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Summary

This paper is composed of two contents which are analyses of silicon wafer slicing and epoxy
curing reaction. .

The first content: It is possible thermal expansion from heat generation by slicing deforms a
single-crystal silicon ingot but the authors can find no report on the point. In addition, numerical
analysis is useful to clarify the mechanism of wafer warping but no paper has been reported the
numerical analysis from the start to end of the wafer slicing process. The authors carried out
experiments for the wafer slicing. In addition, a finite element analysis was carried out in order to
solve the warping mechanism from the start to end of the wafer slicing process. The result by the
finite element analysis gave good agreement with experimental one. This paper suggests that
thermal expansion of the ingot has great influence on the warp of wafer.

The second content: Curing rate of epoxy resin was usually expressed by power law model which
was insufficient to express curing rate because the reaction varies in curing. Epoxy curing reaction
makes cross-linking after it makes a straight chain polymer. The previous workers have expressed
the reaction rate with power law model but it is insufficient to express the reaction rate from the
‘start to the end of reaction. The reaction degrees of curing reaction are measured at various
temperatures and then a new reaction rate equation with a multiple regression analysis is proposed.
The new reaction rate equation can express experimental results over wide ranges of reaction degree
and temperature. The storage and loss moduli are measured at various reaction degree and
temperatures. The parameters of Prony series are determined with the measured moduli in order to
express the viscoelastic behavior of epoxy resin. A triple cylinder model is prepared in order to

simulate a power transform. The triple cylinder consists of an iron, filled epoxy resin, and iron
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cylinders. A circumferential strain of the middle of the outer iron cylinder is measured with time.
The strain rises because the epoxy resin shrinks with curing reaction. Expressing curing rate,
viscoelastic properties, and adhesive force on the interfaces of epoxy resin with a function of
reaction degree in numerical analysis, the circumferential strain change in curing reaction on the
numerical analysis gives good agreement with one on the experiment. It indicates that the gelling
point of epoxy resin can be estimated. A point that has the highest temperature is not always equal
to a point that has the greatest stress in the epoxy resin. To predict the stress, strain, temperature and
reaction degree during epoxy curing reaction, the authors proposed the coup]ed analysis of FEM

among them.

BREPBFICHED R, $BETNT AOBEELLANDEROEEZLIAE2H5T,
W, BEBLOAL— RIZ—EBHEE-> TS, IOMIML - BEBLEZERTLED
I, $EEATFNAAZHRTIERTHEIVICTINOEENEETHS. T,
HEETINA ZABE T — 2RV THIRIPLEETRELTNEETESBOTRERL, B
BREHOESANS X D LRMARBERFEDHERARINTETNS.

FICAZAMIBEENELT, YVIVYINOERRBRAITHBALTETWVS., —K
DAY INZEETEDIZEBEOIENVETHS. LDEROKZIRLRTIN
BLETRRICET 2/ UNYORE &4 3B EENS, TNEMRERUBETE
ET3I EI3FERITEEL W,

A>Ty "M INEGYOHTASA L T HFEOERIITINFIAVY—Y—TH5.
IO, TINZEumA—F—D [ZD] BRETS. WECIDIO [£D) Z4R
ERTIENTERN, YU OBRFANT) AT INKREEEZETHEEET
NAADBEREDZRKEETEVTLED. 0D, ASA 7B ar
T INGLED BRI H D RN S, BRENREEETNA AOBEEIZIFRELTL
EFFELEERIRTHD. VINBETREROPRTHEAARETHICASA LI/ IRICE
BLEDRIOEBEANMSTHS.

Fk, ARARXTEELTWASIL Y ho 7}7A41£E®QETM RETH
Bl NBUE - BEEECIEERNICEATWS. T2y b ooy 28R 246ELTE
ZIEBE, FEETNTSZALUANAOHBRELEETHS.

IV NOZIATFNA AR THEHICIN T VAR, TV O/ A8BReERIIED S
A - EREEVHESICKEN. FORDIT, ML, BB, BEEANOERMVEE
BWEITTARL, RBIZLBHEDBKREN., b T OAPOMEHIEMTH D TRF HlEE
XDBLLTBHI L, TOERERNOBRIFRRO—DTHS.

UL, NAIRFIIEEF TAROT RIS K S IHEVSET 5372 WETTRL, K
SR DOREMDFDBOBHICLBZBOTHBMDS. 51T, TRF IR,
WA S BEEA EEGANC LT B =D RS DIE B ITEMICEIE T2 S WO BN S

5. NS OBHAOEDIZ, T{EHRD T 5 v I BECTLBROEES IO TREREETH - /-

—363—



BRI KREL DT T 7A=Y —EBIZLS1 Ty MIEIER & TZRFIHE
L RLBT) D2 DM EEIKENS.

TAY—Y)—EBIZXB1 Ty MIBIERTIR, ASAT7IRIIBITS IED]
DEFRRNBGHBATH B ERELE. REROMRBEFITIIAS A > TFOUHIRICE
KEBLEBDIEEL, HILWEANSORDVEATHS. £, UEOEDOHLVWE
FREEMITETIVEERL, 120 OitdEE 120 OBOFHEHELE. ZOFRBRE
M EERBROLBNS 20D REDANZZXLZHSNIZL, TFD ] EKEBEADIR
EETok. ‘

IRF UBIETLRUSENT T, BREREZRW: T8~ EHh - {LRS) OERERZ
Halz., EROWFREFATIEIZOD 3 DE—FEICER S B THRW IR, OEREHD
eI, FTIRFIRIGEEMTETo7. KIZ, BRAETOD ORI EZ DN
SA—FERELE. MEEIEM & L TEDNS TRFIHIEE, TORETEARTS 38R
EHELTWS, Z0k®), £RBEOEFREOFIRERMGEN LOROPNERNT S LI
£-o T, REKRBITZEROESCHED AN Z X LFHREZRS .

UTRARXDEREHIET 5.

(1) FHREXRMEH

—BHRFEICETIHIICOVNTIREEORS TEET 24, EHRICBNTIIEE
—BICHANSNTVNZ DD ERBIVNSONOFEEFRAL TS,

BEE S EERESHEICEE L TWSR T, TN50OMEERELI T THELL
ENHD. FORD, EWE TR GEMTERNBINEREII 1B AT v 7§ D@EH
THZEITINVZOOMBERER I T, RIZ, BEEBBEIIRWT, BEEERSRHER
EEREICHT BB UNEEL TVWEEE, BARATy TRMOBEEZB VWD EEEN
KELRS., FOk®, Fig. 1 IZRTIHIT ITHERE 2EHLTEh%E (A, #
EEERKBEOREREL LT SHEIBWE., a5l FRIEE] OMEFMEITOZ
ETHEEENIILTVS.

Temperature
N\

Time

Fig. 1 Method of Estimation for Nodal Temperature
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Fig. 5 Calculated Curve for Variation of Reaction Degree
at 80 °C :Experimental data (@)
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Fig. 8 Circumferential Strain in Experiment at 80 °C
(A: Slipping Stage, B: Partial Gelling Stage,
C: Sticking Stage, D: Cracking Stage
and E: Partial Sticking Stage)
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Fig. 9 Comparison Between Calculated Circumferential Strain and
Experimental One with Progressive Failure Model at 80 °C
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