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®

Traditional Vector Network Analyzer

• First VNA from R&S in 1950

• Today’s VNA starting tens kHz to THz

• S-Parameter only

• Designed for RF and telecommunication engineers

• Cheap USB VNAs to $$$$$
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®

Our Approach

Low-Frequency Vector Network Analyzer

• Great tool for power electronics engineers

• VNA, FRA & Impedance Analyzer

• Applies VNA principles from mHz to MHz

• Applicable to nearly all electronic systems

(except RF of modern telecommunications)

• Very easy to use & price-effective

→ Makes it a must-have for many, many engineers...

“Every electronic engineer needs a Bode-device in his lab!”

OMICRON Lab
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®

Every electronic engineer!

IEEE has 486.000 members

US: 288.000 electrical and electronic engineers

≈ 1 Bode per 100 employees (1%)

26 Million people work in electrical industry world-wide

→ 1 % case - 260.000 Bodes

→ 2 ‰ case - 52.000 Bodes

Smart Measurement Solutions
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What is it about?

Which key problems do we solve? Bode helps with...

• Troubleshooting power integrity issues

• Designing compensators for switching power converters

• Optimizing a signal conditioning chain

• Measuring frequency response of electronic components

• Analyzing the dynamic behavior of control systems

• Designing EMI filters

• Creating automated test systems

• etc...

Smart Measurement Solutions
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Functions of Bode 100

Gain / Phase
Measurement

DUT

Bode Diagram

DUT

DUT

Impedance / Reflection
Measurement

Smart Measurement Solutions
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Measuring Transfer Functions (Gain/Phase)

Bode 100 measures the transfer function H2 from CH1 to CH2

• Measure a filter (low-pass, high-pass, anti aliasing, etc.) 

• Measure a control loop (i.e., dc/dc converter)

• Measure an amplifier (audio, power, operational, etc.) 
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Bode 100 - Frequency Response Analyzer
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Bode - Frequency Response Analyzer

• Voltage Transfer Function

• Loop Gain

• Impedance Measurements

(B-WIC, B-SMC,
Voltage/Current Method,...)
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Bode - VNA

• S-Parameter measurement

(50 Ω – System)

• Transmission S21
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Bode - VNA

• S-Parameter measurement

(50 Ω – System)

• Transmission S21

• Reflection S11
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Bode – Impedance Analyzer

• Internal Setup depends on

measurement method

− FRA (3 ports)

− VNA (1 or 2 ports)

• 7 Different Measurement

Methods

• µΩ to MΩ
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Bode 100, Bode 500

Osnovne tehnične lastnosti
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LF-VNA (Bode 100)
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Bode 500

Osnovne tehnične lastnosti
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Sneak Peek into the Internals
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®

Bode 100 vs. Bode 500
Characteristic Bode 100 Bode 500

Frequency range 1 Hz ... 50 MHz 10 mHz ... 450 MHz

Dynamic range > 100 dB > 120 dB (typ.)

Signal source -30 dBm ... 13 dBm -50 dBm ... 16 dBm

Connector type BNC N

Source impedance 50 Ω 50 Ω

Channel termination 50 Ω / 1 MΩ AC-coupled 50 Ω / 1 MΩ AC-coupled

Input AC measurement range up to 10 Vrms up to 10 Vrms

S-Parameter measurements (VNA)

Frequency Response Analysis

Impedance Analysis

Bode Analyzer Suite User Interface

Standalone SCPI interface ✗

USB connector Type B Type C

Ethernet connection ✗

Network capability ✗

Web interface ✗

Powered via USB-PD ✗

Powered via Ethernet (PoE+) ✗

Signal source indicator ✗

Channel termination indicator ✗

External reference frequency input ✗ (future use)

External trigger input ✗ (future use)

External trigger output ✗ (future use)

USB-A host interface ✗ (future use)

Passive cooling (fan-less)
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Programska oprema BAS

Osnovne lastnosti
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BAS 3.50 Bode 500 Support

Smart Measurement Solutions
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Curve Fitting of an Inductor

Rp

C

Rs
L
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Curve Fitting of an Inductor
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Circuit Fitting Feature of BAS 3.50

Smart Measurement Solutions
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Available Models

Parallel

Resonator

Smart Measurement Solutions
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But What Now?

?
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Network Fitting

Smart Measurement Solutions Page 9
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5% Target Error -> 8poles

Smart Measurement Solutions
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Possibilities

• Transfer function export (copy -> paste)

−

−

−

−

Partial fractions

Polynomial

Factorized (Pole-Zero)

Circuit Components

• Spice netlist export for simulator import

• Search for Passivity

• Target DC value can be configured

• Weighting can be manually changed 
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Applications

• Everything the Bode 100 can do and more...

• Small component impedance measurements

• EMI filter measurements above 30-50 MHz

• PDN measurements (power distribution networks) for

power integrity verification
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Bode 500 – Key Features

• Small, portable, fan-less design

• USB-PD, PoE, dc power inputs

• External reference frequency locking

• Can be accessed via SCPI commands without the need 

of a computer with Bode Analyzer Suite installed

• Frequency Range: 1 Hz – 450 MHz (10mHz – 450 MHz) 

• Dynamic Range: 125 dB

• Signal Source: -50 dBm ... +16 dBm

• Lower trace noise than Bode 100

Smart Measurement Solutions
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B-TCA Impedance Test Fixture

• Supports four
measurement modes
−

−

−

One-Port Reflection

2-Port Shunt-Thru

2-Port Series Thru

− Extended 2-Port Shunt-Thru

• Suitable up to 450 MHz •
Designed for SMD

components

• Simple card-edge
connection

Smart Measurement Solutions
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Color-Coded Test Cards & Calibrators

Smart Measurement Solutions
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Accessories

for the Bode 100 & 500
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®

B-WIT 100 (Wideband Injection Transformer)

• Optimized for signal insertion into control loops

• Extremely wide usable frequency range: 1 Hz – 10 MHz 

• Highest linearity & lowest insertion loss

• Safe measurements (Isolation rated to 600V CAT II)

List price € 530,- / $ 590,-

Smart Measurement Solutions
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®

B-LFT 100 (Low-Freq. Injection Transformer ) 

• Injects up to 15 dBm at 1 Hz without attenuation

(B-WIT 100 attenuates – 20 dB @ 1 Hz)

• Provides safe 600 V CATII secondary to primary isolation

• Designed for low-frequency measurements such as
− PFC voltage loop

(crossover around 5 Hz - 7 Hz)

− Other slow control loops

< 30 kHz (mechanical systems)

List price € 730,- / $ 790,-

Smart Measurement Solutions
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®

B-AMP 12 (External Amplifier)
• Amplifies Bode 100’s output power by +12 dB to reach a total 

power of +25 dBm (8 Vrms or 22 Vpp open-source)

• Features impedance measurement signal connectors

• Applications:
− Low impedance measurements

▪ shunt-thru measurement

− Impedance with higher signals
▪ chip capacitance measurement

− More injection power

List price: € 930,- / $ 1050,-

Smart Measurement Solutions
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B-LCM (Low-Freq. common mode choke) •

Reduces ground-loop error in Shunt-Thru measurements

• Reduce/suppress common-mode signals

• Quasi-isolate an input channel for high frequencies

List price: € 530,- / $ 590,-

Smart Measurement Solutions
44



®

B-WIC & B-SMC

• Optimized for RLC-Q measurements of all

common passive electronic components

• Fast DUT exchange

• Gold-plated electrodes for low contact 

resistance and reproducible results

• 1 Hz – 50 MHz wide frequency range

List price B-WIC & B-SMC: € 630,- / $ 690,-
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B-TCA

• Designed to simplify the

measurement task of SMD components

• Easily measure mΩ to MΩ

• DC – 450 MHz wide frequency range 

List price: € 930,- / $ 1050,-

Test Card Set (each Set of 32 pcs.): € 130,- / $ 150,-
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B-RFID Test Fixtures

Designed for contactless resonance-frequency and 

Q-factor measurement of 13,56 MHz RFID cards.

Test fixtures are optimized for measurements on ISO 14443-

1:2008 smart cards.

List price: € 110,- / $ 120,- each.

List price Kit: € 270,- / $ 310,-

B-RFID-A

For Class 1 cards

B-RFID-B

For Class 3 cards

B-RFID-C

For Class 6 cards

Smart Measurement Solutions
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Carrying Case
A colorful box for the Bode 100

featuring a custom cut-out foam

interior.

It has been redesigned to hold the 

Bode 100 or Bode 500, more space for 

cables, the power supply, a B-WIT 100,

B-SMC and B-WIC or B-TCA and a B-

AMP 12.

List price: € 110,- / $ 120,-

Smart Measurement Solutions
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PML111O (10:1 passive probe)

• Designed for Bode 100 inputs

• Low-noise probes

• 1 MΩ design →
− reduced crosstalk

− more accurate gain measurements

− best protection of Bode 100 inputs against DC voltage and

overvoltage

List price: € 210,- / $ 230,-

Smart Measurement Solutions
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PHV 1000-O Passive 100:1 Probe 

• Designed for Bode 100

• 50 MΩ || 7.5 pF Impedance

• Exchangeable spring tip

• Attenuation ratio: 100:1

• Maximum working voltage 2000 V

List price: € 490,- / $ 560,-

Smart Measurement Solutions
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Differential Probe TT-SX 9001

• Enables measurements in circuits with high voltages up 

to 700 V

• Avoids grounding problems

• CAT III rated inputs

• Bandwidth: DC to 30 MHz (-3 dB)

• Attenuation ratio: 1/10 or 1/100

• Powered by USB-C or AA batteries

List price: € 550,- / $ 650,-

Smart Measurement Solutions
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Power Electronics Engineers

Should measure what Loop

Gain of the control loop

Input Impedance & Filter
output impedance

Component Impedance

EMC Filter Insertion Loss

Why?

To ensure a stable control loop. This is important in

analog and digital control loop design for high power

converters and also LDOs to improve performance To

avoid input filter stability problems

To analyze components where data is missing or to

prove manufacturer’s data.

Avoid unaccounted parasitics degrading the EMC filter

Leakage Inductance & Important for Flyback (step-down converter) design
coupling factor of transformers and wireless power design

Smart Measurement Solutions
53



®

General Electronics Engineers

Should measure what

Filter Transfer Function

LDO Output Impedance

Power Supply Stability

Component Impedance

EMC Filters

Amplifier Gain

Why?

To check if parasitics change filter behavior

To ensure stable operation of the linear voltage

regulator for good system performance

Good power supply regulation and stability causes less 

problems in the system

To check if the components behave as expected

To reduce EMC testing effort

Check if amplifier has needed bandwidth

Smart Measurement Solutions
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Sensor Manufacturer

Who Should measure what Why?

Design engineer

Test engineer

Sensor capacitance

Sensor inductance

Resonance frequency

Same as above

For capacitive sensor design

For inductive sensor design

For resonance effect sensors
(piezo or other)

For quality assurance during production

using Automation Interface

Purchase engineer Component
impedance

For quality assurance during purchase
process of essential sensor components

- Distance sensors

- Ultrasonic and subsonic (sonar applications)
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Cable Manufacturer

Who Should measure what Why?

Design engineer

Test engineer

Cable characteristic
impedance

Cable attenuation

Cable crosstalk

Same as above

Important design property

Good cable -> low loss

Crosstalk in multi-pair cables can cause

problems

For quality assurance during production

using Automation Interface

Applies mainly to cables used for frequencies < 50 MHz
- DSL cables
- Cat 1-4 twisted pair cables

Smart Measurement Solutions
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Piezo or Quartz Manufacturer & User

Who Should measure what Why?

Design engineer

Test engineer

Capacitance

Resonance frequency

Damping factor

Same as above

Important design parameter

For resonance effect sensors

For low and high-Q systems

For quality assurance during production

using Automation Interface

- Ultrasound transmitters / receivers
- Micromechanical systems
- Sonar applications

Smart Measurement Solutions
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Capacitor Manufacturer

Who Should measure what Why?

Design engineer

Test engineer

Capacitance

ESR, Parasitic
inductance

Same as above

Main parameter

Important for some customer
applications (power electronics)

For quality assurance during production

using Automation Interface

Smart Measurement Solutions
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Inductor / Magnetics Manufacturer

Who Should measure what Why?

Design engineer

Test engineer

Smart Measurement Solutions

Inductance

AC resistance

Parasitic capacitance

Leakage inductance

Coupling factor

Same as above

Main parameter

Estimate frequency dependent loss

Important design parameter

Important for Flyback Transformer

Important for Transformers

For quality assurance during production

using Automation Interface
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RFID Tag/Chip Manufacturer

Who

Design engineer

Should measure what Why?

Contactless resonance Design requirement
frequency

Test engineer

Contactless Q-factor

Same as above

High Q -> higher operating range

For quality assurance during production

using Automation Interface

- 13.56 MHz RFID and NFC transponders / smartcards
- 125 kHz RFID transponders (e.g. animal identification implants)
- 27 MHz RFID systems

Smart Measurement Solutions
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Hvala.
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