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Statistical Analysis of Three-dimensional Embedded Passive Devices
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Abstract

In this paper, the effect of device model parameter variation on three-dimensional embedded passive
devices was investigated using statistical analysis. The optimized equivalent circuit models for several
different structures were obtained from HSPICE simulation. The mean and the standard deviation of
model parameters were extracted and the sensitivity analysis for each component was performed. From
the analysis, the performance and parametric yield of the devices can be analyzed.
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Fig. 1. 3-D embedded inductor illustration.
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3 3. 71€3 ¢ building block.
Fig. 3. Basic building block.
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Table 1. Mean and standard deviation of
test structures.
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Mean | Variation| Mean Vaﬁaﬁm! Mean | Variation| Mean | Variation)
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Fig. 4. Basic partial element equivalent circuit.
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Table 2. Sensitivity analysis result of
test structures.

Structure 1-L | Structure 1-D | Structure 2-L | Structure 2-D
Mag | Phase | Mag | Phase | Mag | Phase | Mag | Phase
Rpad [{15E+00 | 6.0E-01 { 48E-02 | 24E-00 § 24E-03 | 24E-00 | 1.3E-05 | 18E-01
Lpad ||98E+01 | 1 4E+03 | 49E-00 | 1.1E-03 | 1.3E-01 | 24E+02 | 31E-03 | 73E-01
Cpad |2.TE-01 | 25E+02 | 2.2E-00 | 25E-02 | 7.1IE-02 | 84E-01 | 3.1E-03 | 7.3E-01
Rsea [{0.0E-00 | 0.0E-00 | 0.0E-00 § 0.0E-00 | 0.0E+00 | 0.0E-00 | 2.1E-06 | S8E-
Lseq }{34E-01 | 27E+03 | 37E-00 | 1.4E+(3 | 24E-02 | 34E+02 | LIE-01 { 33E-Q
Cseq [|4.7E+00 | 1.1E+02 | 3.1E-01 | 1.8E-01 | 1.0E-03 | 76E+00 | 1.3E-02 | 8.IE-00
Rlin . ‘ . - |63E-05 | 34E-00 | 24E-05 | 28E-00
Llin . . : + |81E-04|36E-01 [ 2.3E-03 [ T0E-0L
Clin . . . - VLIE-02| 7.1E«01 | 2.7E-02 | 9.1E-01
Candl || 1.6E-00 | 32E+02 { 37E-00 | 14E~03 { 2.7E-03 | 20E+02 | 2.1E-03 [ L.IE-02
Cend?2 {2.7E+01 | 30E+03 { 48E-00 | 16E-03 | 29E-03 | 72E+00 | 7.1E-02 [ 44E-01

Cand3 25E-02 | 55E-01 | B1E02 | L4E-01
2Y 5 63 Zo| sequential blocks UHH2
(Lseq) gl uld} JGEHE F3sle FHLgdel

OJETE ¢ 4 ot Sequential blocke] YUYW
(Lseq)e the <UY®WA(Lpad, Llin) g3des e
dYE e EAgsd & & PAdE RE B
F Ath(AA: Mean, FA4: +10%, A4 -10%)

Y11 Magritude
A -]
o o

I
o

0.6 t 16 2
Frequency

Y11 Phase

-50

-100

0.6 0 15 2 25
Fraquency <10

ag 5. H2E 7% 1-L9 Lseqd
wE Y1l §4 W3}

Fig. 5. Variation of Y11 specificity by alteration
of Lseq on test structure 1-L.

¥ 3o

Frequency < 1d®

a3 6. Hl2E 3% 2-D9 Lseq] Wil
o2 Y1l §4 ¥3}

Fig. 6. Variation of Y11 specificity by alteration
of Lseq on test structure 2-D.

58 &

E =894 daid #¥e LTCC 3322 A
g 334 vigd dyee] oig =43-S PEEC
BE olgdtd Y3 HAHNY Aoy F
2% SAevE fo] A BTy FEFUAE A
At} 28I sensitivity analysisE& 488t z}+2}e)
ey el A A QdE 9 Fad uvxe
Gl did] AR NP} o8 uwer
FA4 W7t AA AR QYEe 53 old
FFE vAAd di 458 £ gl g3 A
AZ 2ZE 719, HASAY AFsed Ay
vl go] AzEY £&& P4ANLD £ 9o

el 2

B Q75 ANFESTUKETDY FFUARE
71 LAY (Blectro-0580)¢] A A7AAZ 44
CECES

A 28l

[1] L. J. Golonka, K. J. Wolter, A. Dziedzic, J.
Kita, L. Rebenklau, “Embedded passive
components for MCM”, 24th International
Spring Seminar on Electronic Technology, pp.
73-77, May 2001

{21 R. L. Brown, A. A. Shapiro, P. W. Polinski,
"The Integration of Passive Components into
MCMs Using Advanced Low-Temperature
Cofired Ceramics”, The Int. Journ. . of
Microcircuits and Electron. Packaging, Vol. 16,
No. 4, pp. 328-338, Fourth Quarter 1993.

Ao

“[31 R. Poddar and M. Brooke, "Accurate High

Speed Empirically Based Predictive Modeling of
Deeply Embedded Gridded Parallel Plate
Capacitors Fabricated in a Multilayer LTCC
Process”, IEEE Trans. Advanced Packaging,
Vol. 22, No. 1, pp. 26-31, Feb. 1999.

[4] D. M. Pozar, "Microwave Engineering”, John
Wiley & Sons, p. 192, 2000.

- 596 -



