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Abstract

In this paper, the FMM(Fast Multipole Method) combined with GMRES(Generalized Minimal RESidual
Method) matrix solver is used to extract the parasitic impedance for complicated 3-D structures in uniform
dielectric materials which limit the use of MoM(Method of Moment) due to its large computation time and
memory requirement. This algorithm is a fast multipole-accelerated method based on quasistatic analysis and is
very efficient for computing impedance between conductors. This paper proved the accuracy and efficiency of the
FMM by comparing with MoM in simple examples. Finally the parasitic impedance of FC-PGA(Flip Chip Pin
Grid Array) Package pins has been extracted by this algorithm and we have considered the possibility of the
EMI/EMC problem caused by the signal interference.
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(a) Capacitance extraction,

{(b) Inductance and Resistance extraction.
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Fig. 9. Top and bottom views of the CPU.
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FC-PGA 370 Package.

58402 714 dEs 4EES 290 1
7 102 19 99 B2 29 & Aolch 18 100]
Ak o) Me) MEE HZ ol /1FOE A
wh PO EWA 9EOZ v,

321 HAWAIEA HE FE

19 103 7o) 94589 US F{UAY B
2 23} 3lQon], LUolE 4583t oA
Zth @A AL w, AA Ao I ANYS
(Problem Size) 6660(=18 x370) X 66606 o =7
Hel £ P o] 6660 x66602 2715 JHAIA #
e 9julojth

9 118 A 9 f(Pin Index : 0)o 12] A
Fe F2 UAE BF 0FHANLE S | 0
W A3 Uz 369709 HEZ] 43 ARAES

1082

Pin mumber
J8 11, o A3 vwz) 36970 HEZLE 43 7

HA 2
Fig. 11. Mutual Capacitances between pin 0 and
the rest of the 369 pins.

=T T +— r

Q 52) 100 150 200 50 300 350
Pin number

18 12. FC-PGA HoA el z7] AFAIE L,
Fig. 12. Self Capacitances of FC-PGA package pins.

£ A Holth TPelq BE vist 7ol 0ul W
3} 714 APhe 708, 718 BelH b 2 714 A
A2 g 7Y, AR A= BoAEeE
o AR AL FAT & Yok & A7t T
$4% ARl B AFS Yool g o
2 N4 ARAE A o] BAEE E ¢ Utk
719 12% FC-PGA Package 3707 HE2] #}7]
ANANEAE vepd Aot vpgZE AE(0H~69
W)HTHE 9 BESI0M~317)9] A7) AN
"2t o7 Z7hstEt AY 9E BEGISN -
369u)o) olZEANE Th 2489, 53 24 B
Hel wsel A7) ARAEE g2 79 BE A
7] ARA G2 ghat oFzh Aol g THAE Re

% % gk



Static FMM& o|&% FC-PGA #1714 Hfx9 714 YL 2

Y

322 4~ 3

=

oot

= X
TE

H

1 [GHz]) FulolA 0 Mo A7) F-F(Par-
tial) QI EI A% 4400278 [nH] oItk 119 132 &
2 AGeR | [V7F d7bEE o e ds
B2a ogHAE 0 BE Asty ek Aolth
AR AR 29 vhA7kA 2 0 AA A 77k
WZo] 7P & e HolX glom 0 HelM ¥
AFFE MY 2L T Btk

Y 14%= 3707 9EY 2] BE QAYHEAE
ZZska Vebd Zlolth H 33k 44011 [nH]o] X
0.0026 [nH] BAE2] 2}olE Holn 4% HE A

A S AT YE AL E Atk I 15

£ 7 ol U@ 4% gk dehdch

07
_, 08 t-— — ——le
T
=1
§ 08 = — o v e e e e e i e e e e e e —_
S o d— L__ e
3
°
E v fp———m e e o —
K]
2
5 02— ‘ —r
=

XIE | SN | SRR - B, —— ——-R—

I
0.0 It ]
o 70 140 210 2800 350
Pin Number

JE 13. 0¥ W3 Ui 3697 WS A4F 2
el s

Fig. 13. Mutual Inductances between pin 0 and
the rest of the 369 pins.

- [‘Hl.__ -
T I I A e S e S o

43960 |
0 7 140 210 20 %

Pin Number

O3 14. FC-PGA #ollX 9] 7] dHEx
Fig. 14. Self Inductances of FC-PGA package pins.

omes F—— 1= T 1 popes 2
1 | { !
| | 1
0.3480 = e e e 4
a; o,ws-————%
R oMM —— L
|
5 .88 4 _:.
o400 A Apf—— ——+ ————] | _
|
0.3485 «}—-[ ﬁi _____ o
i
0480 } l J
] 70 140 210 280 350
Pin Number

18 15. FC-PGA HojAe] A3
Fig. 15. Resistances of FC-PGA package pins.

1 [GHz]ol M 0¥l Hojl A &k 714 A2
= 2765 [ Q122 o 3[mAle ARE HK7IAZICH

ol 1 [V]e 227t A7kEE o 71 49d
29| g8k 2 829 [mV](8.29 %) At7tsist w
%S ousit A5 FE AUEXA & 93
A EhE T o] AQPrEE 0.69 [mV] (0.069
%2 AHHOR W g Holy Slth

NZ& &

B =Fox & GMRESY 7|4He ¥ HEZ ¢33
&L o] &t FUF FHA W] &35 3AH
Fzo g /A YA FES FYFAH £
3k 3 sh o] 7hekd 3k FRAE A BT 1€
MoM3} Bl 2o 24 HEE 4 Ee] A4
AAE A7 Qe E&AE ASsch viA®
o7 GA AZY ANE uigoR HId dy A
257 e ¢l HEYM =AM HEH FC
-PGA # 712 Bl 7|4 YAHEX e FF
BT HrbHoz BAg & e AV @S
gk B =Fo AAE A FC-PGA 3
1A Aol ZA3HE 714 e dd AFH /e
AEEHN B4E & S Aol B & 7oA
789 1% QAR 2 AR FF 22O o
o Ro A Ho) 7 thokst PCB EMVEMC F-Al
2 48 & AL Aol

[+

1083



BETRIAPERNGE $12% $H7 5% 2001F 128

!

o
Ho
rek

i

[1] D. Hokanson, J. Drewniak, T. Hubing, Van.
Doren, Fei Sha, and M. Wilhelm, "Investigation
of Fundamental EMI Source Mechanisms Driv-
ing Common-mode Radiation from Printed
Circuit Boards with Attached Cables", IEFE
Trans. On Electromagnetic Compatibility, vol.
38, no. 4, pp. 557-566, November 1996.

[2] Y. Saad and M. H. Schultz, "GMRES: A
Generalized Minimal Residual Algorithm for
Solving Nonsymmetric Linear System", SIAM
J. Scientific Statistical Computing, vol. 7, no. 3,
pp- 856-869, July 1986.

[3] K. Nabors and J. White, "FastCap: A Multipole
Accelerated 3-D Capacitance Extraction Program”,
IEEE Trans. On Computer Aided Design Inte-
grated Circuits and Systems, vol. 10, pp. 1447
-1459, November 1991.

[4] M. Kamon, M. J. Tsuk, and J. White, "Fast-
Henry: A Multipole Accelerated 3-D Inductance
Extraction Program", [EEE Trans. On Micro-
wave Theory and Technique, vol. 42, no. 9, pp.
1750-1758, September 1994.

[5] R. Harrington, Field Computation by Moment
Methods, The Macmillan Company, New York,

1998\ 29: sopigtw Aatpst
5 (28

20003 29: Sty HAdFE
3} (F8H4h

20003 29 ~&AA: FFRsE A

AN AGTst AL

¥ [F #AEoH EMVEMC, Steln,

AR 254

1084

1968.

[6] S. Ramo, J. Whinnery and T. Duzer, Fields and
Waves in Communication Electronics-3rd Edi-
tion, John Wiley and Sons, 1994,

[7] Xuebing Xie and John L. Prince, "Frequency

[iiee)

Response Characteristics of Reference Plane
Effective Inductance and Resistance", [EEE
Trans. On Advanced Packaging, vol. 22, no. 2,
pp. 221-229, May 1999.

[8] Loizos Vakanas, Samil Hasan, Andreas Can-

—_

gellaris, and John L. Prince, "Effect of Floating
Plane in Three-Dimensional Packaging Struc-
tures on Simultaneous Switching Noise", /EEE
Trans. On Components, Packaging, And Manu-
Jacturing Technology-Part B, vol. 21, no. 4, pp.
434-439, November 1998.

[9] Yee L. Low, Yinon Degani, Keith V. Guinn, T.
Dixon Dudderrar, Jeffrey A. Gregus, and Robert
C. Frye, "RF Flip-Module BGA Package", IEEE
Trans. On Advanced Packaging, vol. 22, no. 2,
pp. 111-115, May 1999.

[10] Mattan Kamon, Nuno Alexandre Marques, Luis
Miguel Silveria, and Jacob White, "Automatic
Generation of Accurate Circuit Models of 3-D
Interconnect”, IEEE Trans. On Components,
Packaging, And Manufacturing Technology-Part
B, vol. 21, no. 3, pp. 225-240, August 1998.

1999 29: Fojuisty A=A
A o1 st (F3AD

2001 8¢ gefhtE AAFA
Ag3 et (344D

20018 99 ~&A: dlAFA A
AR A AAANEE o

e 74

[ #AEoF] Noise, EMI/EMC, RFI, 224 Glass 3}
v}



Static FMM o] &3 FC-PGA #71x WolAe) 714 doux 23

199641 29: g=agFuisty &3

i ARFE (F34AD

- 2000 39 ~HA: FFeGE A
AEA A e ALY

[F BHEH AR FHEHA,
EMIEMC

S N

S

1984 29 MEgdisty FHARS
ARF et (FEAh

1986\ 249: AMghsty s}
AxFE3t (394D

19923 59: The University of Tex-
as at Austin (Ph. D) njo]a 25

T8 HE
1993 39 ~1996'3 29: Shgfsta Aahgetat i

A}
1996 39 ~2001°Q 24 §Fohdta AT o3 2y
20003 39 ~A: FFRGw A7) TR Fuy
[F HAEH o] g5 E e, vlo]AE S 7, 25
s F&, dxig FAHA, dolEd HEe FA 4

o9
GG

O

1085



