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WURTH ELEKTRONIK

https://www.we-online.com/de/components/products/pbs/capacitors
https://redexpert.we-online.com/we-redexpert/en/#/home

Distributor for electrical components incl. RF Passives — we focus on Capacitors 4 |—
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CRITICAL PRODUCTS & SERVICES

RF Choke Manufacturer
https://www.coilcraft.com/en-us/products/rf/ m
https://www.coilcraft.com/en-us/tools/rf-inductor-and-choke-finder/#/results

https://www.coilcraft.com/en-us/other/coilcraft-lc-filter-designer-software/

A\ 4 RF Resistor Manufacturer
VISHAY. https://www.vishay.com/en/resistors-fixed/high-frequency/ W—
https://www.vishay.com/docs/53077/microwavethinfilmres.pdf
RF Connector Manufacturer with good understanding on passive intermodulation O
Rosenberger o>

https://www.rosenberger.com/markets/mobile-communication/passive-intermodulation-testing/
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High Frequency Definition

Radio Frequency Band Overview

WE ,,High
Frequency*

Radio Frequency Band Frequency
extremely low frequency (ELF) 3-30Hz
super low frequency (SLF) 30 - 300 Hz
ultra low frequency (ULF) 300 - 3000 Hz
very low frequency (VLF) 3-30 kHz
low frequency (LF) 30 - 300 kHz
medium frequency (MF) 300 - 3000 kHz
B high frequency (HF) 3-30 MHz
- very high frequency (VHF) 30 - 300 MHz
ultra high frequency (UHF) 300 - 3000 MHz
super high frequency (SHF) 3-30GHz

extremely high frequency (EHF) 30 - 300 GHz
tremendously high frequency (THF) 0.3-3THz

Wavelength

100 - 10,000 km

10- 1,000 km
1000 - 100 km
100-10 km
10-1km
1000 - 100 m
100-10m
10-1m
1000 - 100 mm
100 - 10 mm
10-1mm
1-0.1mm|

L Radio
Frequency (RF)

} Microwave
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RESISTOR

Parasitic Effects on Resistors

A~

Ideal Resistance

U=R-I

Constant relationship for all

Frequencies
Temperatures
Tensile stress levels

AL

1
il o e o NENNNG 0 0 oW WYYY YL
Real Resistor

foam

Construction dependent (Metal film, wire wound,

thick film, thin film, trimming method, ... )

Housing dependent
(THT, SMD 0805, 0603, 0402, ...)

PCB Footprint dependent (Pad size & Shape)
Frequency dependent
Temperature dependent

https://www.vishay.com/en/resistors-fixed/

Technology

Carbon film
Copper strip

MELF

Metal film

Metal foil

Metal glaze

Metal oxide

Metal plate / grid
Power Metal Plate™ current sense
Power Metal Strip®
Thick film

Thin film
Wirewound
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Parasitic Effects on Resistors

RESISTOR

Laser Trimming (Film Resistors)

PLUNGE DOUBLE

PLUNGE

innnj

SERPENTINE

=] =

L-CUT SCAN

B

https://laserod.com/capab
ilities/laser-resistor-
trimming/
https://www.thinfilm.com/
trimming.html

Skin Effect in Resistive Film

Resistive thin film

/

Fig. 9 - A non-linear current distribution in the layer.
Current is more concentrated in the lateral sides (dark areas)

Substrate

G

) }U:_ril— b
WL g ML
g-|: 0l Il Ig

Copper ground

L R

Resistor Frequency Test & S-Parameter Model:

* R is the nominal resistance value

e L is the inductance relevant to the resistor
e Cis the capacitance relevant to the resistor
e LP is the parasitic inductance due to the mounting of the

resistor on the circuit

e Cg is the parasitic capacitance due to the mounting of the

resistor on the circuit

e Z0 is the characteristic impedance of the line
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Parasitic Effects on Resistors

ILTspice]

2.5

CHO402 50 © wrap y & .7
/
u

2.0
15 / - Substrate

x \
~ / Copper ground
- 10 —
CHO0402 50  flip chip
Substrate Resistive layer
0.5 Flip chip
termination
0.0
0.1 1 10 100
Frequency (GHz) Fig. 7 - Flip chip design

https://www.vishay.com/docs/53077/microwavethinfilmres.pdf
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Parasitic Effects on Resistors — Housing Size _ -
Imperial Lange Breite 3D g 7
Code mm mm -8
2512 | 635 | 32 | @ : all
2010 508 | 254 | @ oo
1812 46 3,2 @ Fig. 10 - CHO2016 flip chip (Zo = Zg = R = 50 Q)
1806 4,6 1,6 - 2
1210 32 2,5 ¢ 3 il
* 1206 82 1,6 - o i
1008 25 | 20 | e 5 .
77 0805 2,0 1,25 . § -
7 0603 16 | 08 - » /
0402 1,02 | 05 ° Tl

https://edistechlab.com/lerne-einfach-die-passiven-smd-bauteile-kennen

Frequency (GHz)
Fig. 12 - CH0402 flip chip (Zo=Z5=R =50 Q)

Parasitic Effects on pa

ssive Compo
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INDUCTOR

Parasitic Effects on Chokes / Colls

IYYYL

Ideal Inductance

L = uoKN?7
L
Q="
1
W: ELIOZ

https://en.wikipedia.org/wiki/Inductor

Constant relationship for all
= Frequencies
=  Temperatures
= Tensile stress levels

Real Coil - N \ )

Construction dependent (Ceramic Core, Ferrite
Core, Air Core, Conical, Tunable ... )

Housing dependent
(THT, SMD)

PCB Footprint dependent (Pad size & Shape)
Frequency dependent

Temperature dependent

Current dependent

https://www.coilcraft.com/en-us/products/rf/
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Parasitic Effects on Chokes / Colls

All coils have 10nH Inductance nominal in different package

Q Factor vs. Frequency at 10 MHz ESR vs. Frequency at 10 MHz

Inductance vs. Frequency

I ois00sC-10N [ 0402csS-10N | 0603CS-10N I o16002c-10M | 0402cs-10M [ 0603CS-10N [ 016005C-10N [N 0402CS-10N | 0603CS-10N
I 1oosHo-1on [ 15125P-10N I 1002HO-10N | 15125P-10N
150 . I 100sHO-10N [N 15125P-10N
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INDUCTOR

Parasitic Effects on Chokes / Colls

Current dependency on chokes with ferrite core due to hysteresis

B

B
Small
Coercive Force Large S
— - Coercive Force &
- 3 o
H H 4
= 10
4’/ _#——-—-—"‘ | MHz 10 MHz ) 100 MH: | GH: 10 GHz
requenz
W r ¥ w L T
Soft” Ferro magnetlc Hard Ferm!'nagnetlc Abbildung 7: Anderung der Impedanz eines SMD-Ferrits durch den
Material Material

Strom (0 A grau, 2 A rot)
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Parasitic Effects on Connectors
| Cables

SO

Ideal Connector

= Constant relationship for all
= Frequencies
= Temperatures
= Tensile stress levels

z
B s S

SISO

Real Connector

Construction dependent (SMA, BNC, N, 2.92mm, ...)
Contact material dependent (Nickel, Silver, Gold, Brass, ...)
Dielectric dependent (Air, Teflon, ...)

Cable shield construction dependent

Frequency dependent

Temperature dependent

https://www.rosenberger.com/products/connectors-
adaptors/rf-connectors/

https://www.rosenberger.com/markets/mobile-
communication/passive-intermodulation-testing/

https://en.wikipedia.org/wiki/Intermodulation#Passive intermo

dulation (P1M)
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RiSO /RLeak

Parasitic Effects on Capacitors

¥ g i

Ideal Capacitance Real Capacitor

€A = Construction dependent (MLCC, Foil, Supercap,
" =7 Electrolyte, Al-Polymer, Al-Electrolyte, Al-Hybrid, ... )
= Q=C-U * Housing dependent

o ) o ) (THT, SMD)
= https://en.wikipedia.org/wiki/Capacitor

_ ) = PCB Footprint dependent (Pad size & Shape)
= Constant relationship for all

= Frequencies = Frequency dependent

= Temperatures = Temperature dependent

= Tensile stress levels - Voltage Dependent

= https://www.we-
online.com/de/components/products/pbs/capacitors
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Parasitic Effects on Capacitors

1GQ
10 MQ
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RISO / I-'\)Leak

Parasitic Effects on Capacitors

ESL ESR

Aging Supercaps (& Elkos)

—_— Temp. Variation bei 2.7 V mo.,.g _;8 °E

X 20k § -20°C

x% 80% 80% @ -10°C
= 70% 5 0% &
B o 60% & 10°C ®
3 50% 8 20°C 8
8 s 0% N 30°c E
2 o swe°c ©

2 30% 8 50 °C

3 20% 20% 8 60 °C

10% B 70°C

0% 0n & 80°C

Oa 2a 4a 6a 8a 10a 12a

00V 04V 08V 12V 16V 20V 24V
Zeit

Spannung

https://www.we-online.com/components/media/0707130v410%20SN012a%20DE.pdf

3

Abbildung 1: Aufbau von einem MLCC: 1 = leitende Elektroden,
2 = Keramikmaterial, 3 = Kontaktflachen
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Parasitic Effects on Capacitors

ESL ESR
MLCC DC-Bias on different dielectrics

885012206076 885012106022 885012207078 W ZURLISTE
WCAP.CSGP - X7R - 0603 WCAP-CSGP - X5R - 0603 WCAR.CSGP - X7R - 0805
100 pF - 250V 100 yF-250 V 100pF -250V

Ein-/ Ausblenden:

-10,0%

-20,0%

-30,0 %
- §85012207078
- 585012206076
- 385012106022
- 385012107015

-40,0 %

Kapazitatsanderung

50,0 %

-60,0 %

-10.0%

-80,0%

ov 5V v 15V 20V 25V 0V
DC-Bias Spannung

UBER WURTHELEKTROMIK ~ SITEMAP  KONTAKT  IMPRESSUM COPYRIGHT & 2020 WURTH ELEKTRONIK GMEH. ALLE RECHTE VORBEHALTEN
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Parasitic Effects on Capacitors

ESL  ESR
MLCC DC-Bias on different package sizes

885012207103 % [FEELIPPRETEEY 885012209047 885012210031 ® A0 s

WCAP-CSGP - X7R - 0805 WCAP.CSGP - X7R - 1208 WCAP.CSGP - X7R - 1210 WCAP.CSGP - X7R - 1812
Toour 200V Toow w00 o 0 To0sr 500V m v

Show Panel

Capacitance change / DC-Bias Voltage

-10.0 %
20.0%

=30.0%
— 885012210031
- 885012209047
-40.0 % = 885012208093
= 885012207103

Capacitance Change

-50.0%
-60.0 %

-80.0 %

=LY 40v 50V 60 V
DC-bias Voltage
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3
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£ Coiter Etko

Abbildung 6: LC-Filter am Ein- und Ausgang von Spannungswandler

V(2. 2u_xTr_Dv)i¥iref] WYI2.2u_x7r_25v)/¥(ref)

........

Abbildung 24: Simulationsergebnis des LC-Filters bezogen auf eine
50Q-Referenz

Parasitic Effects on LC Filters

Impedanz ()

1 _
100m -

/

10 m A /—\_____:?_‘H AI;'F
vy,
im T | :
100 kHz 1 MHz 10 MHz 100 MHz
Frequenz
— 47uF/QV = AT7uF/ 2V 47uF / 6.3V
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Summary

= Component Values can vary by more than 100 % in different conditions

= Construction and mounting of electrical components is critical in RF

= Temperature, Current and Voltage during RF circuitry operation must be
taken into account

Further References:

= https://www.fritz.dellsperger.net/smith.html

= https://www.analog.com/en/design-center/design-tools-and-
calculators/Itspice-simulator.html

=  https://youtu.be/O5Cyg6k5i-0
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