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Agenda

= Component parasitics

= Comparison ideal vs. real

= PCB parasitics

= Effects of multiple Vias in relation to their arrangement
= Simulation of real filters with Bias effects and Vias
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Overview

PCB and layer stack

1op Oversy SRS

Dielectric 2 0.288mm & "

Dielectric 4 0.07112mm

Dielectric 1 0.71mm

Dielectric 5 0.07112mm -

Dielectric 3 0.288mm
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PARASITICS




Component parasitics

Capacitor vs. inductor (ferrite)

ESL ESR

O_/WV\_

Rins/ Rieak

= capacitor
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= inductor (ferrite)
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Comparison ldeal vs. real

Capacitor vs. inductor (ferrite)

100 § V(cideal)/I(C1) V(creal)/Ix(C2:1) 100000 § V(Lideal,N006)/1(L2) V(Lreal,N011)/Ix(U2:1)
10—; 10000—;
1—; 1000—;
0.1—; 100—;
ao1: —— ——r —— 10: ———— ——— ——
100KHz 1MHz 10MHz 100MHz 10MHz 100MHz 1GHz 10GHz
ideal vs. real capacitor ideal vs. real inductor (ferrite)
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Component parasitics in detail

Capacitor vs. inductor (ferrite)

Impedanz / Frequenz Impedanz f Frequenz (0,00 A)
1 k0
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Frequenz Frequenz
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PCB parasitics

Tracks

w[mm] h[mm] ind[nH/mm] cap [pF/mm] &
0.4 1.6 ~0.7 ~0.05 4.6
0.2 1.6 ~0.8 ~0.04 4.6
0.4 0.288 ~0.35 ~0.1 4.6
0.2 0.288 ~0.45 ~0.07 4.6
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PCB parasitics

Vias
. Signal
Pad Via _
— == VCC
GND
GND e e—
Signal
= Via {d=0.3mm; h=1.6mm; 25u plating} = Via {d=0.3mm; h=1.6mm; 25u plating}
= inductance: 1.3nH = inductance: 1.3nH
= Via {d=0.3mm; h=0.288mm; 25u plating} = capacitance: 0.6pF {Pad=0.6mm; opening=1.0mm; &,=4.6}

= inductance: 0.14nH
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Pl filter

Good board realization

L4

Ic-, 0603_74279263_2200hm Ics

| !

0805_885012207098_0.1uF 0805_885012207098_0.1uF
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Pl filter

Real models without layout and placement influence

10dB V(clcideal)

-30dB-
-50dB-
_70dB______“m_____”__“_  ___"_”____”_”___“______m________“_m__ __________
-90dB-
-110dB-

-130dB-

-150dB lIlIIII 1 I Illlll[ I 1 Illllll 1 1 II;IIII 1
1MHz 10MHz 100MHz 1GHz

10 | EFFICIENT FILTER CONNECTION

ROS | 17.03.2023



Pl filter

Bad board realiziation — parasitics and couplings

i

C9 i“ﬁi;l;sﬁ C10
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Pl filter

Simulation with parasites but without coupling

L5
" Y »
1 0603_74279263_2200hm L2
track ) track
0.45n 0.45n
C3 C4

' 0805_885012207098_0.1uF ' 0805_885012207098_0.1uF

track L3
0.9n
L8
via
0.14n
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V(clcideal)

V(clcreal_bad)

-10dB
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Pl filter

Measuring of insertion loss in parallel PLACEMENT design with coupling effects

S21 Insertion Loss (R&S ZNB20 VNA)

03 3,0 30,0 300,0 3.000,0
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Pl filter

Good board realization

10dB V(clcideal) V(clcreal_good)

-30dB-

-50dB-

-70dB

-90dB-

-110dB—

-130dB—

-150dB ill'l'l'll T Ll lIllIII T T ll(llll T T ll'lllll T
1MHz 10MHz 100MHz 1GHz
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Pl filter

Measurement of insertion loss in a 90° PLACEMENT design

S21 Insertion Loss (R&S ZNB20 VNA)

03 3,0 30,0 300,0 3.000,0
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0805 1 Via - Good Layout
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Pl filter

Good board realization with smaller components

).
000'
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Pl filter

Measurement of insertion loss in a 90° design
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S21 Insertion Loss (R&S ZNB20 VNA)
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300,0
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Pl filter

Better board realization with 3 Vias

).
000'
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Pl filter

Measurement of insertion loss in a 90° design

S21 Insertion Loss (R&S ZNB20 VNA)

03 3,0 30,0 300,0 3.000,0
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-50
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Pl filter simulation with LTSpice

Simulation with LTSpice — Pl with MLCCs and ferrite, inductances of track/vias

10dB V(0603_ideal) V(0603_1via) V(0603_3via)
s
a0as{—"\ /)
-50dB \\ A /
\ //:/
70dB N\ =
= =4 N W
N\ y
N\, Sedn
-90dB D P " _6dB
"1 43dB
\ ////’/
-110dB g //,
/
\\\/ v
130dB \ 0< //
-150dB
1MHz 10MHz 100MHz 1GHz
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Different GND Via Placement
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Different GND Via Placement

EMCOS Simulation show up to 4dB difference

LC Filter - 0402 with 3 vias

1 , —.Init-ial.pc.)s.iti.oning of viés
-20 _h""‘*-— — Vias positioned in a row
I S 5 '|— Vias positioned in a row, shifted with 0.5mm

40 bt
] \ X 1.98208e+08
1 oL N oD N N =

] I S A | : FE S S : : L L1 |%:1.08208es08 | || Y- 61353
I \ : . N S SO I : e oSpsynpnad? —

3.90154 |

S21[dB]

e

-804

-100 -

Frequency

Vias positioned in a row, shifted with 0.5mm
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BIAS EFFECTS




Impact of voltage- and current biasing

Capacitor and ferrite

V(cbias_100n_0603)/Ix(C1:A) V(Lbias,N002)/I(R15)

1000 1000
100
10
1004
13
0.1
0-01 ) ) IIIIIII T T L B B I B T L) IIIIIII T ) L 10 ) T T IIIIII ) ) ) IIIIII 1 ) 1 LI B B B )
10KHz 100KHz 1MHz 10MHz 100MHz 10MHz 100MHz 1GHz 10GHz
Capacitor Bias effects Inductor (ferrite) Bias effects
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Impact of voltage- and current biasing

Equivalent capacitor component for simulation

Capacitance / DC-Bias Voltage

1200F
100 nF

80 nF

_— — 865012206093
60 nF — 865012206095

) nF-/—\
\

20nF]

Capacitance

oy 10V 20V YV 4V 5V B0V
DC-bias Voltage

DC-Bias 885012206095 vs.
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Impedance / Frequency

1000

100

_ — 885012206093
10 — 885012206095

Impedance

100mQ |

10 mQ

™o 1k ke 0k I 0w W 16k
Frequency

Impedance 885012206095 vs.



Impact of voltage- and current biasing

Behavior of ferrite

Impedance [/ Frequency (0.00 A)

10kD
1 ki 4
[
o
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E 100 ¥ 4 — TA2TI246 DA
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E 74279246 1A
100 4
10 T T T 1
1 MHz 10 MHz 100 MHz 1GHz 10 GHz

Frequency
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Impact of voltage- and current biasing

Simulation

L1

-~ 0603 MLCC Good Layout 3xVia

0603 MLCC Good Layout 3xVia

0603 MLCC Good Layout 3xVia

k|
47 C1

{idc}

YT T
1806_74279246_10000hm
0603_885012206095_0.1uF
0603_885012206095_0.1uF

| 22
Dn4

L2

YT L

12
47 c1

{idc)

- ~IL14
jond o

1806_74279246_10000hm_DC
0603_885012206095_0.1uF
0603_885012206095_0.1uF

L15
on4

| 25
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ITYTY Y T

.ac dec 100 3Meg 3G

.param Idc=1
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Vias parallel

Vias parallel

|28

> bn4

603_nobias
R1™

50R

603_|_bias
R2

50R -
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Impact of voltage- and current biasing

Simulation results

V(0603_nobias) V(0603_i_bias) V(0603_ui_bias)

10dB
0dB—
-10dB—
-20dB—
-30dB—
-40dB—

-50dB

-60dB—\ r

-70dB- \ \ \ / 67dB 15dB
-80dB- -82dB
-90dB
-100dB—
-110dB—

-120dB—

-130dB ! ! ! LILEL I ! ! ! ! ! LILEL ! ! ! ! ! LILEL I !
10MHz 100MHz 1GHz

PI-Filter mit Anbindung zu GND
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