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Study of the equivalent circuit model on LTCC embedded inductors
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Abstract

In this paper, Characterization for several 3-D embedded passive elements with different structures
was performed. The equivalent circuit optimization for embedded inductor was performed by HSPICE
simulation software. After extracting each parameter values, the difference of parameter from each
structure was examined. From this work, effective characterization of passive devices with similar

structure will be possible.
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Fig. 1. 3-D embedded inductor illustration.
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Fig. 2. 2- D models of 4 test structures.

HAE 72 12 MY EExoj= UdYH
i, TZ 2¢ ¥F9 HE FUY &Y= ¥
, 283 &Yx0|Eg ddd F& YA(ink) ¥

o2 %“6‘51"1 em ‘=’z Feo AYEe|th
%% £ B A=(pad)s} '6‘21"—‘] & xol=r}
d49 7—‘1”‘“3‘5“1 7183 FERE oy &k
ojE REo A@AH FridA ]'°]7} Nop2 =&
(loose)& TZ(test structure 1-L)$} & F(dense)
TZ(test structure 1-D)E2 F¥ &%}

22 HAE 3= £F

Line-Reflect-Mismatch(LRM) method 2
calibrationdte} 2z <A E& HPS510C network
analyzer®t Microtech probe station®& AMg3to] &
Ak, 50MHz~5GHze] F34 G

scattering parameter(S-Parameter)& &3 3}t}
o] 3% du¥ A viA(impedance matching)E $13}
o 50Q¢ Z1EAEE ol&dgrh EF Ax FH
oA ol e AYE e EFE olEI% o
Fo AF A¥L FASHC. S-parameterts of
8] 402 Y-parameterZ Wg®}

1 —(1+S12X1—SII)+s12S2l-
Yi=—
Zo_(l+SnXl+Szz)-S|zSz|_
yp=_1_’ -25n ]
i Zo_(1+Squ+Szz)—S|zSz|_
yae L] -28x |
T Zo[(U+ Su)i+ Su)-SuSa |
1 [Q+Su)1-5Su)+ SuSu]|
Yo=—
Zo{Q+Sul+Sn)=-512Sa |

3. g 9
3.1 =dg

45 & 3 Jd9He 4 28 & ¥ 39 2

o] 7]¥2< building blocke2 Y¥U. #

building block< Partial Element FEquivalent

Circuit(PEEC) methodE °l-435829 2z building

blockgel A UHH vl & nesIdn

Z} building blocks} dA 329 F=& F/3==
LA F

BAHY 24

-------

""""""" YA
WWW

23 3. 71832 building block.
* Fig. 3. Basic building block.

7}E A ¢l building blockd] E7132% 29 4 ~
I¥ 63 o] WA Fxolv] UnkstE UYH
2dg ALE3ATH5) 2t building block 571329
olARF gl AWAE2(Cgndl, 2, 3= V1w
building block?] Alele] AAMNE2E mBF Aol
o HaE T2 28 o] A FRAME &
Axol= BEYY 714 &2 parasitic effect)?} &

- 679 -



AstA Hog AF9 wEE nestoq LI CE 9
Fo]2) parasitic block® 44 %

. Cpad | |
i

. Caad
Co L AL
.. | .Rpad tpad | .| . . Rpad  ilpsg . o
- — V'V % NV g ARSIy

Dlocgndtiz L

PR T

% 4. Pad blocke} 78IS,
Fig. 4. Equivalent circuit for pad block.
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Fig. 5. Equivalent circuit for sequential block.
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Fig. 6. Equivalent circuit for link block.
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Fig. 7. Measured Y11 and optimized Y11
for test structure 1-L.
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Fig. 8. Measured Y11 and optimized Y11
for test structure 1-D.
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Fig. 9. Measured Y11 and optimized Y11
for test structure 2-L.
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Fig. 10. Measured Y11 and optimized Y11
for test structure 2-D.
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