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(Analysis and Suppression of Parasitic Resonance in
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Abstract

High performance packages must protect circuits from the internal leakaged-electromagnetic
fields as well as the surrounding. In this paper, we characterized an electromagnetically-shielded
millimeter-wave ceramic package from 20 to 40 GHz using FEM(Finite Element Method). From
these calculation results, the parasitic resonance is observed at 33.4 GHz. We use metal-filled
via—holes at the ceramic package walls and resonance has been suppressed in a frequency range
from 20 to 40 GHz. These calculation results will be helpful for MMIC packaging using

electromagnetically-shielded millimeter-wave ceramic packages.
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2 34 P R Py

O 3 =

OC Line

4.3 mm
Feod—thu | |4 Feed-thru
S lWe
[ GaAs Chip 2 mm T
A r— A
[ ¥
DC Une
(a)
Ceramic le\ |
Ceramic Wall—»l i '
s I Feed-thru _JL_ GaAs Chip 1100 um]|  Feed-thru
100 um ’

)

(102)

Ground Pl ﬁl]B(KOVB )




20024 28 EILLEHLE F£398H TCHE % 28K

(d)

a2l 2. (@) dukAel Alepe @71Ae] HJHE; (b)
ubgel Agtd s7]79] FHE A-A' (©
HEz] oL ubAdal At =71A; (d)
A% A #7)x 72

(a) Top view of conventional ceramic
package; (b) Side view A-A’ of conven-
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gnetic) shielding; (d) EM-shielded ceramic
package structure.

2
%}
2}

Fig. 2.

939} A" Al #7)1A] BAE M) A%
H7)A F2E o 24 AEHez =Ase a9
22 2= 166 wm FACR)E AP 71
(e,=5.1)FF 100 pm 79 GaAs(e,=12.9)F 80
wm®] Eol(h,)2 o]F Brslolo] 17d YukHQl
Ak 719 Haxe}t EHTolth GaAs A H
2 =8 100 wmx100 zmo]™ GaAs®] 50 A
(W) 7B pmZ AAST 281 sj=2) GaAs?]

(103)

45

7R Aslge 25 wmel® 71X Az
7|23 GaAs? 7FA-e dubalql Havjeig) dje
Are Tisted 100 wmZ 7P a3 209
28 2Ad)elAde A=A L AnbEl Azl 7]
A e AR A=k Si7)A F2E 24 =A%
ot 29 2A0elMe A71A FAT A7 A
2] Wo| dubdql AjuoZ o]Feld glent ¥
Adye HFNAQ) s At 7R Tl =
o2 9184 ge A" AR dg7A 725 e
Yz ook A7Ae F4 (feed-thru) ¥ microstrip
- stripline - microstrip TF& A= slch ol
Aesl Aol §38(e, 2 Slold, §3A &4
(tan )2 000130|c™¥ wah A 38 500 AX
& 7] #8iA microstrip Al29t Stripline AZ2

A Zg 22 282 um, 180 pmE AAABIA.

Metal post

Metallized
Packege Wall

a3 3. F55%
Fig. 3. Shielded package

posts.

ol 43t AdE H7)A F=

structure using metal

a8 32 Aoz A Ak H7)AeA
ahgahs Al @4 oAl $ste] B =EelA
Ak 25 vepiz ek A= ARk siz)Ale
A7121e) o Alolell FEEE AL 9lor, F5EL
AR A A2 300 wmst 500 pm o1H SEE
Aole] ZbAL 4% st oldel ARIE Sl ¥
A JPsd pAoR A= ook =¥ Fol7t 715
Q 58-S x| Hual el FE AsE A
2h 7172 5247 2= Sl

2) 4 "

slolzzst 2 Lejvlels el Pt B

pum



46 nejve g Atke A71A449 7)183A A4 2 94 B

oA FHHe gele] w3k ai & AMEE ALe AlE
Hold BL AHeadri™ B =Rl A kA
g =719 H3kge] 3 %oluld TS ¥ 8a
meshAAd& R Sallsiolond qleinia 22dg A
S AAAS AtEA S weiE] s A8 F
Ao} oF 5uf oA Woial x)e] F4AAZA(ABC
Absorbing Boundary Condition)& 83} Al4] &4}k
3 ZAE AAzA] HEE Axsich w3 A
Aese B4 @Sl digt 2AL A AHEeixm
ol silAl s} 24 Vst sejle 2 dAgsrt

m. si4 21
1 a8 2
0 0
— ‘b
\J
-10 1
) S oy
e~ -~
= \\\ // \\ B
= 20 A2 G
) \ . oo
s ‘
/
\ /
30 /l -3
\\ /
\'/
-40 - L -4
20 25 30 35 40
Frequency [GHz]
(a)
0 0

20 B = 0 A -2

$11[dB]
Pe
~
7/
S21[dB]

-30

-40 R N " 4
20 25 30 35 40

Frequency [GHz]
(b)
a8 4. (@) A=A &2 Azbg 729 S-vge]
B; (b)) E Alzh #7129 S-sEtelg
Fig. 4. (a) S-parameter of None EM/electromag-
netic) shielding  conventional ceramic
package; (b) S-parameter of electromag-
netic shielding ceramic package.

BEE 5t

23 4@ 4b)e 2 20~40 GHz7HA| AsiE]A]
&2 Agpe]l A7ixe) A Ak 7)A(2:20e)
o g S-TeprlelE Vel a¥leoh. 1f4()E 4
Haw A=A e Ak A7iAe ARisAls] &
At AA o el 1 dBelstele) vt 23
Ab)e] A" Al=b H7)1AE M A9 334 GHz
oAl ARgleAle] 338 dBE WolA|WHA R dAto)
wAghe- geldd 4= gl

2% 5% B =RolA Ak Fx(ad 3)o) digt
a4 AsE Jepd a™oloh. ¥ 5(h)ellA] Alsrw
334 GHzellA] Agh 331 dabo] A9 A& 1%
4 ook w3t Al H7)A] o] F83 AR 4l 20
~40 GHz7FA| F#le] wAslA] e A& EIg

alot.

S11 [dB]

-40 —_— i

20 25 30 35 40
Frequency [GHz]

(a)

e

$21 [dB]

-4
20 25 30 35 40
Frequency[GHz]

(b)
38 5. F5 ¥ o4T AR AYA T2 S
A3 (a)ikakEAL (DAF &4
Shielded package structure analysis result
using metal posts; (a)Retrun loss; (b)
Insertion loss.

Fig. 5.

(104)



20024 28 BT IEew

0

----------- | Not-Shielded Package
Shielded Package
Package Using Metal Post

=
=3

Power Loss [dB]

o

/(/\/\/ my L N

-20

30
Frequency [GHz]

a2l 6. Algke 1A Frel dg AEEa
Fig. 6. Power loss for ceramic package structure.

35 40

DC Line

Signal I/0

C D
"BC Line shielded wall
(a)
DC Line
Signal 1/0 Signal I/O
DC Line metal post

(b)

32 7. (a) EM shielding Alg}e} #7)%]¢] 334 GHz

oAl FH71x] Wi AA EE (b) FHEEE
o] &3t At H7)2]9] 334 GHzellA 4717
W-e] AA R
(a) Electric field distribution within EM
shielding Ceramic package structure at 33.4
GHz. (b) Electric field distribution within
EM shielding Ceramic package structure
using metal filled metal post at 33.4 GHz.

Fig. 7.

=t
e

(105)

B3IE TCHE £ 2% 47

I 62 A=A 2 Al si7)x), 26 A=
9 A7), ZEa FE555 2 AAeE A 7]
2ol gk A £AE vlwsle] vepgz gty o3
69 AARNE AR P27} 7| FTA NS 525
Hog AAY ¢ 982 FUdFd 5 gl

A Azt A7)xlolAq 71 33 A WUeds
Avslz] sl 34 F94 334 GHzolA e 712 W)
5 AA REE ¥ 74 A el 9ok 2
3 7 kel xEE ARl #y)xe] A9E B
oF=a glom, aelA Ve o gl%e] Al Fajr
oA 71X Wiell A standing wave)7} FAE
<+ & 4 gtk 53, H@7)A W) Wl 2|4,
B, C, D)-2ollA AA] A7)7F AR ez =z Vet
Ui, ol 33 RE(mode)e] T8 o] vl 2AjE]
of slthks A& vz sich gely 2 =EdAe
H7IA e o =2AE F2e B-& AL
23 F2 A mee my)E ARHoE A
& Ak 2™ (bl oleh o] ¥l mAje] R
B gol AR AR oMY HA EEE vehx
gon, AgHog B =Foi Ak Fxe o
4 AE =A3T ek 2% T & F U
o] 71&9 AHR AHrlA FxeN FAHUD 3A
oo AR Ful gidod ez AAsEgs
< 3l ¥ 4 Urk

e B
= 1

24

4 =

[

II.

B =R 20~40 GHz Hddl Ax = A
2t H7|x)5 siMsigich s Ak 334 GHzellA
Fxle] sl y olzg A Aube 7R o)A
HEAgE A3 s B =i 9714

Zz)e.

e mAe) ¥2e) IR A TEE AN

A} Ak F2E s 43}, dukAQ A2k 9
71712] AHgdidel 20~40 GHzelld 34 842 &3}
Ao JAMAA 5 ek webd B =l A
g ZA oA wpe dubdel "elvlels dodely
A& A A4 9 ZE N Zvder 24
g 5 glew)e) 7=

bl

il
o

o

(1] L D. Robertson, MMIC Design, IEEE, London,



[2]

[3]

(4]

(5]

[6]

171

(8]

deivlel 98 Azte 7R AR A R A

UK, 1995.

L. P. B. Katehi, “The role of EM modeling in
integrated packaging,” IEEE AP-S Dig, pp.
1005-1008, July. 1993.

Hao-Hui  Chen Shyh-Jong  Chung,
“Analysis of a Partially Sealed Package for
Microstrip-Line  Circuits,” [EEE Trans.
Microwave Theory and Techniques, Vol. 46,
No. 12, pp.2124~2130, DEC. 1998,

Robert W. Jackson and Zhaoyang Wang,
“Circuj’E Based Model for Coupling Between
MMICs in Multi-Chip Assemblies,” IEEE
MTT-S Digest, No. 1M, pp. 1377-1330, 1997.
Jong-Gwan Yook, Linda P. B. Katehi, Rainee N
Simons, Kurt A Shalkhauser,
“Experimental and Theoretical Study of
Parasitic Leakage/Resonance in a K/KA-Band
MMIC Package,” IEEE Trans. on Microwave
Theory and Techniques, Vol. 44, No. 12, pp.
2403-2410, DEC. 19%.

Tsugumichi Shibata, Shunji Kimura, Hideaki
Kimura, Yuhki Imai, Yohtaro Umeda, Yukio
Akazawa, “60GHz-Bandwidth: ~ Distributed
Baseband Amplifier IC in a Package Optimized
for Isolation,” IEEE International Solid-State
Gircuit Conference, 1994.

James Schellenberg, “High-Efficiency, Packaged
Ka-Band MMIC Operating at 24 Volts,” [EEE
MTT-S Digest, Vol. 2, pp. 577-580, 1993.

T. Satoh, T. Shimura, S. Ichikawa, A
Betti-Berutto, C. Poledrelli, Y. Furukawa, Y.
Hasegawa, S. Kuroda and J. Fukaya, “A
Compact PA MMIC Module for K-Band

and

on

and

(106)

[9]

[10]

{111

(121

[13]

{14}

{15]

BEE H

High-Speed Wireless Systems,” JEEE MTT-S
Digest, Vol. 1II, pp. 1333-1336, 2000.

George E. Ponchak, Donghoon  Chun,
Jong-Gwan Yook, and Linda P. B. Katehi,
“Experimental Verification of the Use of Metal
Filled Via Hole Fences for Crosstalk Control of
Microstrip Lines in LTCC Packages,” [EEFE
Trans. on Advanced Packaging, Vol. 24, No. 1,
pp. 76-80, FEB. 2001.

e, AlgR, oS, Y, “ZFIHE AL
EAA AZECTCO A AE Az L A
F3A digt A EalFAe] 43 Journal
of the Korean Ceramic Society, Vol. 36, No. 6,
pp. 583-539, 1996

Rao R. Tummala, Eugene J. Rymaszewski,
Alan G. Klopfenstein, Microelectronics Packa-
ging Handbook, CHAPMAN & HILL Corporation.
S. Netson, M. Youngblood, j. Pavio, B. Larson,
R Kottman, “Optimum microstrip intercon-
nects,” Proc IEEE MTT-s Dig, Boston, MA,
pp. 1071-1074, 1991.

A. Fathy, V. Pendrick, G. Ayers, B. Geller, Y.
Narayan, B. Thaler, H D. Chen, M. ]

Liberatore, J. Prokop, K L. Choi, M
Swaminathan, “Design of Embedded Passive
Components in  Low-Temperature  Cofired
Ceramic on Metal(LTCC-M)  Technology,”

IEEE MTT-S Digest, Vol. T, pp. 1281-1284,
1998.

Dipak Ceramic Package, Dielectric Laboratories,
INC.

HFSS (High Frequency Structure Simulator),
ver 7.0, Ansoft



20024 28 ETILREWXEE £3I9% TCR B2 R

% £ E(EER)

19764 3¢9 2294 20014 : 3
et Aokt 2G4, 2001
Q~3A) : opdfStal kg o
1 A AR <F BARF:
Herlesd #71x] 2 HMIC
AA, elEee A7 716>

£ % R(E&R)

197613 29 2294, 1999+ : o}
st RIS 2443, 20014
olEistal AAREEy- i &
J(F3AAD. 2001 ~FA ¢ o}
ehm Aapgat digdl waA
Agt <FHAIRol : La|v|Ejud)
o HMIC 24 2 713 71>

X A A W

(107)

49

= 5 K(ERR) % 36% DI % 0 25
Al oelekam gy T4



