a device from the list is provided by pressing the delete icon.

If the connection to your Bode 500 cannot be established, an error message will be shown. Try to x-
check the connection information and try again.
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6.3 Main window

After selecting a measurement, the main window of the Bode Analyzer Suite is opened. When you
have a Bode device connected in the main window, it is "in use" and it cannot be connected to any
other client. Depending on the selected device type (Bode 100 or Bode 500), the measurement
provides different default settings, parameter ranges and hardware setup options.

0 A measurement can only be opened with the same device type it was generated with. The
image in the left hand bottom corner shows the device type that can be used with the file.
You cannot connect a Bode 500 to a measurement file that has been generated with a
Bode 100 and vice versa. All measurement files generated with 3.51 carry the extension
*.bode3 independent on the used device type.
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Figure 6-3: Bode Analyzer Suite Main window with a Bode 100 device connected
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The Main window is structured into six main regions:

1.

38

Measurement configuration

The measurement configuration allows to configure the measurement frequencies and some
hardware setup elements such as the source level, the channel attenuator value and the receiver
bandwidth.

Chart region

In the chart region the measurement results are displayed. You can use the Trace settings on the
right hand side to choose the result that shall be displayed. Different formats such as Magnitude or
Phase as well as different diagrams such as Polar, Nyquist or Smith can be selected. To learn
more about the result diagrams, have a look at 10.2 Using the interactive chart on page 140.

Trace settings

Choose what measurement and which result format is displayed in a trace. Additional memory
traces or math traces are also controlled in this region. Lear more about how to configure traces
and memories in 10.4 Using the memory traces on page 153 and 10.5 Working with measurement
and math traces on page 157.

Ribbon bar & Quick-Access

The ribbon bar contains the file operation commands as well as the buttons to start and stop a
measurement. Further possibilities are the hardware setup, calibration, view settings, memory
operations and cursor commands.

Cursor table

The cursor table displays the values of the movable cursors that are attached to the traces shown
in the result diagrams. To learn more about how to use the cursors, check out 10.3 Working with
cursors and the cursor table on page 148.

Status bar

The status bar shows the connection state of the hardware and the receiver levels. Further
possibilities are signal source control and internal device calibration control.

OMICRON Lab



Bode Analyzer Suite introduction

6.3.1 Measurement configuration

Depending on the selected device (Bode 7100 or Bode 500), the structure of the measurement contains
different default settings, parameter ranges and hardware setup.

Frequency Sweep n_ Fixed
Start frequency | 100 kHz|
Stop frequency 40 MHz
Center | 20,05 MHz|
Span 39,9 MHz

Sweep  Linear n_ Logarithmic

Mumber of points | 201

-

Level Constant n_ Variable
Source level 0 dEm 3
Attenuator  Receiver 1 Receiver 2
Transmission| 20dE - 20dE «
Reflaction 10dE = 10dE -

OMICRON Lab

Frequency
In Frequency sweep mode you can change either Start
frequency and Stop frequency or Center and Span.

Get from zoom updates Start frequency and Stop
frequency with the current zoom window range.

The Sweep mode can be Linear or Logarithmic and
the Number of points in the sweep can be selected or
entered.

In Fixed Frequency mode a continuous wave, constant
frequency signal can be generated. In this case a vector
chart instead of a frequency dependent chart will be
shown.

Source level

Choose between a constant or variable output level
(shaped level) and set the source level. The variable
output level feature is only available in the Frequency
sweep measurement. It allows to define different source
levels for different frequency points. To learn more about
the source control, refer to 8.4 Signal source settings on
page 99.

Attenuator

Set the input attenuator for Receiver 1 (Channel 1)

and Receiver 2 (Channel 2). If the measurement

mode supports two measurements (Transmission and
Reflection) you can define the attenuator for each
measurement. Depending on your device type different
attenuator settings are possible:

* Bode 100: 0 dB, 10 dB, 20 dB, 30 dB and 40 dB
* Bode 500: 0 dB and 20 dB

Increase the attenuator when you experience a
receiver overload, reduce the attenuator to improve
signal to noise ratio (see also Choosing the receiver
attenuator on page 97).
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Receiver bandwidth

1kHz

Mominal impedance

iy

40

500 &

Receiver bandwidth

Set the maximum Receiver bandwidth used for the
measurement. Receiver bandwidth will be reduced
internally if the measurement frequency is smaller than
the Receiver bandwidth setting.

Select a high Receiver bandwidth to increase
measurement speed. Reduce Receiver bandwidth
to reduce noise and to catch high-Q, narrow-band
resonances.

More details can be found in Receiver Bandwidth on
page 95.

Nominal impedance

The nominal impedance or characteristic impedance
value is used to calculate the Reflection factor. See also
7.2 Impedance measurement introduction on page 57.
Note that this field is only visible if a reflection
measurement is performed.

Measurement mode

Shows what measurement mode is currently used
and what device type can be used. All available
measurement modes are explained in 7 Measurement
types and applications on page 54.

OMICRON Lab



6.3.2 Trace configuration

Bode Analyzer Suite introduction

In a Frequency Sweep measurement, the right hand side of the Bode Analyzer Suite shows the Trace
configuration. The Trace configuration allows to choose what measurement (Gain, Impedance,
Reflection, Admittance) is performed and how it is displayed in the chart.

Trace configuration box:

2 M Trace 1

@ W v

Measurement | Impedance

Format
"I'rmax
Y rrin

Y-axis scale

v |

Magnitude

-

100 k0 5|

1m0 3|

Log(Y)

v |

Memory configuration box:

M Memory 1 X2 BN v

Stored

Show with

OMICRON Lab

2020-12-29 11:14:32
Impedance points 201

W Trace 1
| Trace 2

The Trace configuration box displays the trace-name
and allows to configure:

Use the checkbox to the left of the trace name to disable
the trace (including the corresponding axis / chart).

Click E to hide the measurement curve of Trace 1
without deactivating the corresponding axis and Memory
traces.

Click to delete Trace 1.

Click E and hold to drag the trace to re-order traces &
charts or to move the data from one file to another.

Measurement: Impedance, defines that Trace 1
measures & displays impedance.

Format: Magnitude, defines that Trace 1 displays the
Magnitude of Impedance.

Ymax: 100 kQ, The upper limit of the y-axis displayed in
the diagram.

Ymin: 1 mQ, The lower limit of the y-axis displayed in
the diagram.

Y-axis scale : Log(Y), Currently the y-axis is set to a
logarithmic scaling.

Learn more about the trace configuration box in

10.5 Working with measurement and math traces on
page 157.

The memory configuration box allows to control the
memory curves:

Use the checkbox to the left of the memory name to
disable (hide) the memory trace.

Click E to copy the current measurement data to
Memory 1.

Click rﬂ to delete the Memory 1 trace.
Click E:‘ to link the cursors to Memory 1.

Click E and hold to drag the memory trace for re-
ordering of the traces or to move the data from one file
to another.

Furthermore it can be selected via the "Show with"
checkbox in which diagram the memory data is shown.

Learn more about the memory curves in 10.4 Using the
memory traces on page 153.
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Hint: By clicking the inner border of the Measurement configuration or Trace configuration
you can collapse these configuration areas to create a bigger chart area. You can fold out

the configurations anytime by clicking the respective areas at the side of the chart area. For
more details refer to the figure below.

m P
Home Measurement View Cursor

[ New [ save
Open [} Saveas

OnePort_Quartz_Filter* - Bode Analyzer Suite

\ Hz =
E§ HHz
Q

f.f,
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e

¢ ;
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E !
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g ! /
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Figure 6-4: Collapsing the measurement and trace configuration areas

The width of the right trace settings region can be adjusted as desired by click and drag of
the frame. If you have long trace names or memory names, you can increase the width of

the trace configuration region.
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6.3.3

Ribbon controls

Bode Analyzer Suite introduction

The Bode Analyzer Suite ribbons feature the following commands:

Home ribbon

D Mew B Save
Open [B Saveas

[+ Export Report

New: Create a new measurement

Open: Open a different measurement file

Save: Save the current file

Save as: Choose a different file name to save file
Export: Export measurement data

Report: Create a PDF print-report

A detailed explanation on the single file operations can be found
in 10.1 Exporting and saving measurement data or settings on
page 131.

> bl

Continuous Single

Measurement

Continuous: Starts a continuous measurement
Single: Performs one single measurement

Stop: Stops a running measurement

hw

Transmission Impedance /
/ Gain Reflection

Transmission/Gain: Configure the gain measurement setup

Impedance/Reflection: Configure the impedance measurement
setup

For more information regarding the hardware setup, please check
out Hardware setup .

e f L,

dB dB
Full-Range User-Range

- -

Gain calibration

Full-Range: Perform a Full-Range calibration

User-Range: Perform a User-Range calibration

For more information regarding the calibration, please check out
9 Calibration / Correction on page 106

l-l —

shift
Paort

extension =

P M——

Port-extension or port shifting can be used to mathematically
move the reference plane in a reflection measurement. For
more information, please check out: Port extension.

Measurement ribbon

* & Show all

3 .. Hide all

Data= __
Memory - [l Delete all

B

Store the current measurement data to a new or existing
memory trace.

Show all available memory traces in the diagram.

Hide all available memory traces. They will not be shown in the
diagram.

Delete all memory traces.

OMICRON Lab
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I

=+

 Add measurement: Adds a Measurement trace.

N « Add math: Adds a Math trace for basic operations (+-*/).
Add
measurement * Add Expression: Adds an Expression trace for advanced
mathematical operations.
» Add Circuit Fit: Adds a Circuit Fit trace for performing an
[+]— impedance fit. For more information about this feature see
= Circuit Fit Trace.
Add
math 0 The Circuit Fit Trace is a Preview Feature. You can
find information about the preview license in the General
Py Software Licence Terms.
e
‘:"dd_ e Each Measurement, Math or Expression trace comes with
Expression it's own axis. A maximum of 2 axes can be combined in

one chart using the Auto axis placement function in the
View ribbon. If you prefer to have only one axis per chart,
E@- activate One axis per chart in the View ribbon.

The Circuit Fit trace does not have his own axis. It has the

Add . .
Circuit Fit same charting functions as a Memory trace.
You can find more information about the use
of Measurement, Math and Expression traces in
10.5 Working with measurement and math traces on
page 157.
Instability Paint: Select +1 or -1 to be the instability point or positive feedback point
for the stability margin calculation or the closed-loop gridlines in the
+1 ’ Nichols chart. In a standard loop gain measurement with voltage
injection, the positive feedback point appears at +1.
View ribbon

I Auto axis placement » Auto axis placement attempts to show two axes (traces) in one
diagram.
= One axis per chart _ _
* One axis per chart shows a separate diagram for each trace.
You can find more information in 10.2.1 Configure the
diagrams on page 140. Select your preferred default setting in

the options menu.

N Arrange vertically * Arrange multiple diagrams side by side.

= arrange horizontally » Arrange multiple diagrams from top to bottom other.

R, Activate averaging. More details can be found in 10.8 Averaging on
/ page 173.

Average
measurement
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(=] Open a text field to add text notes to the current measurement.
I E‘_

Text
note

Annotations

Cursor ribbon

mp + Add a cursor or a delta cursor. Each cursor will create a new line in
+ T‘,.f the cursor table.

Add  Add Delta

Cursor  Cursor

Activate a cursor calculation. For more details please check out

@ cursor calculations.

MNone
-T—T Activate cursor linking. Cursor linking maintains a constant distance
Q'EJHI between two cursors. By moving one cursor, the second one will
Link follow automatically. Use this feature to e.g. measure the slope at
cursors crossover frequency in a bode plot. You can select either decade
(x10) or octave (x2) or constant linear distance which will maintain

the current frequency delta value.

You can find more information about how to work with cursors in 10.3 Working with cursors and the
cursor table on page 148.
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6.3.4 Status bar

The Status bar has several displays and interactive control elements. These are:

Auto off

Always On

Source indicator

The source indicator shows if the signal source of Bode 100

or Bode 500 is switched on. By moving the mouse over the
indicator, a pop-up allows to change between Auto off and
Always on setting. More details regarding the source setting can
be found in 8.4 Signal source settings on page 99.

| Receiver1 [ |
Receiver 1 [ ]

|__Receiver1 | |

Overload indicators

The overload indicators show the signal level at the receivers

of Bode 100 or Bode 500. Red color indicates an overload
respectively clipping of the receiver. An overload warning will be
shown in the chart in such a case. Please increase the attenuator
or reduce the signal level to avoid clipping and wrong measurement
results.

More details about the overload indicator can be found in

8.3 Choosing the receiver attenuator on page 97.

b, 2017-03-02

Internal device calibration indicator

Shows the date of the last performed internal device calibration of
your Bode 100. Move the mouse over the indicator in order to
perform a new internal device calibration.

More details about the internal device calibration can be found in
9.1 Internal device calibration on page 106.

JATS2C ~ [

No device (@

Device connection indicator

Displays the serial number of the connected device. If no device
is connected, "No device" is shown. Move the mouse over the
indicator in order to search or re-connect to a Bode 100 or
Bode 500 device.

N
»
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6.3.5

Chart context menu

Bode Analyzer Suite introduction

By right clicking into the chart you get access to a context menu that allows quick access to several

functions:

-20

-30

-40

-50

-60

-70

-80

Trace 1: Gain Magnitude (dB)

-90

-100

-110

@ Optimize

CA Auto Optimize

| X Reset Axes

Copy image to clipboard
Copy data to clipboard ~ »
Copy settings to clipboard
[I_ Cursori b
[I_ cursor 2 » /
Yy S _'\ _II,-W_’\a.@_Ik S
I"-.‘ll‘ L'II II

10M
Frequency (Hz)

-31
-32

F O T T T T PR
] = (=] w [e=] =l o wn ﬁ [*¥]
Trace 2: Reflection Magnitude

Reset Zoom: Resets the x-axis to the start and
stop frequency and the y-axis to the predefined
Ymin and Ymax values. See 10.2.2 Zooming the
measurement curve on page 142 for details.

Optimize: Optimizes the Ymin and Ymax values
once to ensure that the current measurement
curve fills the chart area in an optimum way.

Auto Optimize: Optimizes the Ymin and

Ymax values continuously to ensure that the
measurement curve always fills the chart area in
an optimum way.

Reset Axes: Resets the Y-axes to their pre-
defined startup values.

See 10.2.3 Optimize the axis scaling / autoscale
on page 145 for detail on these functions.

Copy image to clipboard: Copies a image of the
current chart to the clipboard.

Copy data to clipboard: Copies all
measurement points of Trace 1 or Trace 2 to the
clipboard for further processing in a spreadsheet
software.

Copy settings to clipboard: Copies all
measurement settings to the clipboard in text
format.

See 10.1.2 Use the clipboard functions to export
data on page 132 for details on these functions.

Cursor 1 & Cursor 2: Allows to access several
cursor functions to position the cursors to the
maximum, minimum or zero crossing of the
measurement traces.

See 10.3 Working with cursors and the cursor
table on page 148 for details on these functions.

OMICRON Lab
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6.4

Options menu

The Options menu allows you to modify several functions of the Bode Analyzer Suite. You can access

the Options menu by either clicking the £ icon in the top right corner of the Bode Analyzer Suite's
main window or by clicking File — Options.

Options X

ﬁ — General
Default level unit: @
5%} Clipboard dem Level step size: @®
Result display digits: lIl
E!_.. Export Short name length: 13 : @
Zero rounding limit: | 100p 2| @
@’f Report
Theme
H Chart Current theme:
Current accent:
[:E Traces Zoom factor:
'ﬁ!;} Advanced ES

Get and Save all log files as one .ZIP file: Get and Save

Bode Analyzer Suite

Send log messages to log file: ¥ &
Send log messages via UDP: [

UDP port: 9991 3

Bode 500

Send log messages via UDP:

Common

| Show startup device selection (if multiple devices are connected)

| Join the Customer Experience Impraovement Program @

> Read more about the CEIP and it's privacy statement

Reset to default

Cancel

Figure 6-5: Bode Analyzer Suite Options menu
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The options menu allows you to configure the following settings:

-m- General

General:

Default level unit: allows you to change the unit for Bode 100
or Bode 500's source level setting. You can choose dBm, Vpp or
Vrms.

0 dBm defines the power dissipated into 50 Q load.
Vpp and Vrms are the voltage output levels present
when a 50 Q load is connected at the output. Due to
the source's output impedance the output voltage will
change depending on the impedance of the connected
load. See more in 8.4 Signal source settings on
page 99.

Result display digits: Defines the number of digits behind the
decimal separator for values shown in the cursor grid and used for
reporting.

Short trace-name length: This number defines how many letters
are used for the name of a measurement or memory trace in the
cursor grid, report and clipboarding.

Zero rounding limit: Values below this number will be displayed
as zero. This setting applies to Phase (°) and Magnitude dB.

Theme:

Use the Current theme setting to switch between light and dark
theme.

Select your preferred accent color in Current accent.

With the Zoom factoryou can increase the size of the GUI for use
on e.g. high-dpi screens.

Logging:

Log Level:This function allows you to define the severity level of
the events stored in the log-file. Default is Warning.

Do not use the log-levels Verbose or Debug, except if
told by the OMICRON Lab support team.

Get and Save all log files as one .ZIP file: Use this button to get
all relevant log files as one file. You can easily forward this file to
the OMICRON Lab support team if they require information from
you.

Bode Analyzer Suite: allows you to enable event logging to a
file or via UDP and to define the used UDP port as well as IP
address.

Bode 500: allows you to enable UDP logging of local Bode 500
device logs (SCPI measurements).

Common:

OMICRON Lab
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Allows you to disable or enable the device selection in the Start
Screen and to change your preference in relation to the Customer
Experience Improvement Program.
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2y
E‘ﬂ' Clipboard

Chart:

In this section you can optimize the size of the text fonts and the
thickness of the measurement traces in the exported chart .

Further on, you can enable the inclusion of the chart legend and
the cursor grid. In addition the position of the cursor grid in the
exported chart and the image file format can be defined.

Data:

In this section you can choose the decimal separator and the
field separator for the clipboard export.

Find more information in 10.1.2 Use the clipboard functions to
export data on page 132.

E!... Export

In this section you can define several parameters for the CSV-
Export, Excel-Export and Touchstone-Export of the measured
data. These parameters are the default values that will be used for
all future exports you perform.

Find out more in 10.1.4 Exporting measurement data to CSV or
Excel files on page 136.

M= Report

Here you can choose if comments, the cursor table, the chart
legend or shaped level are included in the report or not.

Additionally, you can choose if you want to use a custom report or
the standard report. Finally you can select if the report should be
opened after its generation and the program that should be used
to display the report.

Detailed information is available in 10.1.6 Generate a PDF
report on page 139.

OMICRON Lab
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=

Chart

The sections in this area allow you to optimize the quality and
appearance of the charts displayed in the Bode Analyzer Suite.

General:

Choose if numbers in axis labels are displayed in Engineering
format (e.g. 1e3) or with Sl prefixes (e.g. 1k).

Use the default axis placement setting to choose if you prefer
auto-axis placement or only one axis per chart.

Logging:

Further on, you can activate a logger that can be useful to find the
reason for errors in the chart.

Normally you only need this option when told by the OMICRON
Lab support team.

Render Settings:

In case your chart does not show up correctly, please try to
change the Chart render mode. Automatic is default and tries

to use hardware rendering with DX11. In some rare cases with
old graphics cards or problems with the graphics drivers, this can
lead to problems. Try using hardware (DX9) or software rendering
instead.

Software rendering can significantly increase the
processor usage on your system.

1 &F

[

Traces

General:

Here you can select the maximum number of memory traces,
the default memory line pattern (e.g. solid or dashed) as well as
if the deletion of a memory trace needs to be confirmed or not.

Alternating memory trace color mode:

By enabling this mode you can make it easier to find out to which
trace a memory belongs. If activated each memory alternates the
memory color and the color of the trace it belongs to as shown
below:

Trace 1
Memory 1
N

Trace 2
Memary 1

disabled
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Calibration / Correction:

'ﬂ"} Advanced

You can enable "live update" respectively "recalculate
measurement trace values retroactively"”. This will recalculate
the measurement trace values whenever a calibration-related
parameter changes. The effect of disabling or enabling a
calibration / correction will immediately be shown on the
measurement result and not only used for new measurements.
You can therefore see the influence of a correction on your results
by enabling/disabling a calibration and watching the result change.

Activate port extension to switch on the Port extension feature.
The icon will be shown in the Home ribbon. For more details,
please refer to Port extension.

Bode Devices shows a list of manually added Bode 500
devices. Manually added devices are used when the automatic
device discovery cannot find a Bode device. Check out Device
Selection on page 35 to learn more.

Demo Device Mode allows you to use the Bode Analyzer Suite
for demonstration purposes without a physical Bode 7100. Click the
Create button to activate any of the three available demo devices:

* Demo Device 1 with a One-Port DUT to be used for One-Port
measurements. The DUT is an inductor with 10 pyH including
series resistance, parasitic capacitance and core loss.

* Demo Device 2 with a 2-Port DUT for Transmission/Reflection
measurements. The DUT is a Chebyshev bandpass filter with
10 MHz to 20 MHz pass band.

* Demo Device 3 with a Voltage-Gain DUT for Gain/Phase
measurements. The DUT is a voltage loop from a voltage-
mode buck converter.

A created Demo Device will be available in the device selection
dialog or on the start screen of Bode Analyzer Suite. You can
remove a demo device by clicking the Delete button after it has
been created.

o Hint: Click = Resetto default to switch back to the default settings of all options at any

time.
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7 Measurement types and applications

Bode 100 as well asBode 500 allow measuring Gain or Impedance, Reflection and Admittance. The
following chapters introduce you to the basics of the Gain and Impedance / Reflection / Admittance
measurements.

For an easy use, the Bode Analyzer Suite supports different measurement types / modes for different
applications. The available measurements are listed in the start screen of the Bode Analyzer Suite
(see 6.1 Start Screen on page 34).

The available measurement modes are grouped in the Vector Network Analysis Tab and the
Impedance Analysis Tab:

Vector Network Analysis

The Vector Network Analysis Tab contains the following measurement types:
1. Transmission / Reflection

2. Gain/ Phase

3. Reflection with external coupler

Impedance Analysis

The Impedance Analysis Tab contains the following measurement types:
One-Port

Impedance Adapter

Shunt-Thru

Shunt-Thru with series resistance

Series-Thru

Voltage / Current

N o ok~ w D=

External Bridge

In the following chapters all measurement types are explained in detail.
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Gain measurement introduction

Bode 100 and Bode 500 offer two different ways of measuring Gain. Either with the internal reference
or the external reference. Internal reference means that Receiver 1 is internally connected to the
signal source, picking up the internal source voltage. External reference means that Receiver 1 is

routed to the front panel input Channel 1.

Depending on the Receiver 1 connection, Gain is measured as shown in the following table:

Receiver 1 is set to internal reference

Receiver 1 is set to external reference

VCHZ
Yo
2
Where V, is the internal source voltage. If

Channel 2 is terminated with 50 Q (default), Gain
equals the scattering parameter S21 of a two-port
DUT (Port 1 is connected to Bode output and

port 2 is connected to Bode Channel 2).

Gain =

If Channel 2 is set to high-impedance,
a Thru-connection from Output to
Channel 2 will result in +6 dB. To
normalize to 0 dB you can use Thru-
calibration.

Vena
Gain = ——

VCHl

Gain therefore equals the voltage-transfer function
of a 2-port DUT if Channel 1 is connected to the
DUT input port and Channel 2 is connected to the
DUT output port.

The following two measurement modes can be used to perform a Gain measurement:

1. Transmission / Reflection: This mode allows both, measurements with internal and external

reference connection.

2. Gain/ Phase: Is used to measure the voltage transfer function from Channel 1 to Channel 2

(Frequency Response Measurement).

Since the gain result is a complex number you can choose how to display the complex value. You can
select the result formats by clicking the drop down Format in the trace configuration box.
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In a gain measurement the following result formats are available:

Gain Result Formats

3t M Trace 1 v
Measurement | Gain - |
Format Magnitude (dB) -
y Magnitude
max -
Magnitude (dB)
Yrmin Phase (%)
Phase (rad)
Tg
Measurement |Polar
Real
Format |maginarl:|,r
v Myguist
e Michals
Ymin Q[TEL:I

Magnitude: Displays the linear magnitude of the
measured Gain.

Magnitude (dB): Displays the magnitude of the
measured Gain in dB

Phase (°): Displays the phase of the measured Gain in
degrees.

Phase (rad): Displays the phase of the measured Gain
in radians.

Tg: Displays the group delay of the measured Gain in
seconds (see Gain result format equations for details).

Polar: Displays the measured Gain in a polar chart.

Real: Displays the real part of the measured Gain.

Imaginary: Displays the imaginary part of the measured
Gain.

Nyquist: Displays the measured Gain in a Nyquist
chart.

Nichols: Displays Gain over Phase in the Nichols
chart. Right-click into the chart to activate closed-loop
gridlines.

Q(Tg): Displays the Q-factor derived from group delay.
This value is used for NISM (see cursor calculations on
page 166 for details).

Gain result format equations

The Gain results are calculated based on the following equations:

Gain H:

H = h - 7% where his the magnitude of gain H and @ the phase of H.

w is the angular frequency & = Zﬂff with the frequency f.

de
T, = ——
g dw

Q(Tg) =|m-

56

f'Tgl

Group delay Tg is calculated by symmetric difference quotient

Q(Tg) is the quality factor derived from the group delay
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7.2 Impedance measurement introduction

Bode 100 and Bode 500 offer several ways of measuring Impedance, Reflection or Admittance.
Impedance, Reflection and Admittance are directly related to each other by the following equations:

v 1
Z
Admittance Y is the reciprocal of the impedance Z and vice versa.
7 1
Y
_ Z— ZO The reflection coefficient I' is calculated from the measured
7+ ZO impedance Z and the nominal impedance Z,,.
7 =7 1+T The reflection coefficient I' can be converted back to impedance Z
- <0 1—T via the nominal impedance Z,.

Z, can be changed by the user in the measurement configuration. The nominal impedance
Z, field is only visible if a measurement trace is set to Reflection.

Mominal impedance

Zo 500 &

The Impedance Analysis modes allow you to display the measurement results in various formats. You
can select the result formats by clicking the drop down Format in the trace configuration box.
Depending on the chosen measurement the following result formats are available:
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Impedance Result Formats

:: | Trace 1
Measurement
Format

YI‘I‘IEK

¥ min

:: Ml Trace 2 I I

Measurement
Format

"frmax

¥ min

o v

| Impedance v |

Magnitude (dB) -

Magnitude
Phase (%)
Phase (rad)

Folar

Real
Imaginary
Rs

Ls

Cs

]

Myguist
Q(Tg)
tan{&)

Magnitude: Displays the magnitude of the measured
impedance in Ohms.

Magnitude (dB): Displays the magnitude of the
measured impedance in dBQ.

Phase (°): Displays the phase of the measured
impedance in degrees.

Phase (rad): Displays the phase of the measured
impedance in radians.

Tg: Displays the group delay of the measured
impedance in seconds (see Gain result equations for
details).

Polar: Displays the measured impedance in a polar
chart.

Real: Displays the resistance of the measured
impedance in Ohms.

Imaginary: Displays the reactance of the measured
impedance in Ohms.

Rs: Displays the equivalent series resistance (ESR) of
the measured impedance in Q. This value equals the
Real part of impedance.

Ls: Displays the equivalent series inductance (ESL) of
the measured impedance in Henry.

Cs: Displays the equivalent series capacitance (ESC) of
the measured impedance in Farad.

Q: Displays the Q-factor of the measured impedance
(see Impedance result equations for details).

Nyquist: Displays the measured impedance in a
Nyquist chart

Q(Tg): Displays the Q-factor derived from group delay.
This value is used for NISM (see Cursor calculations for
details).

tan(d): Displays the tan(d) of the measured admittance.
(see Impedance result equations for details).
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:: | Trace 1
Measurement
Format

YI‘I‘IEK

¥ min

Measurement
Format
"frmax

¥ min

o v

| Admittance - |

Magnitude (dB) -

Magnitude
Phase (%)
Phase (rad)

:: Ml Trace 2 I I

Polar

Real
Imaginary
Rp

Lp

Cp

a

Myguist
Q(Tg)

Magnitude: Displays the magnitude of the measured
admittance in Siemens.

Magnitude (dB): Displays the magnitude of the
measured admittance in dBS.

Phase (°): Displays the phase of the measured
admittance in degrees

Phase (rad): Displays the phase of the measured
admittance in radians

Tg: Displays the group delay of the measured
admittance in seconds (see Gain result equations for
details).

Polar: Displays the measured admittance in a polar
chart.

Real: Displays the conductance of the measured
admittance in Siemens.

Imaginary: Displays the susceptance of the measured
admittance in Siemens

tan{&)

Rp: Displays the equivalent parallel resistance of the
measured admittance in Ohms.

Lp: Displays the equivalent parallel inductance of the
measured admittance in Henry.

Cp: Displays the equivalent parallel capacitance of the
measured admittance in Farad.

Q: Displays the Q-factor of the measured admittance
(see Impedance result equations for details).

Nyquist: Displays the measured admittance in a
Nyquist chart.

Q(Tg): Displays the Q-factor derived from group delay
(see Cursor calculations for details).

tan(8): Displays the tan(d) of the measured admittance.
(see Impedance result equations for details)
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Reflection Coefficient Result Formats

:: M Trace 1 m v

Measurement
Format

YITIEI

¥ min

i M Trace2 I ]

Measurement
Format

‘frmax

¥ min

| Reflection - |

Magnitude (dB) -

Magnitude
Phase (")
Phase (rad)

Folar
Smith
WEWER
Real
Imaginary
Myguist
Q(Tg)

Magnitude: Displays the magnitude of the measured
reflection coefficient.

Magnitude (dB): Displays the magnitude of the
measured reflection coefficient in dB

Phase (°): Displays the phase of the measured
reflection coefficient in degrees.

Phase (rad): Displays the phase of the measured
reflection coefficient in radians.

Tg: Displays the group delay of the measured reflection
coefficient in seconds (see Gain result equations for
details).

Polar: Displays the measured reflection coefficient in a
polar chart.

Smith: Displays the measured reflection coefficient
respectively impedance in a Smith chart.

VSWR: Displays the voltage standing wave ratio of the
measured reflection coefficient.

Real: Displays the real part of the measured reflection
coefficient.

Imaginary: Displays the imaginary part of the measured
reflection coefficient.

Nyquist: Displays the reflection coefficient in a Nyquist
chart.

Q: Displays the Q-factor of the measured reflection (see
Impedance result equations for details).

Nyquist: Displays the measured reflection in a Nyquist
chart.

Q(Tg): Displays the Q-factor derived from the group
delay (see Cursor calculations for details).
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Result format equations

The Impedance / Admittance / Reflection results are calculated based on the following equations:
Impedance Z:

Z=R+ jX where R is the real part of the impedance (resistance) and X the imaginary part of the
impedance (reactance).

w is the angular frequency & = 21T ith the frequency f.

Rs = Series equivalent resistance Rs equals the real part of impedance
1
CS = - — Series equivalent capacitance Cs
wX
X
LS = — Series equivalent inductance Ls
w
X
Q= % Series circuit quality factor Q
R
tan(d) = |}| tan(d) of impedance

Admittance Y:

Y =06+ ]B where G is the real part of the admittance (conductance) and B the imaginary part of
the admittance (susceptance).

w is the angular frequency & = Z?If with the frequency f.

1
Rp = E Parallel equivalent resistance Rp
B
Cp = — Parallel equivalent capacitance Cp
Y
1
Lp = — Parallel equivalent inductance Lp
wB
B
Q= u Parallel circuit quality factor Q
G
G
tan(d) = |E| tan(d) of admittance
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Reflection Coefficient I':

1+ |T|

VSWR = ———
1— T

Voltage Standing Wave Ratio VSWR

Tg as well as Q(Tg) are calculated in the same way as for the gain measurement (see 7.1 Gain
measurement introduction on page 55).

7.3 Vector Network Analysis

7.3.1 Transmission / Reflection

The Transmission / Reflection measurement mode is designed to measure the S-parameters S21 and
S11 in the 50 Q domain. For this example a Bode 100 is used. You can perform the same
measurement with the Bode 500.

% Transmission / Reflection

Measure S-parameters (521, 511) with 50 © termination.
Measure Gain with internal or external reference.

ouUTPUT

(1)

* Bada 1040 o o’

Do not exceed 3.3 Vrms at the output (30 0).
Do not exceed 7 Vims at Channel 2 input (50 0).

DUt

Select measurement

The Transmission / Reflection measurement mode allows to measure both, Transmission
(Gain) and Reflection (Impedance). It is possible to select e.g. a Gain measurement in Trace
1 and an Impedance measurement in Trace 2. Bode 100 or Bode 500 will then sequentially
measure Gain and Impedance.

Therefore some hardware settings like the measurement setup dialog are available twice. Once for the
Gain measurement and once for the Impedance measurement.

For details on how the Gain is calculated, please check 7.1 Gain measurement introduction on
page 55.

Calibration in the Transmission / Reflection measurement mode

The Transmission / Reflection measurement mode does not require calibration to perform a
measurement. However, to remove the influence of your connection cables the measurement mode
offers Gain (Thru) as well as Impedance (Open, Short, Load) calibration. Gain calibration applies to a
Gain measurement and Impedance calibration applies to a Impedance/Reflection/Admittance
measurement. When measuring at high frequency or with long cables it is strongly recommended to
perform a calibration. For more details regarding the Gain calibration please refer to 9 Calibration /
Correction on page 106.
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Typical applications
Typical applications for the Transmission / Reflection measurement mode are:
* Measuring Transmission and Reflection of filters such as IF filters or EMI filters.

« Comparing results from measurements with internal and external reference connection (the
Transmission / Reflection measurement mode is the only measurement mode that allows changing
the Receiver 1 connection).

* Measuring Gain of RF amplifiers in the 50 Q domain.

Transmission / Reflection measurement example

Follow the steps described below to perform a Transmission / Reflection measurement. For this step-
by-step example a Bode 100 is used. You can perform the same steps using a Bode 500.

Connect the test object "IF Filter" to Bode 100 using the device specific delivered BNC cables or BNC-
adapter cables as shown in the figure below.

Figure 7-1: Connecting the test object IF Filter to Bode 100
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Now start the Bode Analyzer Suite and enter the Transmission / Reflection measurement mode by

clicking on Select measurement

% Transmission / Reflection

Measure S-parameters (521, 511) with 50 O termination.
Measure Gain with internal or external reference.

1 Do not exceed 3.3 Vyms at the cutput (50 Q).
“" Do not exceed 7 Vrms at Channel 2 input (50 Q).

Select measurement |

Before starting the measurement set the Start and Stop frequency to the values shown below:

Frequency sweep IER Fixed

Start frequency | BT M Hz|
Stop frequency 12,7 MHz
Center | 10,7 MHz|
Span | 4M Hz|

After setting the Start and Stop frequency the Center frequency as well as the frequency
Span are set automatically. Alternatively you can enter the Span and Center and the Start

and Stop frequency are updated accordingly
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Now you are ready to start your first measurement. Simply click b in the home ribbon. As a result you
will see a first measurement comparable to the one shown in the figure below.

= pplim TransRefl_IF_Filter* - Bode Analyzer Suite [+ ONE) - ] X
Home Measurement View Cursor lad
[ New [ save » >“ % R‘g ”Zr\-l_l’lz f,..fa HZI'\-1_|.\Z fyofa
Open  [B} Save as : . ~ . dB dB Q Q
Continuous Single Stop  Transmission Impedance /' Full-Range User-Range Full-Range User-Range
[ Export [iF] Report /Gain  Reflection - - - -
File Mea t Hardware Setup Gain calibration mpedance calibration
Frequency sweep IEH Fixed I—l Frequency Trace 1 Trace 2 BN :: g Trace 1 & v
:: B Cursor 1 10,7 MHz -31,183 dB -37,088 dB -
start frequency u Measurement
Stop frequency 127 MHz| || ;i Delta c2-C1 i Format Magnitude (dB) ¥
1 f L9 -
-30 ___.__________’...:,T ’___.__-_‘:-_,___ -27 :: ¥ Trace 2 o
Sweep  Linear Logarithmic -35 ~ JJ — 28 Measurement
. I -
Number of points | 201 - -40 A II T ) -29 Format Magpiudsids) hd
-45 o a0 & || Y -25d8 2
Level constant [IEH Variable | & 50 ‘.\ | | Illll :E- Vo
= - min - v
= \ ] 31O
Source level 13 d8m 3 L llf : 1 | 2
E: KJ [ =2 5
Attenuator  Receiver 1 Receiver 2 5 00 I T f 11 23 g
+] | 1 - -
£ M N
- —
Reflection | 1008 ~ || 10d8 = || & 70 f '} { 8
& AR s
= 75 / .J i &
Receiver bandwidth 1kHz - z / P- \ ™ 36 A
T -80 f W I o
— e A A "o VAN B A I S =
MNominal impedance -85 },M\ . Il | 1 f' i:__-\ ’r =
7\ \
- [ A \ | -38
7 son A 90 “.‘ f ‘L“,f 1 f ! y \". J
g5 *llf]' \ J . 'nll | a9
1
-100 T | -40
‘ -105 ! l 41
:\0/! :\0/! 1
X X 110 1 -2
; 10M 12M
= Frequency (Hz)

Measurement —* new memory

Transmission / Reflection

| [ Receiver] [ [ Receiver2 [ || #2021-10-25 | ML723D v [

Figure 7-2: S-Parameter measurement of a 10.7 MHz IF filter

Trace 1 (red curve) shows the Magnitude of the Gain (= Magnitude of S21) while Trace 2 (blue curve)
shows the Magnitude of Reflection (= Magnitude of S11). You can change Format for both traces to
display other results such as Phase or Real and Imaginary components
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To optimize the chart you can right click onto the chart and select Optimize as shown below. For more
information on the chart's context menu check out 6.3.5 Chart context menu on page 47.

= pplim= TransRefl_IF_Filter* - Bode Analyzer Suite le MONG) - O e
Home Measurement View Cursor L
[ Mew [ save } »II . % % HZM_;Z f. Lt HZM-;Z f. St
Open  [E} Save as dB dB Q Q
Continuous Single Stop  Transmission Impedance /  Full-Range User-Range Full-Range User-Range
[3 Export [ Report /Gain  Reflection - -
File Measure: ware Setup mpedance calibrati
Frequency sweep IEH Fixed | Frequeny jlrEcey] IESGER? Bl :: g race 1 ® v
2 B Cursor 1 10,7 MHz -31,163 dB -37,068 dB -
Stop frequency 127 MHz IEE Delta C2-C1 i Format Magnitude (dB}  ~
=
Center 10,7 MHz T oo —— = -25 Ymax -30dB &
[\ S
Span -35 A =5 Yonin 1208 &
-40 f 1 \ R 27 :: M Trace 2 & v
| ~—
sweep Linear [IEM Logarithmic -45 lI' + | s Measurement
! -
Number of points | 201 - -50 .‘\ f— I I% e Format Magnitude (dB) -
-55 \ | ! T || Vmae 25d8 &
Level constant [IEH Variable | & Ny | a2 S
T 60 \[ ! HL 2 || Y 4148 3
Source level 13 dBm 5 @ ! -31 2
| S -6 | £
= X [=)]
Attenuator  Receiver 1 Receiver 2 5 70 & ResetZoom 22 E’U
o L
- Opt
Transmission | 10dE = || 10dB = = ﬁ = Iﬂ\3 - 33 5
= Auto Optimize / =
i o -30 { 24 ©
Reflection 10dB » || 10dE ~ It [X Reset Axes . 2
= 85 ~ { a5 &
P B ) ;i : 35
Receiver bandwidth 1kHz @ . ARG Copy image to clipboard / =
- i LY
E 0 ']'.qull ‘u"ﬂ LY l Copy data to clipboard 4 36 ¥
B - \ o
Nominal impedance -95 V J Copy settings to clipboard 1§ - -
Zo 500 5 -100 [I” cursor1 4
-105 I Cursor 2 4 8
M
-39
-110 i
‘ ‘ 13 I -40
1
h -120 . -41
10M 12M
= Frequency (Hz)
Transmission / Reflection Measurement - new memory

[ ]| B 2021-10-25 | ML723D v [

Figure 7-3: Context menu of chart
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Further on you can use the cursors to perform measurements. To do so simply drag the cursors to the
point you want to measure (1.) and check out the results in the cursor grid (2.) as shown in 7-4 on
page 67. For more cursor functions visit 10.3 Working with cursors and the cursor table on page 148.

=E p P+ TransRefl_IF_Filter* - Bode Analyzer Suite le MONG) — O ®
Home Measurement View Cursor L
[ Mew [ save } »“ % % ”Zr\-l_l.lz f . fa F IZI'\-'|_|.\Z f, .f.
Open  [E} Save as dB dB Q Q
Continuous Single Stop  Transmission Impedance /  Full-Range User-Range Full-Range User-Range
[® Export Report / Gain Reflection - - - M
File Measurement Carduare Setun Cain calinration rperance calibcation
L r &l 7 ﬂ" r T ] ;
Frequency sweep IEH Fixed L | Frequeny jlrEcey] IESGER? Bl :: ¥ Trace 1 TR
2 B Cursor 1 10,7 MHz -31,163 dB -37,068 dB
Start frequency 10,55 MHz -37.053 dB -39.873 dB 2 . Measurement
Stop frequency 127 mnz] | i Delta c2-C1 -150 kHz -5,89 dB -2,804 dB | @ Format Magnitude (dB) ¥
Center B e s —— e -25 Ymax -30dB 5
faN N -
-40 f \ - :: M Trace 2 v
[ -27
Sweep  Linear ﬂ Logarithmic -45 1 . Ft || -28 Measurement
Number of points | 201 - -50 ‘ J \ 2 Format Magnitude (dB)  ~
Level i = \ _ap —=
evel constant Il Variable _3 60 ‘\\I{ I I|lL 30 _E ¥emin -41dp 3
- I _ 35
Source level 13 dém 3 2 s ) X 1 | 31 2
=i 1 c
E [ ;o\ )
Attenuator  Receiver 1 Receiver 2 g., -70 f IlIl [y 32 ‘E‘
) / 1 f || -
i = 73 / a3 c
Transmission < "J \ ’ ll1 p S
Reflection | 1008 ~ | T 80 f \ [ 240
& BRI
— -85 o I| I V] \ f 35 O
Receiver bandwidth TkHz = 2 a A \ M \ | ; HI ; N
g8 o\ N h { >
(= ’”f \/ \‘J ]I'J \ll J 36 O
Nominal impedance -95 V : l 7 =
_________ . 1 4
Zo 500 % -100 X |
l -38
-105 !
110 [ ! -39
‘ -115 | L -40
+ + -120 -
. 10M 12M
= Frequency (Hz)
Transmission / Reflection SRl S s

| [ Receiver1 [ |[ Receiver2 [ ]| #=2021-10-25 | ML723D v [

Figure 7-4: Use of cursors and cursor grid

Congratulations you have performed your first measurement with the Bode 100 or Bode 500. You
can load the settings for the measurement by clicking File — Open — and then navigating to:
"%appdata%\OMICRON_Lab\BodeAnalyzerSuite\DemoFiles". The file you will need is:
Bode100_TransRefl_IF-Filter.bode3 or Bode500_TransRefl_IF-Filter.bode3

6 Hint: The Transmission / Reflection is the most flexible measurement setup for the Bode 100
or Bode 500. By selecting this setup you can switch between internal and external reference.
Further on, you can switch the input impedance of input CH1 and input CH2 between 50 Q
and high impedance.
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7.3.2 Gain / Phase

The Gain / Phase measurement mode is designed to measure the transfer function of a DUT using the
external reference connection. This means that both Channel 1 and Channel 2 are active.

% Gain / Phase

Measure transfer function (Gain/Phase) from CH1 to CH2.

OUTPUT CH1 [of ;]

g By default, the inputs are set to high impedance and 0 (f\ Voose100 €Y (1)
= are ac-coupled.

Do not exceed 30 Vdr at the inputs.

Do not exceed 3.3 Virms at the output (50 Q). " transter

function

DUT
Select measurement

The Gain Measurement

Bode 100 or Bode 500 measures
VCHZ

Gain =
VCHl
Gain therefore equals the transfer function of a 2-port DUT if Channel 1 is connected to the DUT input

port and Channel 2 is connected to the DUT output port. The inputs Channel 1 and Channel 2 are set
to 1 MQ by default.

Details on the gain measurement can be found in 7.1 Gain measurement introduction on page 55.

Calibration

The Gain / Phase measurement mode does not require calibration to perform a measurement.
However, to remove the influence of probes and cables Gain (Thru) calibration is recommended. For
more details regarding the Gain calibration please refer to 9 Calibration / Correction on page 106.

Typical applications

Typical applications for the Gain / Phase measurement mode are:

* Measuring the transfer function of filters or other circuits.

» Measuring in-circuit transfer functions using high-impedance probes.
* Measuring the transfer function of amplifiers etc.

» Measuring loop stability of power supplies.
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Measurement example

For detailed measurement examples using the Gain / Phase measurement mode, please check out
the application notes at www.omicron-lab.com/BodeManualAppNotes. The following application notes
use the Gain / Phase measurement mode:

+ DC/DC Converter Stability Measurements

* Bipolar Transistor AC Current Gain Measurement
*  Op-Amp measurements

* PSRR Measurement

* And many more...

7.3.3 Reflection with external coupler

The External coupler measurement mode is designed to measure reflection using an external coupler.
This offers the possibility to use an external amplifier and protect the inputs of Bode 700 or Bode 500
by using an external directional coupler. For this example a Bode 100 is used. You can perform the
same measurement for the Bode 500.

v Reflection with external coupler

Measure reflection using a directional coupler. 0

MNote: Calibration {open, short, load) s required. . p
O E I

Reflacted
g Donot exceed 7 Vrms at the inputs (50 ).
) ) )\
Ly Ly
Diractional Couplar

IHETH

Select measurement

Calibration

Please note that the external coupler measurement mode requires an impedance calibration (Open,
Short, Load). For more details on how to perform an impedance calibration see 9.3.2 Calibrating an
External Coupler or External Bridge measurement on page 117.

Typical applications
Typical applications for the external coupler measurement mode are:
* Measuring medium-wave antennas.

» Measuring impedance with high-power amplifiers.

Measurement example

For a detailed measurement example using the external coupler measurement mode, please check
out the medium wave antenna measurement application note at
www.omicron-lab.com/BodeManualAppNotes.
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7.4 Impedance Analysis

7.41 One-Port

The One-Port measurement mode is designed to perform quick impedance, admittance and reflection
measurements. One advantage of the One-Port impedance measurement mode is that no external
calibration is required. Bode 100 or Bode 500 can measure impedance directly at the output port.

¥ One-Port

Measure impedance/reflection at the output port. OUTPUT CH 1 CH 2

o,rv(o @

Recommended impedance range: 500 mo ... 10 k{2

g Do not exceed 3.3 Wms at the output (30 7).

Select measurement

Measurement information

Bode 100 or Bode 500 derives the impedance by evaluating the internal source voltage and the output
voltage. Receiver 1 as well as Receiver 2 are internally connected. General details on impedance
measurements with Bode 100 or Bode 500 can be found in 7.2 Impedance measurement

introduction on page 57.

Bode 100
Source mode Receiver bandwidth
I ; I
Source level Attenuatar 1 Sweep time: 2.51 s Attenuator 2
10d8 v 10d8 v

Internal
Reference

| .outpuT

1 = 33Vms 1 1

DUT

Figure 7-5: Hardware setup of the One-Port measurement mode on the example of the Bode 100
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Since the output impedance of Bode 100 or Bode 500 is 50 Q, the one-port measurement provides
highest sensitivity for a DUT having an impedance close to 50 Q. The method is generally suitable to
measure impedance values between roughly 500 mQ and 10 kQ. For measurements close to the
limits of this method it is highly recommended to perform a careful User-Range calibration to achieve
best results.

Calibration

The One-Port impedance measurement mode does not require calibration to perform a measurement.
However, to achieve highest accuracy a calibration is recommended. Furthermore a calibration allows
to move the reference plane from the output port of Bode 700 or Bode 500 to the end of a connection
cable. This compensates the effect of the connection cable. For more details on how to perform an
Impedance calibration please refer to 9.3.1 Calibrating a Reflection or One-Port Impedance
measurement on page 115.

Typical applications
Typical applications for the One-Port impedance measurement mode are:
* Measuring impedance of passive components.

» Measuring impedance of cables, piezo-elements or any one-port DUT.

One-Port measurement example

In this measurement example we will determine the series and parallel resonance frequency of a 12
MHz quartz filter. Further on, we will display the quartz filter's reflection curve in a Smith chart. For this
step-by-step example a Bode 7100 is used. You can perform the same steps for the Bode 500.
Connect the input IN 2 of the test object "Quartz Filter" to the OUTPUT of Bode 100 or Bode 500 using
the device specific delivered BNC cables or BNC-adapter cables . Further on, connect a BNC short to
the corresponding output OUT 2. The complete setup is shown in the figure below.

Figure 7-6: Connecting the test object Quartz Filter to Bode 100
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Now start the Bode Analyzer Suite and enter the One-Port measurement mode by clicking Impedance

Analysis and then Select measurement

Vector Network Analysis| Impedance Analysis ||Advanced

¥ One-Port

Select measurement

Measure impedance/reflection at the cutput port.
Recommended impedance range: 500 m ... 10 kQ

Do not exceed 3.3 Vims at the cutput (30 ).

—
OUTPUT ~— CH 1 CH 2

—
.n rf\ "'q’;.:da_- 100 o o

Before starting the measurement set the Center frequency, frequency Span and the Number of

points to the values shown below.

Further on, select sweep linear:

Frequerly sweep K™ Fixed

Start frequency | 11 I‘-.-'1Hz|
Stop frequency 13 MHz
Center 12 MHz
Span 2M sz

Sweep  Linear n__ Lﬂgarithmﬁ

Mumber of points | 401 v,
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Now click > in the home ribbon. As a result you will see a first measurement comparable to the one
shown in the figure below.

mBE pplilm~ OnePort_Quartz_Filter_WideFrequencyRange - Bode Analyzer Suite - O
Home Measurement View Cursor lad
[ New [ Save » >“ R‘é} Is“zl,\,mz ff‘zf.
Open [2 Save as Continuous Single Stop Impedance / Full-Range User-Range

= Export Report Reflection - -

rement Hardware Setup mpedance calibration

Measure:
Fre - H Frequency Trace 1 Trace 2 bl -
quency sweep KR Fixed |* Bl :: | Trace 1 o]

Start frequency 11 MHz m Measurement | Impedance
Stop frequency 13 MHz| || Delta C2-C1 0| Format Magnitude

<

I
=
T
M

Center 100k 100 Vs 100k0 5
=

Span 2 MHz Ymin TmQ §
10k 80 ¥-axis scale Log(Y) -

Sweep  Linear Logarithmic " i; Ml Trace 2 ®v

Number of points | 401 - ® Measurement
Format Phase (7] -

ﬂL 40

Level constant [IEH ariable

[] Unwrap phase

100

Trace 1: Impedance Magnitude (Q)
5
(=]
Trace 2: Impedance Phase (°)

Yonin -100° 3

Attenuator Receiver 1 Receiver 2

Receiver bandwidth 300Hz -

20

:

-40
100m

-60
10m

-80

;) N
o m -100
1M 12M 13Mm

Frequency (Hz)

Measurement = new memary

| [ Receiveri | | Receiver2 [ || Ha2021-06-17 | NEOOAF v [

One-Port

Figure 7-7: Impedance measurement of the test object Quartz Filter

Trace 1 (red curve) shows the Magnitude of the Quartz Filter's impedance while Trace 2 (blue curve)
shows the Phase of the Quartz Filter's impedance.

Before continuing the measurement please switch off Trace 2 by unchecking the corresponding check

box I )
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Trace 2: Impedance Phase (°)

To determine the parallel and series
resonance of the Quartz filter we need

to zoom in. You can do this by clicking
into the chart on the top left corner of

the intended zoom area, keep the mouse
button pressed and pull it to the lower
right corner of the intended zoom area as
shown.

In the zoomed window you will see that you are not having enough frequency points. By pressing

Get from zoom

you can set the start and stop frequency of the measurement to
match the zoomed window. Right Click into the chart and select Optimize. Repeat these steps until
you achieve a chart as shown in 7-8 on page 74
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Figure 7-8: Optimizing the frequency resolution with Get from zoom

For more information on the zoom functions and optimizing check out 10.2.2 Zooming the
measurement curve on page 142 and 6.3.5 Chart context menu on page 47.
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After you have optimized the chart you can measure the series resonance and parallel resonance
using the cursors. To do so right-click into the chart area close to the red curve and choose Cursor 1
and then Jump to Min (Trace 1). Then right-click into the chart area once more and choose Cursor 2
and then Jump to Max (Trace 1)

Trace 1: Impedance Magnitude (C2)

10k

1k

100

10

C\X Reset Zoom
Q-‘ Cptimize

C\A Auto Optimize
E Reset Axes

*] Copy image to clipboard
Copy data to dipboard

/

[

Copy settings to clipboard },i

[T Cursor 1 " Pl Find v L Minimum (Trace 1)
[ cursor2 PP Track H= Zero (Trace 1)
— / I: Maxirnum (Trace 1)
—————— =" = ———————f—————————————

/
|I |
11,995M 12M

Frequency (Hz)

Figure 7-9: Using the cursor jump functions

For more information on cursor functions visit 10.3 Working with cursors and the cursor table on

page 148.
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Now let's have a look at the measurement result:

>

=E p P+ OnePort_Quartz_Filter* - Bode Analyzer Suite le MONG) — O ®

Home Measurement View Cursor

[ New [ Save » >“ % Is‘_zl,\,mz l}lf.

Oy S
pen £ Save s Continuous Single Stop Impedance /  Full-Range User-Range
= Export Report Reflection - -

L = v

Measurement ” .
Frequency sweep IEH Fixed :I—I Frequency Trace 1 Bl ¥ Trace 1 TS
:: 1 Cursor 1 11,806768 MHz 88810
Start frequency | 11,9921931 MHz 11,998572 MHz | 29,505 k0 Measurement
Stop frequency | 12.0023586990z| | |1 Delta C2-C1 1804 kHz | 29496k M| ) Farmat Magnitude v
=
Center 11,9972759 MHz T Yrmax 30kQ ¥
| -
Y-axis scale Log(Y) v
10k + H
sweep Linear IEMl | Logarithmic f A :: M Trace 2 v
1
i ‘ | impedance |
Number of points | 401 = l[ { Measurement | Impedance -
g ! ol Format Phase (%) -
Level constant Il varizble | o [\
- | { Unwrap phase
al| 2 | |
D 1k 1 . =
i Yrmin -100 *
Attenuator  Receiver 1 Receiver 2 = X
o
10ce v || 10de ¥ § g
-
@
Receiver bandwidth 300Hz - ? |
o
E 100
=

‘ |_( L e H;J- ------------

11,995M 12M
Frequency (Hz)

Measurement = new memory

| [ Receiver1 [ |[ Receiver2 [ ]| #=2021-10-25 | ML723D v [

One-Port

Figure 7-10: Series and parallel resonance frequency of the quartz filter

To determine the series and parallel resonance frequencies check out the cursor grid as shown in
7-8 on page 74:

» Series resonance frequency (Cursor 1 - green): 11.996768 MHz
» Parallel resonance frequency (Cursor 2 - orange): 11.998572 MHz

+ Offset between the series and parallel resonance frequency (Delta C2-C1): 1.8 kHz

Your measurement results can be slightly different since each quartz filter behaves a little bit
different.

One characteristic of resonance frequencies is that the inductances and capacitances compensate
each other. This means that at the series and parallel resonance the impedance of our quartz filter
should be purely resistive. An elegant way to check this is to display the quartz filters reflection curve
as a Smith chart.
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Smith charts were developed at a time when it was still difficult to directly measure the frequency
swept impedance of measurement objects. The Smith chart is used to determine the impedance at a
certain point of the reflection curve. To display the Smith chart of our quartz filter's impedance apply
the settings shown below to Trace 1:

After applying the settings a smith chart like the one shown below will be displayed:

=M ppIim- OnePort_Quartz_Filter* - Bode Analyzer Suite l« MONG) — O ¥
Home Measurement View Cursor I/\\> -~
[ New [ Save > >“ . &‘z Hzl\-'\_ﬁz f. Mt
Open [ Save as Q Q
Continuous Single Stop Impedance / Full-Range User-Range
= Export Report Reflection - -
File Measurement Hardware Setup mpedance calibration
Frequency Sweep e H Frequency Trace 1: Real | Trace 1: Imaginary H
2 B Cursor 1 11,806768 MHz 28450 -756,361 mQ =
Start frequency 11,9921921 MHz 11,998572 MHz | 29.051 kD -5,154 k02 2
Stop frequency 12,002358699Hz IEE Delta C2-C1 1,804 kHz 29,042 kQ -5153 kQ | §
Center Trace 1: Reflection
[
Span 10,1656 kHz g'
(=]
2 2 8
o
Sweep  Linear Logarithmic T
) 2% ¥
Number of points | 401 - - .
~ \\
5 7. e N
Level constant Bl | variable s / a2
\
og / 'L‘)“
Attenuator  Receiver 1  Receiver 2 / \'-.
A
4,
1008 ~|[ 10a8 ~ o5 i‘ J ", S 350\
un jo‘ = 1] o [= =] =] n 2 5l |
<t — — o m =] & = od ~ 1
Receiver bandwidth 300Hz - ] {
" 6849 0/ 756,391 mQ ol 2(?@-015: 'g‘;?gfr\ﬂ}f*“ K
- & E z
MNominal impedance (@ 11,997 MHz) v
Z 500y 409 \ 25,
;\’\?’ \\ Ty
. Y,
‘ O ‘ AN 0 /
- \ o
& s =
L / Bs
One-Port

—1

| (= 2021-10-25 | ML723D

Figure 7-11: Smith chart of the 12 MHz Quartz Filter

OMICRON Lab 77



Bode Analyzer User Manual

As you can see both cursors are very close to the horizontal (=resistive) axis of the Smith chart.
However, you can also see that the imaginary part for both measurements is not exactly 0 Q. The
reason for this is the chosen number of frequency points and the frequency resolution resulting from it.
Feel free to use more points and zooming to determine the exact frequencies at which the imaginary
part of the impedance becomes 0 Q

Congratulations!

You have performed your impedance measurement with the Bode 700 or Bode 500. You can load the
settings for the measurement by clicking File — Open — and then navigating to: "%appdata%
\OMICRON_ Lab\BodeAnalyzerSuite\DemoFiles" . The file you will need is:
Bode100_OnePort_Quartz-Filter.bode3.
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7.4.2 Impedance Adapter

The impedance adapter measurement mode is especially designed for measurements with the
OMICRON Lab impedance test fixtures B-WIC and B-SMC. The impedance adapter measurement
mode ensures that Bode 100 or Bode 500 is configured correctly to achieve best results when
measuring with both B-WIC and B-SMC. For this step-by-step example a Bode 100 is used. You can
perform the same steps for the Bode 500

Vv Impedance Adapter

Measure impedance using the B-WIC or B-SMC OUTPUT CH1 CH 2

component test fixtures. n f\"ﬁn “

Recommended impedance range: 20 m( ... 800 k&

Mote: Calibration {open, short, load) is required.

B-WIC / B-SMC

Select measuremeant

Calibration

The impedance adapter measurement mode requires impedance (open, short, load) calibration.
For more details on how to calibrate the B-WIC or B-SMC impedance adapter, please refer to
9.3.3 Calibrating an Impedance Adapter measurement on page 119.

Measurement information

With B-WIC and B-SMC, the dynamic range of both input channels is used. This widens the usable
impedance measurement range spanning from 20 mQ to 600 kQ.

The maximum measurement frequency of B-WIC and B-SMC is 50 MHz. We don't recommend using
B-WIC and B-SMC for frequencies above 50 MHz.

It is recommended to use the 0.5 m device specific BNC cables or BNC-adapter cables delivered with
Bode 100 or Bode 500 to connect B-WIC or B-SMC to the Bode 100 or Bode 500.

B-WIC and B-SMC are designed to measure physically small DUTs. Stray-fields between the DUT and
the grounded housing of the impedance adapters might introduce a systematic measurement error.
The error is negligible when measuring physically small objects. To measure physically big DUTs it is
recommended to use a grounded measurement configuration such as shown in 7.4.1 One-Port on
page 70.

Typical applications
Typical applications for the impedance adapter measurement mode are:
* Measuring impedance of capacitors, inductors and other passives (THT and SMC).

* Measuring impedance piezo-elements or quartz elements.
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Impedance Adapter measurement example

In this measurement example we will determine the inductance (Ls) and the equivalent series
resistance (Rs) of an inductor using the B-WIC impedance measurement adapter for through-hole-
type components. For this step-by-step example a Bode 7100 is used. You can perform the same
measurement using a Bode 500.

When using a Bode 500 we recommend to limit the frequency range to a maximum
frequency of 50 MHz. B-WIC and B-SMC are not designed for frequencies above 50 MHz.

Connect the B-WIC to Bode 100 using three device specific delivered BNC cables or BNC-adapter
cables as shown below.

Figure 7-12: Connecting the B-WIC to Bode 100

Now start the Bode Analyzer Suite and enter the Impedance Adapter measurement mode by clicking

Impedance Analysis and then | S&lect measurement

Vv Impedance Adapter

Measure impedance using the B-WIC or B-SMC
component test fixtures,

Recommended impedance range: 20 m{ ... 600 k{2

Mote: Calibration (open, short, load) is required.

[ Select measurement ]

Before you can start a measurement you have to perform a calibration. To do so please follow the
steps described in Impedance Adapter Calibration on page 119.
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After having performed the calibration please put the inductor you want to measure into the

impedance measurement adapter as shown in 7-12 on page 80.

Since it is not known in what frequence range the examined inductor is working please change the

stop frequency to 50 MHz.

Frequency Sweep n_ Fixed
Start frequency | 100 Hz|
@p frequency 50 MHz
Center 25,00005 M ;zr|
Span 499999 MHz

Now click > in the home ribbon. As a result you will see a first measurement comparable to the one
shown in the figure below. For sure your result will look different since you are using a different

inductor.
= b plE s ImpAdapt_Inductor* - Bode Analyzer Suite - m}
Home Measurement Wiew Cursor L\\) ~
[ New [ Save ’ ’“ . % f, f.
Open E Save as . . - Q
Continuous Single Stop Impedance / User-Range
= Export Report Reflection A
File Measurement Hardware Setup mpedance calibration
Frequency Sweep Fixed I—I Frequency Trace 1 Trace 2 BN - m Trace 1 v
:: & Cursor 1 44,907 kHz 728240 85,834 ¢
Stop frequency 50 MHz| || Delta C2-C1 0] Format Magnitude v
-
Center 25,000005 MHz 100k T 100 Yrnax 100k0 5
Span 49,69939 MHz min mi o
10k 80 Y-axis scale Log(Y) -
sweep Linear | [l Logarithmic 6 :: M Trace 2 & v
Number of points - Messurement
E’ an Format Phase (%) v
Level constant [IEH Variable | © o
2 100 % [] Unwrap phase
- -
Source level 13 dém o % 20 & Yonae
Sl P E—T
Receiver bandwidth 300Hz ~ o = Yrmin 100° &
g 10 o g
[+
a
3 £
o =
BN
E 1 IN
. ©
» &
] -0 =
°
= 100m
-60
10m
™ H " ‘ -80
(+] () 0
\T/ \T/ \.'J

10k 100k ™
Frequency (Hz)

10 100 1k

Impedance Adapter

oM

Measurement =+ new memory

| [ Receiveri | | Recewver2 | || ta 2021-06-17 | NEDD4F v [

Figure 7-13: Impedance measurement of an Inductor
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Trace 1 (red curve) shows the Magnitude of the inductor's impedance while Trace 2 (blue curve)
shows the phase of the inductor's impedance. The magnitude curve is rising with 20 dB per decade,
this indicates that we are really measuring an inductor. To measure the resistance Rs and inductance
Ls of the inductor simply change the format for Trace 1 and Trace 2 as shown.

:: i Trace 1 o v
Measurement | Impedance -
Eurmat Ls -
Ymax 500 pH 3
Yrnin | 0H &
Y-axis scale | Linear hi |
:: M Trace 2 10
Measurement | Impedance -

VY 100k &
¥ min TmQ
G’—axis scale Log(Y) "]

To get a better view on the Ls and Rs it is recommended to switch to two diagrams. To do so follow
the instructions described in 10.2.1 Configure the diagrams on page 140.
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Well, and now we have our result:

mEp IR ImpAdapt_Inductor* - Bode Analyzer Suite [ X
Home Measurement View Cursor ~
[ New I Save » >“ . E;E f,.fa
Open [} Saveas . “ Q
Continuous Single Stop Impedance / User-Range
[# Export M| Report Reflection -
File Vieasurement Hardware Setup mpedance calibration
[ 0
Frequency sweep IEH Fixed | | Frequency | Tracel | Trace2 | 8l | Trace 1 w v
:: B Cursor 1 1,026 kHz 279,427 uyH | 269,016 mO
Start frequency | 10 Hz| [ | Measurement | Impedance =
Stop frequency soMHz [\F Deltac2-C1 | 0} Format Ls v
—_— r .
Center 25000005 MHz) | 300¢ T Ymax | S00pH |
| I | a
Span 4999999 MHz| | T 00 | Vi _ OH 3
; | II{‘ Y-axis scale Linear v
) |
. . 5 300 5 e
Sweep Linear W Logarithmic | = a -—-—'—:—-———————.:.__:\_H——;y/ ————— :: I Trace 2 W v
@
Number of points | 201 v g_ 200p | Measurement [gimpedance -
: : Format Rs i
Level Constant Variabl @ 100
o - farial e. EE-: i : Yenae 100k &
- i
Source level 13 dBm & = 0 | Venin 1—|mQ -
: 5 10 100 1k 10k 100k ™ 10M —axi
Receiver bandwidth 300Hz * Y-axis scale Log(¥) v
Frequency (Hz)
100k -
S ok '
£  §
o 1k ¥
2 100 '
1] i
B 10 ;
o §
f:_. === ;_)L’_’f_/ ______________
- A ]
‘ urP [ c & 100m ;
{5 ] N { (")
N ol T © 10m I
=
| I_‘ 1im .
10 100 1k 10k 100k M 10M
Frequency (Hz)
. Measurement = new memory
Impedance Adapter

Receiver 1 | | 2 1 ]| tho 2021-06-17 | NEODAF « [

Figure 7-14: Measurement of a 280 pH inductor with the B-WIC impedance adapter

By using the cursors we can gather the following information on the measured inductor:
* The inductor has an inductance of 280 yH up to roughly 10 kHz
» The resistance of the inductor starts around 147 mQ and rises up to 10 Q at 100 kHz.

» Above 10 kHz the inductance starts to drop and at roughly 2 MHz the inductor has its self-
resonance frequency. Above the self-resonance frequency, the capacitive behavior dominates.
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Congratulations you have successfully used the B-WIC impedance measurement adapter with the
Bode 100 or Bode 500. You can load the settings for the measurement by clicking File — Open

— and then navigating to: "%appdata%\OMICRON Lab\BodeAnalyzerSuite\DemoFiles". The file you
will need is: Bode100_ImpAdapt_Inductor.bode3.

Attention: Since your setup will be different the file should only be used to explore the different,
measurement formats offered by Bode 100 or Bode 500. Before you execute a new measurement,
you will have to perform a new calibration.

0 For a detailed measurement example using the impedance adapter measurement mode to
measure capacitors, please check out the ESR measurement application note at
www.omicron-lab.com/BodeManualAppNotes

7.4.3 Shunt-Thru

The Shunt-Thru measurement mode is especially suitable to measure very small impedance values. It
is basically an S21 transmission measurement in a special configuration. The impedance is calculated
from the measured S21 parameter. For this document a Bode 100 is used. You can perform the same
measurement with the Bode 500.

¥ Shunt-Thru

Measure impedance with the Shunt-Thru method.
OuUTPUT CH1

“‘,!'\’(70 (1)

Recommended impedance range: 1 mil ... 100 0

Do not exceed 3.3 Vms at the output (30 02). L )

1
“" Do not exceed 7 Vime at Channel 2 input (50 7).

DuT

Select measurement

Measurement information

Bode 100 or Bode 500 measure S21 gain and calculate impedance Z using the equation:
S

Z=250—"—

1 - 521
The Shunt-Thru measurement configuration emulates a 4-wire kelvin connection. The output drives a
current thru the device under test that is shunted between the output signal and GND. Channel 2
measures the voltage drop that occurs at the DUT. This measurement mode offers highest sensitivity
for low-impedance value DUT.
The recommended impedance measurement range starts at roughly 1 mQ. With care, using amplifiers
or pre-amplifiers, yQ measurements can be performed. It is not recommended to measure impedance
values in the kQ range or above.

84 OMICRON Lab


https://www.omicron-lab.com/BodeManualAppNotes

Measurement types and applications

e The Shunt-Thru configuration inherently suffers a ground-loop error at low frequencies. The
current flowing thru the cable shield of the connection to Channel 2 ground introduces a
measurement error that can become significant at frequencies below 10 kHz to 100 kHz
when measuring very low impedance values. To suppress respectively reduce the ground-
loop error at low frequencies, use a common-mode choke or common-mode transformer or
an active isolation device. Note that the Shunt-Thru transformation from S21 to impedance
assumes 50 Q as source impedance and input impedance.

OUTPUT CH1 CH 2
o Bode 100 ° o

ST TY

Common Mode
Choke or Isolator

e To improve signal to noise ratio for very low impedance measurements, you can use a 50 Q
amplifier at the Output of Bode 100 or Bode 500 as shown in the image below. Use
calibration to remove the amplifier gain and phase shift.

OUTPUT CH1 CH 2
o Bode 100 o o

AN

D e
Amplifier Common Mode
(500) Choke or Isolator

Calibration

The Shunt-Thru measurement is basically a Gain measurement that is transformed to an impedance.
Therefore two calibrations are possible. Either a Thru-calibration or an Open, Short, Load calibration.
Thru calibration calibrates the underlying S21 measurement and removes the gain/phase shift of the

cable connection, common mode choke or amplifier.

Open, Short, Load calibration shifts the reference plane directly to the calibration plane.

For more details on calibrating a Shunt-Thru measurement, please refer to 9.3.4 Calibrating a Shunt-
Thru or Series-Thru measurement on page 121.

Typical applications

A typical application for the Shunt-Thru measurement mode is the ESR measurement of ultra-low ESR
decoupling caps.
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7.4.4 Shunt-Thru with series resistance

Shunt-Thru with series resistance is very similar to the normal Shunt-Thru measurement mode. For
more details regarding the normal Shunt-Thru measurement mode, please see 7.4.3 Shunt-Thru on
page 84. For this document a Bode 100 is used. You can perform the same measurement with the
Bode 500.

v Shunt-Thru with series resistance

Measure impedance with an extended wersion of the
Shunt-Thru method. The additional series resistance shifts
the recommended measurement range to  higher
impedance values.

ouTPUT /H 1 CH 2
Recommended impedance range: 2 r.f'\ “ooser00 2
Re=200 x5 mQ .. 1125 0 Rs=499 (1 11 mQ ... 2480 00,

MNote: A calibration is required!

g Donot exceed 3.3 Vims at the cutput (50 Q).
“" Do not exceed 7 Vms at Channel 2 input (50 ).

Select measurement

Measurement information

Bode 100 or Bode 500 measure S21 gain and calculate impedance Z using the equation:

_ 50Q+Rs S,
N 2 1 _521

Compared to the normal Shunt-Thru measurement mode, the series resistors increase the maximum
measurable impedance and protect the ports from external voltage. This is an advantage when one
needs to measure from roughly 10 mQ to some kQs or when output impedance of a PDN network is
measured and the voltage exceeds the maximum allowed limits.

The higher the series Resistors Rs are chosen, the higher the maximum recommended impedance is.
However, at the same time the lower impedance limit rises.
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The following table shows some Rs values and their influence on the impedance measurement range:

Series Resistor Rs Lower Z Limit Upper Z Limit
200 Q 5mQ 1125 Q
450 Q 10 mQ 2250 Q
499 Q 11 mQ 2480 Q
950 Q 20 mQ 4500 Q

The Shunt-Thru with series resistor configuration suffers from the same systematic error as
the normal Shunt-Thru configuration. Please refer to 7.4.3 Shunt-Thru on page 84 for more
details about the cable-braid-error.

Calibration

The Shunt-Thru with series resistor measurement requires at least one Thru calibration.

Thru calibration must be performed with the series resistors included.

For more details on calibrating a Shunt-Thru measurement, please refer to 9.3.4 Calibrating a Shunt-
Thru or Series-Thru measurement on page 121.

7.4.5 Series-Thru

The Series-Thru measurement configuration is especially suitable to measure very high impedance
values. It is basically an S21 transmission measurement in a special configuration. The impedance is
calculated from the measured S21 parameter. For this document a Bode 7100 is used. You can perform
the same measurement with the Bode 500.

v Series-Thru

Measure impedance with the Series-Thru method.

Recommended impedance range: 1 k2 ... 1 MO

ouTPUT CH1 CH 2
n *" Bade 100 o n

g Donot exceed 3.3 Vrms at the output (30 Q).
®" Do not exceed 7 Vime at Channel 2 input (50 £2).

Select measurement

Measurement information

Bode 100 or Bode 500 measures S21 gain and calculates impedance Z using the equation:

1- 521
Z =1000———
52 1

The Series-Thru configuration offers high sensitivity for high-impedance DUTs. Impedance values in
the MQ region can be measured. Using an output amplifier further increases the upper impedance
measurement limit.
Series-Thru measurement configuration is not suitable for low-impedance DUTs. It is not
recommended to measure impedance values below roughly 1 kQ.
One advantage of the series-thru connection is that a shielded test-setup can easily be constructed.
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Calibration

The Series-Thru measurement is basically a Gain measurement that is transformed to an impedance.
Therefore two calibrations are possible. Either a Thru-calibration or an Open, Short, Load calibration.
Thru calibration calibrates the underlying S21 measurement and removes the effect of the cable
connection to the DUT.

Open, Short, Load calibration shifts the reference plane directly to the calibration plane.

For more details on calibrating a Series-Thru measurement, please refer to 9.3.4 Calibrating a Shunt-
Thru or Series-Thru measurement on page 121.

Typical applications

A typical application for the Series-Thru measurement is the measurement of DUTs with low
conductivity (high impedance).

7.4.6 Voltage/Current

The Voltage/Current measurement mode is basically a Gain measurement with external reference
similar to the Gain/Phase measurement mode. However, the fact that the Gain is treated as an
impedance result offers all impedance result formats such as L, C and Q calculations. For this
document a Bode 7100 is used. You can perform the same measurement with the Bode 500.

v Voltage / Current

Measure impedance by connecting a voltage probe to CH2
and a current probe to CH1.

e OUTPUT CH1 CH 2
Impedance range depends on sensitivity of the used “ n n
probes. * Hada 100

[ ] y

By default, the inputs are set to high impedance and
are ac-coupled.

Do not exceed 50 Vdc at the inputs.

Do not exceed 3.3 Virms at the cutput (50 0.

Select measurement

Measurement information

Bode 100 or Bode 500 measure Gain and transform it directly to impedance Z using:
4 VC‘HZ

Z = —-_—

I V['.'Hl

The voltage/current measurement is very flexible. The usable impedance measurement range cannot

be generalized since it strongly depends on the used probes and connections. Using highly sensitive

current sensing, very high impedance values can be measured. Using very sensitive voltage

measurements, very low impedance values can be measured.

= (Gain

Calibration

The Voltage/Current measurement is basically a Gain measurement that is transformed to an
impedance. Therefore two calibrations are possible. Either a Thru-calibration or an Open, Short, Load
calibration.
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Thru calibration calibrates the underlying gain measurement and removes gain and phase shifts of the
probes. A 1 Q resistor is needed to perform a Thru calibration in the Voltage/Current measurement
mode.

Open, Short, Load calibration shifts the reference plane directly to the calibration plane.

For more details on calibrating a Voltage/Current measurement, please refer to 9.3.5 Calibrating a
Voltage/Current measurement on page 123.

Typical applications

The Voltage/Current measurement is suitable for a high variety of measurement applications. It is the
mode of choice for every impedance measurement that measures voltage and current separately.
Typical measurements are:

* Input impedance measurement of active circuits such as power supplies.

» Output impedance measurement of active circuits such as power supplies.

Measurement example

For detailed measurement examples using the voltage/current measurement mode, please check out
the Non-Invasive stability application note at www.omicron-lab.com/BodeManualAppNotes.

7.4.7 External Bridge

The external bridge measurement mode offers you the possibility to use an arbitrarily designed
impedance measurement bridge specifically designed for your special purpose. For this document a
Bode 100 is used. You can perform the same measurement with the Bode 500.

v External Bridge

Measure impedance using a custom measurement bridge. ouTPUT CH1 CH2
(4] “bode 100 P 0

Mote: Calibration {open, short, load) s required.

Extermal Bridge

IH_ouT |

Select measurement

Calibration

The external bridge measurement mode requires impedance (open, short, load) calibration.
For more details on how to calibrate an external bridge, please refer to 9.3.2 Calibrating an External
Coupler or External Bridge measurement on page 117.

Measurement information

The external bridge measurement mode is similar to the Impedance Adapter measurement mode but
allows you to change the channel termination and input attenuators to adjust them according to your
needs.

Measurement example

For a detailed measurement example using the external bridge measurement mode, please check out
the High-impedance measurement application note at www.omicron-lab.com/BodeManualAppNotes.
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7.5 Advanced

7.51 SCPI server

o In contrast to the Bode 7100, the SCPI server is part of the Bode 500. The SCPI server on the
Bode 500 is started per default. Thus, we recommend accessing the SCPI server directly on
the Bode 500 device, since it does not require the Bode Analyzer Suite installed on your
client device (e.g. PC).

For more information on the SCPI server and its differences for Bode 7100 and Bode 500 and how to
perform automated measurements using SCPI or our Bode Automation Interface, please refer to

11 Automating measurements on page 185.

The SCPI Server mode allows you to start a localhost SCPI server that offers you an SCPI interface to
control the Bode 100 or Bode 500.

¥ SCPI Server

Start a SCPI TCR/IP server on this local machine that is
running this BAS instance.

SCH

ouUTPUT CH1 CH 2

0/'\'(0 o

Select SCPI Server

The SCPI localhost server allows you to control the Bode 100 or Bode 500 via SCPI commands.
Please note that BAS 3.51 does not offer any GUI related features. This means that you can configure
measurements, execute them and receive single-trace, single-channel data that you can then further
process in your software application.
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Server configuration
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In the SPCI Server control window, you can start the server, see if it is running and configure the port-
number used. Furthermore, SCPI status-byte information from the device is shown.

0 The BAS 3.51 SCPI interface is not a remote control of the Bode Analyzer Suite. If an SCPI

server is running, you cannot control the Bode 700 or Bode 500 via Bode Analyzer Suite at
the same time.
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8 Measurement and Device settings

This chapter focuses on settings and options that are required to achieve good measurement results.
Details such as configuring the right attenuator or the correct signal source level are discussed in the
following.

8.1 Measurement setup and Hardware setup

By clicking on the setup iconhg, the measurement setup dialog is opened.

The measurement setup dialog is divided in two parts, the Hardware setup and the Measurement
setup. The Hardware tab shows the internal connections of Bode 700 or Bode 500 as well as the
external connections to the DUT. The Measurement tab shows other sweep time relevant settings.

Hardware setup

Depending on the selected measurement mode, some of the following settings in the Hardware setup
tab can be changed:

+ Source mode: Choose between Auto off or Always on. More details on the source behavior of
Bode 100 and Bode 500 can be found in 8.4 Signal source settings on page 99.

» Source level: Set the constant source level or the reference level when the shaped level function
is used.

* Receiver bandwidth: Select the receiver bandwidth used for the measurement.
+ Attenuator 1 and Attenuator 2: Select the receiver input attenuation.

+ Reference switch: Receiver 1 and Receiver 2 can be connected either internally or externally,
depending on the measurement mode.

» Termination switch: When switched on, the Channel 1 and Channel 2 inputs are terminated with
50 Q. If the switch is open, the input impedance is 1 MQ, ac-coupled.

* Probe 1 and Probe 2: Some measurement modes allow you to manually enter a probe factor. For
more details on using probes see 8.5 Using external probes & injection transformers on page 102.

Measurement setup

In the Measurement setup tab some sweep time relevant settings are available. The Sweep time
shown in this window is calculated depending on the Frequency Sweep parameters and the settings in
this dialog.

+ DUT settling time: Time between applying the measurement signal and starting to measure at the
receiver. A DUT settling time is needed if the DUT introduces a significant time delay before the
output reaches its final reaction to the input stimulus. And example could be a surface acoustic
wave filter with a significant time delay.

» Filter periods: The filter periods setting defines the number of signal periods used for the result
evaluation in the narrow-band receiver filter. It can be adjusted between 4 and 10 filter periods.
Default is 6 filter periods. Lower filter period values increase the measurement speed but reduce
accuracy and noise rejection. More filter periods can improve noise rejection.

+ Path switch settling time: Time delay when switching the internal path. This settings helps to
stabilize the values in fast sweep measurements. Default value is 50 ms. This setting is only
available for the Bode 500
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Bode 100 hardware setup

Measurement Setup X

Hardware | Measurement

Bode 100
Source mode Receiver bandwidth
Receiver 1 | |1 g o] | Receer
I ; I
Source level Attenuator 1 Sweep time: 5882.55 ms Attenuator 2
10d8 v 20d8 ¥

External
Reference

500
| —
I

OUTPUT CH1 CH 2

1, = 50 \Vdc 1, = 50\dc

L < 3.3 Vrms

Probe 1 Probe 2
Hif) —I

Close

I  Changes will be applied at the next measurement point.

Figure 8-1: Bode 100 hardware setup dialog in Gain/Phase measurement mode.
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Bode 500 hardware setup

Measurement Setup X

Hardware | Measurement

Bode 500

Source mode Receiver bandwidth
Receiver 1 1 kHz A Receiver 2
| Sweep time: 0.00 5
GH
(=]
(T3]

Source lavel Internal f

13 dam Reference

Attenuator 1 Attenuator 2
E
0 1M

), QUTPUT |,CH 1 ., CH 2
b = S
1 = 3.3Vrms 5, = 50 Vdc 1 =7 Vrms
Probe 2
11 v
but
I Changes will be applied at the next measurement point. Close

Figure 8-2: Bode 500 hardware setup dialog in Transmission / Reflection measurement mode.
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8.2 Receiver Bandwidth

A Vector Network Analyzer (VNA) measurement is a narrow-band or frequency-selective
measurement. Only one frequency of interest is analyzed at a time. To do so, the receiver is
configured to be sensitive to exactly the same frequency that is currently generated by the signal
generator. All other frequencies or side-bands are neglected. In reality, there is always some finite
side-band content that will be included in the measurement result. The RBW setting (Receiver
Bandwidth or Resolution Bandwidth) defines the width of the narrow-band filter used to generate the
result.

A high RBW value, will result in a fast measurement but more noise. The wider bandwidth results in
more noise-energy included in the measurement and therefore in a higher noise-floor level. A low
RBW value offers more noise-rejection but it will increase the measurement time.

The following picture shows the shape of the frequency-selective receiver filter for different RBW
values:

0 ” I
o B‘“‘nl
20 RBW
@ -40
@
o
E
% o0 | Noise-Floaof i
E ) ‘“ A i Ngjse-Flodl . TR " | I'f
g 100 k lq:nr',, 3 Trfhﬁd :1’1“1 '||l£'rjf L .'.':t.‘. _1‘1! H"""‘rjﬂ Jiilliliu’!'ilil'li{' Iil_i.""; ';‘- ..é'” ﬁlﬂ.lmdl
l ' | okl WA bl R lh ALY N
Bt R o AR A
190k 195k 200k 205k 210k
Frequency (Hz)

3Hz —10Hz 30Hz —100Hz —300Hz —1kHz 3kHz —5kHz

Figure 8-3: Graphical representation of the different RBW values.

The Receiver Bandwidth setting in the Bode Analyzer Suite is actually a maximum RBW
setting. The system will automatically reduce the RBW value when it measures at a
frequency below the max. RBW value. It is impossible to measure e.g. at 10 Hz using a
receiver bandwidth setting greater than 10 Hz.

Use the 5 e Ll L e setting to adjust the maximum RBW used during the
measurement.
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The measurement times for a single point depending on the RBW setting with 6 filter periods are

shown below:

Receiver bandwidth Theoretical single-point measurement time
1Hz 28s

3 Hz 940 ms
10 Hz 280 ms
30 Hz 95 ms
100 Hz 30 ms
300 Hz 10 ms
1 kHz 3.8 ms
3 kHz 2.1 ms
5 kHz 1.7 ms
10 kHz 1.3 ms
15 kHz 1.2ms

When measuring only one single point, the real measurement time will be higher.
Initialization and connection latency can significantly impact fast measurements.

Besides the RBW setting, the receiver attenuator plays an important role to improve the signal to noise

ratio (SNR).
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8.3 Choosing the receiver attenuator

The Bode Analyzer Suite allows to configure the receiver attenuator of the device by selecting it in the
measurement configuration on the left hand side of the main window or in the hardware setup screen.

Attenuator  Receiver 1 Receiver 2
Transmission| 20dBE = 20dE -
Reflaction 10dE 10dE -

Figure 8-4: Choose the attenuator setting for Receiver 1 or Receiver 2 in the configuration area.

The receiver attenuator reduces the signal level that arrives at the receiver. This leads to a higher full-
scale measurement range when using higher attenuator values. The following table shows the relation
between attenuator value and full-scale input range:

Attenuator setting Bode 100 full-scale input Bode 500 full-scale input
measurement range measurement range

0dB 100 mVrms 1Vrms

10 dB 316 mVrms -

20 dB 1Vrms 10 Vrms

30dB 3.16 Vrms -

40 dB 10 Vrms -

Depending on the signal size/level that needs to be measured, the input attenuator must be chosen.

Try to use the lowest possible input attenuator that does not result in an overload warning.
This will give you the best possible signal to noise ratio.

Receiver level indicator

The receiver level indicators in the status bar show the signal level arriving at the receiver. Best is a
level close to the full-scale but no Overload.

Excessive
Signal Levelw
Receiver 2 ]

100 % Input Range
(Linear Voltage Scale)

Figure 8-5: Receiver level indicator showing excessive signal causing an overload.
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If an overload occurs, the measurement result will be wrong due to clipping in the receiver and the
Bode Analyzer Suite will show a text warning in the chart as well as shaded areas where the overload
did occur as shown in the image below:

| (S Transmission_Quartz-Filter_OVERLOAD* - Bode Analyzer Suite L MO - [m] *
Home Measurement View Cursor ~
[ New [ save | " . ;‘“ ;‘“ Ha e f,.f. He e f,.f.
Open [ save as dB dB Q Q
o Continuous Single Stop | Transmission Impedance /  Full-Range User-Range Full-Ranmge User-Range
[Z Export U Report / Gain Reflection . - N M
File Measurerment Hardware Setup Gain calibratior mpedance calibration
Frequency  Sweep Ml | Fixed Frequency Trace 1 Bl :: 1 Trace 1 8v
Start frequency 11,97 MHz Measurement | Gain bt
Stop frequency 12,04 MHz |55 Delta C2-C1 i Format Magnitude (d8) |
Center | 12,005 MHz| 0 — Ve 048 5
p——— - 1
Span 70kHz -5 Yomin -90de 5
-10 @ | :: M Trace 2
sweep Linear Il | Logarithmic K15 |
. -20
Mumber of points | 401 -
__ 25
Level constant [IEH Variable % 30—
; i
Source level 10d8m 5| | © -35
|2
: o S -40
Attenuator  Receiver 1 Receiver 2 =
= -45
Transmission | 20dEé = || 0dB8 c .
=l -1 5| (Overload Receiver 2
~ =55
B : w
Receiver bandwidth 30Hz ® -60 =
=
-65
=70
-73
-80
- - - -85
'.T/ \'/ -go
L == | 12M
= Frequency (Hz
e meelatia ¥ . quancy (Hz) Measurement —+ new memaory
Transmission / Reflection

[Autoofi || [ 1 | Recewerz | © | 1, 2021-06-17 | NEOO4F v [

Figure 8-6: The overload at resonance is shown in the level bar in the status bar and as a text warning
in the chart. The curve contains a shaded area that shows exactly at which frequencies the overload
did occur.
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8.4 Signal source settings

Signal source mode

The signal source of Bode 100 or Bode 500 can be set to different operation modes:
Auto off (default)

2. Always On

—_

In Auto off mode, the source will be automatically turned off whenever it is not used, respectively
when a measurement is stopped.

In Always On mode the signal source stays on after a measurement has finished. For example the
last frequency point in a sweep measurement defines the signal source frequency and level.

FI
You can change the source mode either in the hardware setup \‘;5 or by moving the mouse over the

source indicator in the status bar .

The source indicator shows both, the current setting and if the source is on or off. A gray background
indicates that the source is switched off. A green background color indicates that the signal source is
running. The following states are possible:

Source mode is 'Auto off' and source is currently off

Source mode is 'Auto off' and source is currently on

Source mode is 'Always On' and source is on

Source mode is 'Always On' but source is still in off-state. Source will be
switched on as soon as the next measurement has been executed.

Output level unit

Bode 100 or Bode 500 use dBm as the default output level unit. 1 dBm equals 1 mW at 50 Q load.

You can also choose Vrms or Vpp as output unit however, don't forget that the real output
voltage of Bode 100 or Bode 500 depends on the impedance connected to the output. The
inner 50 Q source impedance introduces a voltage drop that depends on the impedance
connected at the output port.

The output level unit can be changed in the options. Click on o] and select the default level unit of

your choice: Default level unit @

You can choose Vrms which is the root mean square of the output voltage at 50 Q load. Again the real
output voltage depends on the load you connect to the output. The internal source voltage is 2 times
higher than the displayed value. Choose Vpp to display the output voltage in peak-to-peak voltage.
Again, the value is valid when a 50 Q load connected to the output.

Changing the level unit only affects new files / measurements that are created after changing
the unit. The level unit is part of the settings stored in the .bode3 file.
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Output level range

The signal source of the Bode 100 or Bode 500 can be adjusted within its minimum and maximum
signal level. The minimum and maximum values are shown in the table below:

Setting Bode 100 Bode 500
Minimum source level (dBm) -30 dBm -50 dBm
Minimum source level (Vrms) 7 mVrms 0.7 mVrms
Maximum source level (dBm) 13 dBm 16 dBm
Maximum source level (Vrms) 1 Vrms 1.4 Vrms

The maximum signal level of Bode 500 depends on frequency. At frequencies above
100 MHz the source level will be gradually reduced to 13 dBm at 300 MHz and further
reduced to 7 dBm at 450 MHz.

Shaped level
The shaped level feature allows changing the output level over frequency.

To use the shaped level feature, click on the slider selector to switch between constant and variable
level Level Constant n_ Variable

After switching to variable, the Output level text field changes its name to Reference level and the

Shape level button appears: Shape level...

Click on the Shape level button to enter the shaped level dialog shown in the figure below:

Shaped level X

Shaped level curve Shaped level points

a point and move the diagram by clicking and dragging.

3. i i i
-
Geference level 0dem 3 ) measurement range [JEl™™ Full frequency range 2

To adjust the output level over frequency, double click the shaped level diagram to add ( Frequency Delta Output level )

(_ 10

£

5 0

T

=

@ .10

5

e

=

8 -0

-30
100 1k 10k 100k M 10M

\ Frequency (Hz) )

Close

Figure 8-7: Shaped level dialog
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In the shaped level dialog you can perform the following actions:

1. Interactive shaped level diagram
Shows the shaped level curve. Use your mouse to enter new shaped level points by double-
clicking or right-clicking into the diagram. Shaped level points can be moved by drag-and-drop in
the diagram. The blue line in the diagram shows the reference level line which allows you to shift
the entire shaped level curve up and down.

2. Shaped level points table
The table contains all shaped level points. Points added via mouse click into the diagram will show
up in the table. You can also use the table to enter new points manually.

3. Reference level
The reference level allows you to shift the entire shaped level curve up and down by either
entering a different reference level value or by moving the blue reference level line in the diagram.

The output level is calculated by the equation:
Output level = Reference level + Delta

When changing the reference level it might happen that the calculated Output level is higher than the
maximum output level of Bode 100 or Bode 500 or lower than the minimum output level. In such a
case the level is automatically limited to the device limits.

This is indicated by an orange limit line and an orange cell color in the shaped level dialog as shown in
the following figure:

Shaped level X
Shaped level curve Shaped level points
To adjust the output level over frequency, double click the shaped level diagram to add Frequency Delta Output level
int and the di licki dd .
a point and move the diagram by clicking and dragging 3,045 kHz 10,975 dem 7383 dem |

-
Reference level -18,36 dBm - Measurement range n_ Full frequency range 188,246 kHz -14,992 d&ém

10

0

-10 .
-20
-30

100 1k

QCutput level (dBm)

10k 100k M 10M
Frequency (Hz)

Close

Figure 8-8: Output level limited to the minimum output level of the device
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8.5 Using external probes & injection transformers

External probes

You can use external probes with Bode 100 or Bode 500 that do not require a proprietary interface but
offer a standard coaxial connector. The use of external probes can have the following advantages:

* Reduction of the capacitive loading added by connecting the input channels of Bode 100 or
Bode 500 to your circuit.

» Easier in-circuit probing possibilities when no coaxial connectors are available on the DUT.
» Being able to measure currents by using an active current probe or a wideband current monitor.

» Protection of Bode 100 or Bode 500 from hazardous voltages if isolating probes are used.

e When using a passive 10:1 voltage probe, the use of a 1 MQ 10:1 probe is recommended. A
1 MQ probe features the divider in the probe-tip which lowers the DC voltage as well when
used with Bode 100 or Bode 500. A standard 10 MQ oscilloscope probe will not divide the
DC voltage when used with the AC-coupled inputs of Bode 100 or Bode 500. Furthermore, a
1 MQ probe provides a lower impedance path that reduces channel to channel crosstalk and
noise. OMICRON Lab recommends using the PML-1110 passive probe from PMK for the
use with Bode 100 or Bode 500.

Death or severe injury due to hazardous voltage levels possible.

Connecting the ground of a probe or cable to a hazardous live potential will cause this
potential to be present at touchable parts of the Bode 100 or Bode 500 because all
grounding is internally connected.

» Ensure that voltage and current probes used with the Bode 100 or Bode 500 are
properly grounded in accordance with their manufacturer's guidelines.

» When working with voltage or current probes, always connect the ground terminal
of the Bode 100 or Bode 500 to the ground terminal in the laboratory, using a solid
connection of at least 3.6 mm? cross-section and not longer than 10 m.

NOTICE

Risk of permanent damage of the device.

The inputs of the Bode 100 or Bode 500 are AC coupled with a maximum allowed DC voltage of 50
V DC. A standard 10:1 passive probe will not divide the DC voltage when connected to the
Bode 100 or Bode 500.

» Use suitable probes when measuring at DC levels above 50 V.
» Do not use standard 10:1 oscilloscope probes with the Bode 700 or Bode 500.
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Injection transformers

You can use injection transformers or isolators with Bode 100 or Bode 500 for measurements in active
circuits like control loops of power electronic systems. Make sure the isolation of the injector is safe to
use for your application.

Death or severe injury due to hazardous voltage levels possible.
If the isolation of the injection transformer fails, the DC potential of the equipment under
test will be present at touchable parts of the Bode 100 or Bode 500.

» Only use injection transformers, isolated for the application's maximum working
voltage and overvoltage.

» Always connect the ground terminal of the Bode 100 or Bode 500 to the ground
terminal in the laboaratory, using a solid connection of at least 3.6 mm? cross-
section and not longer than 10 m.

Probe factor

If a probe has a different probe factor than 1:1, you can configure the probe factor in the Hardware tab
of the Measurement setup dialog for each channel separately. For the following description the
Bode 100 is used as an example. To change the probe factor, click on the Setup icon in the home

F’l
ribbon g and open the Hardware tab.

The following figure shows the Hardware view of the Measurement setup dialog for a Gain / Phase
measurement of the a Bode 100. In this example two external probes (Probe 1 and Probe 2) can be
configured.
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Measurement Setup X

Hardware | Measurement

Bode 100

Source mode Receiver bandwidth

recever 1 | [ i 2] | Resver

I ; I
Source level Attenuator 1 Sweep time: 0.00 s Attenuator 2

External
Reference

500
| —
I

| OuTPUT CH 1 J.cH2
h

1= 3.3 Vrms 1, = 50 Vdc 1, = 50\dc

Probe 1 Probe 2
Hif) —I

Close

I  Changes will be applied at the next measurement point.

Figure 8-9: Probe configuration in the Bode 100 Measurement setup dialog
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To configure the probe factor, you can use the combo-box. Click on the arrow and select one of the
pre-defined probe factors. Alternatively you can enter an arbitrary probe factor by marking the text
and entering your probe ratio as shown in the examples below:

Probe 1 Probe 1 Probe 1 Probe 1
11
10:1
— 201
100:1
200:1
1000:1
0 The probe factor is directly influencing the measurement result. However, as soon as you

perform a User-Range calibration or a Full-Range calibration, the probe factor has no direct
effect on the gain measurement result anymore. An external calibration compensates the
gain and phase response of the probes and therefore overrides the probe factor setting.
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9 Calibration / Correction

This section explains how to compensate unwanted effects of the measurement setup and how to
improve the accuracy of your measurement results. Bode 100 or Bode 500 offer the following
possibilities to calibrate a test setup or the device itself:

Factory calibration / adjustment

Bode 100 or Bode 500 can be adjusted / re-calibrated at OMICRON. For details regarding the factory
calibration, please contact the OMICRON Lab support or your local OMICRON Lab contact.

We strongly recommend that you back up your Bode 500 configuration and user data via the
Export function of the webinterface before you send your Bode 500 to a factory calibration. In
case a reset operation needs to be performed at the factory, user data might get lost.

Internal device calibration

In addition to the external software calibration Bode 700 features an internal device calibration that
compensates the device-internal signal path drift by performing internal measurements.

External calibration / correction

External calibration can be used to compensate the frequency response of probes, cables or the test
setup. Depending on the used measurement mode Bode 100 or Bode 500 offer Gain calibration as
well as Impedance calibration.

Hint: To achieve maximum accuracy, do not change the attenuators after having performed
an external calibration.

9.1 Internal device calibration

Internal device calibration is required by the system and is automatically performed at the first use of a
Bode 100 on a computer. Bode 100 performs an internal path compensation based on stable
reference elements in the device. The correction data is evaluated and stored on the PC for future
measurements. In the Bode Analyzer Suite the date of the last internal device calibration is shown in

the status bar b 2017-02-20 .

Bode 500 does not require an internal device calibration. All required correction values are stored on
the device and have already been generated during calibration at the factory.

G It is recommended to perform the internal device calibration on a regular basis to improve
measurement accuracy especially when no external calibration is performed. Furthermore it
is recommended to start a new internal device calibration whenever the environmental
conditions, such as temperature, change.

Internal device calibration takes roughly 1 minute when executed. If no internal device
calibration is available, the execution will be automatically triggered. This can lead to a time
delay on the first use of Bode 100 on a computer also in an automated setup.

Manually starting a new internal device calibration

To perform a new internal device calibration, move the mouse over the calibration indicator in the
status bar EERASRPRE A pop-up with a button appears:

106 OMICRON Lab



Calibration / Correction

Date of the last internal device calibration: 2016-11-28 09:24

Click here to perform a new internal device calibration

Press the button Click here to perform a new internal device calibration and the device will start a
new internal calibration. The calibration takes roughly 1 minute. During the calibration you cannot
perform any measurements with Bode 100.

9.2 Performing a Gain Calibration / Normalization

Gain calibration (also called Thru calibration or normalization) is used to remove the gain and phase
error introduced by the connections between the measurement instrument and the DUT in a gain or
transmission measurement.

o To achieve maximum accuracy, do not change the attenuators after having performed an
external calibration.

o Thru calibration can also be used in impedance measurements that are based on a gain
measurement. These measurement modes are e.g. Shunt-Thru, Series-Thru or Voltage/
Current. When performing a Thru calibration in such a mode, the underlying gain
measurement is calibrated and afterwards the calibrated gain result is transformed to
impedance.

Performing the calibration
In order to calibrate a gain measurement, please proceed as follows:

1. Build up the calibration setup. For details on the calibration setup, please see 9.2.1 Calibrating a
Transmission (S21) measurement on page 109 or 9.2.2 Calibrating a Gain/Phase
measurement on page 110.

2. Inthe Bode Analyzer Suite, click on the Gain calibration icon (either User-Range or Full-Range).
To learn more about the difference between User-Range and Full-Range calibration please check
9.3.6 Difference between Full-Range and User-Range calibration on page 124.

Hee .

dB dB
Full-Range User-Range

- -

Gain calibration
3. The calibration dialog opens and the calibration state shows Not Performed.

Thru Start Mot Performed

4. Ensure that the calibration setup is connected properly and press Start.

Thru Cancel

I

5. Wait until the calibration has completed and the calibration state shows Performed.

Thru Start Performed
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6. Close the calibration dialog.

7. The calibration icon now shows a green background fill.

Full-Range

-

This means calibration is activated.

8. You can now connect your DUT and perform a calibrated measurement.
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9.21 Calibrating a Transmission (S21) measurement

This section shows how to calibrate a Gain, Transmission or S21 measurement performed in the
Transmission / Reflection measurement mode.

o The Transmission / Reflection mode offers the possibility to measure Transmission and
Reflection sequentially.
Note: The Gain or Thru calibration is only applied to the gain measurement. If you want to
calibrate the Impedance, Reflection or Admittance measurement, refer to 9.3.1 Calibrating a
Reflection or One-Port measurement (see page 115).

In the Transmission / Reflection measurement mode Channel 1 is not in use by default. Receiver 1 is
connected internally to the signal source through the internal reference. The Channel 2 termination is
set to 50 Q, therefore by default the Gain result equals the transmission S-parameter S21 from the
OUTPUT port to the CH2 port. If you choose to measure with the External reference connection,
please refer to 9.2.2 Calibrating a Gain/Phase measurement on page 110.

The following picture shows a typical transmission calibration setup. The DUT is replaced by a Thru-
connector.

Figure 9-1: Gain, respectively Thru calibration setup in a transmission measurement and Bode 100.

The factory calibration of Bode 100 or Bode 500 moves the reference plane exactly between
two cables of 0.5 m length. So you can measure S21 using the delivered cables having a
calibrated test-setup.
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9.2.2 Calibrating a Gain/Phase measurement

In this section you learn how to calibrate a gain measurement in the Gain/Phase measurement
mode.

The Gain/Phase measurement mode uses Channel 1 and Channel 2 of Bode 100 or Bode 500 to
measure the transfer function of a DUT. Channel 1 must be connected to the input of the DUT and
Channel 2 to the output of the DUT. The transfer function of the DUT (complex gain) is then measured
by dividing the voltage at Channel 2 by the voltage at Channel 1.

The cables or probes that connect Channel 1 and Channel 2 to the DUT introduce a gain and phase
shift to the measurement signal.

The connection introduces a measurement error if the gain and phase shift of the two probes or cables
is not identical.

A gain respectively Thru calibration removes the gain and phase error that is caused by non-similar
probes or connections.

The following pictures show a typical gain calibration setup with BNC cables. Both channels are
connected to the same signal.

Figure 9-2: Thru calibration setup for gain/phase measurement with BNC cables and Bode 100.
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The following picture shows a typical gain calibration setup using external voltage probes. Both probes
must be connected to the same signal during Thru calibration.

Figure 9-3: Typical Thru.calibration setup for gain/phase measurement using scope probes on
Bode 100.

0 Hint: If you use external scope probes, you can also adjust the probes manually using the
compensation screw at the probe tip. To do so, perform a continuous gain/phase sweep over
the frequency range of interest and adjust the probe compensation until you receive a flat
0 dB and 0 ° line. Mark the probes with Channel 1 and Channel 2 such that you can re-use
the similarly adjusted probes.

e Hint: When measuring a transfer function directly in a circuit you can always check your
calibration by connecting both probes to the same point in the circuit. The result must show
0 dB and 0 °. Please note that this measurement might be influenced by additional noise
from the circuit.
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9.3 Performing an Impedance Calibration

Impedance calibration (also called Open/Short/Load calibration or OSL calibration) can be used to
compensate the parasitics of a measurement setup such as an external directional coupler or a
measurement bridge. Furthermore it can be used to shift the reference plane of a one-port reflection
measurement from the Bode 100 or Bode 500 output port to the end of a cable of arbitrary length. This
is achieved by measuring known Open, Short and Load elements.

e To achieve maximum accuracy, do not change the attenuators after having performed an
external calibration.

Performing a Open/Short/Load calibration
In order to perform an Open/Short/Load calibration please proceed as follows:

1. Build up the calibration setup. For details on the correct calibration setup, please check the
following chapters.

2. Inthe Bode Analyzer Suite, click on an Impedance calibration icon (either User-Range or Full-
Range). To learn more about the difference between Full-Range and User-Range calibration
please see 9.3.6 Difference between Full-Range and User-Range calibration on page 124.

Hz —+=
|".."| HZ f. -uf.

Full-Range User-Range

- -

3. In the calibration dialog, the calibration state shows Not Performed for all three calibration points.

Open Start Mot Performed
Short Start Mot Performed
Load Start Mot Performed

Connect the Open calibrator and press Start.

Open Cancel
Short Mot Performed
Load Mot Performed

Wait until the Open calibration has completed and the calibration state shows Performed.

Open Start Performed
Short Start Mot Performed

Load Start Mot Performed

4. Connect the Short calibrator and press Start.

5. Connect the Load calibrator and press Start.
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6. Close the calibration dialog after Open, Short and Load have been performed.
Open Start Performed
Short Start Performed
Load Start Performed

7. The calibration icon now shows a green background fill.

Hz -+
MHz

Full-Range

-

This means that the calibration is active now. You can connect your DUT and perform a calibrated
measurement.

Advanced Settings in Open/Short/Load calibration

The calibration dialog offers an Advanced Settings region that can be unfolded by clicking on the
arrow #.

Full Range Calibration x

Impedance calibration:

Connect the corresponding calibration object to the measurement port.

Then press Start to perform the calibration. Note: All three calibrations
(Open, Short, Load) must be performed.

Open Start Mot Performed
Short Start Mot Performed
Load Start Mot Performed
% Advanced Seftings
Load Resistor 50,00 0
Short Delay Time 50,00 ps
Close
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In the Advanced Settings region you can change the following values:
1. The Load Resistor value represents the value of the resistor used for Load calibration.

2. Short Delay Time is the time delay of the Short element used for Short calibration.

0 » The default settings for Load Resistor and Short Delay Time depend on the
measurement mode and the used device.

+ If you change a value from its default a warning sign will be shown
? Advanced Settings

» Changing Load Resistor or Short Delay Time will delete the corresponding calibration!

Short Delay Time

The shorting cap used for Short calibration is not an ideal short but adds an additional time-delay to
the signal. This time-delay adds an additional phase shift to the measured reflection coefficient at short

rS — _E—jst

Z=7, Coaxial Cable Z
© =
Z=Z, Coaxial Cable %
T |
—L 1 Short
@ ‘ | | Offset

For small values of Ts, the short delay time can be translated into an equivalent inductance of
L~ 25-T,

Take care when measuring small inductance values in the nH range. The short-delay time or parasitic
inductance of the short will have a strong impact on a low-inductance respectively a low impedance
measurement.
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9.3.1 Calibrating a Reflection or One-Port Impedance
measurement

In this section you learn how to calibrate an Impedance, Reflection or Admittance measurement in the
Transmission / Reflection measurement mode or in the One-Port impedance measurement
mode.

The Transmission / Reflection mode offers the possibility to measure Transmission and Reflection
sequentially. Please note that the Impedance (Open/Short/Load) calibration is only applied to a
Impedance, Reflection or Admittance measurement. If you want to calibrate a Gain measurement
please refer to 9.2.1 Calibrating a Transmission (S21) measurement (see page 109).

In the Transmission / Reflection measurement mode or in the One-Port impedance measurement
mode both receivers are internally connected to the 50 Q source resistance. Bode 7100, Bode 500 are
internally calibrated such that the Impedance/Reflection is measured directly at the OUTPUT port of
the device. The reference plane is directly at the OUTPUT port connector.

When connecting a DUT with a coaxial cable, the cable introduces additional impedance and time-
delay. To compensate these effects, the reference plane can be moved to the end of the cable by
performing an Open/Short/Load calibration at the end of the cable.

Reference plane
before calibration

Open, Short, Load

calibration

“b

Figure 9-4: Shifting the reference plane by performing Open, Short and Load Calibration shown on
Bode 100.
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To do so, perform Open, Short and Load calibration.

An example using Bode 7100 with the standard BNC calibration elements are shown in the pictures
below:

Connect Open and press Start.

Wait until the Open calibration has been
performed.

Check if your Short element fits to the Short
Delay Time Setting (50 ps default).

Connect Short and press Start.

Wait until the Short calibration has been
performed.

Check if your Load element fits the Load
Resistance Setting (50 Q default).

Connect Load and press Start.

Wait until the Load calibration has been
performed.

o2d [ stn

0 Hint: The load delivered with the Bode 100 is marked with its exact impedance. You can
improve the calibration accuracy by entering this value in the Advanced Settings area.
The Short Delay Time in the Advanced Settings area has been chosen to match the Short
elements delivered with Bode 100 or Bode 500. If your short is marked with Rosenberger
you can set the Short Delay Time to 40 ps, if it is marked with Radiall to 60 ps.
The Short Delay Time for the N-type shorting cap delivered with Bode 500 is 43 ps.
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9.3.2  Calibrating an External Coupler or External Bridge
measurement

In this section you learn how to calibrate an Impedance, Reflection or Admittance measurement in the
External Coupler measurement mode or in the External Bridge impedance measurement mode.

In the External Coupler measurement mode and the External Bridge impedance measurement
mode both receivers are connected to the input Channel 1 and Channel 2. Therefore all three ports of
Bode 100 or Bode 500 must be used in these measurement modes.

A directional coupler or a resistive measurement bridge is never ideal and therefore introduces errors
caused by e.g. the frequency response of the coupler or bridge. By using Open, Short and Load
calibration, a Reference plane at the output of the coupler or bridge can be established such that all
frequency dependencies of the coupler or bridge are compensated. In the following example we show
how to remove an external measurement bridge by performing Open, Short and Load calibration at
the measurement port of the bridge. The same method can be applied to a directional coupler having
forward and reflected ports.

0 The External Coupler measurement mode as well as the External Bridge measurement
mode require an impedance calibration. You cannot start a measurement without having
performed Open, Short and Load calibration.

Figure 9-5: Removing a coupler / bridge by performing Open, Short and Load Calibration
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Connect Open and press Start .

Wait until the Open calibration has been
performed.

Check if your Short element fits to the Short
Delay Time Setting (50 ps default).

Connect Short and press Start.

Wait until the Short calibration has been
performed.

Check if your Load element fits the Load
Resistance Setting (50 Q default).

Connect Load and press Start.

Wait until the Load calibration has been
performed.

o [
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9.3.3 Calibrating an Impedance Adapter measurement

In this section you learn how to calibrate an Impedance, Reflection or Admittance measurement in the
Impedance Adapter measurement mode.

In the Impedance Adapter measurement mode both receivers are connected to the input Channel 1
and Channel 2 at the front panel of Bode 100 or Bode 500. Therefore all three ports of Bode 100 or
Bode 500 must be connected.

The Impedance Adapter measurement mode is designed for component impedance measurements
performed with the B-WIC and B-SMC impedance test-fixtures from OMICRON Lab.

B-WIC and B-SMC contain a resistive measurement bridge, which is specifically optimized for
Bode 100.

The Impedance Adapter measurement mode requires impedance calibration. You cannot
start a measurement without having Open, Short and Load calibration performed.

Figure 9-6: Calibrating the B-WIC impedance test fixture by performing Open, Short and Load
Calibration

o B-WIC and B-SMC are designed for the use with Bode 100 up to 50 MHz. It is not
recommended to measure at frequencies above 50 MHz using B-WIC and B-SMC. If you
want to measure above 50 MHz, we recommend using Bode 500 with coaxial connection or
the B-TCA.
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The following pictures show how to perform Open, Short and Load calibration steps for the B-WIC and
B-SMC impedance test fixtures. Note that in the Impedance Adapter measurement mode the default
value for Load Resistor is 100 Q and the default value for Short Delay Time is 0 ps.

Open (B-WIC) Open (B-SMC)

Short (B-WIC) Short (B-SMC)

Load (B-WIC) Load (B-SMC)
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9.3.4  Calibrating a Shunt-Thru or Series-Thru measurement

In this section you learn how to calibrate an Impedance, Reflection or Admittance measurement in the
Shunt-Thru or Series-Thru measurement mode.

Shunt-Thru and Series-Thru are based on a S21 Transmission measurement. Bode 100, Bode 500
measure S21 and the Bode Analyzer Suite calculates impedance from the S21 measurement. Details
on the calculation can be found in 7.4.3 Shunt-Thru on page 84 and 7.4.5 Series-Thru on page 87.
You can either calibrate the underlying S21 measurement using Thru calibration or you can use Open/
Short/Load calibration to move the reference plane directly to the DUT.

e Shunt-Thru and Series-Thru allow both, Thru or Open/Short/Load calibration.
However, only one calibration can be active at a time!
Even if both calibrations have been performed only one calibration is applied.
You must select the calibration you want to apply using the slider in the calibration dialog.
If the arrow points to the left, Thru calibration is applied.
If the arrow points to the right, Open/Short/Load calibration is applied (see example below).

Thru calibration _“ Open/Short/Load calibration

Shunt-Thru calibration connections
Calibrating Thru:

Thru calibration can e.g. remove the gain and
OUTPUT CH1 CH 2 phase error introduced by the connection cables
0 Bode 100 including a coaxial common mode transformer

that is generally used in this measurement to
suppress the cable-braid error.

Open calibration.
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ouTPUT

0 Bode 100

SHORT

ouUTPUT

Bode 100

Series-Thru calibration connections

Calibrating Thru:

H 2

OUTPUT
(¢

Bode 100

CH1 CH 2

Bode 100 o o

122

Short calibration.

Note that the inductance of the short connection
is assumed to be zero. Short Delay Time is

0 s by default. This means that inductance of
the short connection will be subtracted from the
measurement result. This might be important to
consider when you try measuring several nH of
parasitic inductance.

Load calibration.
Default Load Resistor value is 50 Q.

Thru calibration can e.g. remove the gain and
phase error introduced by the connection cables.

Open calibration.

Note that the capacitance of the Open is
assumed to be zero. If you try to measure very
low capacitance, the parasitic capacitance of the
Open can introduce an error. Try keeping it as
small as possible.

Short calibration.

Note that the inductance of the short connection
is assumed to be zero. Short Delay Time is 0 s by
default.
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Load calibration.
OUTPUT CH1 CH 2 Default Load Resistor value is 50 Q.
© “ode 100 @) ©

For more details and practical examples on how to perform calibration in the Shunt-Thru or Series-
Thru measurement mode, please refer to the corresponding application notes on www.omicron-
lab.com.

9.3.5 Calibrating a Voltage/Current measurement

In this section you learn how to calibrate an Impedance, Reflection or Admittance measurement in the
Voltage/Current measurement mode.

The Voltage/Current measurement mode is based on an Gain measurement. Bode 100 or Bode 500
measures Gain from Channel 1 to Channel 2. Impedance equals Gain if Channel 1 receives a current
signal and Channel 2 receives a voltage signal. The Bode Analyzer Suite allows to either calibrate the
underlying Gain measurement using Thru calibration or to use Open/Short/Load compensation to
move the reference plane directly to the DUT.

o The Voltage/Current measurement allows both, Thru or Open/Short/Load calibration.
However, only one calibration can be active at a time!
Even if both calibrations have been performed only one calibration is applied.
You must select the calibration you want to apply using the slider in the calibration dialog.
If the arrow points to the left, Thru calibration is applied.
If the arrow points to the right, Open/Short/Load calibration is applied (see example below).

Thru calibration _“ Open/Short/Load calibration

Voltage/Current calibration connections
Calibrating Thru:

OUTPUT CH 1 CH 2 pse a1Q reS|sto_r for_Thru calibration. 1 Q results
in 1 V/A. Thru calibration can e.g. remove the
o ° Bode 100 ﬂ o gain and phase error introduced by the probes.

However, it does not correct for systematic
measurement errors in the measurement setup
such as a voltage drop on the current probe

or the current flowing through the voltage

probe. These errors cannot be removed by one
calibration measurement. In such a case you can
use Open/Short/Load calibration to reduce these
errors.

Current Voltage
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Calibrating Open/Short/Load:

OUTPUT CH 1 CH 2 Open calibration.

0 Bode 100 0 o

Current

Voltage

Short calibration.

Note that the inductance of the short connection
o Bode 100 is assumed to be zero. Short Delay Time is 0 s by
default.

OUTPUT

Current

Voltage

Load calibration.

OUTPUT CH1 CH 2 Default Load Resistor value setting is 50 Q.

© sode 100 P 0

¢ A )

For more details and practical examples on how to perform calibration in the Voltage/Current
measurement mode, please refer to the corresponding application notes on
www.omicron-lab.com.

9.3.6 Difference between Full-Range and User-Range calibration

Full-Range calibration and User-Range calibration differ only in the frequencies that are used to
measure the correction factors.

Full-Range calibration measures the correction factors over the "full” frequency range of the
instrument at factory-predefined frequencies.

User-Range calibration measures the correction factors at exactly the same frequency range and
frequency points that are used in the measurement currently configured by the user.
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User-Range Calibration Points

| | | |

|
1Hz fstart 1:stop 50 MHz
Measurement Frequencies

Figure 9-7: User-Range calibration; measurement frequencies and calibration frequencies are
congruent.

Full-Range Calibration Points

| [ | |
L e e o o e i

| 1
Measurement Frequencies

Figure 9-8: Full-Range calibration; correction factors are interpolated at measurement frequencies.

If Full-Range calibration is applied, the correction factors are available at the pre-defined frequencies
only. Correction factors for the measurement frequencies are calculated by interpolating between the
measured points.

0 Full-Range calibration on Bode 100 is performed from 10 Hz to 50 MHz. Full-Range
calibration on Bode 500 is performed from 10 Hz to 450 MHz. If you need to calibrate below
10 Hz, check out 9.3.9 Full-Range calibration below 10 Hz on page 127.
In a single-frequency measurement the User-Range calibration will contain only one
frequency.
In a frequency sweep measurement the User-Range calibration contains exactly the same
amount of points as the sweep measurement.

Advantage of the Full-Range calibration

Full-Range calibration allows you to change the measurement frequencies without losing the
calibration. Since the correction values are interpolated, they can be interpolated for all frequencies
chosen in the measurement.

Advantage of the User-Range calibration

User-Range calibration does not use interpolation. The correction values are measured at exactly the
same frequencies as used in the measurement. This results in highest accuracy especially when using
long cables or narrow-band probes that show significant gain/phase shift in the measurement range.

0 User-Range calibration is deleted immediately when the measurement frequencies are
changed!
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9.3.7 Enabling and disabling a calibration

After a calibration has been performed, the calibration is automatically activated by the Bode Analyzer
Suite. Since a calibration can be manually enabled or disabled, the calibration icons indicate the
current state of a calibration. In the following table the calibration states are explained based on the
Gain calibration. The same rules apply to impedance calibration:

Hz —+ Full-Range Gain calibration is not performed (not available) and not active.
MHz
The icon has no background fill and no border.
Full-Range
Hz + Full-Range Gain calibration has been performed and is active.
Mz The green border indicates that the calibration is available (has been performed).
dB g, DTS
Full-Range The green background fill indicates that the calibration is activated.
Hz - Full-Range Gain calibration is enabled but not active.
WHz The green border indicates that the calibration is available (has been performed)
Full-Range and was enabled by the user.
. Since there is no background fill, the calibration is not active. This can happen

if a User-Calibration overrules the Full-Range calibration. Both calibrations have
been enabled but the software decides to use the User-Range calibration (see
information below).

Hz - Full-Range Gain calibration is available but not enabled and not active.
MHz The gray border indicates that the calibration is available (has been performed) but
it is currently not enabled and therefore also not activated.

Full-Range

User-Range calibration and Full-Range calibration can be performed and activated at the
same time. However, if a valid User-Range calibration has been performed, the Bode
Analyzer Suite will automatically choose the User-Range calibration to be active.

Example:

Hz —+ ff Both, Full-Range and User-Range Gain calibration have been
WHz a erformed
dB P - o
Full-Range |User-Range Therefore both calibration icons have a green bc_)rde_r. _

. . The software however chooses User-Range calibration to be active.
This is indicated by the green fill of the User-Range icon. By clicking
on the Full-Range calibration icon, the user could force the Full-Range
calibration to be active.

(=1}

(=1}

—
L&

126 OMICRON Lab



Calibration / Correction

9.3.8 Performing and repeating a calibration

A calibration can be performed by clicking on the corresponding calibration icon in the Home ribbon.

Hz -+
MHz

«  Clicking on a calibration icon (e.g. Full-Range Gain calibration Full-Range) opens the calibration
dialog

. . L Start
» The calibration measurement can be started by clicking the start button -

Performed
» After the calibration is the calibration dialog can be closed

Hz —=
MHz

dB
Full-Range

-

+ The calibration icon turns green indicating that the calibration is now active

From now on, this calibration is used for the measurement.

o A calibration can be disabled and enabled by clicking on its calibration icon.

o To repeat a calibration, open the calibration dialog by clicking on the arrow on the bottom of

the calibration icon I;I Then select b HE el s e D . Calibration can
then be repeated by pressing the Start button.

9.3.9 Full-Range calibration below 10 Hz

Full-Range calibration measures between 10 Hz and the maximum measurement frequency of your
Bode 100 or Bode 500 at factory pre-defined frequencies. Full-Range calibration normally starts at
10 Hz to reduce calibration time.

If you decide that frequencies between 1 Hz and 10 Hz must be included in the Full-Range
calibration, you must set the Start Frequency to a value <10 Hz before executing the Full-
Range calibration.

Alternatively, the User-Range calibration might be more applicable in that case.
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Full-Range calibration frequency range:

» If Start Frequency is set 210 Hz, then Full-Range calibration will run from 10 Hz to 50 MHz or
450 MHz.

» If Start Frequency is set <10 Hz, then Full-Range calibration will run from 1 Hz to 50 MHz or
450 MHz.

Hzm‘ﬁz O If a Full-Range calibration has been performed at a Start Frequency >10 Hz
and Start Frequency is changed to a value <10 Hz after calibration, the
Full-Range correction value at 10 Hz will be extrapolated to 1 Hz. This is indicated by
- an orange Full-Range calibration icon. Performing the calibration again by
pressing the Start button in the calibration dialogue will run the calibration from
1 Hz and the icon will turn green again.
Note, that the calibration takes significantly longer when it starts at 1 Hz.

9.3.10 Automatic deletion of calibration

In order to avoid false measurements or an invalid calibration, the Bode Analyzer Suite automatically
deletes calibration as soon as a setting makes the calibration invalid. The following lists show which
settings will delete a calibration when they are changed.

Deleting User-Range calibration

User-Range calibration is automatically deleted when one of the following settings is changed:
+ Measurement frequencies (Start Frequency, Stop Frequency, Center Frequency, Span)

» Sweep Mode (Linear or Logarithmic)

* Number of Points (in the frequency sweep)

* Channel termination (1 MQ or 50 Q)

» Reference / receiver connection (Internal or External)

» External probe factor

Deleting Full-Range calibration

Full-Range calibration is automatically deleted when one of the following settings is changed:
» Channel termination (1 MQ or 50 Q)

» Reference / receiver connection (Internal or External)

» External probe factor
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9.3.11 Saving calibration data

User-Range and Full-Range calibration data is saved to the .bode3 file.

The calibration data (correction values) as well as the calibration states (activated or not) are stored to
the file. When opening a bode-file the Bode Analyzer Suite attempts to load the external calibration
data and calibration states from the file.

The Bode Analyzer Suite attempts to load the calibration from the bode-file even when the
calibration has been performed with a different Bode 100 or Bode 500 device.

Hardware incompatibilities between Bode 7100 R1 and Bode 100 R2

» Full-Range calibration from Bode 7100 R1 is not compatible to Full-Range calibration of
Bode 100 R2. Full-Range calibration will be deleted automatically when opening a bode-file
created with a different hardware revision.

» User-Range calibration is not compatible in the frequency range from 3 kHz to 30 kHz. A User-
Range calibration that contains frequencies in that range will be deleted automatically when
opening a bode-file created with a different hardware revision.
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9.3.12 Exporting calibration data

User-Range and Full-Range calibration data can be exported to a .mcalx file for the use in the
Automation Interface.

To do so, click on the export icon [ Export in the File ribbon “ This will open the export

Calibration Export
pane where you can select the calibration export . The following picture
shows the export settings:

TransRefl_IF_Filter* - Bode Analyzer Suite 'ﬁ' @® ( 7
©, X o
csv Export Calibration Export
New measurement . Information
[ Excel Export Calibration files generated by this export, can only be loaded in

Open the Automation Interface

Calibration Export (D nNote: Al calibrations will be enabled during export.
R it . ; .
Ecen For the use in Bode Analyzer Suite, please use the .bodes3 file that

contains the calibration as well.
Save @ PDF Report

Included calibrations:

I
Touchstone Export Gain Full-Range (Thru) v

Export

Options

About

£ save as ...
Read user manual

In the calibration export pane, you can select any available calibration to be exported. A .mcalx file can
contain more than one calibration. When loading in the Automation Interface, any usable calibration
will be loaded and activated if possible. Please make sure that the device settings in the Automation
Interface match the settings in the Bode Analyzer Suite.

6 The .mcalx file can be loaded only via the Automation Interface or via SCPI commands (see:
11 Automating measurements on page 185!
To save a calibration for use in the Bode Analyzer Suite, please simply save the
measurement file (.bode3) that contains the calibration as well.
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10 Bode Analyzer Suite software features

The following chapters contain information about important features of the Bode Analyzer Suite. Read
through these chapters to learn how to use Bode 100 or Bode 500 efficiently.

10.1  Exporting and saving measurement data or settings

The Bode Analyzer Suite supports a variety of possibilities to save measurement configurations and
measurement data. In the following these are explained in detail.

10.1.1 Loading and saving the equipment configuration

You can store all settings of Bode 100 or Bode 500 including the device configuration, measurement
settings, calibration and measurement data and the graphical display settings by clicking the Save
toolbar button.

O This functionality allows you to store multiple equipment configurations for repetitive
measurement tasks. With the equipment configurations stored, you can load the respective
files for each measurement instead of setting the Bode 700 or Bode 500 manually.

A file saved by the Bode Analyzer Suite version 3.00 or higher has the file extension .bode3.

O A .bode3 measurement file generated with a given device type (Bode 100, Bode 500) can
only be opened and used with a device of the same type. This means, a .bode3 file
generated with a Bode 100 cannot be opened with a Bode 500 and vice versa but you can
always open any .bode3 without a connected device to review and export measured data.

The Bode Analyzer Suite version 3.00 or higher supports loading files with the following file
extensions:

+ .bode3 files created with Bode Analyzer Suite 3
+ .bodex files created with Bode Analyzer Suite 2.42 or 2.43
+ .bodz files created with Bode Analyzer Suite 2.41

+ .bode files created with Bode Analyzer Suite 2.41 or older

O You can save and load .bode3 files on different Bode 100 devices. Note, however, that
calibration data might be deleted when opening the .bode3 file with a different hardware
revision (R1, R2) of Bode 100. More details can be found in Hardware incompatibilities
between Bode 100 R1 and Bode 100 R2 on page 129.
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10.1.2 Use the clipboard functions to export data

The Bode Analyzer Suite offers several possibilities to quickly export data via the clipboard. The
following information can be copied to the clipboard to ease your documentation work:

* Animage file of the result diagram
* The measured trace data

» The equipment settings in form of text
Copy a chart image to the clipboard

Right-click the chart or diagram you want to copy and select (] Copy image to clipboard
| 'lll I
N :
CX Reset Zoom
@ Optimize
CA Auto Optimize
| X Reset Axes

Capyimagetuclipbnard; )
=[] Copy data to clipboard ™%

L

&f] Copy settings to clipboard

[ Cursor1 b
[]_ Cursor 2 b

This will place an image file of the clicked diagram to the Microsoft Windows clipboard that can be
pasted to e.g. Microsoft Word. All frequency sweep charts, fixed frequency charts and the shaped
level chart can be copied as an image to the clipboard.

o You can configure how the chart image looks like by using the T+ Options — Clipboard.
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Font scaling factor:
Trace thickness factor:
Image format:

Include legend:

Include cursor table:

Auto -
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Position:
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Font scaling factor: Use this number to increase
the font size of axis labels in the copied diagram.

Trace thickness factor: Use this number to
increase the weight of the trace line in the copied
diagram.

Image format: Bode Analyzer Suite will use the
vector graphics format EMF for the diagram image
if possible. In case you experience issues with the
EMF files, you can also change the image format
to PNG.

Include legend: Activate the checkbox to include
a legend. This is an advantage when multiple
traces are present in the diagram.

Include cursor table: Activate the checkbox to
include the cursor table in the copied image. In
addition you can specify the position of the cursor
table in the interactive picture below the checkbox.
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Copy trace data to the clipboard

Right-click either in the chart or directly on the trace name to copy the measured data to the clipboard.

Copy data to clipboard Copied data can directly be pasted in a spreadsheet program for further
data processing or can be pasted as a memory trace into another instance / measurement of Bode
Analyzer Suite.

0 To move data from one measurement file to another, you can also use drag & drop by

grabbing a memory or measurement trace at the dotted area E in the trace header.

o You can configure the decimal separator and the field separator under o] Options —
Clipboard.

Copy settings to the clipboard

Right-click in the chart and select &l Copy settings to clipboard  This will copy a text block to the
clipboard that contains the current equipment settings. The text block is similar to the settings header
included in the CSV or Excel file export.

10.1.3 Use the clipboard to import data

You can use the clipboard to import data into a measurement file. There are two possible sources for
the data:

1. A measurement trace or memory trace from another .bode3 file / Bode Analyzer Suite.
2. User-specific data from a spreadsheet program.

In any case, the data will be imported as a memory trace inside the Bode Analyzer Suite.

Paste trace data from another .bode3 file / Bode Analyzer Suite

Before you can paste data from another .bode3 file, you must copy the data into the clipboard. Right-
click the trace you want to copy, use Copy data to clipboard gnq select the corresponding trace.

You can only paste single traces. If you use "Copy all traces" you cannot paste the data into
another file.

X Reset Zoom

@‘ Optimize
C;”‘ Auto Optimize
IE Reset Axes

Copy image to clipboard

Copy data to clipboard " ||| Trace 1 Measurement

Copy settings to clipboard -E Trace 2 Measurement %
|_T_ Cursor 1 b -E] Copy all traces

|_T_ Cursor 2
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After you have copied the trace data to the clipboard, the Bode Analyzer Suite will show a "Clipboard
— new memory" button on the right-hand lower corner:

Measurement = new memory

Clipboard = new memory

[ | | ta 2020-08-20 | JEB3OC +» [

Click the button to paste the trace data into any .bode3 file.

Bode Analyzer Suite does not check for data validity. You can mix Gain and Impedance data.
Please make sure to copy and paste the right data. If your measurement has Gain and
Impedance data, Bode Analyzer Suite will show a selection possibility which data to paste.

Paste / import data from a spreadsheet program

You can also import data from i.e. a spreadsheet program as a memory trace into the Bode Analyzer
Suite. To do so, you must copy data into the clipboard that can be interpreted as trace data. Please
consider the following rules:

» The first column is always interpreted as the frequency in Hz.

» The first line (header) will be skipped if it does not contain numerical data.

» The second column is interpreted as the real part of the complex number.

» The third column is interpreted as the imaginary part of the complex number.

» The complex number is always interpreted as either a Gain value or as an Impedance value.

+ Use the same field separator and decimal separator as configured in the options! You can find
them under 1+ Options — Clipboard.

The following table shows an example of data that can be imported if the decimal separator is chosen
to be the dot and the field separator the tab.

Frequency Real Imaginary
1001.56 50.6 1e-6
10005.98 60.9999 100.89E-8
100700 0.777E02 0.00000125

You can also use five columns, then the interpretation follows the order Frequency, Gain, Impedance:

Frequency Gain Impedance

Real Imaginary Real Imaginary

data data data data data

o There might be a situation where the amount of data in the clipboard does not fit the amount
of available measurements in a .bode3 file. In such a case, Bode Analyzer Suite will show a
selection possibility where you can choose to select Gain or Impedance data or choose to
paste data as Gain or Impedance.

OMICRON Lab 135



Bode Analyzer User Manual

10.1.4 Exporting measurement data to CSV or Excel files

If you need to further process the measurement data the Bode Analyzer Suite offers to save the
measurement data either as a CSV file or in form of an Microsoft Excel compatible spreadsheet file. To
save your measurement data as a .csv or .xlsx file, click on the Export Icon in the Home ribbon

[+ Export

Exporting a CSV file

In the CSV export pane you can choose the following options:

Include settings header Include a header in the csv file that contains device
settings.

Note: The height of the header is not constant. Please
take care when parsing the csv file automatically.

Include active memory traces All memories that are currently visible in the
Bode Analyzer Suite will be exported to the csv file.

Include output level Includes the output level as the second column (after
frequency) of the csv file. Might be important for shaped
level measurements.

Include real & imaginary values Real and Imaginary are included independently of the
currently chosen display format in the GUI.

Decimal separator Choose your decimal separator of choice.

Field separator Configure the separator between two values / fields.

Open file after saving Activate this function to open the exported file with an

external program. When activated a text box appears
that allows you to choose your program file. Leave the
text box empty to use the default Windows program.

Press this button to store your settings for future
exports. You can find the default settings also in the

Set as default

options dialog accessible in the main window via 'ﬁ'

[ save as.. Press the Save as button to specify a file name and
save your export file.
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Exporting an Excel file

In the Excel export pane you can choose the following options:

Include settings header Include a header in the csv file that contains device
settings. Note: The height of the header is not
constant. Please take care when parsing the csv file
automatically.

Include active memory traces All memories that are currently visible in the
Bode Analyzer Suite will be exported to the csv file.

Include output level Includes the output level as the first column of the csv
file. Might be important for shaped level measurements.

Include real & imaginary values Real and Imaginary are included independently of the
currently chosen display format in the GUI.

Open file after saving Activate this function to open the exported file with an

external program. When activated a text box appears

that allows you to choose your program file. Leave the
text box empty to use the default windows program.

Press this button to store your settings for future
exports. You can find the default settings also in the

Set as default

options dialog accessible in the main window via ‘ﬁ’

[ save as.. Press the Save as button to specify a file name and
save your export file.
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10.1.5 Generating a Touchstone file

Bode Analyzer Suite 3.00 or higher offers the possibility to create Touchstone files from the measured
data. This offers you the possibility to use measured data directly in simulators that provide

Touchstone import. You can find the Touchstone export using the [# Export jcon in the Home ribbon.

The Touchstone export pane offers the following options:

Network parameter Choose between S, Y and Z parameters.
Number of ports Either 1-Port or 2-Port touchstone file can be created.
Network data Select the measurement trace or memory trace data

that corresponds to the network parameter.

o Bode Analyzer Suite does not check if the
data is valid. Please take care that you choose
the correct measurement for your network
parameters. If the frequencies of the traces or
memories are not equally spaced, they cannot
be selected since Touchstone only allows one
frequency column for all network parameters.

Network data format MA...Magnitude and Angle (Default)
DB...Magnitude in dB and Angle
RI...Real and imaginary

Frequency unit Select Hz, kHz, MHz or GHz. Hz is default.

Touchstone version Default is Touchstone V2. A Touchstone V2 file can be
saved under the extension .ts, .s1p or .s2p depending
on the number of ports. The file extension .ts is default.
A Touchstone V1 file has either the .s1p or .s2

extension.
Number format Choose SixDigitsFixed or SixDigitsScientific
Open file after saving Activate this function to open the exported file with an

external program. When activated a text box appears
that allows you to choose your program file. Leave the
text box empty to use the default Windows program.

Press this button to store your settings for future

Set as default ) : X
exports. You can find the default settings also in the

options dialog accessible in the main window via 'ﬁ'

[ save as.. Press the Save as button to specify a file name and
save your export file.
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10.1.6 Generate a PDF report

If you need to print a measurement report or save it as a PDF document, you can use the PDF export.
To do so, click the Report jcon in the Home ribbon.

The PDF report pane offers the following options:

General report elements

Choose your Logo

You can select a logo file different than the default
OMICRON Lab logo for your PDF report. Use a PNG
image with 2:1 width to height ratio for optimal results.

Printer Page Size

Select between A4 and Letter format.

Include Charts

Include Legend

Include Device Configuration
Include Hardware Configuration
Include Calibration/Correction
Include Port-extension

Include Text Note

Choose which of the General report elements you want
to include in your report.

Sweep report elements

Include Cursor Table

Color Cursor Table

Include Sweep Configuration
Include Shaped Level chart
Include Expressions

Include Circuit Fit

Include Cursor Calculation
Include Averaging

Select the report elements you want to include in a
frequency sweep measurement report.

Fixed frequency report elements

Include Measurement Configuration
Includes Result Table

Select the report elements you want to include in a fixed
frequency measurement report.

Open file after saving

Is activated by default. If you don't enter a program path
in the text field below, the default Windows program for
PDF files will be used to open your saved PDF report.

Set as default

Press this button to store your settings for future
exports. You can find the default settings also in the

options dialog accessible in the main window via 'ﬁ’

[ save as...

Press the Save as button to specify a file name and
save your report.

OMICRON Lab

139



Bode Analyzer User Manual

10.2 Using the interactive chart

The interactive chart region of the Bode Analyzer Suite offers many useful functions to analyze
measurement results and how to display them in an optimum way. In the following sections the most
important features are presented.

10.2.1 Configure the diagrams

A normal diagram with frequency on the x-axis can have two y-axes. Allows the display of two
measurement traces in one diagram as shown in the figure below:

=0 b plim - Transmission_Quartz-Filter - Bode Analyzer Suite
Home Measurement View Cursor

~
[ New [ Save > ’“ Ly§ gg IIZ!’vl_l’lz f,..fa Hzr\-1_l.\z ffzf.
[of s dB dB Q
pen E aveas Continuous Single Stop  Transmission Impedance /' Full-Range User-Range  Full-Range User-Range
[3 Export Report / Gain Reflection - - - -
File Measurement Hard Setup Gain calibration mpedance calibration
Frequency sweep IEH Fixed E|—| Erequency LEE 1 ITACEIS L= 7 Trace 1 v
Start frequency 11,85 MHz m Measurement
Stop frequency 12,05 MHz| || :: Delta C2-C1 0] Format Magnitude (dB)  ~
-
Center 12 MHz o 100 Wrnax
-
Span 100 kHz -5 Ymin -80dB
10 ( a0
Sweep  Linear Logarithmic | 15 | Messurement
Mumber of points | 401 - 20 Format Phase (°) A
— Unwrap phase
Level constant [IEH Variable | &5 25 40 _
g v
- L o_3g i
R ‘E -35 :‘__u
Attenuator  Receiver 1 Receiver 2 % =
= -40 0
Transmission | 20dB w || 20dB ¥ = 3
T - -
- | & 0 o
5 :
Receiver bandwidth 100Hz - = -
= -40
-50
65 -80
=70
-80
-75

1 -50 -100
. 11,95M 12M 12,05M

= Frequency (Hz)

Measurement =» new memory

| [ Receiveri | | Receiver2 [ || Ba2021-06-17 | NEOOAF v [

Transmission / Reflection

Figure 10-1: Two measurement traces in one diagram using two axis (left and right)

It is not always possible to display two traces in one diagram. If one of the two traces is set
to a Polar, Smith, Nyquist or Nichols diagram, automatically two diagrams will be displayed.
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You can also choose to show the two curves in two separate diagrams. To do so, click on the

View ribbon and select One axis per chart as shown below.

b Auto axis placement -

[+ Auto axis placement

= (One axis per chart

This results in two separate diagrams as shown below.

= pplim~ Transmission_Quartz-Filter* - Bode Analyzer Suite [ IONE) - ] *
Home Measurement View Cursor -~
= One axis per chart = ’.})2 Average facton ;1,;2 Average facton
b Auto axis placement Average (;:mpleted swee[_)s: - Average (;)mpletad swee?s: - Text
fes X easurement &) Reset averaging measuremant &) Reset averaging note
S CPE s e e Average Gain Average Impedance Annotations
Frequency sweep IEH Fixed I—I Frequency Trace 1 Trace 2 ED:: ) Trace 1 & v
Start frequency 1195 Mz Measurement
Stop frequency 12,05 MHz| |[: Delta €2-C1 0] Format Magnitude (dB)  ~
- I
Y
Center TV P Vmax
T " | -
Span 100kHz| | = ¥rmin 80dB 5
=
3 -20 2 M Trace 2 @ v
£ .
Sweep  Linear Logarithmic g Measurement
.
Mumber of points | 401 - = Format Phase (%) M
3 [] Unwrap phase
Level constant [IEH Variable | =~ -60 v, To0° *
@ e -
o
= -80
Attenuator  Receiver 1 Receiver 2 11,95M 12M 12,05M
Frequency (Hz
Transmission | 20dB || 20dB ¥ 4 ¢ (H2)
- - 100
5
Receiver bandwidth 100Hz ~« o
2 50
[+
=
o
c
= 0
&)
A
g 50
=
N -100
7Y 11,95M 12M 12,05M
= Frequency (Hz)
Transmission / Reflection Measurement —» new memory

| [ Receiveri | | Receiverz [ || Ha2021-06-17 | NEOOAF v [

Figure 10-2: Displaying two traces in a separate diagram setting the chart setup to One axis per chart

6 You can configure your preferred style in the options menu under the Chart Settings.

OMICRON Lab 141



Bode Analyzer User Manual

10.2.2 Zooming the measurement curve

Zoom into a measurement curve

To zoom into an interesting part of your measurement curve, click into the chart and hold the mouse
clicked to drag a zoom window from top-left to bottom-right as shown in the following figure:

>

Home Measurement View Cursor

= |~ Transmission_Quartz-Filter* - Bode Analyzer Suite t+ MONG©) - O X

\ \ W H: Hz =
O New [ save " i g‘ v e BAE e A 1
Open [2 Saveas . 2 = dB dB 0 Q
Continugus Single Stop | Transmission Impedance /  Full-Range User-Range  Full-Range User-Range
[# Export Report / Gain Reflection - - = b
File Measurement Hardware Setup Gain calibration mpedance calibration
o) | r
Fregueney Sweep IR | F0ed gy o Fo20E707 | T j
Stop frequency 12,05 MHz| || DeltaC2-C1 | & Format Magnitude (dB)  ~
-
Center o Yrmax -0dB &
-
Span I 100 kHz -5 Y¥min 80dE -
-10 :: M Trace 2 & v
sweep Linear IEM | Logarithmic 5 Measurement I Gain '|
3 Fi G
Number of points | 401 v s QIR | Phase (°) '|
| Unwrap phase
Level  constant Ml | variable g 25 Yrnax | 100 * 3]
Source level | 0 dém :| L -30 Yoin | 00 e A
Attenuator  Receiver | Receiver2 | &, 33
1+
Transmission | 20d8 v |[ 2008 » | | = 40
[ - < || & e
- - o 50
Receiver bandwidth 100Hz v 3 \
® \
= 0 1‘
|/
-60 i
|
-65 | {
% I
‘ T Ha 75 k
{+] . L+
¥ ¥ 0
|_ _l 11,95M 12M 12,05M
. Frequency (Hz
. et f + 4 y(R] Measurement - new memory
Transmission / Reflection

Figure 10-3: Zooming in by click and drag from top-left to bottom right

Whenever you have zoomed in the diagram, the axis label shows additional arrows to indicate that a
zoom is active.

« Frequency (Hz) »

4 Trace 1: Gain Magnitude (dB) »
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Zoom out

To zoom out, click into the chart and drag from bottom-right to top-left as shown in the figure below:

= I Transmission_Quartz-Filter* - Bode Analyzer Suite [« NONG) - O X
Home Measurement View Cursor -~
0 New [ Save “ . Q‘g % HdZEmZ I; _B__f_ He s fb...f.
o] 5
pen B2 Save as Continuous Single Stop  Transmission Impedance /  Full-Ra

/ Gain Reflection

[# Export Report

nge User-Range Full-Range User-Range

Transmission

Receiver bandwidth

-

20dB -

o I

J

100Hz =

K

o

L

-

L

4 Trace 1: Gain Magnitude (dB) »
=

11,98M

12M
# Frequency (Hz) w

Transmission / Reflection

File Measurement Hardware Setup Gain calibration mpedance calibration

Frequency Sweep Fixed :I—I Frequency Trace 1 Bl ¥ Trace 1 v

Stop frequency 12,05 MHz IE: Delta C2-C1 m Format Magnitude (dB}  ~

-

Center 12 Mk , Vmae

-

Span 100 kHz . f Yein 80 de =
Get from zoom . f’l \
Sweep  Linear Logarithmic 8 !I Measurement
_ /

Number of points | 401 v 10 Format Phase () =

[] Unwrap phase
Level constant [IEH Variable -1z Yrnax
-
-16
Attenuator  Receiver 1 Receiver 2

Measurement = new memaory

No device @1

Figure 10-4: Zooming out by click and drag from bottom-right to top-left

Alternatively you can right-click into the chart and use the G Reset ZOOm fynction in the context
menu of the chart as shown below.

CX Reset Zoom
@ Optimize

CA Auto Optimize
| X Reset Axes

N
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Get from zoom

Zooming helps to check an interesting part of a measurement curve. However, zooming into the curve
does not increase the number of measured points which can lead to insufficient frequency resolution.

To achieve a better frequency resolution you can either increase the number of points in the sweep or

Get from zoom

press the button.

By clicking Get from zoom, the start and stop frequency fields are updated with the maximum and
minimum frequency of the current zoom window.

After clicking on Get from zoom you can start a new sweep with the full number of points in the current
zoom window. The following figure shows the effect in case of a narrow resonance. The green
memory trace shows the measurement result before clicking Get from zoom. After clicking Get from
zoom, the resonance is captured nicely. After pressing Get from zoom, the zoom is not active anymore
and the button is disabled.

-8

-10

ain Magnitude (dB)

G

-12

Trace 1:

-14

-16

-18

-20

11,995M 12M
Frequency (Hz)

Figure 10-5: Increasing the frequency resolution in a zoom window using Get from zoom
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10.2.3 Optimize the axis scaling / autoscale

Manually configuring the chart axes

Every measurement trace of the Bode Analyzer Suite has axis settings.

A normal diagram with frequency on the x-axis has two y-axis settings (Ymax and Ymin) as shown

below:

:

:: Delta C2-C1

Frequency

Trace 1

:: | Trace 1

0

-20

-40

-60

-80

-100

-120

Trace 1: Gain Magnitude (dB)

-140

-160

-180

-200

Measurement | Gain

=
JI(

Format Magnitude (dB) -

95M

12M
Frequency (Hz)

12,05M

Ymax 2048 3))
-200 dB &

(5

=]
<

:: M Trace 2

Measurement | Gain

II

Format Phase (%) -

Unwrap phase

qar

Ymax 100 ©

Yenin -100 ©

qar

Measurement = new memory

Figure 10-6: Manually configuring the axis limits via the trace configuration

Diagrams such as Polar, Nyquist or Smith have more axis settings to choose the visible

range in the diagram.
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Use Optimize to automatically optimize the axis scaling

To automatically optimize the axes of your measurement curve, right-click into the chart and click
@ Optimize

After clicking optimize the axis settings are automatically adjusted as shown below:

:

ii Delta C2-C1

Frequency Trace 1

: ;M Trace 1 =

<

Measurement | Gain

|

Trace 1: Gain Magnitude (dB)

——

C\X Reset Zoom

(QI Optimize )
C\A Auto Optimize
Ii Reset Axes

Copy image to clipboard
Copy data to clipboard L4
Copy settings to clipboard

E[ Cursor 1 L4

=75 / [ Cursor 2 L4

12M
Frequency (Hz)

12,05M

Format Magnitude (dB) -
C\"max -0dE 5
C\"min -20 dB &

Measurement | Gain

Format Phase (%)

II

[[] Unwrap phase

Vs
Yrmin -100 ° :

Measurement = new memory

Figure 10-7: Use Optimize to automatically adjust the axis settings
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Use Auto-Optimize

If you don't want to click @ Optimize every time the measurement curve changes, you can use the
G} Auto Optimize fynction available in the context menu of the chart.

When activated, /| Auto Optimize g tomatically adjusts the axis limits whenever the measurement
results change. To display that the Auto Optimize is activated, the Ymax and Ymin text color is
changed to green :

Vimas 0de 4

1'I'rmin -20 dB :

o Each of the following user interactions will deactivate the Auto-Optimize:
* Zooming in the diagram
+ Clicking Reset Zoom
* Clicking Optimize
* Manually adjusting the axis in the trace configuration

* Using Reset axes

Reset axes

If you want to reset the chart axes to the default values, right-click into the chart and use
| X Reset Axes
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10.3  Working with cursors and the cursor table

The Bode Analyzer Suite offers cursors (markers) to read the exact value of a trace at a specific
frequency. In the following, a short overview on the functionality of cursors is given.

10.3.1 The cursor table

The cursor grid respectively cursor table shows the values of normal value-cursors and delta-cursors.
A delta-cursor can be configured to show the difference between two cursors whereas a normal value-
cursor shows the value of a trace at a specific frequency.

| Freguency Trace 1

:: M Cursor 1 10,4 MHz -55,74 dB
10,8 MHz -33,112 dB
1 Delta C2-C1 400 kHz 22,628 dB |&

The cursor table offers the following interactive functions:
»  Switch cursors on and off by clicking on the checkbox besides the cursor name .

» Delete a cursor by clicking on the recycle-bin icon B in the last column. Note that a cursor cannot
be deleted if it is used by some other function such as a delta-cursor. Then the recycle-bin icon is

greyed out.

» Move the cursor up or down in the cursor table by clicking on the dotted area left to the checkbox
and drag it to the desired position holding the mouse clicked.

:: M Cursor 1 10,4 MHz -55,74 dB
< | 10,8 MHz -33,112 dB
: Delta C2-C1 400 kHz 22628 dB |&

» Set the cursor frequency by clicking into the frequency field and manually entering a frequency
Frequency

+ Move the cursor to a specific measurement result by entering the desired value in the Trace
Frequency Trace 1

bd Curs B
column 11,997 MHz | £905,561mde

* You can also enter a delta value and the second cursor will try to find a frequency where the delta
value can be achieved.

If an entered value cannot be found, the following information is shown.

2ncy Trace 1
197 MHz | -205,561 mdB
N7 KALl- 2 E9 AD

Value not found in visible field!
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If multiple solutions are present (e.g. more than one zero-crossing and you entered 0 into the cursor

grid), you can right click into the cursor grid and click i JUmP to next o search the next solution from
the current frequency to right (higher frequency).

Changing the cursor line style

You can modify the cursor line style by right-clicking the colored cursor field and using the context
menu as shown in the following figure.

: Frequency | Trace 1 Trace 2

: M Cursg anThau=l 31163 d8 -37,068 dB

:: Delta ¢ AT Add Delta Cursor &

de (dB)

Curs |]'i Add Cursor

50 [T¢ Rename Cursor 1 .

m )
- = Style “ [§°'°r " | W Green
1] ZEE Pattemn " Orange |
-20/| Ml Find r | = Weight " . Purple
P Track » 0 Reset to Default Yellow
33 @ FReset track-function -\-"*-._\ Cyan
~
-40 Copy Cursor Table values ™ . Viclet
Lime
43 . Gray |
A
50 \ . Blue
\ ) Il Red
w33 ".I I."I 4% Other

Further cursor features in the context menu

By right-clicking a cursor in the cursor table the cursor context menu allows you to use the following
features:

Add Cursor and Add Delta Cursor to add a new cursor in the cursor table.
Rename Cursor to give a cursor a custom name.

Find or Track to search a maximum, minimum or zero-crossing of a trace either once or
repetitively after every sweep.

Reset track-function stops tracking a maximum or minimum or zero crossing.

Copy Cursor Table values allows you copy all cursor result into the clipboard at once and paste
them e.g. in a spreadsheet program.

10.3.2 Using cursors in the chart

Moving cursors in the chart via mouse drag

You can move the cursors in the chart via the mouse. Simply move the mouse cursor close to the

cursor you would like to move until the mouse cursor changes to +b, then click and drag the cursor to
the position you like. Alternatively you can use the left and right arrow keys of your keyboard to move
the cursors. Note, this will always move the cursor that was last moved using the mouse.
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Find or Track Maximum, Minimum or Zero-crossing in a trace

To find a maximum, minimum or zero crossing of a curve, you can use the functions in the context

menu.

Right-click a curve in the diagram. Then select Cursor n, Jump to Max to position Cursor n to the

maximum of the clicked curve. In our example we have selected Cursor 1.

00— Format | M
.5 Vmax ’7
-10 Ymin L
B o :
Right-Click
- Measurement | R
-25 Format E
)
o QX Reset Zoom
T -35 Ymin r
= @ Optimize —
;G\ 40 CA Auto Optimize
= 4 B Reset Axes
=
u‘E 50 Ml Copy image to clipboard
— -55 Copy data to clipboard ’
Q N
E -60 @ Copy settings to clipboard \
= =
-65 [T_ cursor1 " Pl Find L mi
20 |I_ Cursor 2 ' P Track - S (Irace
. | | 4 Reset track-function [i= Maximum (Trace 1) ‘
| Ly
-80 |
|
-85 I
|
-90
11,95M 12M

Frequency (Hz)

Figure 10-8: Use cursor function Find Maximum

Measurement

o Hint: Find max or min always searches the global max or min in the visible chart region. To
find a local max or min, you can zoom into that region and re-perform Jump to Max.

e Hint: If you use Track instead of Find, the maximum, minimum or zero crossing will be
automatically searched every time a sweep as completed. This is especially useful when you

use fast sweeps.
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10.3.3 Link cursors

Two cursors can be linked in terms of the distance on the frequency-axis by clicking on Link cursors. If
you move Cursor A with the mouse, Cursor B will follow at the defined distance or factor.

Cursor
UQ_EJ[ Cursor distance: Cursor A | Cursor 1 -
1
Link Decade (10) T Cursor B | Cursor 2 M
CUrsors

The linking features the following settings:

» Decade...the distance between Cursor A and Cursor B will be kept constant at one decade (linear
factor of 10).

* Octave...the distance between Cursor A and Cursor B will be kept constant at one octave (linear
factor of 2).

» Linear Distance...the distance between Cursor A and Cursor B will be kept at the current distance
in Hz.

Cursor A and Cursor B need to be selected accordingly in the drop-down boxes in the ribbon.
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Application examples

With this feature, the slope of a trace can be measured. This can be especially helpful in double-
logarithmic diagrams when analyzing e.g. the slope at crossover frequency in a loop-gain
measurement (should be around -20dB/decade) or when checking for an inductive or capacitive slope
(x20dB/decade or +6dB/octave).

The following picture shows an example of a measured loop gain where the slope at crossover is
-5.7dB/octave and therefore close to the ideal -6dB/octave.

Cursor

Cursar distance: Cursor A | Cursor 1 -

Octave (2) Y| Cursor B Cursor 2 -

LINKEd CUrsors
Freguency LoopGain
:: ¥ cursor 1 45,762 kHz 3,004 dB
;M Cursor 2 91,525 kHz -2.549 dB
:: Delta C2-C1 45,762 kHZ -5,643 dB

70

60

50

40

30

20

10

LoopGain: Gain Magnitude (dB)

2

10 100 1k 10k
Frequency (Hz}

M

By using the mouse, the cursors can be moved from one frequency to another and the slope can be
directly read in the cursor grid since the second cursor automatically follows at a defined distance.
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10.4 Using the memory traces

The Bode Analyzer Suite offers you the possibility to compare multiple measurements with each other.
To copy a current measurement result to a memory trace, use either the

V.

L

Data =

Measurement = new memaory Memaory -

button or click the icon in the Memory ribbon.

This will lead to a new curve in the diagram as shown in the figure below.

L= 2 Quartz_Filter_Example - Bode Analyzer Suite [ X
Homevnew Cursor ~

B
W |® showal "."v;t E [Te]  instabilty Point

L3 Hide all .
Dats - fide s Add Add  Add 7] .
Delete all  measurement math eXpression
mory Traces Stability Analysis
Frequency  Sweep IRl Fixed | mequency | wnce1 || wemorvs || :
:: | Cursor 1 12,01004 MHz | -26,199 dB -35,011 dB :
Start frequency | 11,9619719 MHz| ] Measurement | Gain -
Stop frequency 12,0527194 MHg| | | Delta€2-Cl | & Format Magnitude (dB) ¥
| | -
Center 12,007345599%Hz 10 Ymax | 10dB |

Yemin | -80 dB o
:: M Memory 1 iz fE>

Span 90,7475 kHz 3

Sweep  Linear n Logarithmic

Number of points | 401 bl

Level Constant - Variable

Source level 0dBém o

Attenuator  Receiver 1 Receiver 2

Transmission | 20d8 = || 20dB «

Receiver bandwidth | 1kHz =

Trace 1: Gain Magnitude (dB)
&
|
|
I
I
|

I

I

1

1

I

1

I

I

I |
-65 1 ,}I

I |
=70 1

1

]

L

0 0 | .
1 12M 12,05M

Frequency (Hz)

- . Measurement = new memol
Transmission / Reflection L

Figure 10-9: Using memory curves to see changes in the measurement and to compare different
curves
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value or the measured value to a memory trace.

Measurement = new memaory

Averaged - new memory

When you use averaging, a second button is available that allows you to copy the averaged

You can use multiple memories to determine the change of your DUT depending on a parameter. The
following figure shows an example of how the parallel resonance frequency of the quartz filter changes
when touching it.

mBE pplilm~ Quartz_Filter_ExampleForMemories - Bode Analyzer Suite - O
Home Measurement View Cursor -~
[ New [ save > >“ % R‘é Hzr,  fo.f fzr.  foufa
Open B} Saveas . . - it dB dB Q
Continuous Single Stop  Transmission Impedance /' Full-Range User-Range Full-Range User-Range
(3 Export [W] Report /Gain  Reflection - - - -
File Measurement Hardware Setup Gain calibration mpedance calibration
Frequency sweep Bl Fixed | Frequeny U | El:: 1 Trace 1 @ @] v
:: M Cursor 1 12,022004 MHz -56,532 dB -
Start frequency 12,0128422 MHz u Measurement
Stop frequency | 12,0337508 MHg| || Delta C2-C1 ju] Format Magnitude (dB) ¥
-
Center 12,0232965 MHz -20 T Yrnax -20d8
[ _ B -
Span 20,9086 kHz 25 | Ymin 100 dB 3
30 : :: M Not touching A Rm>
Sweep  Linear Logarithmic 35 : :: ¥ Touch housing A Rm>
: i v Touch pins L xm>
Mumber of points | 401 - 40 L i
[
= |
Level constant [IEH ariable % -45 |
@
Source level 13 d8m % = -30 Il
E 5 !
Attenuator  Receiver 1 Receiver 2 2
= -60
Transmission | 20dE » =
T -
- - G} 85
‘u_) -70
Receiver bandwidth 1kHz - =
= -75
-80
I
-85 F
-a0 :
‘ ‘ -05 !
. 0 I
-100 L

12,02M
Frequency (Hz)

12,03M

Measurement = new memory

Transmission / Reflection

| [ Receiveri | | Receiver2 [ || Ha2021-06-17 | NEOOAF v [

Figure 10-10: Using the memories to compare different measurements
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0 Hints:

Double-clicking the Memory name allows you to change the name of the memory.

When you hover over the memory name on the memory configuration box, the
corresponding memory curve will be highlighted in the diagram.

The memory configuration box gives you information on when the memory was stored and allows you
to control the memory curves.

:: | Memory 1 &= R
Stored 2020-12-29 11:14:32
Impedance points 201
Show with | Trace 1
¥| Trace 2
OMICRON Lab
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The following actions can be taken:

» Click the checkbox next to the name to switch the memory curve on or off.

* Right-click the green area and use the context menu to change the memory style or color.

* Rename the memory by double-clicking on its name m
N

+ Update the memory data with the current measurement data by clicking ===
» Delete the memory trace by clicking on E]

+ Attach the cursors to the memory trace by clicking on E
* Use the Show with check-boxes to decide if the memory data shall be shown only with one trace
or on both.

+ Use the Eicon to re-order memory traces in a measurement or to copy the data from one
measurement file to another by drag-and-drop the trace from one Bode Analyzer Suite instance
into another Bode Analyzer suite instance.

Options

The following options can be configured in the memory options. Go to the options dialog o] and select
F

#*
the memory options [ Memery .

+  Maximum number of memory traces: The maximum number of memory traces is by default
limited to 10. If you need more memory curves increase this number.

0 Increasing the number of memory traces might impact your software performance.
Especially when you use a high number of points and many memory traces.

+ Confirm the deletion of memory traces: When this checkbox is checked, the software will ask
for confirmation when deleting a memory trace.
» Default memory line pattern: Change the memory line styles according to your preference.

» Alternating memory trace color mode: Activate this option to color-code the memory curves
with the corresponding trace color. With this mode it is easier to distinguish between multiple
memories when more than one trace is shown in a diagram.
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10.5 Working with measurement and math traces

Please also check out 6.3.2 Trace configuration on page 41 to learn more about using the trace
configuration. Furthermore, please refer to the previous chapter 10.4 Using the memory traces on
page 153 on how to store a measurement trace to a memory trace.

Besides the memory traces, the Bode Analyzer Suite offers the following trace types:

* Measurement traces show the measured data
+ Math traces allow simple math operations between measurement traces and memory traces

+ Expression traces can handle more complex mathematical expressions

Add an additional trace

You can add additional measurement traces, math traces or expression traces by clicking on the
corresponding icon under the Measurement ribbon.

+ B8 g

| ¥ E *

Add Add Add

measurement math expression

Each of the above mentioned traces comes with its own axis respectively its own chart /
diagram.

If the chart setup is set to "one axis per chart", each trace will be shown in a separate chart /
diagram.

Each trace brings its own trace configuration box on the right hand side of the Bode Analyzer Suite.
The trace configuration allows you to configure how the data of the trace is displayed in the chart. The
following table shows the trace configuration settings which are available for all trace types. Trace-
specific settings are described in the following sections.

Format Choose the desired format how to display the complex data. You
can i.e. choose to select Magnitude or Phase(°) and so on. For
more details on the available result formats, please refer to Gain
Result Formats on page 56 and Impedance Result Formats on
page 58.

Ymax, Ymin, etc... Configure the axis limits of the trace axis (diagram). Please
check out: 10.2.3 Optimize the axis scaling / autoscale on

page 145.

You can also right-click into the diagram and click Optimize. This
will auto-scale the available axis.

Y-axis scale: Choose either a linear Y-axis or a logarithmic Y-axis. In addition
you can set it to Log(]Y]) to avoid the logarithms of negative
numbers.

Use the checkbox left of the trace name to disable or enable the
trace.

Rename the trace by double-clicking on the trace name.
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Meas

¥] Copy data to clipboard

Use the context menu to:
* Rename the trace
* Change the trace style (color, line style, trace markers)

» Copy the trace data to the clipboard

Collapse the configuration box if you have too many traces and
need more space.

Click on the bin icon to delete the corresponding trace.
Note: This will also remove the corresponding chart axis or chart!

Click, hold mouse and drag to re-order the traces at the right-
hand side of the Bode Analyzer Suite window.

This will also re-order the corresponding axis and diagrams.
Use drag and drop to move the measurement trace data from
one measurement into another.

10.5.1 Measurement traces

In the following the settings that are specific to a Measurement trace are described. The
Measurement trace configuration box is shown in the figure below. It allows you to configure what
measurement is performed and how the measurement results are displayed.

32 M Trace 1 @ W v

v |

Measurement | Impedance

Farmat Magnitude -

Vma | 100 k0 5|

Yorin | 1mo 3|

Y¥-axis scale | Log(Y) - |

Measurement Configure what measurement the trace performs. Depending

on the measurement mode you can select between Gain,
Impedance, Reflection and Admittance. If a measurement mode
allows only one specific measurement (Gain), the selection will
be disabled.

Use the eye icon to hide the measurement data in a chart.
Note: If you disable the a trace using the checkbox, the

corresponding axis or chart will be removed as well.
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10.5.2 Math traces

For simple mathematical operations you can use the Math trace feature of the Bode Analyzer Suite.
You can choose the two operands and the operator. The available operands are either the
measurement data or memory data. The available operators are: +, -, *, /.

Use the Math trace to perform simple calculations such as the sum of two measurements or the
difference between a measurement and a memory trace.

Note that the mathematical operation of a math trace is always performed on the complex
value selected in the Measurement setting. The result is then shown as selected in the
Format setting.

The configuration box of a Math trace set to a divide operation, is shown below:

M Math 1 v Some notes on the math trace:

Meaeiwamant L —— - A division equals a subtraction in logarithmic domain.
P So if you choose Measurement / Memory 1, in the

Measur.. ¥ | / | Memory.. I Magnitude(dB) plot you will see the difference between

Measurement and Memory 1 in dB.

Format | Magnitude (dB) - | o L . .
* A multiplication equals an summation in logarithmic
W e | 60 dB | domain. So if you choose Measurement * Memory 1,
- in the Magnitude(dB) plot you will see the sum of
Ymin | -60 dB » | Measurement and Memory 1 in dB.

+ If the frequency points of the two operands don't match,

an info icon will be shown in the trace header E]
Either linear interpolation will be used to find the needed
operand values or the values will be skipped.

* A Memory cannot be created from of a Math trace .
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10.5.3 Expression traces

For complex mathematical operations you can use the Expression Trace feature of the Bode
Analyzer Suite.

Adding an Expression trace automatically opens the Expression Editor in a separate window. The
expression editor window can be moved around so that the resulting expression trace can be seen in
the background as shown in the figure below.

=By piu- ImpAdapt_Inductor* - Bode Analyzer Suite o
Home = Measurement View Cursor ~

rtl & Show all \\41- E

et Hide all e =
Data = i Add Add  Add 1

-
Memory + [l Delete all  measurement math expression

Instability Point:

Stabllity Analysis
| Frequency Trace1 | Trace2 | Expression 1
i 1 Cursor 1 200 Hz 15751 pH | 21,025ma|  -24767 dB ([«

220341 kHz| 15,001 pH 2,021 n| 52,409 dB ¢, | | Measurement | Impedance -

Frequency sweep KN Fixed

Start frequency 100 Hz

s ey I’—|5CI T FrYONTERTR anman 11 rvam ,m’q Eormat Ls = |
Center | 25,00005 MHzi 60 Ymax ‘ 20 uH : |
=
Span [ s0g00ammy| | £ - Yinin \ oH %]
9 1505 Y-axis scale Linear v |
g 20 e 0
Sweep  Linear n Logarithmic = £ :; B Trace 2 @
o \
Number of points | 201 ,J g 10p ob— o | | |||Measurement | Impedance ¥
g Format ‘ Rs b |
Level ta i — -20
evel Constant 1Kl V‘anabl: s 5 \ Voo 100 kO :!
&~ \
Source level | 13 dBm | g ' _40 Vorin ’7”“;):'
Receiver bandwidth | 300Hz + | o | g | || Y-axis scale | Logtv) -
— 100 1k 10k 100k 1M 10M 100 1k 10k 100k 1M 10M o
Frequency (Hz) Frequency (Hz) M““”V* & _ _
z Expression Editor for ‘Expression 1' @ x| 3 Expression ZO v

~ Z{Measurement}+Z{Memory 1}

Z{} Impedance =

R{} Reflection ) )
¥{} Admittance ~ ] £ Func'tlons V;I;?‘:Eiin? ?:;:It' Farmat | Magnitude (dB) 8 |

Trace Values Operatars Structures Caleulation Settings Yimax |—.EU dea s |
Yirin 60dBQ v|

Expression = new memory

s -7 [~]2] sin@  TC @ & Radins
= 0.01 Decimal point

Expression

Z{Measurement}+Z{Memory 1}

Measurement = new memory
Comment No device .— 5|

Enter a text comment here

Q Valid expression for result type 'Impedance’. Apply Apply & Close

Figure 10-11: An example expression creating the sum of two impedance values plotting the result in
the second chart.

In case a Measurement trace is used in an expression, the expression result will be
updated simultaneously with the running measurement.
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Expression Editor

The Expression Editor allows you to enter a custom mathematical expression. It offers various
functions, variables and operators for simple calculations, to plot a transfer function or to perform
advanced manipulation of the measured data.

b3 Expression Editor for 'Expression 1° @ >
~

i

Z{} Impedance - N A sin@ m g‘-@ 2™ Radians

R} Reflection - - . .

) il — Functions Variables and  Result 0.01 Decimal point

Y{ Admittance = M . Constants = Type~ 4
| Trace Value Operatar 5 = Calculation Setting:

Expression

I':TE’ your expression here.. e.g. 10%sqri(f)+5

1.

Comment

Enter a text comment here...

2.
0 Neo result type selected. 3 g

Figure 10-12: Expression editor window
The Expression editor window is structured into four main regions:
1. Expression field- Here you can enter your mathematical expression to be evaluated.

2. Comment field - In this field you can enter a text note for documentation purpose. You could for
example describe the expression you have entered.

3. Status bar - See if your expression has been successfully evaluated or if an error appears. If the
evaluation is successful, you will see a green checkmark icon G If there is an error, the

following icon will be shown: 0

4. Expression toolbar - Here, you can find the available variables, operators, constants and settings
you can use in the expressions.

Add an Expression

To apply an expression trace you must at least:
1. Enter the expression in the expression field
2. Select the right result type

3. Click Apply & Close
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In the following, you can find an overview on the functions of the expression toolbar:

Trace Values

74} Impedance Depending on the available measurement traces and memory traces,
G{ _ you can select the trace data as input for your expressions.
Gain Ri} Reflection ~ To use for example the impedance data of the measurement, you can
- Y Admittance ~ select Impedance — Z{Measurement}.

If you want to use the Gain data of the Memory 1 trace, enter:
A0 ValUEs G{Memory 1}.

Operators

The expression editor supports several operators. The most common
+ - * /|~ onesare available for selection as shown in the image to the left.

Rl

Functions, Variables & Constants
. The following functions are available via the menu:
sin@ ¢ 9
* General functions: log()...natural logarithm, log10()...10-base

Functions Variables and logarithm, sqrt()...square root

- Constants =

+ Complex functions: abs()...magnitude, real()...real part of a complex
number, imag()...imaginary part of a complex number, arg()...angle
of a complex in radian, conj()...conjugate of a complex number

+ Trigonometric functions: sin(), cos(), tan(), arcsin(), arccos(), arctan()
The following variables & constants are available via the menu:

» Variables: f...frequency in Hz, w...angular frequency in rad/s,
j...imaginary number, s...complex frequency (jw), Z0...nominal
impedance as set in BAS

* Constants: pi...1r (3.141...), e...Euler's number, u0...permeability of
free space, €0...permittivity of free space, c...speed of light

Result Type

(©) 2 Radians 0 A Result Type for the expression result must be

Ry 0-01 Decimal point selected before the expression can be evaluated.

Treee This is required for the correct display of the
Pre-defined expression results since no automatic unit-calculation

Gain impedance () is included in the expression parser.

7| admittance (3) Reflection

Others The result type can be chosen from one of the pre-defined

result types Impedance, Admittance, Reflection, Gain or a
Custam: | custom result type can be selected. When selecting custom,
the unit can be entered in the text field or left empty for a
unit-less value.
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:;:1:2 &™ Radians 0

Result | 0-01 Decimal point
Type -~

Expression field

Expression

Bode Analyzer Suite software features

Please consider:
* The angle unit is always radian

* The radix character is always a decimal point. For
example 2.5 equals two and a half.

The expression is entered in the expression field.

| G{Measurement}*(10+G

:G(Measurement} Measured Gain!
G{Memory 1} Gain

Operands and operators can be selected from the
ribbon elements or directly entered in the expression
field.

A Search function will show the available elements
during typing.

Apply & Close

After an expression has been successfully parsed e the expression can be applied using one of
the two buttons at the lower right-hand corner:

» Apply will calculate the results values without closing the editor window.

+ Apply & Close will calculate the result values & close the editor window.

In both cases the resulting expression curve is shown in the corresponding chart in the Bode Analyzer

Suite main window.

Expression trace configuration

The Expression trace and its chart view can be configured using the trace configuration box. The
Expression trace, has the following specific options:

it « Expression 1 Fom v
: Z{Measurement}+Z{Memory 1} :

Format | Magnitude v |
Yima | 120 0 4]
Vi | 4003
Y-axis scale Log(Y) v

Expression =* new memory

OMICRON Lab

The expression entered in the editor is shown in the
Expression field.

The result of an Expression trace can be

copied to a Memory trace using the button

Expression =+ new memaory
The editor window can be opened again by clicking the pen

icon & or by clicking into the expression field.
If the frequency points of the used operands differ, an info

icon will be shown in the trace header .. Either linear
interpolation will be used to find the needed operand values
or the values will be skipped.
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10.6 Port extension

The Port extension feature allows you to mathematically move the reference plane of a reflection or
impedance measurements. This can be useful if Open/Short/Load calibration cannot be performed
directly at the point of connection of the DUT. There could be a short transmission line on a PCB but
the Open/Short/Load calibration has been performed at the point of the cable-connector.

Port extension allows you to enter a physical length L and the propagation speed respectively the
velocity factor VF. The velocity factor VF is the ratio between the speed of light ¢ and the propagation
speed of the signal on the transmission line / cable. It is a number between zero and one. The time
needed for the signal to travel along that transmission line can then be calculated by:

Assuming zero loss, the reflection factor at the end of that transmission line can be calculated as:

1-‘shifl: =T ejsz

Using port extension

To use Port extension the first time, you must enable it in the Options dialog. You can find the option in
the options menu under the Advanced section.

After having Port extension enabled, you will find the Port extension icon in the Home ribbon besides
the calibration icons.

You can enable or disable Port extension by clicking on the icon. A green icon indicates that the Port
extension calculation is active.

— —
rshift rslift
Port Port
extension » extension =

Port extension is not active (N0 |Port extension is active (green
colored background). colored icon background).

- EMITT

Port
extension -l}, ) . )
By clicking on the lower part of the icon . .- you can open the port extension configuration
window. To do so, click on configure port extension as shown below.

—
rshift
Port
extension «

A\ Configure port extensicn I}
| @ Disable port extension
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In the Port extension configuration window you can enter the physical length as well as the velocity
Cable Loss

} Use cable loss table

factor or the time delay directly. By clicking on the arrow besides Cable Loss

a table appears that allows to enter loss over frequency in dB per 100 m. In the example below, a 10
mm long RG58 cable shall be compensated. The physical length as well as the velocity factor and the
cable loss are entered.

Port extension configuration X

velocity factor | 0,66 :|
Physical length | 10mm :|
Time delay | 50,54 ps :|
Cable Loss
~ Use cable loss table for calculation: Mo | » RS
(D) Please enter the cable loss in dB/100m.
Frequency Loss (per 100m) -
1 MHz 1,2de Ty
10 MHz 43de T
50 MHz 10,1 de Ta
Close
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10.7 Cursor calculations

Bode Analyzer Suite allows you to perform the following calculations / evaluations based on cursors:
* Non-Invasive Stability Measurement based on output impedance (basic & advanced)
* Resonance-Frequency and Q measurement based on the shape of a resonance peak

+ Stability margin calculation based on a loop-gain measurement (bode-plot)

10.7.1 Non-Invasive Stability Measurement

Non-Invasive-Stability-Measurement (NISM) is a method to determine the phase margin of a voltage
regulator via the closed-loop output impedance. The advantage of this method is that only the output
of the power supply needs to be accessed and no control loop needs to be broken.

Bode Analyzer Suite offers the following two NISM calculations:
1. Basic phase margin calculation (one-cursor)
2. Advanced phase margin calculation (two-cursors)

NISM is based on the fact that the phase response is very sensitive to the quality factor of a resonator.
Assuming a second-order closed loop feedback system, the quality factor of the output impedance
resonance peak is directly related to the phase margin of the control loop according to equation (9.25)
in "Fundamentals of Power Electronics" by Robert W. Erickson and Dragan Maksimovic.

COs EP?‘TI.
sin @,,

Basic phase margin calculation (one-cursor)

To measure the phase margin of a voltage regulator, you first need to measure the output impedance
over frequency. Then go to the cursor ribbon and select the Basic phase margin calculation method as
shown below:

m Home Memory View Cursor
X Hint:

MNone Select a calculation method.

-

X None Fre
= Basic Phase Margin calculation m—
= {One Cursor) AT

= Advanced Phase Margin calculation olta €2-C1
= (Two Cursor) —_ 1

As a next step, follow the instruction in the GUI and place Cursor 1 to the peak in the Q(Tg) result. The
phase margin calculation method shows the phase margin result in the cursor ribbon as shown in the
following figure:
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mEppIn NISM - Bode Analyzer Suite
Home Measurement View Cursor ~
|I + r| =T . ) .
e o ||/\ : Phase margin Cursor 1 | 36,966° of Trace 1 *  Note: 1 Cursor distance: Cursar A | New cursor
Add  Add Delta] Basic Place the cursors Link Decade (10) *| Cursor B | New cursor
ata Q(Tg) peak.

Cursor  Cursor - cursors

Frequency | Trace1 | Trace2 | |

— T T
Frequency sweep Bl | Fixed |* i M Trace 1 mv
— B 6,683 kHz | 358,614 mQ 1,332 "
Start frequency 100 Hz ” | Measurement | Impedance v |
Stop frequency 10MHz| || Deltaca-Cl | @ Format Magnitude x
e ———
Center 5,00005 MHz 10 T 3 ¥max | 0o 4|
[ r -
Span 9,9999 MHz ] 28 Yemin 1mQ 5|
1 ¥-axis scale Log(Y) - |
I 26 !
Sweep  Linear Il Logarithmic | 24 i: M Trace 2 mv
I ' - n
Number of points | 201 = . T I Measurement | Impedance '
l I & : 22 - g
© 1 Format Q(Tg) )
Level constant KN Variable | © - > = ]
: = 2 FohEibeEt '_________/_____ c || Y e
= / o
Source level | 13 dBm :_ = //T\ 18 : Voun o -
< [ -5 . — .
Attenuator  Receiver 1 Receiver2 | o /ol 16 = ¥-axis scale | Linear |
2 100m A g
0cdé = || 0de ~ 2 / i 14 £
e orEmeT 10 O A 1 -
. c T rTE— B r.l 12 ~
Receiver bandwidth 10Hz ~ £ II\ ! o
[ v
> Jil 1 =
@ ('
= 10m f 1 800m
L~ L
I| 1 \ 600m
[
|
it | Wi 400m
| i A LARCILY
. . . A N\ TN // I 200m
/ \
i w L]
— ol : I,
Ut 100 1k 10k 100k ™ 10M

Frequency (Hz)

Measurement = new memory

[ Autooff || [ Recever1 | ][ Receiver2 | || fh 2021-06-17 | NEODAF

Figure 10-13: Basic phase margin calculation on output impedance of a linear regulator

The result shows a phase margin of nearly 37° (yellow) after placing cursor 1 to the peak in Q(Tg).

Advanced phase margin calculation (two cursors)

The advanced phase margin calculation uses a proprietary method developed by Steven Sandler
(Picotest.com). The advantage of the advanced phase margin measurement method is that it includes
the output filter damping factor and therefore generates more accurate results for highly damped
systems.

If you measure output impedance of a regulator with low Q respectively high phase margin, the peak
of Q(Tg) and the peak in impedance are not at the same frequency anymore. The higher the phase
margin, the higher the distance between the impedance peak and the Q(Tg) peak.

The advanced phase margin calculation uses two cursors that need to be placed on both peaks in
order to give a more accurate result for high phase margin values. To do so, select Advanced Phase
margin calculation and place Cursor 1 at the peak in the Q(Tg) curve and Cursor 2 at the peak of the
impedance magnitude curve.

0 To learn more about the non-invasive-stability measurement, please refer to the
corresponding application note available at www.omicron-lab.com/BodeManualAppNotes.
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10.7.2 Fres-Q Calculation

For a fast and easy contactless measurement of the resonance frequency (Fres) and quality factor (Q)
of RFID and NFC transponders Bode Analyzer Suite includes the Fres-Q cursor calculation. By
automatically placing three cursors to the resonance peak, Bode Analyzer Suite automatically
calculates the resonance frequency and quality factor based on the shape of the resonance curve.

Fres-Q calculation works as follows: Cursor 2 is placed to the maximum y-value the curve which must
correspond to the resonance peak. Cursor 1 is placed to half the y-value at a lower frequency. Cursor
3 is placed to half the y-value at higher frequency.

The Cursor 2 frequency then equals the resonance frequency f.

The distance between Cursor 1 and Cursor 3 equals the bandwidth B.

The quality factor Q is then calculated by:

ﬁ‘g.ﬂ'
EB

Q=

To measure the resonance frequency and Q-factor of a resonance curve, go to the cursor ribbon and
select the Fres-Q calculation method as shown below:

JS.EIJ Cursor distance:
X Hint: 1

MWone Select a method. Link Decade (10)
T CUrsors

X MNone

a=| Basic Phase Margin calculation
(One Cursor)

7 Advanced Phase Margin calculation

.|l 2 (Two Cursar)

m Rescnance frequency - quality calculation [},

As a next step, select the format (Real, Magnitude or Phase) and trace you want to use for the cursor
calculation from the ribbon interface as shown in the example below:

Home Measurement View Cur

Im Use Real | ® Peak Track rescnance

Fres-C

of Trace 1 - Dip Find resonance

1 =k T

In this example we want to calculate the resonance frequency and Q-factor based on the Real part of
the values in Trace 1. As an alternative the Magnitude or Phase can be used. If multiple traces contain
values or if a memory is linked to the cursor table, then the calculation can also be applied to these
curves.
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To start the calculation, click either on the button | [INd resenance | o o otivate the checkbox

Track resonance. Track resonance will automatically evaluate the calculation and search the
resonance peak after each completed sweep.

As a result you should see the three cursor positioned correctly at the resonance curve and the result
in the ribbon:

mEppim= RFID-FresQ-Curves® - Bode Analyzer Suite [ X
Home Measurement View Cursor ~

+ .
|I+ ||A m Use Real - @pesk [ Trackresonance -onance Qualiy s

Add  Add Delta F frequency Bandwidth  factor
Add Delt - : " :
Cursor Curs:ra m-s “ of Trace 1 v Dip Find resonance 129,25 kHz | |5.271 kHz 24510 Linked

Cursors Cursor Calculation

Cursors -

. 1 o
Frequency sweep IEH Fixed |* Frequency [ Trace1 I el :: M Trace 1 v
— 126,686 kHz 35110
Start frequency | 100 kHz| 129,25 kHz 70230 Measurement | Impedance v
Stop frequency 150 kHz 131,957 kiz 35110 @] Format Real v
— _ 2,564 kiz | 35110 @) - =
Center 125 kHz| || Yona | 80 5 |
Span 50 kHz Yrmin | 00
Y-axis scale Linear -
sweep Linear IEl | Logarithmic :: Ml Trace 2 W >
Number of points | 401 - | :: M brick tag adapter i 28>
i sample 1 2 B m>
Level constant [IEH Variable
Source level -30 dém 2 = | sample 3 L RE>
Attenuator  Receiver 1 Receiver 2 i M sample 5 'ETE

0dé ~ || 0dE ~

Receiver bandwidth | 100Hz -

Trace 1: Impedance Real (Q)

100k 120k 140k
Frequency (Hz)

Measurement —» new memaory

One-Port

| | B 2021-06-17 | NEOOAF « [

Figure 10-14: Contactless resonance frequency and g-factor measurement of a 125 kHz RFID tag

The result in this example indicates a resonance frequency of 129.25 kHz and a Q-factor of 24.5.

6 To learn more about contactless resonance frequency and Q-factor measurements of RFID
transponders, please refer to the corresponding application note available at www.omicron-
lab.com/BodeManualAppNotes.
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10.7.3 Stability margin calculation

To get quicker stability margin results, Bode Analyzer Suite can automatically determine Phase
Margin, Gain Margin & Vector Stability Margin using the Stability margin cursor calculation.

To activate stability margin calculation, go to the cursor ribbon and select the stability margin
calculation method as shown below:

LTS-SI, Cursor distance:
x Hint: 1

Mone Select a method. Link Decade (10)
- Cursars

X MNone

a7 Basic Phase Margin calculation
= [One Cursaor)

= Advanced Phase Margin calculation
= (Two Cursar)

m Rescnance frequency - quality calculation

17‘%— Stability margin calculation I},

As a next step, select the trace you want to use to derive the stability margin information from. If you
want to calculate stability margin from a memory trace, please link the cursor to the memory using the

link cursor icon E in the memory trace. In the following example we want to calculate the stability
margin of the measurement curve in Trace 1:

Home Measurement Vie

; Select trace: Track margins

Stability margi
calculation -

Trace 1 M Find margins

Find margins

To start the calculation, click either on the button or activate the checkbox

| Track margins . Track margin will automatically search the stability margins after each completed
sweep.

As a result you can see the three cursor positioned at the frequencies of Phase margin, Gain margin
and Stability margin. The results are shown in the cursor table and in the cursor ribbon:
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mE P~ LoopGain - Bode Analyzer Suite [ .
Home Measurement View Cursor »
| I+ | |A+ 7+_ . Cursor 1 Cursor 2 Cursor 3 o
Select trace: [ Track margins Phase margin [|Gain margin Stabiliky margin
Add  Add Delta Stability margin . Linked
Cursor  Cursor calculation Trace 1 e I| 363617 | 25,098 d& o611 | cursors =
Cursors Cursor Calculatio
Frequency Sweep - Fixed B Frequency Trace 1 Trace 2 | | e Trace 1
10,42 kHz ode 36,361 ° I )
Start frequency 100 Hz| 78,445 kHz 25008 dE 0T Measurement Qaln
Stop frequency 200 kHz 11,565 kHz -1377dB 37445° |0 Format Magnitude (dB) v
Center 100,05 kHz 60 200 Yma 6048 §
Span 199,9 kHz 50 Ymin | -60 dB
150
Sweep Linear I Logarithmic 40 Measurement Gain
Number of points | 201 bl 30 100 FOMR&L Phase () M
— ! Unwrap phase
: )
el corsnt | M e | £ 2o T —
| @ =
Reference level -20dem 3| | 2 0 g T End "z
= 10 2 |
Shape level.. 8, &= Voraa 200 :
= c
= 0 . 8 | Voin 200+ 3
Attenuator  Receiver 1  Receiver 2 £ Phase marginj, 9
———i———1 | © -10 n ~
0dg w 0de - - 7]
L | | = n 50 g
- L =
Receiver bandwidth [ 30mz || & %0 f
- i ' MGain margin
-30 - -100
n
1l
-40 I
n -150
-50 u
‘ D 0 D n
b 1]
i € 60 -200
| 100 1k 10k 100k
Frequency (Hz)
Gain / Phase Measurement = new memory

06-17 | NEQO4F ~ [

Figure 10-15: Stability margins displayed in the loop gain bode plot of a step-down dc/dc converter.

Besides the Bode diagram, the stability margins are clearly visible in the Nyquist diagram. See next
page.
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Nyquist Diagram

The stability margins can easily be seen in the Nyquist chart. Set Trace Format to Nyquist to display
the Nyquist chart.

Trace 1: Gain

20

18
Measured

16 Loop

i Gain \
12
10
Vector

08 Stability
06 Margin

04
Phase

02 Margin

0,0

-02

04 =

-06 Gain Margin

-08 Positive
Feedback

-1,0 Point

=12

Imaginary

-14
-1,6

-18

-2,0 =15 -1,0 -0,5 00 05 10 15 20

Real

Figure 10-16: Stability margins displayed in the Nyquist chart. Note that the "instability point" is marked
at +1.

o When measuring loop gain of a negative feedback system using the voltage injection
method, 0° measured phase indicates positive feedback. The reason is that the measured
signal generally also travels thru the inverting error amplifier, getting an additional 180°
phase shift. This is why the instability point is displayed at +1. If you have a case, where the
instability point should be at -1, Go to the Measurement ribbon and set Instability Point to
-1.

To learn more about loop gain measurements and stability margin measurements, please
check out our webpage: www.omicron-lab.com/BodeManualAppNotes.
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10.8 Averaging
Bode Analyzer Suite offers averaging to reduce measurement noise.

Averaging can be activated by clicking on the Average measurement icon M in the View ribbon.
When averaging is active, the icon turns green.

The average factor influences the averaging method. A higher average factor offers a higher noise
reduction but requires more sweeps to complete.

The following figure shows an example where a Gain measurement is averaged (Green icon) and 4
sweeps have already been completed. The average factor is set to 10. Six more sweeps should be
completed to achieve the full noise reduction in this case.

factor during averaging without losing previous
CE'H‘IP EtE:i SWeeps 4 measurements
7%y Reset averaging

/ Average factor:| 10 * o You can increase or decrease the average

Average
measurement

Auersme feaim
HAVENags \ag

The following equation shows the implemented averaging algorithm:

T_.x:rz+(_ N—l)
Xp = N Xp—1- N

The new averaged result is calculated using the new measured value and the previous averaged
result. N is the average factor that must be >2.

0 The influence of an old measurement will become lower and lower but will never completely
disappear (exponentially decaying moving average).
If your measurement result has changed, you can use Reset averaging " to restart the
averaging and remove the influence of previous measurement results.

Averaging is performed sweep to sweep. This means that at least 2 sweeps are necessary to calculate
an averaged result.
Averaging is calculated using the complex measurement result.

o Averaging needs to be activated for Gain and Impedance measurements separately!

Memory traces

Whenever you activate averaging, two memory buttons are available to copy data to the memory
traces.

Measurement — new memory will copy the measured result to
a new memory trace.

Averaged - new memory Average — new memory will copy the averaged result to a new
memory trace.

hMeazurement = new memaory
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10.9

Unwrapped phase

The Phase shift between two sine-waves can only be measured between -180° and +180°
respectively -r and +11 in radians. If the phase shift of a DUT exceeds -180° or +180°, this fact causes
a strange-looking phase jump in the diagram.

The following figure shows the Gain and Phase curve of the IF filter DUT delivered with Bode 7100 and

Bode 500:
mEppim= UnwrapPhase - Bode Analyzer Suite
Home Measurement View Cursor ~
[ Mew [ save » > 5\ D\ Hz f,..f, Hz = f,..f.
N MHz oln MHz »
Open [} Saveas . II . h‘ ‘ dB dB Q
- Conftinugus Single Stop  Transmission Impedance /  Full-Range User-Range  Full-Range User-Range
[# Export &_ Report / Gain Reflection - M - -
File Vieasurement Hardware Setup Gain calibration mpedance calibration
Frequency sweep IEH Fixed H Frequency | Trace 1 | Trace 2 | | el | Trace 1 v
:: Il Cursor 1 -
Start frequency 10,1 MHz| (] Measurement | Gain A
Stop frequency 111 MHz| |1 Delta C2-C1 | 0} Format Magnitude (dB) v
Center 10,6 MHz -30 200 Yemax _ -30.d8 3]
Span 1 MHz Yemin | -90 dB o
-35
\ 150 :: M Trace 2 W v
Sweep Linear B Logarithmic -40 Measurement M
Number of points | 201 bl -45 100 Format ghase Gl -
— [: ! Unwrap phase ]
. )
Level constant [IEH variable | T _gg —~ || Yoosx 200° o
; e - L
souree level 13 dBm o ] \ 50 g Yesin 200° &
= -55 \ e}
: : = \ =
Attenuator  Receiver 1 Receiver 2 2 =
T T | = -60 0 'F
Transmission | 10dB w || 10d8 = )
RR T RAT L | — \ X
- - 0 -g5 ©
= i - F=
——— 7] \ -50 m@
Receiver bandwidth | 300Hz ~* 3 -70 \ =
—
=75 \ -100
\
-80 \
-150
-85 \
(::: . |;:::
| -a0 -200
. 10,5M 1M
. Frequency (Hz
Transmission / Reflection a / s Messurement -y, new.memory

Receiver 2

Receiver 1 |

| | B 2021-06-17 | NEOOD4F « [

Figure 10-17: Phase-wrap effect caused by the fact that phase can only be measured between -180°

and +180°
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In some applications, such as the measurement of the total phase shift of a filter, it is useful to
continuously display the phase. To do so, activate the Unwrap phase function by clicking the Unwrap

phase checkbox in the Trace configuration box ' Unwrap phase  Thjs |eads to an continuos phase

display as shown below:

L= 2
Home Measurement

D MNew B Save
Open [2 Saveas
[# Export IL_ Report

sweep KN

Frequency Fixed
Start frequency 10,1 MHz|
Stop frequency 11,1 MHz
Center 10,6 MHz
Span 1 MHz
Sweep  Linear - Logarithmic
Number of points | 201 bl
Level constant K Variable
source level 13 dém 3
Attenuator  Receiver 1 Receiver 2
Transmission | 10dB « || 10dB ~
v -
Receiver bandwidth | 300Hz +

Transmission / Reflection

Trace 1: Gain Magnitude (dB)

View Cursor

P PIE mw ww G

Continuous Single Stop

UnwrapPhase* - Bode Analyzer Suite

f,..fa
Q

Transmission Impedance /  Full-Range User-Range Full-Range User-Range

/ Gain

Reflection -

ardware Setup Gain calibration pedance calibratio

-Tr-ac-e.-l | Trace 2 | |

H Frequency |
:: I Cursor 1
it Deltac2-C1 | @
-30 200
—
150
=35
100
=40 En
50
=45 0
P
-30
-50
100
-55
150
-60 200
250
-65
-300
-7
° 350
75 ~400
-450
-80 /
-500
-85
330
-90 -600

10,5M
Frequency (Hz)

11M

Trace 2: Gain Phase (°)

N & Trace 1

|1

Measurement | Gain v

Format Magnitude (dB) |
Yomax | 30 dB 3|
Yemin -90 dB :[
Measurement Gain vl
Format | Phase () - |
[."_ Unwrap phase ]
Begin '_ H?|

End . Hz

- 200° 3|
Yo -600 ¢ %

Measurement = new memory

Receiver 2

Receiver 1 1 |

| | e 2021-06-17 | NEODAF « [

Figure 10-18: Unwrapped phase result shows the total phase shift of the IF filter DUT

Hint: Optionally you can limit the unwrapping to a specific frequency range. Use the Begin

and End check boxes and corresponding entry fields to define a frequency range in that the
phase shall be unwrapped. This is especially useful when the phase result contains a lot of
noise in a specific frequency range.
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10.10 Circuit Fit

The Circuit Fit feature allows you to fit an equivalent circuit model to a measured impedance or
admittance curve. The equivalent circuit can either be a simple model or a more complex generic
network structure. This section gives an overview about how to create a circuit fit for impedance or
admittance curves using the Bode Analyzer Suite and the most important circuit fit functions and
calculations.

Let's start with a simple example showing how to fit a simple model to an impedance curve. If you
don't have an impedance measurement available, you can use a demo file via File — Open — and
then navigating to: "%appdata%\OMICRON_Lab\BodeAnalyzerSuite\DemoFiles". The file we have
used here is: Bode100_ImpAdapt_Inductor.bode3.

Perform your first simple Circuit Fit

To perform a Circuit Fit, go to the Measurement ribbon and add a new Circuit Fit trace by clicking
on the corresponding icon in the ribbon. This automatically opens the circuit fit dialogue and will add a
Circuit Fit trace.

Home Measurement View Cursor 1 "
’ <@ Show all \Vi [+~ [E F Instability Point:
C3 o igeal B 54

Data > Add Add  Add Add | *1 M
Memory ~ [ Delete all  measurement math Expression | Circuit Fit
L Memory Traces Stability Analysis
[ Circuit Fit 1 2> o IR 1. Click the Add Circuit Fit icon in the
Fitting 4 v Measurement ribbon.
&. E—p | = 2. Leave the Fit Model on Simple and
Start | ExportFfit Export Import select your desired impedance or
Fit | configuration Configuration )
admittance curve from the Data Source
This feature is a preview. list box.
Fit Model: simple JEM | Network 2 g 3. For afirst try, we recommend to leave
Data source: |_Z{Measurement} - Impedance valueinQ ¥ ] . the Model type on Automatic (best
fit). The algorithm will automatically
Equivalent circuit model 3" choose the option of the available
Select model type: | Automatic (best fit) v | ; pre-defined simple models. For more

information on the pre-defined models

(@ Running a fit is required to get the best fitting model automatically! follow this link.

4. Trigger the circuit fit calculation by
pressing the Start Fit button on the top

Fit parameter v of the window.
Seek passivity: | No » @
Weighting: 1/|mpedance] v B =

Enter your notes...

Close
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14

=] Cireuit Fit 1 O
Fitting b
£F =
y B O[> B
Start Export Fit  Export SPICE Irmpart
Fir configuration nepdlEst Configuration
This feature is a preview.
Fit Model; Simple IR Metwork
Data source: Z{Measurement] - Impedance value inD v
T |
Equivalent circuit model 2 | Fit results M
Select model type: | Model F * = P BBy +s- R,L
Butomatic best Bt R, + R, +s(L + RR,C) + & B, LC 3 Y
Madel F
c Rp 89141 k1 5
I Rs _ 1725192 mQ 2
—p—] g L 2226626 uH &
e L | -
A e 24.0286 pF 5
LI .
Ry Relative Error
70
R i 60
Fit parameter 5o
Seek passivity: No @ E“U
Weighting: 1/|Admittance] - | =& =30
20
Entes your notes L T LU e —==T il \\ ol [ HE]
10 100 1k ?r;qmuenty [;I{C:Hj')k M 1o0m
RMSRE: 127714 % @
L] e
| -
& 1k | ’ | 50
i:nm ' - i "t | £
2 E i \ o §
& 10 | \ -
= ] 50
| k
[ = I
10 100 1k Fli.‘lt?lilnib!."l ;Ilﬁk ™ 10M
— Data: [Z] {0) —Fit: [Z] ()
= - Data: Phase () - - Fit: Phase (%)
]
o Fitting complete! 1 5 4 ] =

1. A green checkmark is shown in the Status Bar if no error has occurred.

The model with the smallest RMSRE Error will be selected and shown automatically as best fit.

The Fit Results are shown on the right side of the dialogue as transfer function representation,

result table, relative error chart, RMSRE error and fit result chart to compare with the selected data
source. You can adjust the model parameters by changing them in the result table if needed.

If you are happy with the result, press Done. The Circuit Fit window will be closed, and the circuit

The fit calculation is done in the cloud and requires an active internet connection as well as a

2.
For more information of the error calculation see RMSRE Error Calculation.
3.
4.
trace will be shown in the chart (BAS main window).
connected Bode 100 or Bode 500 device.
OMICRON Lab
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Circuit Fit settings

Ribbon elements
o
Fitting
Ry
Start
Fit

[+

Export SPICE
netlist

=
el
Import
Configuration

=
Export Fit

configuration

Start

Export Import

Start Fit button to perform a fit and to get the fit

results. The settings are sent to an external circuit fit
server (Azure), which calculates the corresponding fit and
sends the results for further calculations back to the Bode
Analyzer Suite.

Export Fit Configuration button to save the fit settings
(without measurement and result) to a -fit file.

Export SPICE Netlist button to export a fitted circuit
model to a SPICE netlist.

Import Configurations button to import a .fit configuration
setting file.

General settings
Simple [ < ]

Fit Model: Network

Fit Model: Select between pre-defined (Simple) models
and a generic Network structure

Data source: ‘ Z{Measurement} - Impedance valuein Q ¥ ‘

Data Source: Depending on the available Measurement
and Memory traces, select the impedance {Z} or
admittance {Y} data as input for your circuit fit.

Expression and Math traces cannot be selected
as data source. Copy their results to a Memory
first if you want to use them as base for a Circuit
Fit.

A trace needs Impedance/Admittance results to
be used in the Circuit Fit.

Simple equivalent circuit models

Equivalent circuit model

Select model type: | Automatic (best fit) ¥

@ Running a fit is required to get the best fitting model
automatically!

Select model type:

+ Automatic (best fit): Returns the best fit based on the
model with the smallest RMSRE Error.

» Alternatively, select one of the pre-defined models
Model A-H to perform a fit on a specific model.

Network-structure model

Equivalent circuit model

Network structure: I Automatic

| a

Pole count (1-20):

Network structure:

« Automatic: Returns the structure with the lowest
RMSRE Error.

» Alternatively, choose between a Parallel or Series
Network structure to perform a fit on a specific
structure.

Pole count (1-20): Defines the number of poles used for
the network fit.

* Empty field = Automatic: The fitting algorithm
increases the number of poles automatically until the

target error is achieved.
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« Alternatively, enter a pole count number between 1
and 20 to define the model complexity. In this case no
target error is needed.

Fit parameter

Fit parameter

Seek passivity: No ¥ (O]
Target DC value: ‘ s |®
Target error (RMSRE): | 150% 3 |®
Weighting: ‘ 1/|lmpedance] v ‘ ®

Seek passivity: If seek passivity is active (Yes), the fitting
algorithm tries to make all components of the equivalent
circuit positive.

The fit will be better if you allow negative values.

Target DC value:Target DC value is the desired value of
the model at 0 Hz.

+ Empty field = Automatic: The resulting DC value will
be shown in the Fit results view.

» Alternatively, enter a DC value in Q to give the
algorithm a target value. For capacitor fitting, enter a
high value, for inductor fitting, enter the DC resistance.

Target error (RMSRE): Define the Target RMSRE Error for
the automatic pole count.

Target error only available for Network fitting if the
Pole Count setting is set to Automatic.

Weighting: The weighting curve can be shown as diagram
by pressing the eye button next to the weighting selection.

* Pre-defined weighting methods are available: 1/|
Datal; 1/(|Data|)?; 1/sqrt(|Datal).

« Alternatively, define your own weighting curve over
frequency. To do so, select Manual weightingor press
the Copy Current Selected Weighting Curve button.
In both cases the weighting chart will be shown
automatically. Points can be added by double clicking
on the chart. Added points can be moved by mouse-
dragging or deleted using the mouse over context
menu.

The Equivalent Circuit Model type defines if
Impedance or Admittance is used as base for the
weighting.

Comment field: A text field to your enter notes.

Circuit Fit result view

Transfer function for simple model

‘F'\t results

R.R,+s-R,L

Z = ;
R, + R, + s(L + RR,0) + s°R,LC

v

The result of the Simple circuit model is presented as a
transfer function of the model with the circuit components.
The unit of the transfer function depends of the selected
Data Source (Impedance Z or Admittance Y).

Transfer function for network
structure

The transfer function of the network model can be shown in
the following forms:

OMICRON Lab
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Fit results v
Transfer function representation: | Circuit components v
Absolute DC value at 0 Hz 173.4225 mQ
Pole count: 1

1
T

=1 1
mt+sCo+

»  Circuit components
» Partial fraction
* Polynomial

» Factorized (Zero-Pole)

The unit of the transfer function depends of the selected
Data Source (Impedance Z or Admittance Y).

0 The transformation from one format to the other
can slightly change the results.

Absolute DC value at 0 Hz: Shows the result of the
transfer function at DC (0 Hz).

Pole count: Shows the number of poles in the resulting
model.

Copy transfer function to clipboard

-

| Copy formula to clipboard

| Copy formula to clipboard (Matlab formatted)

Right mouse click on the transfer function equation opens
context menu to copy the transfer function formula for
further processing.

Fit result table

Rp 89141k0 5
Rs 1725192 mQ »
L 222.6626 uH 5
C 24.0286 pF 5

The Fit result table shows the values of the transfer
function parameters.

Right mouse click on the result table opens the context
menu to copy to copy the result parameter to clipboard.

4= Copy parameter table to clipboard

The values can be modified using the up/down arrows or by
entering a value.

Relative Error chart

Relative Error

530
20
10 =

10 100 1k Frlghency (1H99k ™ 10M

RMSRE: 13.7714 % @

The Relative Error chart shows the relative error between
data and model in % over frequency.

Fit Result chart

RMSRE: 13.7714 % (D

= === = —

- ~,

=
- © =
o o =

\
N

Magnitude (Q)
T

o

~ 4

10 100 1k Fr;(?\t(ency zagk ™ 10M

—Data: |Z] Q) —Fit:|Z] (Q)
- -Data: Phase (°) - - Fit: Phase (°)

The Fit Result chart shows the Bode diagram of the data
source and the fitted model by overlaying two curves.

Additionally, the RMSRE Error is shown above the chart.
See RMSRE Error Calculation for more information

180

OMICRON Lab




Bode Analyzer Suite software features

Chart configuration options

The following interactions are available for the weighting chart, the relative error chart and the fit result
chart via the context menu or direct mouse-interaction:

» Zooming (for more information see the following @ Obtimize
example on "How to zoom a measurement curve") P
E Reset Axes

* Optimize the chart axes range
Copy image to clipboard

* Reset Axes to the default settings
* Copy image to clipboard

* Modify the Axes Xmin/Xmax and Ymin/Ymax by
mouse via the rectangles at the axis start and end

points
Relative Error RMSRE: 13.771 % @
70 T —— g ™)
60 _ Ik i " \ 50
(=]
50 ¥ Wi i g
g - 100 L |
Eaa £ - ‘ - -0
o1 g d
iz g \
20 1 i
10 =T T T Tl P \‘. =l
=B .t W R | R . <t RN R ¥ il ) 100 1k 10k 100k 1M 1oMmfi00M 16
10 100 1k 10k 100k ™ 10M Frequency (Hz) N

Frequency (Hz)

The fit result curve is calculated for two decades below the start frequency and above the
stop frequency. Use the mouse to look outside the frequency range of the data source.

RMSRE error calculation

To find a good fit, the fitting feature uses a Root Mean Square Relative Error (RMSRE) as a measure
for the total error between the data source and the model result. It is calculated as follows:

Assuming the measured complex points are Z,,...,Z, with n measured frequency points at frequencies
f;,....f,. The function g is the fitted function which approximates the measured complex points. The
Root Mean Square Relative Error is then calculated by:

n 2
RMSRE = Z (W) /n

i=1
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Pre-defined simple model types

Model A R Simple parallel equivalent circuit model
l_:l_l with one parallel loss resistor. Can be
o " used to model a parallel resonator showing
C an impedance peak. Typically used for
inductors with high core loss.
L
Model B R Parallel equivalent circuit model with one
series resistor as loss element in series with
the inductor. Can be used to model resistors
I or inductors
]
C
Model C R Series resonance circuit with one parallel
L resistor as loss element in parallel with the
capacitor. Can be used to model high value
resistors.
C
Model D R C L Series resonator with one series loss
D_:I_"_IW‘V'\_O resistor. Typically used to model low-loss
capacitors.
Model E R Ce Quartz resonator equivalent circuit used
to model crystals and ceramics with two
resonance frequencies.
Cp
Model F C Parallel equivalent circuit model with series
Il and parallel loss element. Often used to
i model inductors.
o—o—:'—f\"w_\—o—e
Rs
| —
L
Rp
Model G R Series equivalent circuit model with series
L R and parallel loss element. Often used to
> model capacitors.
C
Model H R Resonator model with three storage
elements and one parallel loss element.
Ls
Lp
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10.11 Shortcuts

The following table gives an overview about the available shortcuts for Bode Analyzer Suite.

Command Shortcut Key(s)
Create a new measurement (.bode3 file) CTRL+N
Open existing bode file CTRL+O
Export current measurement settings and results CTRL+E

This command opens the export dialogue with different export options
available in the Bode Analyzer Suite.

Save current measurement to .bode3 file. Opens the save as dialogue if |[CTRL+S
the measurement is saved for the first time.

Open the report setting dialogue to generate a PDF report CTRL+R
Start "Single" measurement F6

Start "Continuous" measurement F5

Stop currently running measurement F7
Create memory from current measurement results (add new Memory CTRL+M
trace)

Delete Measurement trace data (clear results) CTRL+D
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10.12 Check for updates

To check if your Bode Analyzer Suite is up to date, click on the info icon ® This will enter the info
pane and check for available updates. If your version is up to date, this will be indicated as shown
below:

Bode100_ImpAdapt_Inductor* - Bode Analyzer Suite

©

Dretails
New measurement
Licenses
Open
Recent
Save
SVE i Bode Analyzer Suite
Version 3.50.2894.0200 (built on 2024-07-24 08:59:13%)
Export
[ Your version is up to date. ]
Options
© 2005 - 2024 OMICRON Lab
About
Read user manual
Ext
6 If a newer version is available, the Bode Analyzer Suite will inform you by showing an

information screen.
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11 Automating measurements

Besides using the Bode Analyzer Suite, the Bode 100 and Bode 500 can also be controlled via
different interfaces to automate your measurement. For more details on measurement automation,
please also refer to the our online documentation at: www.omicron-lab.com/
BodeAutomationinterfaceHelp

Automating Measurements using the Bode 100

The Bode 100 can either be accessed via it's proprietary Automation Interface or via a SCPI interface.
The Automation Interface is a object oriented API written in .NET, available for .NET programming
languages as well as OLE COM compliant programming languages on Windows.

Accessing the Automation Interface via COM is not recommended for new developments,
since .NET technology is evolving away from COM.

The Bode 100 requires a client computer with the OMICRON Lab VNA business logic and the required
USB drivers installed. The USB drivers are required to enable communication between the client
computer and the Bode 7100 hardware. The OMICRON Lab VNA business logic is needed to generate
measurement results and controls the Bode 100 hardware via USB.

On a Windows computer, the Bode Analyzer Suite installer will automatically install the necessary USB
drivers and VNA business logic. The installer is available on our OMICRON Lab Bode Analyzer Suite
Download Area. On a Linux-based computer, you need to install the USB drivers and VNA business
logic manually. You can download a Linux package from the OMICRON Lab Bode Analyzer Suite
Download Area.

The following diagram shows the software architecture and structure of the available interfaces for
automated measurements using the Bode 100.

Client Device (e.g. PC)

.........................................................

! | Customer App (e.q. C#, Phyton, LabVIEW™)

i SCPI :
1 w m 1
5 COM NET Client || LabVIEW :
Bode Automation SCPI Server
Interface * !

: OMICRON Lab 5

VNA Business Logic

; USB i

* See Note for more information.

Bode 100 device
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The following options are available for controlling your Bode 100 device and performing automated
measurements:

* SCPI Interface (Standard Commands for Programmable Instruments): The SCPI server can be
started on the client computer, providing an interface to control the Bode Analyzer Suite using
SCPI commands.

» Bode Automation Interface: Access the automation interface natively from any .NET
programming language or via the Windows COM interface.

« LabVIEW™ software

e * Bode Analyzer Suite and Bode Automation Interface are only available for Windows.

* Using COM is not recommended for new developments. We recommend using the SCPI
interface instead.

Automating Measurements using the Bode 500

The Bode 500 can be accessed via the SCPI interface.

The OMICRON Lab VNA business logic is part of the Bode 500device. This allows direct control of the
Bode 500 without the need for additional OMICRON Lab software to be installed on the client device.
The following diagram shows the software architecture for automated measurements using the

Bode 500.

Client Device (e.g. PC)

Customer App (e.g. C#, Phyton, LabVIEW™)

SCPI :
1 m 1
: e LabVIEW
; SCPI Server | SCPI
: LabVIEW Client :
: OMICRON Lab 5
VNA Business Logic

5 USB/ETH 5

* See Note for more information.

Bode 500 device

USB-C /ETH

OMICRON Lab SCPI Server

VNA Business Logic

186 OMICRON Lab



Automating measurements

The following options are available to control your Bode 500 device and perform automated
measurements:

» SCPI Interface (Standard Commands for Programmable Instruments): The SCPI server is part of
the Bode 500 device. It is started per default. If needed, you can start or stop the SCPI server
using theBode 500 Web-interface on page 189.

« LabVIEW ™ software

6 *  We recommend accessing the SCPI server directly on the Bode 500 device (see image -
highlighted in blue), since it does not require the OMICRON Lab VNA Business Logic
installed on the client device.

Bode Automation Interface

The Bode Automation Interface is a software interface that allows you to control Bode 700 via an
object-oriented API from .NET based programming languages. You can use the Automation Interface
in form of the NuGet package OmicronLab.VectorNetworkAnalysis.Automationinterface.
Besides native .NET access, the Bode Automation Interface can also be accessed via the Microsoft
inter-process communication technology COM, using any COM compliant programming language.

o * Using COM is not recommended for new developments. We recommend using the SCPI
interface instead.

* Bode Automation Interface is not available for Bode 500 devices. Use the SCPI interface
for automating measurements on the Bode 500.

SCPI Interface

Bode 100 as well as Bode 500 can be controlled using SCPI commands. For more information on the
SCPI functions, please refer to www.omicron-lab.com/BodeAutomationinterfaceHelp.

Using SCPI offers the possibility to control the Bode 100 as well as Bode 500 from e.g. Linux without
the need to use .NET or COM. For more information on that, please contact us (see: Support).

No GUI functions are included in the SCPI interface. Only the raw measurement data can be
accessed. Only single Channel and single Trace measurements are possible.

LabVIEW ™

A LabVIEW ™ instrument driver is available for the Bode 100. Please use the latest driver 3.51 or
newer. The driver is available from www.ni.com.
A driver for Bode 500 is under development. Please contact us for more information (see: Support).
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12 Device firmware

Bode 100 as well as Bode 500 are measurement devices containing analog and digital hardware. The
digital control system controls the analog measurement hardware and communicates to the client
computer running the Bode Analyzer Suite. In the following, device specifics about the digital system
including the firmware are described.

12.1 Bode 100 firmware

The firmware of Bode 100 is volatile. If a power-cycle is performed, the firmware of Bode 100 gets lost.
Whenever Bode Analyzer Suite establishes a connection to Bode 7100, and no firmware is on the
device, the firmware is programmed to the device. With this volatile concept, it is easy to ensure a
match of firmware version with the corresponding Bode Analyzer Suite version. Bode 100 always
requires a client computer with Bode Analyzer Suite or the OMICRON Lab business logic installed
which will manage the firmware version match of Bode 100.

There is no firmware update required for a Bode 100. Firmware updates are handled by
Bode Analyzer Suite automatically on the fly.

12.2 Bode 500 firmware

The firmware of Bode 500 is non-volatile and will not be automatically updated by Bode Analyzer
Suite. It can happen, that the firmware of a Bode 500 is incompatible with a version of Bode Analyzer
Suite. This incompatibility will be shown in the device selection of Bode Analyzer Suite. Bode 500
contains an operating system and can operate stand-alone.

It can happen that a newer version of Bode Analyzer Suite requires a firmware update of the
Bode 500. A firmware update can be performed via the web interface of Bode 500.
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12.3 Bode 500 web interface

The Bode 500 device includes a web interface that can be used to configure settings like:
» Network configuration (Ethernet and USB).

» Device name and description.

* LED color and brightness.

» Password protection, and more...

Reach the web interface
To reach the web interface of your Bode 500, follow the steps outlined below:
1. Connect the Bode 500 to your client device or network using the USB or Ethernet connection.

2. Enter the URL http://Hostname in the address bar of your web browser and press enter.
Hostname is the human-readable identifier for the Bode 500 device. Each Bode 500 device comes
with the default hosthname: Bode500-SerialNumber where SerialNumber is the 9-digit serial
number of your Bode 500.

3. This should lead you to the web-interface of your Bode 500 device.

0 To avoid possible connection interferences, use only one connection (USB or Ethernet) and
do not switch between USB and Ethernet during a session.
In case of any connection problems check out Bode 500 Troubleshooting.

After accessing the Bode 500 Web Interface you will see the following screen:

' ' 6 Enable Password Protection
OMICRON
I L AB
Welcome to your Bode 500

%= General Information

2 Device Settings

= General Information

Device Type Bode 500 Serial Number 10245998 Firmware Version 2.00.000
[ Control ETH Port

CPU Temperature 55.0°C Source Temperature 48.0°C Local Oscillator Temperature 47.5°C

& Control USB Port Power Status LED Color @ System Date (UTC) 2025-03-31 System Time (UTC) 15:00:38 UTC
Device Adjustment Date 2024-09-05T11:06:14

& Log Settings Device used by Bode Analyzer Suite 3.51 @ FLOHAMOOWWOT [USE]
2 SCPI Server

2 Export & Import

B Device Settings

4L Device Firmware

O System Status Device Description Date & Time Configuration

-1
© Reset & Restart Device Name Bode500-102459988 System Date (UTC) 03/31/2025

®Device Name is also used as hostname in the network. System Time (UTC) 02:57:56 PM ©

am your new Bode Analyzes
Device Note Use Date & Time (UTC) of Browser O

£ Log Viewer p

Power Status LED

N Choose LED Color Yellow | | cyan [ Green | | Violet ] Orange Red] m time | purple | [ Grey | [(huose Custom Color

If needed, you can enable a password protection by setting a password. This function is available in
the top-right corner of the Bode 500 Web Interface. The password protection is disabled per default.
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e + After disabling the password protection, a new password will be required to enable the
protection again.

+ Changes of the configurations and parameters will be only valid after saving. A Save
button is visible in the right bottom corner of the web browser window if unsaved
changes are available.

+ If necessary, reset your changes using the Factory Reset option. This resets all changes
including the Device Name (=Hostname) and brings the device back to the factory
delivery state.

General Information section

This section includes information about your Bode 500, such as serial number, firmware version,
device temperatures and the device adjustment date. The data in this section is read only and cannot
be changed.

= General Information

Device Type Bode 500 Serial Number 102459988 Firmware Version 2.00.0002
CPU Temperature 54.0°C Source Temperature 46.0°C Local Oscillator Temperature 46.5°C
Power Status LED Color @ System Date (UTC) 2025-03-31 System Time (UTC) 07:47:27 UTC

Device Adjustment Date 2024-09-05T11:06:14

Device used by —

Device Settings section

The Device Settings section includes the following settings:

B Device Settings

Device Description Date & Time Configuration
Device Name Bode500-102459988 System Date (UTC) 03/31/2025
®Device Name is also used as hostname in the network. System Time (UTC) 07:42:36 AM o

. am your new Bode Analyzer...
Device Note Use Date & Time (UTC) of Browser \:|

Set Date & Time

Power Status LED

Choose LED Color Yellow | Cyan | Orange m Lime | Grey | Choose Custom Color

Set Brightness _
Channel 1 LED Brightness Channel 2 LED Brightness Source LED Brightness
50 Q o— 500 o— Source On —
1MQ — 1MQ o—
Device Name Each Bode 500 device comes with the default Device Name:

Bode500-SerialNumber, where SerialNumber is the 9-digit serial
number of your Bode 500.
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o The Device Name is also used as the Hosthame. The
hostname is the human-readable identifier for your Bode 500
and it can be used to access the web interface instead of
using the IP address.

You can change the Device Name but please note, that this
change affects the URL address for accessing your Bode 500
web-interface.

Date & Time + System Date (UTC): Date of your Bode 500 device in UTC.
Configuration + System Time (UTC): Time of your Bode 500 device in UTC.

System date and time changes are only saved on the
Bode 500 device if the Set Date & Time button is pressed.

Device Note The Device Note field is shown in the Device Detection and Selection
dialogue of the Bode Analyzer Suite.
LED Configuration * Power Status LED: Customizes the color or brightness of the

power status LED. The color is used as indicator for your Bode 500
shown in the Device Detection and Selection dialogue of the Bode
Analyzer Suite

* Channel and Source LED: Customizes the brightness of the

Bode 500 Channel 1 LED, Channel 2 LED or Source LED.
The LEDs are located on the front panel of the Bode 500 device.
For more information on the meaning of the LEDs see Bode 500
Connectors.

Control ETH and USB Port

These two sections allow you to change the IPv4 settings of the network interfaces (ETH and USB).

Please be careful when changing the network interface settings as you could lose
connection to the device.

Log Settings
The Log Settings section allows to customize the logging of the Bode 500.
Two different loggers are available:

* Local Measurement Logger,includes log events related to measurements performed using the
local SCPI server.

+ System Logger, includes device and system relevant log events.

For each logger it is possible to set a specific log level such as information, warning or error.

0 The Measurement and System Log files are stored on Bode 500 device RAM. The log files
are deleted if the Bode 500 device is restarted.

o Measurement log files generated in combination with the use of Bode Analyzer Suite are
located on the computer where Bode Analyzer Suite is running.
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[@ Log Settings

Local Measurement Logger System Logger
Log Level: Info ~ Log Level: Info ~
IP / UDP Port IP /UDP Port
Log to UDP 10137.228.5 9993 Log to UDR 101372285 9992
@lInfo

This logger contains logs generated by the built-in SCPI server.

SCPI Server

The SCPI server is part of the Bode 500 device. It is enabled and thus started per default. If needed,
stop the SCPI server by disabling the SCPI server setting.

The SCPI server will be started or stopped immediately after changing and saving the SCPI
server setting. The SCPI server is reachable on port number 5025 via the IPv4-address of
the Control ETH or USB Port.

Export & Import

This section allows to export or import the configuration and user data of your Bode 500 as a file. The
configuration includes all settings from the web-interface. The user data includes calibration data from
a calibration that has been stored on the device using the corresponding SCPI command.

Device Firmware

The Device Firmware section offers the possibility to update the device firmware of your Bode 500.
Before updating, download the latest Bode 500 firmware update bundle from https://www.omicron-
lab.com/bode-500-firmware.

After you have downloaded the update bundle to your computer, you can initiate the firmware upload
from the web-interface by choosing the firmware file.

After a successful firmware upload, your Bode 500 device will initiate a restart to boot the new
firmware.

There are two partitions available, A and B. The new uploaded firmware is always loaded to the
inactive partition. After a successful upload and restart the just updated partition will get active and the
previously used one will get inactive.

L Device Firmware

Update Device Firmware

Download the latest Bode 500 firmware from https.//www.omicron-lab.com/bode-500-firmware/.

Upload the firmware to your Bode 500 by choosing the firmware file. After uploading, the device will install the update and reboot automatically.

Choose file = No file chosen

Or drap files here

Detailed Information

Partition A: Firmware Version: 2.00.0002; Installation Date: 2025-03-31T07:30:36Z (active)
Partition B: Firmware Version: 1.00.0008; Installation Date: 2024-09-05T09:41:507 (inactive)
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It is always recommended to back up your configuration and user data before performing a
firmware upgrade. Use the export function of the web interface to save your configuration
and user data before starting a firmware update.

System Status

This section includes system status information of your Bode 500 such as CPU data and process
status. This information read only and cannot be changed.

System Status

Process-Status

Web Interface ‘ Board Init O Management Host .
Factory Reset Handler . System Configuration . Process Watcher .
Update Watcher @ SCPI Server @

CPU Data

Frequency CPUO 1200 MHz Frequency CPU1 1200 MHz Frequency CPU2 1200 MHz Frequency CPU3 1200 MHz

Reset & Restart
This section allows to

* Reset the Bode 500 device to the default factory settings. Note that a Reset will also delete
* Restart the Bode 500 device.

(D Reset & Restart

Restart the Bode 500 device

Reset the device settings to the factory default O Reset to Factory Default

O Restart Bode 500 Device

The Reset operation resets all changes including the Device Name (=Hostname) and
brings the device back to the factory delivery state. It will also delete all user data like stored
calibrations from e.g. SCPI operations.

Log Viewer

The Bode 500 Web Interface comes with its own Log Viewer. It can be accessed by clicking on the
Log Viewer button in the left navigation bar. Different log viewer functions are available here:

» List of log files (Log File Selection) available on your Bode 500 device to select for analysis

0 The Measurement and System Log files are stored on Bode 500 device RAM. The
log files are deleted if the Bode 500 device is restarted.

» Filter function (Filter Log) to search for a specific log file entry of the selected and loaded log file.
* Log Content view of selected log file with scrolling possibility and highlighting of errors.

+ Export the currently selected log file or all log files available in the log file list.
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* Clear the currently selected log file to empty the log content view.

£ Log Viewer

Log File Selection

System Log v

Filter Log

Filters through the already loaded Log File Entries Filter Log ...

jibapeiotileg Elicioaced Load Next Section Load Whole Log File

otice kernel: klogd started: BusyBox v1.32.8 ()

Jan 1 @3 Bode560-INVALID user.notice kernel: [  ©.806908] Linux version 5.4.3 (root@runner-t37kxbzw-project-9-concurrent-@-kcuborr®) (gcc version 8.2.1 20180802 (GNU
Toolchain for the A-profile Architecture 8.2-2619.01 (arm-rel-8.28))) #1 SMP PREEMPT Tue Mar 25 19:85:54

3 Bode5@8-INVALID user.debug kernel: [ ©.888008] On node B totalpages: 1847552

Jan :80:83 Bode5@8-INVALID user.debug kernel: [  ©.808008] DMA32 zone: 12272 pages used for memmap

Jan :83 BodeS86-INVALID user.debug kernel: [  0.868098] DMA32 zone: @ pages reserved

Jan :83 BodeS80-INVALID user.debug kernel: [  ©.868088] DMA32 zone: 785488 pages, LIFO batch:63

Jan :80:03 Bode5@6-INVALID user.debug kernel: [ ©.808098] Normal zone: 4896 pages used for memmap
3 Bode5@6-INVALID user.debug kernel: [ 0.868098] Normal zone: 262144 pages, LIFO batch:63

3 Bode508-INVALID user.debug kernel: ©.909000] pcpu-alloc: s48536 r§192 d29288 u86G16 alloc=2174896
3 Bode508-INVALID user.debug kernel: ©.009000] pcpu-alloc: [0] @ [8] 1 [@] 2 [8] 3

B Enable Auto Scroll B Enable Colored Entries

Export Log File

Export the selected log file which is seen in the Log File Content view

Export Selected Log File

Export all log files which are seen in the Log File Selection

Export all Log Files as ZIP

Cl
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13  Troubleshooting

This chapter describes solutions for different troubleshooting scenarios. If the following hints don't help
you resolve your issues and you are still experiencing problems, please contact us. We are looking
forward to supporting you. Check out OMICRON Lab Support for further information on how to contact
us.

13.1  General tips

Software problems

In case you run into software issues such as crashes or unexpected behavior, please contact the
OMICRON Lab Support.

To help the support team, please include the log file of the Bode Analyzer Suite in your support
request. By default, the log file is located at:
C:\ProgramData\OMICRON_Lab\BodeAnalyzer\Logs\BodeAnalyzerSuite.log. Note that
C:\ProgramData is typically a hidden folder on your computer. For the Bode 500 the log files can be
accessed via the web-interface (see web-interface description).

Sometimes graphics card driver issues cause problems in rendering the charts correctly. If you
experience chart rendering issues, please update the drivers of your graphics hardware. If this does
not resolve your issues, try switching to software rendering in the options of Bode Analyzer Suite.

Connection issues
In case you are not able to connect to your Bode 100 or Bode 500, please perform the following steps:

1. Check if the Power LED at the front panel is on. In case that the LED is not lit, execute the
following steps:

a. Check if the wide-range AC power supply is plugged correctly into the mains socket.

b. Check if the coaxial DC power connector of the wide-range AC power supply is properly
plugged into the Bode 100 or Bode 500.

c. Check the output voltage of the DC connector using a volt-meter. The power supply included in
the delivery should provide a voltage of 18 VDC.

2. Check if the communication between the Bode Analyzer Suite and the Bode 100 or Bode 500 has
been successfully established. To do so, check if the serial number of your Bode 100 or Bode 500
is displayed in the start screen (see 6-1 on page 34, or in the right bottom corner of the

measurement screen Ik (see 6-3 on page 37). If you cannot see the serial
number, please check the following:

a. Check if the communication cable (USB or Ethernet) is properly plugged into your computer
and the Bode 100 or Bode 500.

b. Try disconnecting and re-connecting the communication cable and make sure you use the
USB cable included in the delivery if you use a USB connection.

c. Move the mouse over the icon DALl Sumesl ; the hottom right corner of the status

bar and then click Click here to search and reconnect

3. Try re-starting your computer and the Bode 700 or Bode 500.
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13.2 Tips for Bode 100

If the above mentioned general hints don't help you resolve your issues using your Bode 700, please
check out the hints below.

Bode 100 specific connection issues
If you still have issues connecting to your Bode 100, please check:

1. Try re-installing Bode Analyzer Suite. Note that you will need admin rights to install the required
USB drivers.

2. Connect your Bode 100 to the computer and open device manager. You should find the Bode 100
under OMICRON Devices. If there is a question mark or a warning triangle icon besides the
Bode 100, try to right-click it and select update driver. This should re-install the USB driver. If the
driver is successfully installed, it looks as shown below:

W ' OMICROM Devices
i QOMICROM Lab Bode 100 (Rev. 2)

3. Avoid the use of USB hubs and plug your Bode 700 directly into an USB port of your computer.

Try to connect Bode 100 to a different USB port or a different computer. Some USB 3 ports cause
issues with older Bode 100 Revision 1 devices.

5. The older generation Bode 7100 Revision 1 devices with Bode Analyzer Suite versions before 3.51
don't work on computers with AMD Ryzen processors. If you face this issue, please update Bode
Analyzer Suite to version 3.51 or newer.

13.3 Tips for Bode 500

If the above mentioned general hints don't help you resolve your issues using your Bode 500, please
check out the hints below.

General issues

If you experience general issues using your Bode 500, please check that you use a power supply
capable of delivering 24 W. If you use a power supply with less power capability, your Bode 500 might
not start correctly or might occasionally reset if power demand exceeds supply.

The power supply delivered with Bode 100 is not sufficient to supply a Bode 500! Use only
the power supply delivered with your Bode 500 or a similar device capable of delivering
24 W.

Bode 500 specific connection issues

In case you are still having issues to connect Bode Analyzer Suite to your Bode 500, we recommend
to check if you can reach the web-interface of Bode 500 by entering the URL http://Hostname in the
address bar of your Internet Explorer.

Each Bode 500 device comes with the same default hostname: Bode500-SerialNumber.
SerialNumber is the 9-digit serial number of your Bode 500.

This should lead you to the web-interface of the device.

In the web-interface you can check / change / reset the IP settings of Bode 500 and configure your
Bode 500 accordingly.
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If you cannot reach the web-interface, please check:
1. Try using a different connection interface. If you have used USB, try using Ethernet or vice versa.

2. If none of the interfaces work, check the IP settings of your computer. Note that the following hints
are valid for a Bode 500 in factory-default configuration. If Bode 500 has been reconfigured, a
factory-reset might help.

a. If you connect Bode 500 to a network via Ethernet, there must be a DHCP server in the
network which assigns a valid IP configuration to Bode 500 and your computer.

b. If you are connected via USB cable, a virtual network connection (RNDIS) will be established.
This interface must be configured to use DHCP. Bode 500 runs a DHCP server and will assign
the IP address to your computer.

c. If you try to connect Bode 500 directly to your computer via Ethernet (point-to-point), your
computer must act as a DHCP server to enable a connection.

d. Make sure no firewall settings or proxy is blocking or redirection the connection to your
Bode 500. TCP port 80, port 8080 and UDP port 5353 must be free to allow
Bode Analyzer Suite to connect to Bode 500.

e. If you use the Ethernet connection, make sure your Bode 500 is in the same subnet as your
client computer running Bode Analyzer Suite.

If you can reach the web interface but Bode Analyzer Suite does not list your Bode 500, check if UDP
port 5353 is not blocked. Please consult with your IT department to do so. If no firewall or proxy are
blocking the connection but your Bode 500 is still not listed in Bode Analyzer Suite, try to add your
Bode 500 manually. To do so, check out the section "Device Detection and Selection" in the User
Manual.

In case you are still having issues to connect Bode Analyzer Suite to your Bode 500, please remove
power from your Bode 500 and wait for 30 s before you re-power Bode 500. During booting of
Bode 500, please check the following:

1. Check if the green Power / Status LED at the front panel is on and starts to blink after a couple of
seconds. The first blinking indicates that the operating system of Bode 500 has started.

2. As soon as the Bode 500 is completely initialized, the Power / Status LED switches color and
stays on continuously.

3. If the above sequence does not work as described or the re-start did not resolve your connection
issues, we recommend that you perform a factory reset of your Bode 500.

The factory reset will revert all settings to it's factory defaults and delete all user data
stored on the device.

To perform a factory reset of Bode 500, follow the steps outlined below:

* Locate the reset button, hidden behind the reset hole at the rear of the device.

» Put a straightened paperclip into the reset hole. Press and hold the switch for a duration of 5 s.
* Release the button and wait until the Bode 500 restarts.

If all these hints did not help to resolve your issues please contact us. Check out OMICRON Lab
Support for further information on how to reach us.
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14  Support

When you are working with our products we want to provide you with the greatest possible benefits. If
you need any support, we are here to assist you!

Technical Support - Get Support

® @ www.omicron-lab.com/support

T support@omicron-lab.com

At our technical support hotline, you can reach well-educated technicians for all of your questions.
Competent and free of charge.

Make use of our technical support hotlines:

Americas: +1 713 830-4660 or +1 800-OMICRON
Asia-Pacific: +852 3767 5500
Europe / Middle East / Africa: +43 59495

Additionally, you can find the OMICRON Lab Service Center or Sales Partner closest to you at
www.omicron-lab.com — Contact.

OMICRON Lab
OMICRON electronics GmbH, Oberes Ried 1, 6833 Klaus, Austria. +43 59495.
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Bbnrapcku — YkazaHus 3a 6e30nacHOCT, npegHa3Ha4YeHue u
KBanucgpunkaumm Ha oneparopa

Yka3aHus 3a 6e3onacHocCT:

* Bode 100 n Bode 500 npeactaenseat BCHH ycTtponctea (BCHH = 6Ge3onacHo CBPbXHUCKO
HanpexeHue B cboTBeTcTBME C IEC 60950-1), M3BECTHM CbLLUO Taka KaTo CbOPBXEHUS C Krac Ha
3awwmTa lll unn cbopbxennsa ES1 B cvotBetcTBME € IEC 62368-1.

* He npunarante HMBa Ha HanpexeHne > 50 V DC nnun > 25 V AC kbm BxogoBeTe Ha Bode 100 nnum
Bode 500.

*  Wmainte npeasug, 4e Bode 100 HaAMa nHgukaTop, KOMTO a NoKa3sBa, Ye U3XoabT € akTUBeH. ToBa
€ oT 0cobeHo 3HaveHune, ako kbM Bode 100 ca cBbp3aHu ycuneartenu.

« KoraTo paboTuTe ¢ BLHLLHO HanpexeHne UnM N3ToYHULM Ha TOK B TECTOBA cpeaa, ce yBepeTe, e
Te He MoraT Aa HaaBuwaeaT HuBaTa Ha BCHH v ocurypete noaxoasiia usonaumvs Ha apyrute
OnacHu BEpUrv, KaTo MPEXOBOTO 3axpaHBaHe C NMPOMEHNUBO HanpeXeHue.

* YBepeTe ce, Ye n3MepBaTenHMTE Knewm 3a HanpexeHune n Tok, konto nsnonssarte ¢ Bode 100 unun
Bode 500, ca npaBufiHO 3a3eMeHn, B CbOTBETCTBUE C MHCTPYKLMUTE HA NPOU3BOAMTENS.

» Korato paboTtute c namepBartenHu Knewm 3a HanpexeHne Unmn ToK Ui MHXEKLUOHHU
TpaHcdopMaTopu BMHarM cBbp3BanTe 3asemsaBalyarta krnema Ha Bode 100 nnu Bode 500 cbe
3a3emMsBallarta krnema B nabopartopusita, kaTo n3nonaeate ctabunHa Bpb3ka OoT NoHe 3,6 mm?2
HanpeyHo cevyeHne 1 He no-gbnara ot 10 m.

*  M3nonseanTte camo UHXEKLMOHHN TpchcbopmaTole, n3onunpaHun 3a MakCmmMmalriHoTo paGOTHO
HanpexeHne n npeHanpexeHne Ha nNpuioXxXeHneTo.

* He pabotete ¢ Bode 100 unu Bode 500 npu Hanuune Ha eKCniio3nBM razoBe Unu n3napeHus.

* He pabotete ¢ Bode 100 unu Bode 500 B okonHa cpefa M3BbLH rpaHnLMTE Ha Temneparypara u
BMaXXHOCTTA, MOCOYEHN B JOKYMEHTauusaTa 3a notpeburtensi.

MpeaHa3Ha4veHue:

+ Bode 100, Bode 500 n TexHuTe akcecoapu ca cneumanHo Cb3gageHn 3a nsmepBaHe Ha
amnnutygal/dasa, S napameTbp M UMMNEedaHC Ha eNeKTPUYECcKn Bepmrn B nabopaTopHu un
NpPOM3BOACTBEHN YCNOBMSI.

KBanudukauma Ha oneparopa:

* WasnutBaHusTa ¢ Bode 100 nnun Bode 500 moxe aa ce nssbpLuBaT caMo OT YMbHOMOLLEH U
KBanuduuupaH nepcoHarn.

+ Cnyxutenute, KOMTO ce 0by4aBaT UnNn MHCTPYKTMpaT 3a pabotaTa ¢ Bode 100 unun Bode 500,
TpsibBa Aa ObaaT nog NOCTOSHHMSA HAZ30p Ha ONMTEH onepaTop, AoKaTo paboTaAT ¢ anapaTtypara.
Mpun n3BbpLuBaHe Ha n3nuTBaHus ¢ Bode 100 nnu Bode 500 Tpsibea ga ce cnaseaTt BbTPELUHUTE
yKasaHus 3a 6e30nacHOCT U JOMbITHUTENHW NPUIOXMMU SOKYMEHTHU.
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RX-LZL£WHA,. EERRMEEANR TR
REWH :

Bode 100 #1 Bode 500 ¥J9 SELV &% (#R#E IEC 60950-1, SELV = RE&4HEBE) ,XFFFHfRE
Z2EFL Il 5 EST1R]EFE (AR#E IEC 62368-1),

%70 Bode 100 3% Bode 500 Hy# AimfEANEET 50 V DC =% 25 V AC Bk,

HERE, Bode 100 X ERATEFMHESLTEERSHETIT, MR Bode 100 E#EH R AL,
NEX—REHEE,

AN R E AN ER IR BFRRA, BRARREAZEY SELV K¥E, FREMSHMEK B
(B30 AC 4 EREERIR) HIEHMRE,

tfR Bode 100 = Bode 500 {3 FA B9 88 FE BB IR AR IE IR F H G ra 5 B IE A I,

AERBERK. BRERXFEIAZESNFERLT, BHRAERBREERED 3.6 mm? BKETE
& 10 m BIEEEERELR Bode 100 =% Bode 500 HY#E i iin i #2155 16 = O #E i,

REERHNNANGAKI/FEENS BE#TRENEATESS.
BEINEE ZBRSAFEEIAE T#/E Bode 100 2k Bode 500,
B DIEBE AP XA FRE A E R EAIRE R4 Ti2/F Bode 100 =X Bode 500,
RITAR :
+ Bode 100, Bode 500 % HKi4 & THAFEXRKREMHELSIRE TN S B FBERAIELE/HEA. S-S
BE- }Eo
BRIEARER :
A Bode 100 = Bode 500 FOUiX AT E AR BRBZBNERA R

#% Bode 100 5% Bode 500 ik, &=, #£5. FHIIMWAREFBIZZRZN, BDREELRBRMIIRME
ARBSE T##1T, XH Bode 100 5 Bode 500 Bt A AHE BN EZE A EU R EMIB R4
HEX,
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Cestina — Bezpeénostni pokyny, uréené pouziti a kvalifikace
operatora

Bezpecnostni pokyny:

» Bode 100 a Bode 500 jsou zafizeni SELV (SELV = Safety Extra Low Voltage [bezpecné velmi
malé napéti] podle IEC 60950-1), znama také jako zafizeni tfidy ochrany Il nebo ES1 podle IEC
62368-1.

» Na vstupy zafizeni Bode 100 nebo Bode 500 neaplikujte urovné napéti >50 V DC &i >25 V AC.

» Upozoriiujeme, ze zafizeni Bode 100 nedisponuje zadnym indikatorem aktivniho vystupu. To by
mohlo byt obzvlasté kritické, pokud jsou k zafizeni Bode 100 pfipojeny zesilovace.

» P¥i praci s externimi zdroji napéti nebo proudu ve zkuSebni sestavé se ujistéte, Zze nemohou
prekrogit urovné SELV, a zajistéte odpovidajici izolaci od jinych nebezpeénych obvodd, napfiklad
od sitového zdroje stfidavého napéti.

+ Ujistéte se, ze napétové a proudové sondy pouzivané se zafizenim Bode 100 nebo Bode 500 jsou
fadné uzemnény v souladu s pokyny vyrobcu.

» P¥i praci s napétovymi a proudovymi sondami nebo injekénimi transformatory vzdy pfipojte
zemnici svorku zafizeni Bode 100 nebo Bode 500 k zemnici svorce v laboratofi pomoci pevného
spoje o prarezu alespon 3,6 mm? a ne del$iho nez 10 m.

» Pouzivejte pouze injek¢ni transformatory izolované pro maximalni pracovni napéti a prepéti dané
aplikace.

* Nepouzivejte zafizeni Bode 100 nebo Bode 500 v pfitomnosti vybusnych plyn{i nebo vypar(.

* Nepouzivejte zafizeni Bode 100 nebo Bode 500 v okolnich podminkach, které prekraluiji teplotni a
vlhkostni limity uvedené v uzivatelské dokumentaci.

Urcené pouziti:

» Zafizeni Bode 100, Bode 500 a jejich pfisluSenstvi jsou navrzena zejména pro méfeni pfedstihu/
faze, S parametru a impedance elektronickych obvod v laboratornim a vyrobnim prostredi.

Kvalifikace operatora:

» Testovani se zafizenim Bode 100 nebo Bode 500 smi provadét pouze kvalifikovany, odborné
zkuSeny a opravnény personal.

» Personal, ktery podstupuje Skoleni, instruktaz, pou€eni nebo vzdélavani ohledné zafizeni Bode
100 nebo Bode 500, musi byt pfi praci se zafizenim pod neustalym dohledem zkuSeného
operatora. Testovani se zafizenim Bode 100 nebo Bode 500 musi vyhovovat internim
bezpecnostnim pfedpisim a dal§im relevantnim dokumentim.
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Dansk — Sikkerhedsanvisninger, tilsigtet brug og
operatorkvalifikationer

Sikkerhedsanvisninger:

Bode 100 og Bode 500 er SELV-apparater (SELV = Safety Extra Low Voltage iht. IEC 60950-1),
der ogsa kaldes udstyr i beskyttelsesklasse Il eller ES1-udstyr iht. IEC 62368-1.

Tilslut ikke spaendingsniveauer > 50 V DC eller > 25 V AC til indgangene pa Bode 100 eller Bode
500.

Veer opmeerksom pa, at Bode 100 ikke har en indikator, der viser om udgangen er aktiv. Det kan
isaer veere afggrende, hvis der er forsteerkere forbundet til Bode 100.

Ved arbejde pa eksterne spaendings- eller stremkilder i testopsaetningen skal det sikres, at de ikke
overskrider SELV-niveauerne, og at de yder den ngdvendige isolation i forhold til andre farlige
kredslgb sasom AC-linjespaendingsforsyningen.

Det skal sikres, at de spaendings- og stremsensorer, der anvendes sammen med Bode 100 eller
Bode 500, har en passende jordforbindelse i henhold til producentens retningslinjer.

Ved arbejde med spaendingssensorer, stramsensorer eller indsprgjtningstransformatorer, skal
jordforbindelsen for Bode 100 eller Bode 500 altid forbindes med jordforbindelsen i laboratoriet ved
hjeelp af en solid forbindelse med et tveersnit pa mindst 3,6 mm? og en laengde pa ikke over 10 m.

Brug kun indsprgjtningstransformatorer, der er isoleret i overensstemmelse med apparatets
maksimale driftsspaending og overspaending.

Anvend ikke Bode 100 eller Bode 500, hvis der er eksplosive gasser eller dampe til stede.

Anvend ikke Bode 100 eller Bode 500, der overskrider de temperatur- og fugtighedsgreenser, der
er angivet i brugermanualen.

Tilsigtet brug:

Bode 100, Bode 500 samt tilbehgr er specialdesignet til Gain/Phase, S-parameter og
impedansmalinger af elektroniske kredslgb i laboratorie- og produktionsmiljger.

Operatgrkvalifikation:

202

Tests med Bode 100 eller Bode 500 skal altid udferes af autoriseret og kvalificeret personale.

Personale, der modtager oplaering, anvisninger, instruktioner eller er under uddannelse til at
arbejde med Bode 100 eller Bode 500, skal vaere under konstant opsyn af en erfaren operater,
mens de arbejder med udstyret. Test med Bode 100 eller Bode 500 skal veere i overensstemmelse
med de interne sikkerhedsforskrifter samt supplerende relevante dokumenter.
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Deutsch - Sicherheitshinweise, bestimmungsgemaRe Verwendung
und Qualifikation des Bedienpersonals

Sicherheitshinweise:

Bode 100 und Bode 500 sind Sicherheitskleinspannungsgerate gemal IEC 60950-1 (sogenannte
~SELV-Gerate®, von SELV = Safety Extra Low Voltage), auch als Gerate der Schutzklasse Il oder
ES1-Gerate gemal IEC 62368-1 bekannt.

An die Eingange des Bode 100 oder Bode 500 dirfen keine Spannungen > 50 V DC oder
> 25V AC angelegt werden.

Beachten Sie, dass das Bode 100 keine Anzeige hat, aus der hervorgeht, ob der Ausgang aktiv
ist. Dies kann besonders beim Anschluss von Verstarkern an das Bode 100 kritisch sein.

Wenn Sie im Prifaufbau mit externen Spannungs- oder Stromquellen arbeiten, stellen Sie sicher,
dass diese die SELV-Pegel nicht Gberschreiten kdnnen, und sorgen Sie fur eine angemessene
Trennung von anderen gefahrlichen Stromkreisen, wie z. B. der AC-Spannungsversorgung.

Stellen Sie bei Verwendung von Spannungstastkdpfen und Stromzangen mit dem Bode 100 oder
Bode 500 sicher, dass sie gemaf den Richtlinien des jeweiligen Herstellers korrekt geerdet sind.

Sorgen Sie beim Arbeiten mit Spannungstastképfen, Stromzangen oder Einspeise-Ubertragern
dafir, dass der Erdungsanschluss des Bode 100 oder Bode 500 immer mit dem
Erdungsanschluss im Labor verbunden ist. Fur diese Verbindung ist eine solide Erdungsleitung mit
einem Querschnitt von mindestens 3,6 mm? zu verwenden, die nicht langer als 10 m ist.

Verwenden Sie ausschlieBlich Einspeise-Ubertrager, die fiir die maximale Betriebsspannung und
Uberspannung der jeweiligen Anwendung isoliert sind.

Betreiben Sie das Bode 100 oder Bode 500 niemals in der Nahe von explosionsfahigen Gasen
oder Dampfen.

Betreiben Sie das Bode 100 oder Bode 500 niemals unter Umgebungsbedingungen, die die in den
Nutzungsinformationen aufgelisteten zulassigen Bereiche fiir Temperatur und Feuchtigkeit Gber-
bzw. unterschreiten.

BestimmungsgeméaRe Verwendung:

Das Bode 100 und das Bode 500 sowie deren Zubehdr sind speziell fur die Messung der
Verstarkung und des Phasenverhaltens von elektronischen Schaltungen sowie von deren
Streuparametern und Impedanzen konzipiert. Sie sind ausschlieBlich fir die Verwendung in Labor-
und Fertigungsumgebungen vorgesehen.

Qualifikation des Bedienpersonals:

Prifungen mit dem Bode 100 oder Bode 500 dirfen nur durch autorisierte, qualifizierte und daftir
ausgebildete Personen durchgeflihrt werden.

Personen, die das Bode 100 oder das Bode 500 im Rahmen einer Schulung, Einweisung oder
anderweitigen Ausbildung bedienen, miissen dabei durchgangig von einer erfahrenen Person
beaufsichtigt werden. Priifungen mit dem Bode 100 oder Bode 500 miissen immer unter
Beachtung der internen Sicherheitsvorschriften und aller sonstigen relevanten Dokumente
erfolgen.
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English — Safety Instructions, Designated Use and Operator
Qualification

Safety Instructions:

Bode 100 and Bode 500 are SELV devices (SELV = Safety Extra Low Voltage according to IEC
60950-1), also known as protection class Ill or ES1 equipment according to IEC 62368-1.

Do not apply voltage levels > 50 V DC or > 25 V AC to the inputs of the Bode 100 or Bode 500.

Be aware that the Bode 100 has no indicator to show if the output is active. This could be
especially critical if amplifiers are connected to Bode 100.

When working with external voltage or current sources in the test setup, ensure that they can not
exceed the SELV levels and provide appropriate isolation to other hazardous circuits, such as the
AC line voltage supply.

Ensure that voltage and current probes used with the Bode 100 or Bode 500 are properly
grounded in accordance with their manufacturer's guidelines.

When working with voltage probes, current probes or injection transformers always connect the
ground terminal of the Bode 100 or Bode 500 to the ground terminal in the laboratory, using a solid
connection of at least 3.6 mm? cross-section and not longer than 10 m.

Only use injection transformers, isolated for the application's maximum working voltage and
overvoltage.

Do not operate Bode 100 or Bode 500 in the presence of explosive gas or vapours.

Do not operate Bode 100 or Bode 500 under ambient conditions that exceed the temperature and
humidity limits listed in the user documentation.

Designated Use:

Bode 100, Bode 500, and their accessories are especially designed for Gain/Phase, S-Parameter
and Impedance measurements of electronic circuits in laboratory and manufacturing
environments.

Operator Qualification:

204

Testing with the Bode 100 or Bode 500 may only be carried out by qualified, skilled and authorized
personnel.

Personnel receiving training, instructions, directions, or education on a Bode 100 or Bode 500
must be under constant supervision of an experienced operator while working with the equipment.
Testing with the Bode 100 or Bode 500 must comply with the internal safety regulations as well as
additional relevant documents.
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EAANvVIkKa — Odnyieg aoc@aAsiag, TTpoBAETTOMEVN XPHON KA
TTPOOCOVTA XEIPICTWV

0Odnyieg ac@alAsiag:

O1 Bode 100 kai Bode 500 cival cuokeuég SELV (SELV = EEaipeTIKA XapnAr Taon ac@aleiag
oupgwva pe 1o TpoTuTro IEC 60950-1), yvwaoTég eTTiong wg e€ommAioudg katnyopiag Il ES1
oupewva e 1o TTpéTuTo IEC 62368-1.

Mnv e@appdlete Tdoeig emmédou >50 V DC 1§ >25 V AC oTig e106d0oug Twv Bode 100 ry Bode 500.

N&Bete utdwn 6711 N Bode 100 dev diaBéTel Evoeign evepyng e€6dou. AuTd PTTOPE va £XEl IBIaITEPA
Kpioiun onuaacia av ouvdéovTal evioxutég otnv Bode 100.

OTav epydleaTe Pe EWTEPIKES TINYES TAONG 1] €vTOONG PEUPATOG OTO GUCTNUA OOKIUNAG, TTPETTEI VO
BeBaiwveaTe 0TI Ogv PTTOPOUV va UTTEPROUV Ta eTTiTTeda SELV Kal va TTapéxeTe KATAAANAN
aTToyovwon yia Ta dAAa emmikivduva KukAwpata, 6TTwg n ypauun mapoxng taong AC.

Mpétrel va BePaiwveaTe OTI 01 AQVIXVEUTEG TAONG KAl £vTOONG PEUUATOG TTOU XPNOCIUOTTOIOUVTAl E TIG
Bode 100 4 Bode 500 cival cwoTd yeiwpévol oUPNQwva PE TIG 00nYieg TOU KATAOKEUAOTH TOUG.

OT1av epydadeaTe Pe AVIXVEUTEG TAONG, AVIXVEUTEG EVTOONG PEUUATOG 1] HETAOXNMATIOTEG
dloxETeuang, TTPETTEN TTAVTA va OUVOEETE TOV aKPOOEKTN yeiwaong Tng Bode 100 i} Tng Bode 500
OTOV OKPOOEKTN YEIWONG TOU EPYACTNPIOU PE CUUTTaYEG KaAWDIO oUvdeong SIOTOUNG TOUAAXIGTOV
3,6 mm? kai urjikog TTou dev utrepPaivel Ta 10 m.

MpéTTel va XPNOIKOTIOIEITE HOVO PETAOXNUATIOTEG BIOXETEUONG ME MOVWON KATAAANAN yIa TN PEYIOTN
Tdon AsiToupyiag TNG EQAPUOYAS Kail TN PEYIOTN uTTéEPRaan Taong.

Mnv xpnoipotroigite Tnv Bode 100 1} Tnv Bode 500 Trapouadia eKpNKTIKWY agpiwy i avabBupidoewy.

Mnv xpnoipotroicite Tnv Bode 100 j Tnv Bode 500 og ouvBrikeg TrepIBAAAOVTOG TTOU UTTEPBaivouv
Ta 6pla BEPPOKPATIAG KAl Uypaadiag TTou ava@EéPovTal OTa £Yypa@a TEKUNPIWoNG yia ToV XPARaTN.

MpoBAerdéuevn xpnon:

H Bode 100, n Bode 500 kai Ta TTApEAKOPEVA TOUG €XOUV OXEDIQOTE EIBIKA YA UETPHOEIS THG
atroAaprg/edong, TnG TTapapéTpou S (OKEDAoNG) KAl TNG CUVOETNG AVTIOTAONG NAEKTPOVIKWV
KUKAWWPATWY 0€ EpYacTnPIaKA Kal Blognxavikd TepIBAAAovTa TTapaywyng.

MpocoévTa XeIPIOTWV:

O1 dokiuég pe Tnv Bode 100 ) Tnv Bode 500 trpétrel va ekteAoUvTal Hévo atrd TTIOTOTTIOINUEVO,
€IOIKEUMEVO Kal EEOUCIODOTNHEVO TTPOCWTTIKO.

To TTPoCcWTTIKG TTOU eKTEAEN TTPAKTIKA £€AoKNON 1 AauBAvel eVTOAEG, 0dnyieg ] EKTTAIOEUCN OXETIKA
pe Tnv Bode 100 A Tnv Bode 500 trpétrel va Bpioketal uttd Tn ouvexn €TTiRAewn evog EUTTEIPOU
XEIPIOTA OTaV £pyaleTal e Tov €COTTAIOUO. H ekTéAean dokipwy pe Tnv Bode 100 4 Tnv Bode 500
TIPETTEI VO CUPHOPQPUIVETAI JE TOUG ECWTEPIKOUG KAVOVIOUOUG Ao@AAEIAs Kal JE OTTOIOOATTOTE
ETMTTPOCOETA OXETIKA Eyypaga.
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Espaiol — Instrucciones de seguridad, aplicacion prevista y

Ccu

alificacion del operador

Instrucciones de seguridad:

El Bode 100 y el Bode 500 son dispositivos SELV (SELV = tension extrabaja de seguridad segun
la norma IEC 60950-1), también conocidos como equipos ES1 o con clase de proteccion Il segun
la norma IEC 62368-1.

No aplique niveles de tensién > 50 V CC o > 25 V CA a las entradas del Bode 100 o del
Bode 500.

Tenga en cuenta que el Bode 100 no tiene ningun indicador que muestre si la salida esta activa.
Esto podria ser especialmente critico si los amplificadores estan conectados al Bode 100.

Cuando trabaje con fuentes externas de tension o corriente en la configuracion de prueba,
asegurese de que no puedan superar los niveles SELV y proporcione el aislamiento adecuado a
otros circuitos peligrosos, como la alimentacion de tension de la linea de CA.

Asegurese de que las sondas de tension y corriente utilizadas con el Bode 100 o el Bode 500
estan correctamente conectadas a tierra de acuerdo con las directrices de su fabricante.

Cuando trabaje con sondas de tension, sondas de corriente o transformadores de inyeccién,
conecte siempre el terminal de tierra del Bode 100 o del Bode 500 al terminal de tierra del
laboratorio, utilizando una conexién sélida de al menos 3,6 mm? de seccion y no mas de 10 m de
longitud.

Utilice anicamente transformadores de inyeccion, aislados para la sobretension y la tensién
maxima de trabajo de la aplicacion.

No utilice el Bode 100 o el Bode 500 junto a gases explosivos o vapores.

No utilice el Bode 100 o el Bode 500 en condiciones ambientales que sobrepasen los limites de
temperatura y humedad que se indican en la documentacion del usuario.

Uso previsto:

El Bode 100, el Bode 500 y sus accesorios estan disefiados especialmente para mediciones de
ganancia/fase, parametro S e impedancia de circuitos electrénicos en entornos de laboratorio y de
fabrica.

Cualificacion del operador:
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Solo el personal cualificado, experimentado y autorizado puede realizar pruebas con el Bode 100
o el Bode 500.

El personal no experimentado en el manejo del Bode 100 o del Bode 500 y que esté en plena
formacion debe encontrarse en todo momento bajo la supervision de un operador experimentado
mientras trabaja con el equipo. Al realizar pruebas con el Bode 100 o el Bode 500 se deben
cumplir todas las normativas de seguridad internas, asi como las instrucciones proporcionadas en
cualquier otro documento que resulte pertinente.
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Eesti keel — Ohutusjuhised, kasutusotstarve ja kasutaja
kvalifikatsioon

Ohutusjuhised:

Bode 100 ja Bode 500 on maandamata kaitsevaikepingega (Safety Extra Low Voltage, SELV)
seadmed (kooskdlas standardi IEC 60950-1 nduetega), mida teatakse ka kui lll kaitseklassi
seadmeid v6i ES1 seadmeid kooskélas standardiga IEC 62368-1.

Arge kasutage seadme Bode 100 v&i Bode 500 sisendis > 50 V alalisvoolu v&i > 25 V
vahelduvvoolu pinget.

Pange tahele, et seadmes Bode 100 ei ole naidikut, mis naitaks, kas valjund on aktiivne. Seda on
aarmiselt oluline jalgida, kui seade Bode 100 on tihendatud vdimenditega.

Tootades valiste elektripinge- voi vooluallikatega katsetingimustes, veenduge, et need ei lletaks
SELV-i tasemeid, ja tagage sobiv isolatsioon teistele ohtlikele vooluringidele, nagu vahelduvvoolu
liinidele.

Veenduge, et seadmega Bode 100 v6i Bode 500 kasutatavad elektripinge ja -voolu andurid oleks
oigesti maandatud kooskdlas andurite maaletootja juhistega.

Tootades elektripingeandurite vdi sisendtrafodega, thendage alati seadme Bode 100 voi
Bode 500 maandusklemm labori maandusklemmiga, kasutades pidevihendust, mis on ristldikes
vahemalt 3,6 mm? ja mitte pikem kui 10 m.

Kasutage ainult sisendtrafosid, mis on isoleeritud rakenduse maksimaalse t66pinge ja ulepinge
jaoks.

Arge kasutage seadet Bode 100 v&i Bode 500 kohas, kus leidub plahvatusohtlikke aineid, gaase
voi aure.

Arge kasutage seadet Bode 100 v&i Bode 500 keskkonnatingimustes, mis lletavad vastavas
kasutusjuhendis esitatud temperatuuri- ja niiskuspiiranguid.

Ettenahtud kasutus:

Bode 100, Bode 500 ja nende lisatarvikud on mdeldud selleks, et mddta véimendust/faasi, S-
parameetrit ja takistust elektriahelates labori- ja té6stuskeskkonnas.

Kasutaja kvalifikatsioon:

seadmega Bode 100 v&i Bode 500 testimist vbivad labi viia Uksnes kvalifitseeritud, kogenud ja
volitatud té6tajad.

Tootajad, kes labivad seadme Bode 100 vdi Bode 500 kasutamise valjadpet voi koolitust vdi keda
juhendatakse selles valdkonnas, peavad seadmega to66tamise ajal olema kogenud kasutaja
pideva jarelevalve all. Seadmega Bode 100 vdi Bode 500 testimine peab toimuma ettevottesiseste
ohutusnduete ja asjaomaste lisadokumentide kohaselt.
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Suomalainen — Turvallisuusohjeet, kayttotarkoitus ja kayttajan
patevyys

Turvallisuusohjeet:

+ Bode 100 ja Bode 500 ovat SELV-laitteita (SELV = "pienoisjannitteinen perus- ja vikasuojausehdon
tayttava jarjestelma” IEC 60950-1 -standardin mukaisesti). Luokan muita nimityksia ovat
suojausluokka Il ja ES1-laiteluokka IEC 62368-1 -standardin mukaisesti.

+ Ala kayta Bode 100- tai Bode 500 -laitteen syéttoliitinndissa vaarallisia jannitetasoja > 50 V DC tai
>25V AC.

* Huomaa, ettei Bode 100 -laite ilmoita aktiivisesta lahdosta millaan tavalla. Tama voi olla kriittista
erityisesti silloin, kun Bode 100 -laitteeseen on kiinnitetty vahvistimia.

+ Kun kasittelet testilaitteiston ulkoisia jannite- tai virtalahtoja, varmista, etteivat ne voi ylittaa SELV-
tasoja ja etta ne tarjoavat riittdvan eristyksen muihin vaarallisiin piireihin, kuten vaihtovirtalinjan
jannitelahteeseen.

* Varmista, ettd Bode 100- tai Bode 500 -laitteen jannite- ja virta-anturit on maadoitettu valmistajan
ohjeiden mukaan.

» Kun kaytat janniteantureita, virta-antureita tai syéttdmuuntajia, kytke Bode 100 tai Bode 500 aina
laboratorion maadoitusliitdntaan kaapelilla, jonka poikkipinta-ala on vahintdan 3,6 mm? ja jonka
enimmaispituus on 10 m.

+ Kayta vain syéttdmuuntajia, jotka on eristetty kayttdkohteen enimmaiskayttéjannitteesta ja
ylijannitteesta.

« A4 kayta Bode 100- tai Bode 500 -laitetta ymparistdssé, jossa on rajahtavia kaasuja tai hoyryja.

« Al3 kayta Bode 100- tai Bode 500 -laitetta ymparistdssé, jonka lampétila ja kosteus poikkeavat
kayttboppaassa mainituista rajoista.

Kayttotarkoitus:

* Bode 100, Bode 500 ja niiden lisavarusteet on suunniteltu nimenomaisesti elektroniikkapiirien
vahvistus/vaihe-, S-parametri- ja impedanssimittaukseen laboratorioissa ja tuotantoymparistdissa.

Kayttdjan patevyys:
* Bode 100- tai Bode 500 -laitteen testaukseen osallistuvilla henkil6illa tulee olla asianmukainen
patevyys, ammattitaito ja valtuutus.

* Henkildiden, joille annetaan Bode 100- tai Bode 500 -laitetta koskevaa koulutusta, ohjeistusta,
opastusta tai valmennusta, tulee olla kokeneen kayttajan jatkuvan valvonnan alaisina
kasitellessaan laitteistoa. Bode 100- tai Bode 500 -laitteella suoritettavan testauksen taytyy
noudattaa sisaisia turvallisuusohjeita sekad muita asianmukaisia asiakirjoja.
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Frangais — Consignes de sécurité, utilisation prévue et
qualifications des opérateurs

Consignes de sécurité :

Le Bode 100 et le Bode 500 sont des appareils de type TBTS (Trés Basse Tension de Sécurité, en
accord avec la norme CEI 60950-1), également connus sous le nom d'équipements de protection
de classe lll ou d'équipements ES1, en accord avec la norme CEI 62368-1.

Ne pas appliquer de tensions supérieures a 50 V CC ou 25 V CA aux entrées du Bode 100 ou du
Bode 500.

Noter que le Bode 100 ne posséde pas de voyant indiquant si la sortie est active. Etre
particulierement vigilant dans le cas ou des amplificateurs sont connectés au Bode 100.

Lors de I'utilisation de sources de tension ou de courant externes dans un montage de test,
s'assurer qu'elles ne dépassent pas les niveaux TBTS et isoler de maniére appropriée les autres
circuits dangereux, tel que l'alimentation électrique en alternatif.

Veiller a ce que les sondes de tension et de courant utilisées avec le Bode 100 ou le Bode 500
soient convenablement mises a la terre conformément aux consignes de leur fabricant.

Lors de I'utilisation de sondes de tension, de sondes de courant ou de transformateurs d'injection,
toujours connecter la borne de terre du Bode 100 ou du Bode 500 a la borne de terre du
laboratoire, a l'aide d'une liaison d'une section minimale de 3,6 mm? et d'une longueur maximale
de 10 m.

Utiliser uniquement des transformateurs d'injection isolés par rapport a la tension de service et la
surtension maximales de I'application.

Ne pas utiliser le Bode 100 ou le Bode 500 en présence de vapeurs ou de gaz explosifs.

Ne pas utiliser le Bode 100 ou le Bode 500 dans des conditions ambiantes de température et
d'humidité supérieures a celles indiquées dans la documentation d'utilisation.

Utilisation prévue :

Le Bode 100, le Bode 500 et leurs accessoires sont spécialement congus pour mesurer le gain/
phase, le paramétre S et I'impédance des circuits électroniques dans les laboratoires et les
usines.

Qualifications des opérateurs :

Les essais effectués a I'aide du Bode 100 ou du Bode 500 doivent exclusivement étre réalisés par
du personnel qualifié, compétent et agréé.

Le personnel recevant une formation, des instructions ou des directives quant a I'utilisation d'un
Bode 100 ou d'un Bode 500 doit rester sous la supervision permanente d'un opérateur
expérimenté pendant I'utilisation de I'équipement. Les tests effectués a I'aide du Bode 100 ou du
Bode 500 doivent étre conformes aux réglementations de sécurité internes et a tout autre
document relatif.
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Hrvatski — Sigurnosne upute, predvidena namjena i kvalifikacije
rukovatelja

Sigurnosne upute:

Bode 100 i Bode 500 su SELV uredaji (engl. SELV = Safety Extra Low Voltage, tj. sigurnosni
izrazito niski napon u skladu s normom IEC 60950-1), poznati i kao zastitna oprema lll. klase ili
ES1 oprema u skladu s normom IEC 62368-1.

Nemojte dovoditi napon > 50 V DC ili > 25 V AC na ulaze uredaja Bode 100 ili Bode 500.

Imajte na umu da na uredaju Bode 100 ne postoji indikator koji pokazuje da je izlaz aktivan. Ovo
moze biti osobito kritiéno ako su na Bode 100 prikljueni pojadivaci.

Pri radu s vanjskim izvorima napona ili struje u kompletu za ispitivanje, osigurajte da vanjski izvori
ne mogu prijeéi granice SELV-a i osigurajte odgovarajucu izolaciju na drugim opasnim strujnim
krugovima, npr. na vodu za napajanje izmjeniénom strujom.

Uvjerite se da su naponske i strujne sonde koje se upotrebljavaju uz Bode 100 ili Bode 500
pravilno uzemljene u skladu sa smjernicama njihovih proizvodaca.

Pri radu s naponskim sondama, strujnim sondama ili transformatorima za ubrizgavanje, uvijek
povezite terminal za uzemljenje uredaja Bode 100 ili Bode 500 s terminalom za uzemljenje u
laboratoriju vodi¢em minimalnog poprec¢nog presjeka od 3,6 mm?i ne duljim od 10 m.

Upotrebljavajte samo transformatore za ubrizgavanje izolirane za maksimalni radni napon
primjene i prenapon.

Nemoijte upotrebljavati uredaj Bode 100 ili Bode 500 blizini eksplozivnih plinova ili isparavanja.

Nemoijte upotrebljavati uredaj Bode 100 ili Bode 500 u okoliSnim uvjetima koji prekoracuju
ogranienja temperature i vlaznosti navedena u korisni¢kim priru¢nicima.

Predvidena namjena:

Uredaiji Bode 100 i Bode 500 te njihova dodatna oprema osmisljeni su izri¢ito za mjerenja
parametara pojaCanje/faza, parametra S i elektriéne impedancije elektroni¢kih krugova u
laboratorijima i proizvodnim okolinama.

Kvalifikacije rukovatelja:
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Uredaj Bode 100 ili Bode 500 smiju koristiti samo kvalificirani, stru¢ni i ovlasteni zaposlenici.

Zaposlenici koji prolaze izobrazbu, instrukcije, poduku ili te¢aj o uredaju Bode 100 ili Bode 500
moraju biti pod stalnim nadzorom iskusnog rukovatelja prilikom rada s opremom. Ispitivanje
uredajem Bode 100 ili Bode 500 mora biti u skladu s unutarnjim sigurnosnim propisima i dodatnim
relevantnim dokumentima.
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Magyar — Biztonsagi utasitasok, rendeltetésszerii hasznalat és
kezel6i szakképesitési kovetelmények

Biztonsagi utasitasok:

+ A Bode 100 és Bode 500 un. SELV (SELV = biztonsagi torpefesziltség az IEC 60950-1 szabvany
szerint), mas jeldlés szerint lll. érintésvédelmi osztalyd, avagy IEC 62368-1 szabvany szerinti ES1
készulékek.

* A Bode 100 és Bode 500 bemeneteire tilos 50 V (egyenaramu, DC) vagy 25 V (valtakozé aramu,
AC) feszlltségnél nagyobb jelszintet kapcsolni.

* Vegye figyelembe, hogy a Bode 100 nem rendelkezik allapotjelzdével az aktiv kimenet jelzésére. Ez
kiilénosen akkor lehet kritikus fontossagu, ha a Bode 100 kimenetére erésiték csatlakoznak.

» Ha a vizsgalati rendszerben kiilsé feszliltség- vagy aramforrasokkal végeznek munkat,
gondoskodni kell réla, hogy azok értéke ne Iéphesse tul a SELV szintjeit, az egyéb veszélyes
aramkoroket pedig, mint példaul a vonali AC tapfesziltség, megfelel6 szigeteléssel kell ellatni.

* Gondoskodjon arrél, hogy a Bode 100 vagy Bode 500 készulékhez fesziltség- és arammérés
céljabol csatlakoztatott méréfejek a gyartdi utmutatasok szerint megfeleléen féldelve legyenek.

+ Afeszlltség- és aramméréfejekkel vagy betaplald transzformatorokkal végzett munka soran
minden esetben legalabb 3,6 mm? keresztmetszet( és legfeljebb 10 méter hosszu kabel
segitségével alakitson ki szilard csatlakozast a Bode 100 és Bode 500 foldel6csatlakozdja és a
laboratérium foldelécsatlakozoéja kozott.

» Csak az alkalmazas maximalis Uzemi feszlltségének és tiulfesziltségének megfeleléen szigetelt
betaplalé transzformatort hasznaljon.

+ Tilos a Bode 100 és Bode 500 készlléket robbanasveszélyes gaz vagy gézok jelenlétében
hasznalni.

* Ne lUzemeltesse a Bode 100 és Bode 500 késziiléket olyan kdrnyezeti feltételek esetén, amikor a
hémérséklet és a paratartalom értékei tullépik a felhasznaldi dokumentacidban felsorolt
hatarértékeket.

Rendeltetésszeri hasznalat:

+ A Bode 100 és Bode 500, valamint tartozékaik kiléndsen elektronikai aramkorok erésitésének,
fazisanak, szérasparaméterének és impedanciajanak laboratériumban és gyartasi kdrnyezetekben
végzett mérésére szolgalnak.

Kezel6i képesitések:

+ A Bode 100 és Bode 500 segitségével végzendd méréseket csak szakképzett, gyakorlattal
rendelkezd és ezzel megbizott személyek végezhetik.

* A Bode 100 és Bode 500 kezelésére vonatkozé betanitasban, utasitasokban, utmutatasban vagy
oktatasban részesliilé személyeket a készlilék hasznalata soran folyamatosan felligyelnie kell egy
tapasztalt kezelének. A Bode 100 és Bode 500 segitségével végzendd vizsgalatok soran be kell
tartani a bels6 biztonsagi szabalyokat és a tovabbi vonatkozé dokumentumokban foglaltakat.
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Italiano — Istruzioni di sicurezza, utilizzo previsto e qualifiche degli
operator

Istruzioni di sicurezza:

Bode 100 e Bode 500 sono dispositivi SELV (SELV = Safety Extra Low Voltage, vale a dire a
bassissima tensione di sicurezza, secondo IEC 60950-1), denominati anche apparecchi con
classe di protezione Il o apparecchi ES1 secondo IEC 62368-1.

Non applicare livelli di tensione >50 V CC o >25 V CA agli ingressi di Bode 100 o Bode 500.

Considerare che Bode 100 non ¢ dotato di un indicatore in grado di mostrare se l'uscita & attiva.
Questo pud comportare problemi soprattutto in caso di collegamento di amplificatori a Bode 100.

Quando si lavora con sorgenti di tensione o di corrente esterne nell'impianto di prova, assicurarsi
che non superino i livelli SELV e che forniscano un isolamento appropriato da altri circuiti
pericolosi, come l|'alimentazione di tensione della linea CA.

Le sonde di tensione e di corrente impiegate con Bode 100 o Bode 500 vanno collegate a terra in
modo corretto, secondo le istruzioni del rispettivo produttore.

Quando si lavora con sonde di tensione, sonde di corrente o trasformatori di iniezione, collegare
sempre il terminale di terra di Bode 100 o Bode 500 al terminale di terra del laboratorio, utilizzando
un collegamento solido con sezione trasversale minima di 3,6 mm? e di lunghezza non superiore a
10 m.

Utilizzare esclusivamente trasformatori di iniezione isolati per la tensione massima di esercizio e la
sovratensione dell'applicazione.

Evitare di utilizzare Bode 100 o Bode 500 in presenza di gas o vapori esplosivi.

Non utilizzare Bode 100 o Bode 500 in condizioni ambientali con temperatura e umidita superiori
ai limiti indicati nella documentazione utente.

Utilizzo previsto:

Bode 100, Bode 500 e i loro accessori sono appositamente progettati per le misurazioni di
guadagno/fase, parametro-S e impedenza nei circuiti elettronici del laboratorio e degli ambienti di
produzione.

Qualifiche degli operatori:
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Le prove con Bode 100 o Bode 500 devono essere condotte solo da personale esperto autorizzato
e qualificato.

Quando utilizza I'apparecchiatura, il personale che riceve addestramento, istruzioni o formazione
su Bode 100 o Bode 500 deve trovarsi sotto la costante supervisione di un operatore esperto. Le
prove eseguite con Bode 100 o Bode 500 devono rispettare le regole di sicurezza interne e i
relativi documenti aggiuntivi.
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Lietuviy — Saugos nurodymai, numatomasis naudojimas ir
operatoriaus kvalifikacija

Saugos nurodymai

.Bode 100“ ir ,Bode 500 yra SELV jrenginiai (SELV — saugi Zzemiausioji jtampa pagal standartg
IEC 60950-1), taip pat zinomi kaip Il apsaugos klasés arba ES1 jranga pagal standartg IEC
62368-1.

Prie ,Bode 100 arba ,Bode 500 jéjimy nejunkite pavojingos jtampos (>50 V (nuol. Sr.) arba >25 V
(kint. sr.)).

Atminkite, kad ,Bode 100“ neturi indikatoriaus, rodangio, ar i$éjimas yra aktyvus. Sis reikalavimas
ypac svarbus, jei prie ,Bode 100“ jungiami stiprintuvai.

Dirbdami su iSoriniais jtampos ar srovés Saltiniais konfigiruodami bandymag jsitikinkite, kad jie
nevirSija SELV lygiy, ir uztikrinkite tinkamg izoliacijg nuo kity pavojingy grandiniy, pavyzdziui,
kintamosios srovés linijos jtampos Saltinio.

PasirGpinkite, kad su ,Bode 100“ arba ,Bode 500“ naudojami jtampos ir srovés bandikliai baty
tinkamai jzeminti, kaip nurodyta jy gamintojo parengtose taisyklése.

Pries dirbdami su jtampos, srovés bandikliais arba injekcijos transformatoriais, batinai prijunkite
,Bode 100“ arba ,Bode 500“ jzeminimo gnybtg prie laboratorijos jzeminimo gnybto, naudodami
tvirta ne mazesnio kaip 3,6 mm? skerspjavio ir ne ilgesne kaip 10 m ilgio jungtj.

Naudokite tik injekcijos transformatorius, izoliuotus atsizvelgiant j didziausig programos darbine
jtampa ir vir§jtampj.

Nenaudokite ,Bode 100 arba ,Bode 500 jei aplinkoje yra sprogiy dujy arba gary.

Nenaudokite ,Bode 100“ arba ,Bode 500 tokiomis aplinkos sglygomis, kai virSijamos naudotojo
dokumentacijoje nurodytos ribinés temperatidros ir drégnio vertés.

Numatytasis naudojimas

Bode 100, Bode 500 ir jy priedai specialiai skirti laboratorijose ir gamyklose matuoti elektroniniy
grandiniy stiprinimo koeficientui, fazei, S parametrui ir pilnutinei varzai.

Operatoriaus kvalifikacija

214

Bandymus su ,Bode 100 ir ,Bode 500 leidziama atlikti tik kvalifikuotiems, jgudusiems ir
jgaliotiems darbuotojams.

Darbuotojai, kurie mokomi, instruktuojami, kuriems nurodoma arba pasakojama, kaip dirbti su

operatoriaus. Bandymai su ,Bode 100“ arba ,Bode 500 turi bati atliekami laikantis vidaus saugos
instrukcijy ir papildomy aktualiy dokumenty.
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Latvijas — DrosSibas instrukcijas, paredzéta izmantoSana un
operatora kvalifikacija

Drosibas noradijumi

Bode 100 un Bode 500 ir SELV ierices (SELV = seviSki zema sprieguma (droSibas) ierice saskana
ar IEC 60950-1), kas atbilst arT lll aizsardzibas klases vai ES1 aprikojumam saskana ar
IEC 62368-1.

Nepievadiet Bode 100 vai Bode 500 ieejam spriegumu, kas parsniedz 50 V [idzstravu vai 25 V
mainstravu.

Nemiet véra, ka Bode 100 nav indikatora, kas parada, vai izeja ir aktiva. Tas ir Tpasi svarigi, ja
Bode 100 ir pievienoti pastiprinataji.

Stradajot ar aréjiem sprieguma vai stravas avotiem testa rezZim3a, parliecinieties, ka tie nevar
parsniegt SELV ITmeni, un nodroSiniet atbilstoSu izolaciju citam bistamam shémam, pieméram,
mainstravas lihijas sprieguma padevei.

Parliecinieties, ka ar Bode 100 vai Bode 500 izmantotie sprieguma un stravas devéji ir pareizi
iezeméti atbilstosi to razotaju noradem.

Stradajot ar sprieguma devéjiem, stravas devéjiem vai inzekcijas transformatoriem, vienmér
savienojiet Bode 100 vai Bode 500 zeméjuma spaili ar zemé&juma spaili laboratorija, izmantojot
stabilu savienojumu, kura 8kérsgriezums ir vismaz 3,6 mm? un garums neparsniedz 10 m.

Izmantojiet tikai tadus inzekcijas transformatorus, kas izoléti pret maksimalo darba spriegumu un
parspriegumu attiecigajos lietoSanas apstaklos.

Neekspluatéjiet Bode 100 vai Bode 500 spradzienbistamas gazes vai tvaiku tuvuma.

Neekspluatgjiet Bode 100 vai Bode 500, ja vides apstakli parsniedz lietotaja dokumentacija
noradrto temperatiiras un mitruma robezveértibu.

Paredzéta izmantosana

Bode 100, Bode 500 un to piederumi ir ipasi paredzéti pastiprindjuma/fazu, S parametra un pilnas
pretestibas mérijumiem laboratorijas un razoSanas vides elektroniskajas shémas.

Operatora kvalifikacija

TestéSanu ar Bode 100 vai Bode 500 atlauts veikt tikai atbilstoSi pilnvarotiem un kvalificétiem
darbiniekiem ar nepiecieSamajam prasmém.

Stradajot ar aprikojumu, darbiniekiem, kas piedalas apmacibas, sanem instrukcijas, noradijumus
vai izglttojoSu informaciju par Bode 100 vai Bode 500, jabit pastaviga pieredzéjusa operatora
uzraudziba. TestéSanai ar Bode 100 vai Bode 500 jaatbilst iekS€jiem droSibas noteikumiem un
attiecigajiem papildu dokumentiem.
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Nederlands — Veiligheidsinstructies, beoogd gebruik en
kwalificaties van de bediener

Veiligheidsinstructies:

Bode 100 en Bode 500 zijn SELV-apparaten (SELV = Safety Extra Low Voltage volgens IEC
60950-1), ook wel bekend als een apparaat van beschermingsklasse Il of ES1-apparatuur
volgens IEC 62368-1.

Plaats geen spanningsniveaus > 50 V DC of > 25 AC op de invoeraansluitingen van de Bode 100
of Bode 500.

Houd er rekening mee dat de Bode 100 niet aangeeft wanneer de uitvoer actief is. Dit kan vooral
van belang zijn indien er versterkers op de Bode 100 zijn aangesloten.

Als in de testopstelling met externe spannings- of stroombronnen wordt gewerkt, moet ervoor
worden gezorgd dat deze de SELV-niveaus niet overschrijden en moeten deze bronnen juist zijn
geisoleerd van andere gevaarlijke circuits, zoals de AC-netspanning.

Zorg ervoor dat de spannings- en stroomtestkabels die met de Bode 100 of Bode 500 worden
gebruikt, correct zijn geaard, in overeenstemming met de richtlijnen van de fabrikant.

Sluit bij het werken met spannings- en stroomtestkabels of injectietransformatoren altijd de
aardklem van de Bode 100 of Bode 500 op de aardklem in het laboratorium aan. Maak hiervoor
gebruik van een stevige kabel die een diameter van minstens 3,6 mm? heeft en niet langer is dan
10 m.

Gebruik alleen injectietransformatoren met isolatie die bestand is tegen de maximale
werkspanning en overspanning van de toepassing.

Gebruik de Bode 100 of Bode 500 niet in de buurt van explosief materiaal, gevaarlijke gassen of
dampen.

Gebruik de Bode 100 of Bode 500 niet bij omgevingsomstandigheden die de temperatuur- en
vochtigheidslimieten overschrijden welke zijn gespecificeerd in de gebruikersdocumentatie.

Beoogd gebruik:

De Bode 100, Bode 500 en de bijbehorende accessoires zijn speciaal ontwikkeld voor het
uitvoeren van metingen van amplitudeversterking/faseverschuiving, S-parameters en impedantie
van elektronische circuits in laboratorium- en productieomgevingen.

Kwalificaties van de bediener:
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Tests met de Bode 100 of Bode 500 mogen alleen worden uitgevoerd door ervaren, gekwalificeerd
en hiertoe bevoegd personeel.

Personen die via een training, een cursus, instructies of aanwijzingen bekend worden gemaakt
met het gebruik van de Bode 100 of Bode 500, moeten continu onder toezicht van een ervaren
bediener staan wanneer ze met de apparatuur werken. Het testen met de Bode 100 of Bode 500
moet aan de interne veiligheidsregels en aanvullende veiligheidsrelevante documenten voldoen.
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Polski — Instrukcje bezpieczeninstwa, przeznaczenie i kwalifikacje
operatora

Instrukcje bezpieczenstwa:

Bode 100 i Bode 500 to urzagdzenia niskonapieciowe SELV (ang. Safety Extra Low Voltage —
bardzo niskie napiecie bezpieczne, zgodnie z normg IEC 60950-1), okreslane réwniez jako
wyposazenie o klasie ochronnosci Il lub ES1 zgodnie z normg IEC 62368-1.

Do wejs¢ urzgdzen Bode 100 i Bode 500 nie wolno przyktada¢ napie¢ powyzej 50 V DC lub
25V AC.

Pamietaj, ze urzgdzenie Bode 100 nie ma wskaznika, ktory sygnalizowatby, ze wyjscie urzadzenia
jest aktywne. Moze to by¢ szczegdlnie istotne, gdy do urzgdzenia Bode 100 podigczone sg
wzmacniacze.

Podczas pracy z zewnetrznymi zrédtami napiecia lub pradu wchodzgcymi w sktad konfiguraciji
testowej upewnij sie, ze nie przekraczajg one pozioméw napiecia SELV i zapewnij odpowiednig
izolacje od innych niebezpiecznych obwodow, takich jak obwdd zasilania napieciem linii AC.

Upewnij sie, ze sondy napieciowe i pradowe uzywane z urzgdzeniami Bode 100 i Bode 500 sg
prawidtowo uziemione zgodnie z wytycznymi ich producenta.

Podczas pracy z sondami napigciowymi, sondami prgdowymi i transformatorami ,wstrzykujgcymi”
zawsze podtgczaj zacisk uziemiajgcy urzgdzenia Bode 100 lub Bode 500 do zacisku
uziemiajgcego w laboratorium, uzywajgc do tego celu przewodu drutowego o przekroju co
najmniej 3,6 mm? i dtugosci nie wiekszej niz 10 m.

Uzywaj wytgcznie transformatoréw iniekcyjnych z izolacjg dostosowang do maksymalnego
napiecia roboczego i przepie¢, ktére mogg wystepowac przy danym zastosowaniu.

Nie uzywaj urzgdzen Bode 100 i Bode 500 w obecnosci wybuchowych gazéw lub oparéw.

Nie uzywaj urzagdzen Bode 100 i Bode 500 w warunkach srodowiskowych przekraczajgcych
dopuszczalne zakresy temperatury i wilgotnosci podane w dokumentacji uzytkownika.

Przeznaczenie:

Urzgdzenia Bode 100, Bode 500 oraz ich osprzet stuzg do pomiaréw wzmocnienia/fazy,
parametru S i impedancji obwoddéw elektronicznych w warunkach laboratoryjnych i produkcyjnych.

Kwalifikacje operatora:

Testy za pomocg urzadzen Bode 100 i Bode 500 moze wykonywac¢ wytgcznie wykwalifikowany
i autoryzowany personel majgcy odpowiednie umiejetnosci.

Pracownicy odbywajgcy szkolenie, zapoznajgcy sie z instrukcjami, wytycznymi i obstugg
urzgdzenia Bode 100 lub Bode 500 muszg sie znajdowaé pod statym nadzorem doswiadczonego
operatora podczas pracy ze sprzetem. Testy przeprowadzane przy uzyciu urzgdzen Bode 100

i Bode 500 muszg by¢ zgodne z wewnetrznymi przepisami bezpieczenstwa oraz dodatkowymi
obowigzujgcymi dokumentami.
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Portugues do Brasil — Instru¢ées de seguranga, uso designado e
qualificac6es do operador

Instrugdes de seguranca:

O Bode 100 e o Bode 500 séao dispositivos SELV (SELV = tenséo de seguranga extrabaixa de
acordo com a IEC 60950-1), também conhecidos como equipamento de protegéo classe Il ou
ES1 de acordo com a IEC 62368-1.

N&o aplique niveis de tensdo >50 VCC ou >25 VCA as entradas do Bode 100 ou do Bode 500.

Lembre-se de que o Bode 100 ndo tem indicador para mostrar se a saida esta ativa. Isso pode
ser especialmente critico se os amplificadores estiverem conectados ao Bode 100.

Ao trabalhar com fontes de corrente ou tensdo externas na configuragédo de teste, garanta que
elas ndo possam exceder os niveis SELV e fornega isolamento adequado para outros circuitos
perigosos, como a fonte de alimentagéo da linha CA.

Certifique-se de que as alicates de tensao e alicates de corrente utilizadas com o Bode 100 ou o
Bode 500 estejam devidamente aterradas de acordo com as diretrizes do fabricante.

Ao trabalhar com alicates de tensao, os alicates de corrente ou os transformadores de injegao
sempre se conectam ao terminal de aterramento do Bode 100 ou do Bode 500 ao terminal de
aterramento no laboratério usando uma conexao sélida de uma secao transversal de pelo menos
3,6 mm? e ndo mais de 10 m.

Use apenas transformadores de injegéo isolados para a tensédo de operagao e sobretensao
maxima da aplicagao.

N&o opere o Bode 100 ou o Bode 500 na presenga de gases ou vapores explosivos.

Nao opere o Bode 100 ou o Bode 500 em condigbes ambientais que excedam os limites de
temperatura e umidade listados na documentagao do usuario.

Uso designado:

O Bode 100, o Bode 500 e seus acessdrios sdo especialmente projetados para medi¢des de
ganho/fase, paradmetro de disperséo e de impedancia de circuitos eletrénicos em ambientes
laboratoriais e de fabricag&o.

Qualificagao do operador:
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Testes com o Bode 100 ou o Bode 500 devem ser realizados apenas por pessoal autorizado,
capacitado e qualificado.

Pessoal em fase de treinamento, instrugéo, orientacdo ou aprendizado sobre o Bode 100 ou o
Bode 500 deve permanecer sob a constante supervisdo de um operador experiente ao trabalhar
com o equipamento. O teste com o Bode 100 ou o Bode 500 deve estar em conformidade com os
regulamentos de segurancga internas, além de com os documentos relevantes adicionais.
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Romana - Instructiuni de siguranta, destinatia de utilizare si
calificarile operatorului

Instructiuni de siguranta:

Bode 100 si Bode 500 sunt dispozitive SELV (SELV = Safety Extra Low Voltage conform IEC
60950-1), cunoscute si ca echipamente din clasa de protectie |l sau echipament ES1 conform IEC
62368-1.

A nu se aplica niveluri de tensiune > 50 V CC sau > 25 V CA pe intrarile Bode 100 sau Bode 500.

Va rugam sa retineti ca Bode 100 nu are niciun indicator care sa arate daca iesirea este activa.
Acest aspect poate avea importanta critica daca sunt conectate amplificatoare la Bode 100.

in conditii de lucru cu tensiune externa sau surse de curent in configuratia de test, asigurati-va ca
acestea nu depasesc nivelurile SELV si realizati izolatia adecvata fata de alte circuite periculoase,
precum sursa de tensiune a liniei CA.

Asigurati-va ca sondele de tensiune si curent utilizate cu Bode 100 sau Bode 500 sunt
impamantate corect conform instructiunilor producatorului.

in cazul utilizarii sondelor de tensiune, a sondelor de curent sau a transformatoarelor de injectie
conectati intotdeauna terminalul de impamantare al Bode 100 sau Bode 500 la terminalul de
impamantare din laborator, folosind o conexiune solida cu o sectiune de cel putin 3,6 mm? si o
lungime de maximum 10 m.

Folositi doar transformatoare de tensiune izolate pentru tensiunea si supratensiunea maxima de
utilizare a aplicatiei.

Nu operati Bode 100 sau Bode 500 in prezenta gazelor sau vaporilor cu risc de explozie.

Nu operati Bode 100 sau Bode 500 in conditii ambientale care depasesc limitele de temperatura si
umiditate listate Th documentatia utilizatorului.

Destinatia de utilizare:

Bode 100, Bode 500 si accesoriile acestora sunt proiectate special pentru masuratori de
amplificare/faza, parametri de dispersie si impedanta ale circuitelor electronice in medii de
laborator sau de productie.

Calificarile operatorului:

Testarea cu Bode 100 sau Bode 500 trebuie efectuata doar de catre personal calificat, instruit si
autorizat.

Personalul in curs de instruire, dirijare si educare privind Bode 100 sau Bode 500 trebuie sa se
afle sub supravegherea permanenta a unui operator experimentat in timpul utilizarii
echipamentului. Testarea cu Bode 100 sau Bode 500 trebuie sa respecte reglementarile de
siguranta internd, precum si documentatia suplimentara relevanta.
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Slovensky — Bezpeénostné pokyny, uréené pouzitie a kvalifikacia
obsluhy

Bezpecnostné pokyny:

Bode 100 a Bode 500 su zariadenia SELV (SELV = bezpecnostné mimoriadne nizke napatie podla
IEC 60950-1), zname aj ako zariadenia triedy ochrany lll alebo ES1 podla IEC 62368-1.

Na vstupy zariadenia Bode 100 alebo Bode 500 neprivadzajte napatie > 50 V DC alebo
>25V AC.

Maijte na pamaéti, ze Bode 100 nema ziadny indikator, ktory by ukazoval, &i je vystup aktivny. Tato
skuto€nost by mohla byt zvIast kriticka pri pripojeni zosilfiovacov k zariadeniu Bode 100.

Pri praci s externymi zdrojmi napéatia alebo prudu v testovacej zostave zabezpecte, aby nemohli
prekrocit urovne SELV, a zabezpecte vhodnu izolaciu od inych nebezpeénych obvodov, ako je
napriklad sietovy zdroj striedavého napatia.

Uistite sa, Ze napatové a prudové snimace pouzivané so zariadenim Bode 100 alebo Bode 500 su
riadne uzemnené podla pokynov vyrobcu.

Pri praci s napatovymi sondami, pradovymi sondami alebo injektaznymi transformatormi vzdy
pripojte uzemnovaciu svorku Bode 100 alebo Bode 500 k uzemriovacej svorke v laboratoriu
pomocou pevného spojenia s prierezom najmenej 3,6 mm? a nie dlhsieho ako 10 m.

Pouzivajte len injektazne transformatory izolované na maximalne pracovné napéatie a prepatie
aplikacie.

So zariadenim Bode 100 alebo Bode 500 nepracujte za pritomnosti vybuSnych plynov alebo
vyparov.

Nepouzivajte zariadenie Bode 100 alebo Bode 500 pri podmienkach prostredia, ktoré prekracuju
teplotné a vihkostné limity uvedené v pouzivatelskej dokumentacii.

Urcené pouzitie:

Zariadenia Bode 100, Bode 500 a ich prisluSenstvo su Specialne navrhnuté na merania zosilnenia/
fazu, S-parametra a impedancie elektronickych obvodov v laboratériach a vyrobnych prostrediach.

Kvalifikacia obsluhy:
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Testovanie pomocou zariadenia Bode 100 alebo Bode 500 mdZe vykonavat len vyskoleny,
skuseny a opravneny personal.

Na pracovnikov, ktori momentalne absolvuju Skolenie, zaucaju sa alebo sa vzdelavaju v suvislosti
so zariadenim Bode 100 alebo Bode 500, musi pri praci so zariadenim vzdy dohliadat’ skuseny
operator. Testovanie pomocou zariadenia Bode 100 alebo Bode 500 sa musi vykonavat v zhode
s internymi bezpecnostnymi predpismi, ako aj dalSou prisluSnou dokumentaciou.
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Slovenscéina — Varnostna navodila, predvidena uporaba in
kvalifikacije upravljavca

Varnostna navodila:

Bode 100 in Bode 500 sta napravi z napetostjo SELV (SELV = varna zelo nizka napetost v skladu
s standardom IEC 60950-1), znani tudi kot oprema z zascitnim razredom Ill ali ES1 v skladu s
standardom IEC 62368-1.

Na vhodih naprave Bode 100 ali Bode 500 ne uporabljajte napetosti > 50 V DC ali > 25 V AC.

Zavedajte se, da naprava Bode 100 nima indikatorja, ki bi pokazal, ali je izhod aktiven. To je Se
posebej pomembno, e so na napravo Bode 100 priklju€eni ojacevalniki.

Pri delu z zunanijimi viri napetosti ali toka v nastavitvi preizkusa poskrbite, da ne presegajo ravni
SELV, in zagotovite ustrezno izolacijo drugih nevarnih tokokrogov, kot je omrezno napajanje z
izmeni¢nim tokom.

Zagotovite, da so sonde za napetost in tok, ki se uporabljajo z napravo Bode 100 ali Bode 500,
pravilno ozemljene v skladu z navodili proizvajalca.

Pri delu s sondami za napetost in tok ali dovodnimi transformatorji ozemljitveni prikljucek naprave
Bode 100 ali Bode 500 vedno povezite z ozemljitvenim priklju¢kom v laboratoriju, pri Cemer
uporabite prikljucitev s prerezom vsaj 3,6 mm? in ne daljSo od 10 m.

Uporabljajte samo dovodne transformatorje, izolirane za najvecjo delovno napetost in prenapetost
aplikacije.

Naprave Bode 100 ali Bode 500 ne uporabljajte v blizini eksplozivnih plinov ali hlapov.

Naprave Bode 100 ali Bode 500 ne uporabljajte v okoljskih pogojih, v katerih so presezene
omejitve temperature in vlage, navedene v uporabniski dokumentaciji.

Predvidena uporaba:

Napravi Bode 100 in Bode 500 ter njuna dodatna oprema so izdelane posebej za merjenje
ojaCevalnega/faznega razlocka, parametra razprdenosti in impedance elektronskih vezij v
laboratoriju in proizvodnih okoljih.

Kvalifikacija upravljavca:

Preizku$anje z napravo Bode 100 ali Bode 500 lahko izvaja samo kvalificirano, usposobljeno in
pooblas€eno osebije.

Osebije, ki se usposablja, prejema navodila ali se izobrazuje o napravi Bode 100 ali Bode 500,
mora biti med delom z opremo pod stalnim nadzorom izkuSenega upravljavca. Preizku$anije z
napravo Bode 100 ali Bode 500 mora biti v skladu z notranjimi varnostnimi predpisi in dodatnimi
ustreznimi dokumenti.
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Svenska — Sakerhetsinstruktioner, avsedd anvandning och

an

vandarkvalifikationer

Sakerhetsinstruktioner:

Bode 100 och Bode 500 ar SELV-enheter (SELV = Safety Extra Low Voltage (s@kerhet extra lag
spanning) enligt IEC 60950-1), aven kand som skyddsklass llI- eller ES1-utrustning enligt IEC
62368-1.

Anslut inte spanningsnivaer > 50 V DC eller > 25 V AC till ingangarna pa Bode 100 eller Bode 500.

Var medveten om att Bode 100 inte har nagon indikator som visar om utgangen ar aktiv. Detta kan
vara sarskilt kritiskt om forstarkare ar anslutna till Bode 100.

Nar du arbetar med externa spannings- eller stromkallor i testutrustningen, ska du se till att de inte
kan 6verskrida SELV-nivaerna och ge lamplig isolering till andra farliga kretsar, sdsom
natspanningsférsorjningen.

Kontrollera att spannings- och strémsonder som anvands med Bode 100 eller Bode 500 har
jordats ordentligt i enlighet med deras tillverkares anvisningar.

Vid arbete med spanningssonder, stromsonder eller matningstransformatorer, ska jordterminalen
pa Bode 100 eller Bode 500 alltid anslutas till jordterminalen i laboratoriet, med en fast anslutning
med minst 3,6 mm? i tvarsnitt och som inte ar langre an 10 m.

Anvand endast matningstransformatorer som ar isolerade for tillampningens maximala
arbetsspanning och éverspanning.

Anvand inte Bode 100 eller Bode 500 i narvaro av explosiva gaser eller angor.

Anvand inte Bode 100 eller Bode 500 i forhallanden som ligger utanfér de temperatur- och
fuktighetsgranser som anges i anvandarmanualerna.

Avsedd anvandning:

Bode 100, Bode 500 och enheternas tillbehdr har tagits fram specifikt for forstarkning/fas-, S-
parameter- och impedansmatningar pa elektroniska kretsar i laboratorie- och tillverkningsmiljoer.

Anvandarkvalifikation:
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Test med Bode 100 eller Bode 500 ska endast utféras av kvalificerad, kunnig och auktoriserad
personal.

Personal som far utbildning, instruktioner, anvisningar eller undervisning om Bode 100 eller Bode
500 maste vara under standig évervakning av en erfaren operatér medan de arbetar med
utrustningen. Test med Bode 100 eller Bode 500 maste folja interna sakerhetsforeskrifter, samt
ytterligare relaterade dokument.
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