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Abstract

Epoxy resin is usually used as a encapsulation of IC chips for electronic parts. It is transformed
from liquid to solid by the chemical curing reaction, and then residual stresses and warp deformation
are generated in the electronic parts. In this report, the warp deformation behavior of laminated beam
caused by the chemical curing process of epoxy resin was examined from both sides of the experiment
and theory, which are the thermo-viscoelastic numerical analysis based on the linear viscoelasticity
theory and the Finite Element Analysis about the laminated beam consisting of epoxy resin and steel.
As a result, it was clarified that the result of thermo-viscoelastic numerical analysis of warp
deformation well accorded with the experimental values, and the warp deformation behavior could be
predicted by the thermo-viscoelastic numerical analysis with precision which is effedive in practical

use.
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Fig.1 Shape and dimensions of laminated beam.

2.2 IRFHIEOMBHESE

X 212, ARG L 72 = R % DB o e & EIiRiE
5 —HOB{LRICEER 28T, B, ZOWET—F (3
AR GE L C v Ze vy, BRI @R % 0E 2 {0E
T2 L6 RDICLDTH B, W IS ENOPREIE AR 3
Rheosol G-1000 (= — & — = 24E8L) 2 F v, S 10He,

| - Hrp 221

W 25CHEMTH D, 4B, TRXIMIFIZ, EAlce
Ea— b 828, BMifLAlICZEX 7 T25 : 1DEATIR
BHDEL2WREARTH L, CORP L, KX UBE
ALY CTlMMER AR TH ), 2 OBBALED 1T &
L rALL, RS ORMBIIERE (R~ L 26T 5 2 L A5
75, T bbb, ISR G 13 500sec FkE 12 Fi Ml 2
RL, O THIE TN 2 ), ZOBMEEOFE X
LIS AHEA GUIREINT 5o HHRMIESR G I3 WE B
IR SR 2 2L, F 723 1EH tans (2 500sec T—
KA E & ), Zo®%EbT 5, —%, K323k
DR X BINEORMERREOWE R E R T, WE L,
I RE M Rl 260 Rheogel E-4000 (= — & —x 24
ZH, R 10 HeTiT - 720 F72, [X 4 13 BRI AT 2%
(B RS 2 W CRO T AZIE L2RERT, o
DEOT A L IEDBIRD & KD 12 IRAR I (a1, @s)
BEELTWwd, K32 6075 k)12, WEMIERER
20°CSEAB D A5 ZKGEIK T 1.62GPa D& Rk L, S 1
FASHE - TR < ITICT (k1) L, T A4RGHE O 120°C LR
T3 0.023GPa D/hE Wi 2R T, £/, HEMIERE T
WP e B s 20§ 5 D IsfEwiik L, #120C
THKEZ £ ) F D% LT O INHRT 5, —F, #H%
1E4% tane 1349 120C THeRfE 2 /R L, Z DB IHARM: % &
AR 0 1SR T %0 X4 1R =K X S HIE D FRIEIRIR
Balx, 77 2EHBIEE Tg (95C) LUF T 75.36 X107¢/
Kofiz, £72 Tg Ll ETI3150.03X1075/K Ofiiz & 2 2
bR i N

3. RERICL B2HEERYVORYER

AR & 9 ek @ (X1 2), % & ISk oo [l ik &
LTS (K3, M4) 2T R F G LM
MIZ X 2R813 ) DX ) B R & EBRTRD Iz, K ) EH
w3, ko =R X DR 2 SRR, B LSO
fresbichadllr ez AL Vg LCRMMIL7z, 2
DS, BRI Paific s LeBGE IS & - TEr g%

logG’ * G”, Pa
logtand, -

Storage rigidity modulus G’
1 Loss rigidity modulus G”
Loss tangent tan &

o
|
N

Fig.2 Viscoelastic properties for epoxy resin (at 25C).
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Fig.3 Thermal viscoelastic properties for epoxy resin.
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Fig.4 Thermal expansion coefficient for epoxy resin.
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Fig.5 Warp deformation and temperature behavior of
each epoxy resin thickness.
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Table.1 Thermal and mechanical characteristics of
constructive materials.
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Fig.6 Master curve of relaxation modulus for epoxy resin.
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Fig.8 Comparison between experimental and numerical
analysis of warp deformation at each epoxy resin
thickness.

20mm & JEWIGAITIE, 20 0 FETH 5 2 L9 b,

20
T,=110°C
AH,=316.5kJ/mol
10 —
E
&0 —
ap AH2:693.4kJ/moI
o
= N ¥
-10 |—  =——:Arrhenius’s equation
A( I 1
L log @t(T)= 2303G ° T T
G=8.314kJ/kmolK
-20 ' ‘
3.5 3.0 25 2.0
1/T, 107%/K
e P R R R R R R
20 40 60 80 100 120 140 160 180 200

Temperature T, °C

Fig.7 Time-temperature shift factor a 4, (T) for epoxy resin.

ZnEHI, TRIVENEOERIZL > THIFEIZY DK
D BIEBMEERZ SR 5 D1E, DK 5 ITRT =R F



PARE= - B

@ : Experimental
5L —: Viscoelastic analysis
= = : Finite element analysis

Residual warp deformation &, mm

N T T T N A A B B B
0 5 10 15 20 25

Epoxy resin thickness h, mm

Fig.9 Comparison between experimental and numerical
analysis concerning epoxy resin thickness and
residual warp deformation

NEDRBIE LMD bDEHEZLNE, 72, 2h
5 DI ZETE D FIRAE % “HFH O BALIFENT O AR & I 5
5 &, AMRERMATOMRIIWL THEBRM LY KRE Wiz
RL, DPOFEBRIEEE LR 0Ix LT, kbR
BT DAERL, TRXTHOZRF LBIED)E X THERE X
=KL TWBZ 95,

X913, SR XBIRES L =HDKRHK)

7)55]1-6’21‘1/?’%;@’6‘%%0 DRI 5, irl‘x%‘/’]‘ﬂﬂ‘é%
CE o THEREHK) EEREIZRL D), =KX OB
5T EFRMK ) A RIZR L, 15mTHRAM %KL,
SHIT20mm e JEL e B LRI ) BEEIZDT S
fHIDS A 515, CHLIIZ, ZRFUBIBESICL-T
R ) AR 201, TR ¥ g o B bl
H LG ) Ao TR & O EERNICSERT 5 50
ThbeHEZIbLND, Thbb, ZXRXIEEIMEW (5
mm) BT, TR F IR O BEIE T A5 S < ikt
FWMIF L7205 % N MER L wieHTHY, #icx
R BIEDIE G (20mm) 55213, B3 Y 2ERDJE
@0%Mm£m51£#vmh@ﬂé#ﬁmmt&0,%
X O AEEIZINSSLrbneHEZLNE, 72, 2R
5 DIRFAI Y A7 D FLERAE & BAEIENT O A5 R % i § 5
&, A BRERMAT O FEFT TR & a3 —% T 5 3
DDZFDANIE L H7e BDITrl LT, Bk rE Bl st

DFRERIZFEBRME MR —RHT 22 a9 h» b, 22T, X
8, 9ICRHND LI IT, HRERMATORER & FERALA
B RNO—> L LTI, AROARERFHTIZ G2 -
TIFZ R F UBIEMEOEEERAAEIIFE L TW 50, £
DIREERAAIC L 2R ZHE L T LW ED5FH 25
nb,

DILED Z &b, AR IR 12 3D < s 70 Bk it
HERBARIRAT % 4T 218, ZOMORE 2 ) DK ) B %2
FHEREZ CEE TG TE 52 E M6 sk -
72

it
i

IR X WG LR 5 7% DRI AR, ZRF
SRHE DS AR ST L AR 2 R TR ISR 5 F To—do
) R 2, G S ATIRIERRNT, 7o & S ISRRARG L
PEREER 125D < BRI BAR AT O K5 & ek L, DL
TR,

(1) Wk = R % SBIEBELLOS IS & - TR 2ok
AL T B BEORE I3 ) O—dH D) BIEEH) % FERIC &
DIL»IC L, ZOREIZY DY) EFIE, =KX 8
BOALFEPUBIC & - TH S 2 FEEI L 0 FEBBRAAIRE ] & %
B BMR H %,

(2) BERIE) OREERIC &> T, KRB ERREIZKE
CHEZ D, REBRTIIZ R X BRI S 2% 15mm THick i %
Lofe, I, TARF UBIROEE KT 2 HEHMEAR
BRI IR R B ¥ DREIARRAE, 70 & NS RBURE 7 ¥
DEELSRAERE (3 ) DINTHIEZ: ¥ DK T 250 B2 5
BERFTLA-TLDEEDbLND,

(3) FifElzY DX Y LRI %ﬁmﬁm@kﬁ%mw
72 RRIA R B B G i’éO@Mﬂif’ﬁlﬁtﬁzﬁﬁﬁﬁ%ﬁz ES
I EZE LR e W EE TR T & 5,

B, BEED R LEFEIICRITT R X S AED
BB, FUSEE L £ DA ER, 2 6 IS bs &
BB 27D B BT T H G- RE ORI A% OB
Mo L L7z,

Z E X ®

1) S.Nakamura,Y.Miyano,S.Sugimori and A.Kaneda,
“Thermoviscoelastic Analysis of Residual Stress by
Cooling in a Thermosetting Resin/Metal Laminated
Beam”, The Japan Society of Mechanical Engineers
International Journal, Series A,Vol.53, No 493, pp.
1813-1818, (1987).

2) S.Nakamura,Y.Miyano,S.Sugimori and A.Kaneda,
“Thermoviscoelastic Analysis of Residual Stresses
in a Thermosetting Resin/Metal Laminated Beam
Caused by Cooling”, The Japan Society of Mechani-
cal Engineers International Journal, Vol.3, No.1, pp.
126-131, (1988).

3) M.Ohori,C.Sato and K.Ikegami, “Viscoelastic Prop-
erties and Internal Stress of Thermosetting Resin in
Curing Process”, JSMS, Vol.43, No 484, pp.18-22,
(1994).

4) H.Matsui and K.Ikegami, “Viscoelastic Properties of
Thermosetting Resin in Phase Transition and Effect

of Curing Temperature on Internal Stress”, The



5)

6)

7)

8)

9)

10)

TR X NG & R S 2 HREMERE (3 ) ORI LEARIZ BT 5 X ) BIED)

Japan Society of Mechanical Engineers Interna-
tional Journal, Series A,V0l.62, No0.596, pp.993-1000,
(1996).

G.Murakami,M.Mita,S.Nakamura,K.Ueno and K.
Nakamura,“Achieving an Optimum Structural Pack-
age Design with Thermo-Viscoelastic Analysis”,
Chip Scale Review, Vol.2, No.5, pp.55-60, (1998).
S.Nakamura,G.Murakami,K.Isaka,K.Ueno and K.
Nakamura, “Estimation by Thermo-Viscoelastic
Analysis for Warp Deformation of Flip Chip
Attached LSI”, JIEP, Vol.2, No.4, pp.291-297, (1999).
K.Miyake, “Thermo-Viscoelastic Analysis for War-
page of Ball Grid Array Package Taking into Con-
sideration of Chemical Shrinkage of Molding Com-
pound”, JIEP, Vol.7, No.l, pp.54-59, (2004).
Y.Kushizaki,T.Yamada,K, Toda,M.Igarashi and M.
Gamou, “Analysis of Curing Reaction for Epoxy
Resin Used for Electrical Insulator ~Two-stage
Cure Reaction with a Finite Element Method~", JS
PP, Vol.18, No.10, pp.752-758 (2006) .
M.Ohori,C.Sato and K.Ikegami, “Viscoelastic Prop-
erties and Internal Stress of Thermossetting Resin in
Curing Process”, JSMS, Vol.43, No.484, pp.18-22,
(1994)

S.Nakamura,Y .Kushizaki,G.Murakami and M.Kido,

11)

12)

13)

14)

“Thermo-Viscoelastic Numerical Analysis of Resid-
ual Stress Influenced by Material Properties in
Semiconductor Devices”, JIEP, Vol5, No.4, pp.
379-384, (2002).

S.Nakamura,M.Goto,Y.Kushizaki and M.Kido,
“Thermo-Viscoelastic Analysis of Thermal Residual
Stress and Deformation Influenced by Loaded Tem-
perature for Constitutive Materials in Electronic
Devices”, JIEP, Vol.5, No.7, pp.660-665, (2002).
S.Nakamura,Y .Kushizaki,M.Goto,K.Ohashi and M.
Kido, “Optimum Layer Construction with Thermo-
Viscoelastic Analysis Influences Thermal Residual
Stress and Warp Deformation in Electronic
Devices”, JIEP, Vol.6, No.1, pp.80-87, (2003).
S.Nakamura,M.Goto and Y.Kushizaki,

Viscoelastic Analysis of Thermal Residual Stress

“Thermo-

and Warp Deformation Influenced by Material Prop-
erties in Plastic Laminated Beams”, JSPP, Vol.15,
No.4, pp.302-307, (2003)
M.Goto,

method of Residual Stress for Viscoelastic Laminat-

S.Nakamura, “Expedient Evaluation
ed Bodies”, The Japan Society of Mechanical Engi-
neers International Journal,Series A, Vol.71, No.703,

pp.513-519, (2005)



