20044 Ll KWL ZNRX @

Wik %0R AHPEER
(hRHHE

Ve & e R
k. Kb
B o B R

L& KT 4ot

# | 1” o



2004 £ Fig K FETEAMEX

Tk 2085 A b B A =P

£ EBEM
£ b RARWE
s F %




Shanghai University Doctoral Dissertation (2004)

Study on the Simulation of Interconnects in
Microwave Multi—Chip Module

Candidate: Ji Wusheng
Major: Radio Physics
Supervisor: Prof. Li Ying

Shanghai University Press
» Shanghai *



& X F

AEXGERBEALLERERFTE, WATELE
K2R SOURBEK.

ERERoLE:

EfE: RomH
£H: ESRK
RFIE
R 3P
ETFIE

BIfi: + =&

ik, EHERBRFLTIHEAR
#RK Lo XFABIHEA
B, GRBELXFLTA
AR, 15 8% L3 23 B RA
HER, LEXFEEIEA

ik, LEXFAGIEA

200030
200433
200062
200000
200072

200072



AL F:
E SRR
BRINAE
WFIBAR

FNALE:
Rk
EN R 3
F 3K R
IR

g, JERFREIRA
B HLXFLLLTIHRA
#ig, ZMXEFCTFEBEEMNFEAR

i, LERBRFLTIAEA
I, LERBXRFLTIRA
#Hik, IMXRELFEEEHRER
AR, LEXFi@EIEA

200433
310027
730000

200030
200030
730000

200072



E#HE R 25k LHRE

BERRFHELFLERIHAESECAAH T EENGA
R A9 BEZJBEARIHK, AEEHEARRTRY X-
BI- TR L ERBEARRTN S, RALESERESESNT
AL B A, 15 5] T 8 FUABAT A B8R LU R 3 Ko
BRI AL R E AR TR ERARETAENT
2, #|F Ansoft Ensemble 7.0 45 A 4k 4k, *till JLAGHAT4FH Ao
B ERITTHA, 55 TR BA ) FHMRT Rt
8 RACHAE ; - 43 58 ILR B 5 32 & xT AR 3bpm L F) 4 B #iE
L, GATHETELGBA LM, LRAAFREILESEES
FTHALGEHFEE. RS, AEABX-LOLE T L ELEME
H A3t 5,4 R B R A R £ 43k (FDTD) 447 7 Bl 3 44
PHRANESFE, EETEFEAFHUTRTRALARNEK
A A TR, IFABAT A6 TAE.

3B BB B R A A58 XA A, 247, L EH,
BXHKRe NZBRXTTRAS, BAREFALEE # AR
HRAFARGN L Lhid, ARBHAIRA P £EH
PR EH. AR NEEF M.



ERERQGARRER

BERERLBEALLREZAR, £2Z—HFETELEF
FEIHERLER FEVRFLERSRTEARFFES
HE$E,

ERERL IR BRHK
2004 5 4 A 23 H



B Z B h A1 EE RO B

o E

ALK, HEBRERRE T RE, BRH T MMEH
R, NEEZENRENRE, BASBTHMEZ S AH
Hr=A. BEZ SR AN FERIAKRS, TEMNESLERN
HIABAEREMRS. B, X IEHATHEMEE, X TRk
ZORAHMNBRTAEFEENEN. BXUEEELLEEHR
R %, BB SET T REHENREE, 72
THRHRNER. FEAOFRTEDT:

B, UABRIEZREMLVERS, RAERERERE

(Matrix-penciled Moment Method) #3#7 T £ EH4E 5 Tl
FBFl-mR LERE, B3 THELNBENSE, HESTZ
% G b AL A BUR S 80 1 U R 2R AL I Bir 2 30 ok i) AR
. FFUL B-RER R B AR R BORAT T 404, XM T B BOEX
REENERBMER, 4GREN, FBRIEZRBIENKBEL
T L3 1) 0 R P SRR B O B R, MRS BE R SR AN T
T K AR R ATATHY. _

HR, U &-EfL- R ESWE RN R, £t
T R B R AT R A T UL, FIA Ansoft Ensemble 7.0 {7 K
Bk, o hEhE LB R AR N T RET TR, B3 TH
SRR R ST Th R B S B A AR AR

B=, LMRBILEMREMSE 2 S A8 P L-E -k
SR H ERRIVE NG N SR, 15 5l 1L 4 R B X AR hn L 7]
HBEROETL, (TR THESELMEHESE, SRRVFROETLRE

I



2004 4F_ BRGS0 3

BB E SRR, REFRFL-E - RETES W
AR, EMHFEAFRELBIMA—BENT, HHIE T IR H
FERCEFLINE L, 05 LG REWIMAN TZ GV B 5 5l 1L
MIBCHARYE, BRI L RRCETL, BONREaE.

S0, DAL R-JLM R FIAR IES AR BT IR R, R
FRHA BRZE LT T ML BIAR 45 P R B AU R . $fE
HREY, BAMRERRERE, BB L. 2R
i B SR HAEEMNN EER R, H 385 58w B ]
WAR. ME. FEIEAA LA KBRS, i A
ERAK b FIEL Z (8 =A KA T RN,
FEXFMIEO T, FEQHSSEYEESEE.

WA, X EL T AR R AROE BIE AR BRE SRR LR R X
THEREBLLERS, HRAREMEERMSY. EHBEALE
R & AR T ZME R0 e, FFRELEILL
ERTAERLNEX.

XA MBS AN, B, BELE FERERE, BN
WS EM, FROEIL, RHEHEREMNE, FHRR, AR

I



TR 265 4L oh EE R BT

Abstract

During the last half century, it is rapidly developing of
microwave circuit technique either from low frequency to high
frequency or from single layer to multiple layers that leads to the
coming of microwave multi-chip module (MMCM). With the
increasing density of multi-chip module, the discontinuity of
interconnect is the choke point which restrains its integral
performance. Hence, it is significant for the design of MMCM to
simulate and model of interconnect. The work in this dissertation is,
focused on the problem of vertical via interconnect, to fulfil
numerical and software simulation on via’s scattering parameter.
Some useful results are obtained. Main study contains the following:

Firstly, Matrix-penciled moment method with piecewise
sinusoidal basis function is used to analysis and compute via’s
scattering parameter of microstrip-via-microstrip interconnect model
of multi-layered environment. Some laws of scattering parameter in
the interconnect structure are shown while to change via’s geometric
parameters. Another analysis is made by considering B-spline
function as the basis function to carry the same process. By contrast,
the former is feasible to solve the vertical via interconnect problem
for the acceptable precision and the cost of implement.

Secondly, considering microstrip-via-microstrip interconnect
structure, for the case that microstrip connecting angle is arbitrary,
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simulation is programmed in Ansoft Ensemble 7.0 simulation

software so as to obtain scattering parameter and radiation power.
The inherent relationship between changes of scattering parameter
and radiation power is explored and reported when microstrip
connecting angle changes.

Thirdly, the object to simulate is microstrip-via-microstrip
interconnect model of MMCM in LTCC, equal-distance and
symmetric adding coaxially shielding via around signal via. With the
simulation of signal via’s scattering parameter, conclusion that
shielding via can improve the scattering parameter of signal via.
Considering that there exists synchronously coaxially shielding via,
simulating result shows that to add a layer of dielectric between
microstrip and stripline can improve evidently the scattering
parameter of signal via. But if adding progressively shielding via, its
scattering parameter will become worse.

Fourthly, the object to study is CPW-CPW flip-chip
interconnect structure. Scattering parameter of solder bump in
flip-chip structure is analyzed by using FDTD. It is shown from
result of numerical experiment that the less the bump’s height and
width are, the better of its scattering parameter. It is also come out
that the bump’s inductance which is proportioned to its length is the
major factor to cause discontinuity. Both the case that the overlap
part’s length between upper and lower layer CPW becomes 'short,
and the case that dielectric constant of the chip, mother board, and
media between the chip and mother board becomes small, the
bump’s scattering parameter can be improved.

14%
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Léstly, the advantage and disadvantage of two methods, namely
matrix-penciled moment method and FDTD method, is presented by
contrast. FDTD method is better than the other one for vertical via
interconnect problem. Because vertical via interconnect is the base
of theoretical analysis and package technics of MMCM, further
study on vertical via interconnect is very vital and instructive to
reality.

Key words MMCM, via, vertical interconnect, matrix-penciled moment
method, scattering parameter, microstrip connecting angle,

shielding via, FDTD, Flip-chip, solder bump
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