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Traditional Vector Network Analyzer
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&

First VNA from R&S in 1950
Today’s VNA starting tens kHz to THz =

S-Parameter only

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 hislab!”

OMICRON Lab gg
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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 %o case - 52.000 Bodes
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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...
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Functions of Bode 100 S

Smart Measurement Solutions®

~|put |-
| our :ﬂ%
| put =

Gain / Phase _—
Measurement :

Frepniy

Bode Diagram

Impedance / Reflection
Measurement

J 1

Smith

Chart ﬁﬁ
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Measuring Transfer Functions (Gain/Phase)

Bode 100 measures the transfer function ﬂz from CH1 to CH2
1MQ 1 MQ

Vero
Gain =

VCHl

Hy() [—»

— H,(® (D)

add AC signal CH1 probes  CH2 probes
input output

* 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.)

Smart Measurement Solutions
®
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Bode 100 - Frequency Response Analyzer

Hardware Setup

Bode 100
Source mode Recaiver bandwidth
[ mwayson = : Recefver 1 . 30 Hz - Receiver 2
I I
Source level Attenuatar 1 DUT settling time Attenuatar 2
13 dBm o | | 20c8 ~ . oms ¥ | 20d8 w
Sweep time: -
U\’ External "L)’
Reference
& | ac | ac
= T coupling T coupling
:‘}DJTFLIT {i}EH] ?}(HE‘
Prabe 1 Probe 2
101 - 11 -
ouT
HiF
i
Clase
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Bode - Frequency Response Analyzer

* Voltage Transfer Function

Bode 100
L= Sc:,r:_:.fllﬂt,. Recaiver 1 R?;:?bmmmh, Receiver 2
; srzl.mlr:.;m = klr::;m,: puT ::ﬂlhgﬁr:ew‘ %;Ej' o Loop Gain
1 Le 1L, * Impedance Measurements
yo— o (B-WIC, B-SMC,
et Voltage/Current Method,...)

Frocbe 1 Probe 2
11 v 10 w

LT

Hify

Clese
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Bode - VNA

Measurensant Seiup

* S-Parameter measurement

Hardweaie  Measurement

1
o EE Seurce mode ]  Recewer bardwidih o —— (50 Q - SySte m )
ﬂ“—'_{_.. dutooff Recerver 1 1 kiz P Rescaver 2
e o ;
Source level Atenuatar 1 R T A L I-I:If:rl.llilr.'ll 2
0 dBm 5 10d8 = | 0dE
l_l_ L] n
e RN ° Transmission S21
- g kb
L)
1 kA
H——
-i': ﬁ ——
£ H_ =
CUTPRUIT CH 2
e 1
EEER (] i & 7 ems
Probs 2
LT 11 5
e .l |

! Changes will be applied at the next measumement poanl. Close

Smart Measurement Solutions®




Bode - VNA

Hardware Beasiurement

N Source m ode
o I T —— Recenver 1
om— —
source laval Attemuatar 1
0 dBm 1048 =

5003
1
—

Aecerver bandwadih
1 kHE

Swpap time: 542 90 m

s DUTRUT
it

CEERT T ]

! Changes will be applied 31 the next measumement poant.

Smart Measurement Solutions®

S-Parameter measurement

(50 QQ — System)
Transmission S21

Reflection S11
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Bode — Impedance Analyzer

Welcome, please select a measurement type...

Viegior Metwork dnakbais | Iigedasds Andhiil | Agvanoed

= * Internal Setup depends on

baaturs ingedanoy redlection ai the output posi.

measurement method
-  FRA(3 ports)
—  VNA(1 or 2 ports)

Racimserdid ongesdafes ratge: 500 mdl .. 10 kD

1 Do mat esesed 303 Vinme: ot the custpud (52700

Selecl MREbara el

¥ Impedance Adaprer

Mepsere mpedance wang  the 380 gr @EMC
sormipenin Yaal Falure.

Reoommanded impedance nge: 20 md .. G600 kT

Riate Colbvanon g, shord daed) it nbguinsd

kil . * 7 Different Measurement
Methods

Wiapsere impacance weth The Shund-Thn meod

Ssoommgrded impedance range: | mid . 1030

P rct sased B3 My, 8l the ostpat O30 110

 Eainemers g pliain il __E__[ o HQ to MQ

Selert measeramant

| # Shunt-Thru with s=res resistance

| » Sarkes-Thg

| * Voltage f Current
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Bode 100, Bode 500

Osnovne tehnicne lastnosti
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LF-VNA (Bode 100)
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OUTPUT power LED INPUT CH 1 INPUT CH 2
—-— e M —
9 -245332?10 W : usB
AR+ F
|
-—w ' R ‘ -—w
DC power input Ground connector USB connector
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Bode 100

OUTPUT

CH 1 Input
%

CH 2 Input
N

Sine wave generator

Adjustable output amplifier (50 (2)

O A
]
-
@
5 Frequency
@
— Reference
m
E
[b]
£
i i -« —
Termmatllon Analog
Attenuation =l
AC coupling >
Termination *——— —»
Attenuation ; Analog
AC coupling owWnconversion

Power supply
Controller
A A
24bit | !
ADC 5
24bit | |
ADC

Et;C Power

UsB

Smart Measurement Solutions®
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Characteristic Rating
Freguency range 1 Hz to 50 MHz
OUTPUT

Waveform Sinusoidal

Signal level range

-30 dBm...13 dBm
7 mVrms...1 Vims (50 O 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)

Characteristic Rating
QUTPUT, CH1, CHZ connector type BNC
USE interface connector USE type B socket

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

Source level frequency response (flatness)

+).3 dB (typical, referring to 10 MHz)

Bode 100 power requirements

Freguency accuracy after adjustment

+ 2 ppm + 0.5 stepsize

Freguency resolution (step size)

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

Source impedance

500

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

0.5W=5Vms (= 3.3 Vdc recommended)

INPUT CH 1, INPUTCH 2

Input impedance {software switchable)

High: 1 MO (ac-coupled)
Low: 50 0 (dc-coupled)

1 MO input impedance

1 MQ £0.5% || 40..55 pF

50 O input impedance retumn loss

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

Receiver bandwidth (REW) software selectable

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

Supply voltage range +4VDC to +24 VDC
Power demand = 10W
Connector type Coaxial power socket (2.5 mm / 5.5mm)
Inner conductor is positive
Characteristic Absolute Maximum Rating
dc Power Input
Max. dc supply voltage +28V
Max. dc supply reverse voltage -28V

Input attenuator (software selectable)

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

INPUT CH 1, INPUT CH 2 connectors (1 MO input impedance selected)

Full-scale ac input signal

100 mVrms @ 0 dB input attenuator
316 mVrms @ 10 dE input attenuator
1 Vs @ 20 dB input attenuator
3.16 Vrms @ 30 dBE input attenuator
10 Vims @ 40 dE input attenuator

Input channel sensitivity (typical)

=1 yvrms (0 dB attenuator, 10 Hz REW)

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

Maximum dc voltage

1 MO input impedance: 50 V
50 0 input impedance: 7 V

Input channels dynamic Range

=100 dB (@ 10 Hz REW)

Moise floor (521 measurement)
REW =10 Hz, PSOURCE = 13 dEm, 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) =05

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

Maximum input power 1TW
Maximum input voltage T Vrms
OUTPUT connector

Maximum reverse power 0.5W

Maximum reverse voltage

5 Vrms (= 3.3 Vdc recommended)
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Bode 500

Osnovne tehnicne lastnosti
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@

OUTPUT

INPUTS
Bode 500 A

CH2
%500 '.~
& 1 MO “

L -

SO FRCE POVIER
(N STA S

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

Ground connector Reset hole

EXT TRIG REF FREQ
1 i

External trigger

USB Type C Ethernet DC power Kensington
connector connector input  security slot

Reference USB-A
output / input frequency input connector

Reserved for future use

Smart Measurement Solutions®
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Sneak Peek into the Internals

o N
.-.I-i-—
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Bode 500

OUTPUT

Sine wave generator
Adjustable output amplifier (50 ()
I A
[ &)
=
0]
7] Frequency
I Reference
[}
E
z
=
: Termination —
M,. Attenuation ,_d Analog .
AC coupling > ownconversion
CH.E Input Termination Analog
—— » Attenuation B .
: i downconversion
AC coupling

Smart Measurement Solutions®

DC Power IN

Power supply €
USB (USB-PD IN
< :ETL PoE IN >
« (Fo ) »
Embedded System | USE-A" N
Controller o FEF EREQIN
_EXTTRIG N
* EXT TRIG OUT” .
A A
24bit | 1 i
ADC ;
24bit | | i
ADC
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Characteristic Rating
Freguency range 1 Hz to 450 MHz
OuUTPUT

VWaveform Sinusoidal

Signal level range

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

Characteristic Rating
Warn-up time (31) &4 min*
QUTPUT, CH1, CHZ connector type M
Control {and supply) USE connector Use-C
Control {and supply) Ethemet connector RJ45
USB-Host interface connector USB-A**
External reference input connector BNC=*
Extemnal frigger inputfoutput connector BWC**

Source signal dc offset

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

* _specifications are valid after device has warmed up and reached a stable temperature.
= __reserved for future use.

Freguency accuracy after adjustment

+ 0.5 ppm + 0.5 step size

Bode 500 power requirements

Freguency resolution (step size)

3.52 pHz

Maximum power reguirement 24W

Source impedance

500

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)

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

Spurious signals & harmonics

=-25 dBc at full output power (typical)

Maximum reverse signal / power

0.5W=5Vms (= 3.3 Vdc recommended)

INPUT CH 1, INPUT CH 2

Input impedance (software switchabla)

High: 1 M (ac-coupled)
Low: 50 O (dc-coupled)

1 MO input impedance
Input capacitance

1 MO £ 0.5 % (ac-coupled)
25 pF @ 1 MHz (typical)

50 O input impedance retum loss

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

Power over Ethernet PoE+, class 4

USB-PD (Powered over USB) demand 2ViI125A0r
15V/I1T5A

Characteristic Absolute Maximum Rating

dc Power Input

Max. dc supply voltage +26 W

Max. dc supply reverse voltage -26 W

INPUT CH 1, INPUT CH 2 connectors (1 MO input impedance selected)

Receiver bandwidth (REW) software selectable

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

Maximum dc input signal -R0V_+50V

Input attenuation (software selectable)

0 dBE, 20 dB

Maximum peak value for ac + dc signal -0 V. +60V

Full-scale AC input signal

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

Input channel sensitivity (typical)

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

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

2 MHz._.5 MHz: 15 Vims

5 MHz...10 MHz: 10 Vrms
10 MHz ... 450 MHz: 7 Virms

Maximum dc voliage

1 MO inpui impedance: 50 V
50 @ input impedance: 7V

INPUT CH 1, INPUT CH 2 connectors (50 (0 input impedance selected)

Input channel dynamic range (typical)

=120 dB (@ 10 Hz REW, 3 kHz to 100 MHz)

Moise floor (521 measurement)
RBW =10 Hz, PSOURCE = 16 dBm, Aftenuator
CHZ: 0 dB

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)

Maximum input power W
Maximum input voltage 7 \Vrms
OUTPUT connector

Maximum reverse power 05w

Maximum reverse voltage 5 ¥%rms (= 3.3 Vdc recommended)
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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 Q 50 Q

Channel termination

50 Q /1 MQ AC-coupled

50 Q /1 MQ 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

R T R R

USB connector

—

<

©
@
oy]

°
@
(@)

Ethernet connection

Network capability

Web interface

Powered via USB-PD

_Powered via Ethernet (PoE+)

Signal source indicator

Channel termination indicator

SISISISISISIS TSNS S5 S

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)

XXX X X X X XX X X

v
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Programska oprema BAS
Osnovne lastnosti
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Bode
Analyzer Suite 3.50

D Mew measurement

Recent

Bode100_Impadapt_Inductor bode3
Chlsers\BriLanO0hAppDa ™

it

=

Open other file

Read user mamual

Liptions

About

© &

Welcome, please select a measurement type...

-
Vector Network Analysis | Impedanca Analysis | Advanced

v Transmission / Reflection 3

Measure S-parameters (521, 517) with 50 0 termination.
hdeasure Gain with internal or external reference,

CUTPUT

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

Do not exceed 7 Vims at Channel 2 input (50 01). 5_'-:‘-]~_ L

Select measurement

* Gain / Phase

heasure transfer funchion (Gain/Phase) from CH1 fo CH2. _
CUTPUT "M 1

0 "_Bnd- e )

1 By default, the inputs are set to high impedance and
are ac-coupled,
Do not excead 50 Vde at the inputs,
Do not exceed 3.3 Wyms at the output (50 ().

Select measurement

? Reflection with external coupler

Select the device to use: | ML7230 ¥ 1 . |

Set default startup

25



BAS 3.50 Bode 500 Support

Welcnme,l"‘please select a measurement type...

Bode
Analyzer Suite 3.50

M

VEChor Metwork Analysis | Inpedancs Analysis

Advancen

* Tranemission / Reflection

Hardware Sefup

Mipasae S-parameders (521, 511 wash 50 0 terminaticn.
Meange Gain with memal or extemal rederence,

D ned excesd 23 Yong 2% the output (50 5
Do o engessd T Wiy, B Channel 2 ingut (5000

Select measurement

* Gain / Phase

Migasure transfer furction (Gamy/Phase) from CHT o CH2

2y default, the inputs sre 28 1o high impadance and
] 5

are s -Coipled

Do o ecesed 50 Wig at thae inputs.

Do not emosed 3.3 Ve 88 the output (50 00

Select maasuremant

> Reflection with external coupler

Select the devace (o use | 102377723 *

Set default startup

Bode 500 e Reveiver bandwidth
o Aute ol = | Resteiver 1 Lo T | necewer2

T DUT setting time — T

Source kevel Intermal ,.'P oms s
0 dBm Fafarence | ; :
f Fath aitch settling time '
50 ms g
L i,
& Gweep
.l o simaakabs
Aftenuator 1 _I:'.'I'.El"l.la'll:ll' 2_
- 0 d8 -

] MF!

=3 2% e

IEI:III.ITF‘LIT CH 2
b £ 3.3 s ] b & T vrms (T’
Proke 2
1:1
ouT -
~S '
§ Changes will take effect at the $lart of the next measurement. Claze

Smart Measurement Solutions®



Em v TransRefl_IF_Filter* - Bode Analyzer Suite + MO - O x
Home Measurement View Cursor ~
D New E Save B\ [ II“':’ f,.‘..f. Hz - f._..f. . )
Open BB Sove s ’ N' H hw  mw we o o™  a 4 1. Measurement configuration
B Export [{] Report | o UvS Single Siop Traremission Impedance /| Full-Range User-Range  Full-Range User-Range | T The measurement configuration allows to configure the measurement frequencies and some
i ' o g <t 2o Cloion eedaoce Cincion hardware setup elements such as the source level, the channel attenuator value and the receiver
Fixed Frequency Trace 1 Trace 2 :: B Trace 1 :
Saueny seep KN : :: M Cursor 1 10,7 MHz -31,163 dB -37,068 dB — . = bandwidth.
| 1 Measurement | Gain - .
startfrequency SR - e,ﬁ c2-C1 | [ m 5 ° Format Magnitude (dB) = 2. Chart region
stop frequeny | 127 mz| {0 . EETH In the chart region the measurement results are displayed. You can use the Trace settings on the
Center [ 107 M) N = - ’—: right hand side to choose the result that shall be displayed. Different formats such as Magnitude or
span L amm I AN 2 '™ 0B Phase as well as different diagrams such as Polar, Nyquist or Smith can be selected. To learn
=== = f S BT i M Trace 2 @ v || more about the result diagrams, have a look at 10.2 Using the interactive chart on page 140.
I \
) . -35 | . | . Measurement | Reflection v )
sweep Linear KN Logarithmic | JIJ | 28 B | e 8 ‘. 3 Trace settlngs
Number of points | 201 ~ 40 N [ 2 . ,W Choose what measurement and which result format is displayed in a trace. Additional memory
: . [ 203 ™ = traces or math traces are also controlled in this region. Lear more about how to configure traces
Level constant [IEH variable |l = |
_ \ I " i - - . . . . .
S T e s < 50 Vo l{ lll - Yoo 1R and memories in 10.4 Using the memory traces on page 153 and 10.5 Working with measurement
N T .- and math traces on page 157.
an "2 3 y
Attenuastor  Receiver 1 Receiver 2 £ -60 ] \ L] - . .
— £ . | .|'I 11 32 4. Ribbon bar & Quick-Access
Transmission | 10d8 v || 10d8 ~ | § < o 312 The ribbon bar contains the file operation commands as well as the buttons to start and stop a
‘-7 | |- O
Reflection | 1008+ |[ 10d8 ~ | ¢ - ¢ / \ .jl '-1 s measurement. Further possibilities are the hardware setup, calibration, view settings, memory
— L / |ﬂ|]|:| l,l P~ operations and cursor commands.
& -80 f ] t [
Nominal impedance T F{ =3 }."I_ = 'lll,' ,':«‘“'\‘.' =7 Lt -7 8 5. Cursor table
%0 | A A\ A f H J' awr \ | a8 The cursor table displays the values of the movable cursors that are attached to the traces shown
- - [ f 1 Y X 1 . . . .
o 00| AV \/ HJ ! \ | 30 in the result diagrams. To learn more about how to use the cursors, check out 10.3 Working with
\_ 1. |V |J : \( " cursors and the cursor table on page 148.
=100 i \ -
-105 i | ! || -1 6. Status bar
i ¥ -11o o : o -4 The status bar shows the connection state of the hardware and the receiver levels. Further
6 ) 2 f possibilities are signal source control and internal device calibration control.
. requency (Hz)
LI R - Measurement = new memory
Auto off | | Receiver 1 [ Receiver2 | | s 2021-10-25 | ML723D « [
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Curve Fitting of an In

mE e E-
Home Messuremsnl  View  Cu

Smart Measurement Solutions®

TS

noucior* - Bode Analyzer Suite

Trace 1 Trace 2

uctor

T E

50

ElH
n
19

L=

=
Trace 2; Impedan

- : (g B2 F | standity Poent
Fy S [ ER Ry @A e
Cata = Asdd ddd  Add Add +1 2
Memory = I = mepsurement math Cinout Fit expression
Freguency  Sweep RN Fixed [ Frequency
Siop frequency 100 MHz| | | Defta 201
Cerer SOu0C0S b Hz lee
Span 59.05590 MHz
10k
Sweep Linear | [N Loganithmic
Humber of points | 200 - = ik
=
Lovel  constant JEW | Varisble | 2 o
Source kevel pdgem | | B
Receiver bandwadth WoHz v ]| ¥ w0
3
E
L
= 100
10m
im
10 100

1k 10k Tk
Frq'rlul_-nq‘jl HZ)

iM

10

T
i

2 Phase

r
K

E H Trace 1 @ W

Measuremant | impedarce -
Eormat Bagnitude -
Yo 100k §
Worin 1M o

Measurement | Empedance -

Fiormat Phase {7 =
Unswrag phase

P 100 :

(S B [ T

MeasLrement —+ new manmnory

OMICRON
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Impedance Result Formats

b Trace 1
Measurement
Format

Y rax

¥rin

:: ¥ Trace 2 QS I

Measurement
Format

¥ max

¥ rmin

& v

| Impedance v |

Magnitude (dB) v

Maagnitude
Phase (’]
Phase (rad)

Polar

Real
Imaginary
Rs

Ls

Cs

Q

Nyquist
Q(Tg)
tan(a)

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

Admittance Result Formats

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).

i Trace 1
Measurement
Format

Y max

¥ min

:: ¥ Trace 2
Measurement
Format

Ymax

Yenin

| v

| Admittance v ‘

Magnitude (dB) v

Magnitude

Phase (°)
Phase (rad)
Tg I
Polar

Real
Imaginary
Rp

Lp

Cp

Q

Nyquist
Q(Ta)
tan(d)

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

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)

tan(®): Displays the tan(d) of the measured admittance.
(see Impedance result equations for details).

Smart Measurement Solutions®
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Circuit Fitting Feature of BAS 3.50
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Available Models

Model &

. Parallel
Resonator

Madel 8

Mods| C

g

C

Wogel O
R Lo L

WD o

haeded E
R |

—H
'I:In
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But What Now?
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Network Fitting

b e kn Inductor
“ Home Measurement View
* " | + Instability Pomt:
Hhe
L3 [r*—‘ : 5
Cata + Add x
Memory = | Lt measunsment SSION

Frequency | Trace 1

-l Cursor 1

-

Egurvabent Cncial ikl L
Ptk dlieclune Aagbomude =
Pk cousi §i- 2k =
Frl pararmeter ¥
Smsk paANTS hig = 'I-I
Targeet Cal vadwa =D
Taiged s 0% =D
kLT 1 rgadanca| -
Erilif ol Myl

Uimé

Smart Measurement Solutions®

=] Ciecutt Fit 1
Fittirag

w B [ &
S [xpart Fs  Export SMCE mpert
At conbguestios  setha Canfguration
Fil Bl Simpis N stk
Diata founDs: Zisaiurannent) - Impadancs valus Inl =
Equreslent ciroat model w F P results
Pebwak shnucture Paralkel » I | Traweder function representation: | Circuit components
Pk oo {1-201 =) | Abachie DO vale o O Hz
T Sebe E0unl:
B N 1
£ | ST S R BT T
" L LI - LN Y PN, TH; R et
L
= [jﬁ:u s B58 0 5|
2, Ca ZAM F 5
R 21497 ma 5
! Ls 15584 uH =
—T— =)
Reg Cormples Rz AP
Pl Pal = |
e g b TOIZEIpH *
Ap s -BALZIT O
Fill paramartar w —
i THF1AE]
Seek passivity . Mo ¥ .I:I] L T2okERH =
Targat O valus: =@ Ca G470 pF &
Targat aman 150 % =|@ Restive b
WWasighling: 1/jadmittance| + | i 40 1:
Enter yoor noies.. E}D
Exo
141] I
L1 104 1E 1'[E 1% L Tk
AMERE: 9243 % (D)
E 1k -
glm -
7 10
£ 4
M 104} 1k 1 1 LY I [+ ¥ ]
wm'gﬁHﬂ

o0

E Filting complesel




5% Target Error -> 8poles
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Possiblilities
1
* Transfer function export (copy -> paste) ~ P+sb++ 0+ 2
— Partial fractions 7= xa F*’*!*‘L; I* l”:“f;ﬁ,l
- Polynomial 7 1 (s —my)(s —as)(s —ay)(s —az)
— Factorized (Pole-Zero) 3 o S e S
— Circuit Components Ry

gLyt Ry T Rayd gL+ 171/ K4 85)

. . . . Il?l Inechischios_Circut Ft 1_2023-11-07T20 09 4d.cir 3 E vamaril_mspaml
* Spice netlist export for simulator import T Taumcrs Gizauis Fit 3 _ooe
O _IN _QUT 3.4833313481236274E-002
| RO 1IN ooUr 1.€251385781385120e-010

°® SearCh for PaSSIVIty [ # 1 _1n M1 -s.859066602105532148-021
Rl N1 _OUT -1.659444460259845314E-010
' 12 N M2 7.438862556B445440E-01E
o . RZ NZ _OUT 1.2074350408402216E-012
L3 IN N3 4.10145555954137731E-0189
Target DC value can be configured
’ C3 N4 _OUT 1.€823875547857554E+000
| Rl N4 _ouUT —4  ATE0E1048241LT102E-DDY
ENDS Circuit Fit_1
.END

* Weighting can be manually changed

3%
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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

| P2102A
W 2-vort Probe for impedance and Step Load Testing : gg
ﬂMlCRﬂrg
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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 %%
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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®



Color-Coded Test Cards & Calibrators

“Sarir-Thru® Calibrator

& :
o e
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Accessories
for the Bode 100 & 500

40

C2 - Confidential



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, -
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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 — 20dB @ 1 Hz)
* Provides safe 600 V CATIl 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, -
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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,-

OMICRON
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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,-
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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,-

OMICRON
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B-TCA

* Designed to simplify the
measurement task of SMD components
* Easily measure mQ to MQ

* DC - 450 MHz wide frequency range%‘
|| RS2
List price: € 930,-/$ 1050,- A - A

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

OMICRON
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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 B-RFID-B B-RFID-C
For Class 1 cards For Class 3 cards For Class 6 cards

OMICRON
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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,-

4%
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PML1110 (10:1 passive probe)

* Designed for Bode 100 inputs

* Low-noise probes
° 1 MQ design =

reduced crosstalk
— more accurate gain measurements
— best protection of Bode 100 inputs against DC voltage and
overvoltage

List price: € 210,-/ $ 230,-
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PHV 1000-0O Passive 100:1 Probe

* Designed for Bode 100

* 50 MQ || 7.5 pF Impedance
* Exchangeable spring tip

* Attenuation ratio: 100:1

* Maximum working voltage 2000 V

List price: € 490,-/ $ 560, -
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Differential Probe TT-SX 9001

* Enables measurements in circuits with high voltages up
to 700V
° Avoids grounding problems

* CAT lll 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,- L
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Power Electronics Engineers

Should measure what Loop Why?

Gain of the control loop 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

Input Impedance & Filter avoid input filter stability problems
output impedance

Component Impedance To analyze components where data is missing or to
prove manufacturer’s data.

EMC Filter Insertion Loss Avoid unaccounted parasitics degrading the EMC filter
Leakage Inductance & Important for Flyback (step-down converter) design
coupling factor of transformers and wireless power design
A4
OMICRON
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General Electronics Engineers

Should measure what Why?
Filter Transfer Function To check if parasitics change filter behavior
LDO Output Impedance To ensure stable operation of the linear voltage
regulator for good system performance
Power Supply Stability Good power supply regulation and stability causes less
problems in the system
Component Impedance To check if the components behave as expected
EMC Filters To reduce EMC testing effort
Amplifier Gain Check if amplifier has needed bandwidth
I:IMI"III:H‘J‘:I'I'IIgq
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Sensor Manufacturer

Who Should measure what Why?
Design engineer Sensor capacitance For capacitive sensor design
Sensor inductance For inductive sensor design

Resonance frequency  For resonance effect sensors
(piezo or other)

Test engineer Same as above For quality assurance during production
using Automation Interface

Purchase engineer Component For quality assurance during purchase
impedance process of essential sensor components

- Distance sensors

- Ultrasonic and subsonic (sonar applications) %%

OMICRON
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Cable Manufacturer

e

. =
e m—
=
- -
— -
o — ——

|

I

Il

Who Should measure what Why?
Design engineer Cable characteristic Important design property
impedance
Cable attenuation Good cable -> low loss
Cable crosstalk Crosstalk in multi-pair cables can cause
problems
Test engineer Same as above 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

OMICRON
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Piezo or Quartz Manufacturer & User

Who Should measure what Why?
Design engineer Capacitance Important design parameter
Resonance frequency For resonance effect sensors
Damping factor For low and high-Q systems
Test engineer Same as above For quality assurance during production

using Automation Interface

- Ultrasound transmitters / receivers
- Micromechanical systems
- Sonar applications

OMICRON
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Capacitor Manufacturer

Who Should measure what Why?
Design engineer Capacitance Main parameter
ESR, Parasitic Important for some customer
inductance applications (power electronics)
Test engineer Same as above For quality assurance during production
using Automation Interface

OMICRON
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Inductor / Magnetics Manufacturer t‘ﬂmm

Who

Should measure what Why?

Design engineer

Inductance

Main parameter

AC resistance

Estimate frequency dependent loss

Parasitic capacitance

Important design parameter

Leakage inductance

Important for Flyback Transformer

Coupling factor

Important for Transformers

Test engineer

Same as above

For quality assurance during production
using Automation Interface

Smart Measurement Solutions®
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RFID Tag/Chip Manufacturer

abb

Who

Should measure what Why?

Design engineer

Contactless resonance
frequency

Design requirement

Contactless Q-factor

High Q -> higher operating range

Test engineer

Same as above

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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Agenda %

15% Power Analysis & Design Symposium - April 29t%, 2026 OMICRON
— Y

Central European Summer | Eastern Daylight
Time (CESTAUTC 4+-2) Time (EST/UTC-4)
(Vienna, Berlin) {Mew York)

Welcome and introduction 09:00 7 09:000am 15:00 7 03:00 pm

Trade Secrets of the Flyback Converter
by Christophe Basso - Future Electronics

Unleash the Power of the Smith Chart: An Intuitive Guide for RF and
Mon-RF Engineers 10:20 7 10:20 am 04:20 am 16:20 / 04:20 pmi
by Arturo Mediano - University of Zaragoza

09:10 /70910 am 03:10 am 15210 7 0210 pmi

10 min break

"Capacdtances” of Nonlinear Capacitors
by S5am Ben-Yaakov - IRP Systems

Hands-On Challenges and Solutions in Bidirectional GaN Switch Design
by Milan Marjanovic - Electronicdesign-Marjanowvic

11:20/711:20 am 05:20 am 17:20 70520 pm

1310/ 01:10 pm 07:10 am 18:10 7 07:10 pm

10 min break

DC Biased Impedance Measurements

by Florian H3mmerle - OMICRON Lab 14:10/02:10 pm 20:10/ 08:10 pm

10 min break

Practical EMC Debugging of Power Supplies: Measurements, Ringing. and
Moise Sources 1510/ 03:10 pm 09:10 am 21:10 /0910 pm
by Ali Shirsavar - Biricha Digital

10 min break

Unveiling the Mathematics Behind NISM: A New Path to Power Integrity Stability } ) " - .
by Steve Sandler - Picotest 16210/ 04:10 pm 10:10 am 2210710210 pm rq
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