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Characteristic Prediction and Analysis of 3-D Embedded Passive Devices

Dongwook Shin, Changhoon Oh, Kyu-Bok Lee’, Jong-Kyu Kim', and ligu Yun
Yonsei Univ., KETI

Abstract

The characteristic prediction and analysis of 3-dimensional (3-D) solenoid-type embedded inductors
is investigated. The four different structures of 3-D inductor are fabricated by using low-temperature
co-fired ceramic (LTCC) process. The circuit model parameters of the each building block are
optimized and extracted using the partial element equivalent circuit method and HSPICE circuit
simulator. Based on the model parameters, predictive modeling is applied for the structures composed
of the combination of the modeled building blocks. And the characteristics of test structures, such as

self-resonant frequency,

inductance and Q-factor, are analyzed. This approach can provide the

characteristic conception of 3-D solenoid embedded inductors for structural variations.
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a3y 1. 339 Yy AduEY m2FH &
Fig. 1. Schematic diagram of 3-D inductors.
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3 mua o Hxys}

HSPICEE <] &% 33l 4u2]FE Levenberg

- Marquardt(LM) WHez F3ystgct ndsy g
HAH3E Yt o9 29 go]l g RFEE 7EAY
building blockeZ YW+t 2 building blocke
partial element equivalent circuit (PEEC) method&
ol F/HEEE UAH Fxoln dwrs
A9y 2d& ALFA2). HA2E 72 2, 3
49} o] &EolE HEol WHEE dAA=H e
FzAME  fExe= REZHY JAEH
(parasitic effect)7t ZAEA HmZ &Y xol=E
53 sz=2x AF WwEsE 1Y Jdgdx
(L), 2813 & ko]= Alolel HIMAE 2(Cou)
£ 183ty 24yt

Pad Block Sequential Block Link Block

ag 2. 7|83 44

8% 39,
Fig. 2. Basic building block definition.
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E 1.3&d =4 Ay g3 $A4.

Table 1. Summary of extracted circuit model
parameters and statistics.

Structure
1-L

Structure
1-D

Structure
2-L

Structure
2-D

Mean

Std_Dev

Roas [Q]

1.48E-01

6.25E-01

3.20E-01

1.00E-01

261E-01

214E-01

Low [H]

379E-10

1.34E-09

401E-10

2.15E-09

9.10E-10

8.25E-10

Cos {F]

L.50E-11

1.89E-12

442E-10

5.69E-12

1.38E-10

252E-10

Rea (0]

1.00E-03

LOOE-03

141E-02

1.38E-01

1.86E-09

437E-09

| Lo (H]

9.00E-10

784E-10

6.79E-09

5.22E-09

3.06E-09

2.93E-09

Csn (F]

L99E-12

5.20E-12

L52E-12

149E-12

Rin { 2]

394E-13

482E-13

6.10E+01

6.10E+01

6.10E+01

0.00E+00

Lin (H]

8.90E-08

8.30E-08

8.90E-08

0.00E+00

Cin [F]

L.16E-12

L16E-12

1.16E-12

0.00E+00

L [H]

LI13E-08

2.20E-08

1.40E-08

7.38E-09

Gt [F]

3.94E-13

1I0E-13

3.23E-13

2.74E-13

iR
s

ay 2. H2E F& 3-L9 45
Fig. 2. Predictive modeling results of Y-parameters
for test structure 3-L.

d& Rdl g $¢ 29 depree] NHPS w

goz Tz Wt wE A7) FA Tﬁ}-’F(SRF)y

24y 43

AYA (L), 2P Q-factor(Q)o] Wd £HE&

ABtA . SHxolE
2 Fon =3 7o F
Astgeh a9 A(L)st Q-factor(@ T obefe] 24

AHg3ke] Aakat g oH3]

&g 729 7] g2
= 29 39 JeERAG
Y& (2-D spiral inductor)®t #ol 3 A%(no.

Inductance (L) =

Q-factor (Q) =

= 7HT9} g3 Neg B
uﬂ' —?'—L'é'

Im[ Zu]
nf

Im[ A 11]

Re[ 211] ’

27

e L EE
gutAel 234 A

A
e
A=
T
KB
=

o
Ll

of

sequential)7t Z7}gto] wal A Alole] FHuAlE
27} Z7}8te] SRFE Z4ste AL 2 5+ Yok
&% 7z =8 o9t FAE dxs REen

2,00E+08

1.50E+09

1.00E+09 SRF [Hz]

No, of
Link :
Block &
¢ Total No, of
Sequential Block
ay 3. &8 729 SRF &4 o4&

Fig. 3. Performance prediction results of self -
resonant frequency for loose structure,
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o}
Inductance
[H]
No. of
Link
Block Total No, of
Sequential Block
a8 4. =¢@ 729 d¥dEe B4 4%
Fig. 4. Performance prediction results of
nductance for loose structure.
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Fig. 5. Performance prediction results of Q-factor
for loose structure.
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