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Introduction
Use-Case — Narrowband

» Applications combining RF & DC

> GPS » Satellite communication
» Low Noise Block (LNB)

19« " Driving South
- o B &

N Topographic

13:04 |

| Via 4 Novembre 1 Arrival
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» Wireless LAN (WiFi)
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Introduction

Use-Case — Narrowband

» Applications combining RF & DC

» Camera system in vehicles

© Komando.com
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Roversing Camera

Connect to the 12V power Female RCA ;ml?
supply of the backup light ~ : _ Monitor/GPS (Yollow) Osanéittor
: (Red)
—
[ |
Camera m  Male Power
Connector
o 4 (Black)
RCA Extension
Cable
Video Adaptor Cable
( (+)
To AV IN Jack 12V+(Red) .
S TO REVERSE LAMP POWER (=)
© sandgateautoelectrics.com.au GROUND (Black)

TO REVERSE LAMP (-ve)
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Introduction
Use-Case — Broadband =

WURTH ELEKTRONIK

» Gain amplifier:

.....

» Broadband amplifiers needed for signal R
generators
» Bias network within RF circuit design is crucial R
Vs o—ANAN Vee
1 1 1
for overall performance 2.20F T 1000pF | 1009F T
Imi : - - - L1
» Limited or only narrowband literature
c2
Pinj oRF oUT
» Question: 1
] Recommended Component Values
How to achieve good RF throughput for — Frequency (W12
broadband applications? AT T L
© Analog Devices, HMC311ST89
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Introduction
Summary

General Information

» Wrong DC-biasing:
> RF signal loss
» RF signal within power line

» Limited literature about broadband DC-Biasing

Main cateories

» Low current » High current

‘[/ L > DC Block

> Upto 1A » More than 1A
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more than you expect .
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» Low Current
« Combining RF+DC
« Standard Approach
« Unconventional Approach
» Selecting the best fit
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Low Current
Combining RF+DC =

WURTH ELEKTRONIK

> RF Trace:

» Check line impedance

» Avoid solder mask & Use via fence

» Components:
» Minimize stray parasitics
» Good GND for SMA connectors

(D b £ gl £ K16 16 gl
oo o © ¢ o o o © © © © O © O© © 0 © 000

(EI=3E)

000 O g g © © O O

» S-Parameters:

» S11: Reflection at RF-In L
» S21: Throughput from RF-In to RF-Out 1 DC-In
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Low Current

Standard approach — Wire wound ceramic

» WE-KI:
» [44761156A - 56nH

» Pros & Cons:
» + Broadband
» 400 MHz to 6 GHz
» — Resonate with filter capacitors
» — Self resonation with high Q

-50
a

» — Not for low frequency <400 MHz
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Low Current
Unconventional approach — Ferrite beads /=
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» WE-CBF HF:
» 742863160 - 600Q

» €

» Pros & Cons: . e e == = —— —-l

» + Very broadband
» 30 MHz to 7 GHz

-30

-35— —

> + Low frequencies S
» — Low current rating
-50 I | | I I I | I I [MHz]
» — Bead saturation
Inductor WE-KI
Ferrite bead WE-CBF HF
10.03.2021 | Joanne Wu & Melanie Klenner | Omicron Lab Symposium | The search for the best DC-bias components 11

© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us. www.we-online.com



Low Current
Unconventional approach — Ferrite beads 0.1A /=

WURTH ELEKTRONIK
T T T /I T \ M\J”!T

» Conclusion:

> Ferrite saturation

» |Ilmpedance

> Use two ferrite beads in series ]

-30— —

» Doubles impedance

-35— —

Si11
» Choose the right component
» High impedance
50 I | i I I I i i | [MHz]

» Saturation current

Inductor WE-KI

Ferrite bead WE-CBF HF
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Low Current
Selecting the best fit =
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» Used chip beads: I T E N S R ﬁJ TS
» CBF HF — 742863160 S
» CBF — 742792656 ’ -

» TMSB — 74269262601 D

_agfl

> Results: a {

-35

> All broadband & good for LF St
» Freq. restriction due to:
» Parasitic capacitances
» Resonances _
Ferrite bead WE-CBF HF
Ferrite bead WE-CBF
Ferrite bead WE-TMSB
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Low Current
Choosing the right component

REDEXPERT®  FERRITES FOR PCB ASSEMBLY

Order Code

74273001

Al

Pulse <+ 74273002

<+ 742730021

< 742730022

742863160

WE-CEF HF - 0603
6000
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Low Current
Summary =

WURTH ELEKTRONIK

Components

» Coil - WE-KI > Ferrite — WE-CBF HF
Ehy »
G 3

» Resonances > No resonances
> Not for low freq. » Broadband

Conclusion

» Compare different inductors and ferrites
» Measurement data with DC-Bias available
» Ferrites improve broadband RF throughput

18
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more than you expect .
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» High Current
« Concept
« Simulation example
« Components
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High Current
Concept — Bias Tee (1)

» Theory:
» DC-Block & RF-Block

DCIN =

» Characteristic RF-Block:
» DC: Low R =Ry
» RF: High Z

» Broadband: -
» (Cascade RF-Block
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High Current
Concept — Bias Tee (2) =

WURTH ELEKTRONIK

Lowband Midband
| T | .
| DCry Lz | Lo | Ly DC ¥ L
o ’ NYY\:_T_{WY\[ o YYY\ T o & 1 YL
| | DC HF R
| Rs || Rz 0 R Block l
' o I RE Circu
| l HF | C
| —— G4l : ——cl N — n !
| | | 4
| 1 I | 1
L A |
> Capacitors & Inductors > Resistors » At resonance frequency
» C,>C,>C, > Low Ry — low Zpgi, »Ly—ind. &L, — cap.
»Ly;>L,>L, > R; << R, <R, » C, — short
» accordingly to Z, » Rydamps Q4
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more than you expect .

High Current

—_— )
] ] ] —_— _O_
Simulation — 3rd order Bias-Tee = ———cs
—_— _O_
..—O_
WURTH ELEKTRONIK
. S21(v1) S21(v2) $21(v3)
-12dB — = ; ; 04 §12(v1) $12(v2) 812(v3)
-18dB—--- :
-1dB~--
-24dB—
2dBH -
-30dB-
3B i-eb b
-36dB-
-AdB-
-42dB-
-5dB-
-48dB-
-54dB- BBt
-60dB- TdBg b
-660B-] 1[N B -
-72dB- OdB— i
-78dB i T — ‘ ——— .
100KHz 100MHz 10GHz -10dB:

DCIN

o— RF-Block

HFN
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High Current

———a —O"

Components o=

WURTH ELEKTRONIK

» Inductors: Smaller H-Field Wider H-Field
» Unshielded & Semishielded for high current oo,
-a.»\Q
» Constant L — No saturation over current I\ ;

» Very low Ry — small voltage drop
» E.g: PD2, PD4, HCF or SD

» Be aware of coupling

» Capacitors:
» Stable over voltage
» MLCC: e.g. NPO

» Electrolytic: not for bipolar applications
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High Current
Summary

ITheory— RFE-Block

» For DC: lowest possible Ry
» For RF: high impedance
» Broadband: cascading

»Inductor

» Semi & Unshielded
> Low Rpc
» Coupling!

» Values:

» C;>C,>C,
> Ly;>L, > L,
> R; << R, =R,

»Capacitor

§ o%

» MLCCs — NPO
» Electrolytics
> Polarisation!
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more than you expect .
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» DC-Block
« Concept
« Standard
 Extreme Range

10.03.2021 | Joanne Wu & Melanie Klenner | Omicron Lab Symposium | The search for the best DC-bias components 25

© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us. www.we-online.com



DC Block
Concept o=

WURTH ELEKTRONIK

» Capacitor:
» Blocks DC to RF Source

» Determines voltage & frequency range o ... M_]_Q &
HF

» ESD-Protection: 1
» Needed if separate input or output

» E.qg. bidrectional
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more than you expect .

DC Block
Standard o=

WURTH ELEKTRONIK

» MLCCs:

Impedance / Frequency = o
» Broadband needed — used above SRF
1 KQ 4
» Use highest value of biggest possible size
» Low ESR o
» Low ESL 100 -
33 o — 0603 — 10uF
= = 0402 — 4.7uF
N F 4D ~ 0402 — 100nF
R e sy e : 100 Mo 4
Hm i -
[ ] 10 m |
ESR I
_ ) |
1 mQ N 0 0 e 1 e L e e e ) .......!
100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz
Frequency
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more than you expect .

DC Block
Extreme Range =

WURTH ELEKTRONIK

» High voltage:
» Safety & High Voltage Types MLCCs
like CSMH or CSSA

> Bigger in size — Line impedance!

» Extreme broadband:

» Combine two different capacitors
» E.g. MLCCs and electrolytic

> Be aware of resonances

4 == Big Cap. =

L «— Small Cap.—»

» Use special capacitor types
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DC Block
Summary

DVerview.

> Blocks DC to RF Source

MLCCs
Use highest value of
biggest possible size

> Low ESR
> Low ESL

Extreme Rane

» High Voltage » Extreme broadband
» High Voltage MLCCs » Two Capacitors

c %=

35
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more than you expect .
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Vichine el Mbersitilie gV VipHiedre VIbfiteriVireq)

» Measurement to simulation

T0MH2 Tl 162

'
.
il
0
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u | —_— _o_
Measurement to simulation =
A

WURTH ELEKTRONIK

» Include measurement data e.g. touchstone (s1p,s2p...)
» Simulate load & source impedance change
» Behaviour with other modules

(5] s2spice_097.exe :‘\N 2P quT —

__convert ]\ Al linclud (:J\
1) S2PORT.asy

* NHS2D

Rsource a

|

|
-
1
Rload
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more than you expect .
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» Final Summary
~
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more than you expect .

Final Summary
“ow Current

> RF Coil @ > Ferrite
> Resonances > No Resonances

> Not for low freq. » Broadband

» Ferrites improve broadband RF throughput

High Current

> Cascading — broadband »Inductors
» Semi & Unshielded
DCy Ln Ly DC
il » Low RDC
R, R, DC
Block
C 0 L »Capacitors
T T » Stable over voltage
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Great RF throughput &

Disturbtion free power line
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more than you expect .
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