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Thermo-viscoelastic Analysis of Warp Deformation for

aminated Body Consisting of the Combination between Viscoelastic Materials
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Abstract

For two layer laminated body consisting of epoxy resin and FR-4 substrate, the
warp deformation behavior caused by thermal load from heating to cooling was
examined from thermo-viscoelastic analysis based on the linear viscoelastic theory and
experiment. It was clarified that the warp deformation behavior for the laminated
body was affected not only by elastic modulus and linear thermal expansion
coefficient of the composition materials but also by the ratio of the material thickness
and bending rigidity of composition materials, and that the warp deformation behavior
during heating and cooling processes could be predicted by thermo-viscoelastic
analysis considered from the temperature and time dependency of the composition
materials.

Key words: warp deformation, viscoelasticity, linear viscoelastic theory, numerical
analysis, laminated body, epoxy resin, FR-4 substrate
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Fig.1 Shape and dimension of laminated body.
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Fig.2 Multi-layer laminated body and its coordinates.
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Table1 Thermal and mechanical characteristics of
constructive materials.

Proraring | Thaora [ | Thrrui | ——
covhuriseis | eas Uwmity '-'"u'r___ :m sk LE
Fl 1] a s L] =]
[ len] 0| g rE L !
W lal] | Dl g e = =
Uirisrisds b i flagiatd | e p— L
Egary e oies 141 [Fra) L] LY | 1128 Facil
E:f"":" [FESH 1.3 55 [Fi] o | Tad Faid
m_-ll_-'
25 (- Inl Epowy resn
Fatl

0 o= & b & B e Doam
T "

&

e

g g

E b} FR-4
P

1] 5O D 5 i #50
Tempestuse T[C)

Fig.3 Thermal expansion coefficient.
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Fig.4 Master curve of relaxation modulus.
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Fig.5 Time-temperature shift factor.



A= - HE] - B

M3hobbrbd L), TRFIHEE FR4EKOT,
kZEhZzih 105 T & 120 CT, MERHREBIZT, 2 Bl
i (@) & B (@) TRE SRR, R A
OUEERT, ZOTRF VHRIZa.=813%x10°/K,
@e=1738x 10" /KD %R L, EimFBILARIBIZ~
2HERERERMECH D, 72, FR-4 MR IX
an=106x10"°/K, ap=743x10°/KDfi%zmR L, &
AR L VR ETH S bbb, T, K4
WRT TR F VG L FR-A M OERESEARIE (L, 8
FEIE [ A S BRI £ T A0 b2k~ X ¥ i TR
THIEDPTE L BB IZIE, Zhet kAo
Prony #%Cirl L CTH Wz,

E () =Eo+iZEieXp<—TL{> 9)

ZZT, E@)GENELRE, Edd Prony DRI T
EAZIEDOME, T AIEMEER (z,> 704 0), nld Prony #Fo
HHTH B, £, M54 O AT MikE MRS 5 F
DI —MERBINTFTH L, Rrbbhrdb L), =K
F MR & FR-4 BB & S cif b = & v
FAHOE% 5 RO Arrhenius e THEMT 2 Z L5 TE
2o 2OZENE, TITHOVAZRF BHRIER M-
FERSERI2EAL L, Wik OBOIEAT LR 258 T & B4
BThbILhbhrbd,

3.3 MR &M

) 25T 0 BUREBE AT 1203, R R A B R 12
DN TEH S HMEZ T L7z BTy 7 b & H
W, TRF UBROE S IZEBRE I 7 88 — LS
Bize Fiz, WMESMIL 25 CRENS 180 T TOmmEk
HFEE 180 T 5 35 T % TOHHLBILIZ O W TN L 720
COBOBZERIE, EBTUE L REORHELo
FeFIZESWTRE LT

4 BRELVEZR

B 6(a) ~ (g) &, FEREARIMESSEHHE TO—HED
A2 52 72O ) BREE) %, KM RF HIHES
KHLTRLEZDDTH S, Tabb, BEEAHO
25 CHEDN S 180 CE ToM#ABE, %5 WICZ0H%D
180 T 5 35 C E TOWHBE D —HDEA M 123 LT
KERAE & T Z L TR LT Wb, F72, M7, 81
ZNZINES X WA TIRIC BT 258 ) B
FHTARF BIRESICH L TORLZDDTHEH, 22T,
X6~ 8 DIHIIRT 70y MIFHIRF DHIFE S IC
LT 3HOEBMEORERTH Y, F 72 IS BRI
MOFRTH S,

4.1 ME#EBEOR V) ERES)

4 6 (a) ~ (g) AN, MBGEFETO R ) ZILEE) %R
To SNHORDPLDHD LI, HEAROK ) EREH)
X, =ARFIUBIRESAY05, 1, 2, 3, 4, 5mm OBHAET
&, mEE & IR F BRI OB Y MH0,
M ESCPE - TR BB nen % R"3. €L T
IRFVBIEDT, (105TC) L TRY B RIIHMAME
R L7:1% FR4A MO T, (120C) EEFTHAL, 20
% 180 C E THOWIMMEI A2 /R3. —F, THRF VEIRE
S8 10mm OHAIE, TRF IBIED TS DK
D EE OO ST, HEmoBnz Ry I E
Bbrbo

DX, MBGBREICB VTR Y ZIRITEIRD % 5 H)
ZRTA, THUTTARF VR L FRA AR OB MERE
MIIRAREL, 72 5 IR AR ECHE LTS b0
LEDbNL, Thbb, MEBRICEVTTRE VIR
MK ) BT B A%, OB TWz ) £
®2%, TRFIUBIRE 2705, 1, 2, 3, 4, 5mm OBHE
(2102 105 ~ 120 COMREHIPATIZWA T 5. i
IARF VEIRAT, % B 2 5 SR BV TR 5
AAWIALT (1.66GPa — 0.0056GPa) 3% DIZx LT,
FR-4 B O HMEAR BT K & < (9.1GPa), FR-4 FAAIT
DIREEITIRA D L F 572D TEF VIR ORI RAE D
ZALICER R S KD BRRIZRD T 58105, 2 LT
FR-A HMDT, (120 C) T THMEAREAMET (9.1GPa
—212GPa) LT, JTIZEAH ETAHIMEFY, THRF*
SR ORI ) UM 20 £ 505,
—77, TRFVERE S A 10mm &EWEAIE, 105 ~
120 CORMPBEHPATIZHA L2 V2s, T FRA4 K0
SR RF VBRES SRk E vz, TRy
BIR DWGHES %175 FR-A FEROITIIRZ ) L5180
LMol e FREEZBNE, 72, ThH—ED
M Bbh5 LI, BRETEPERNT ORI TR E & X <
—FHLTHEY, ZOMIICE > TR EREHZFNT 5
TENTED, 51T, MEHE TR 180 CTIZBITH Y
ZRmIE, BBROL )T RF IUBBESICE > TREL
BbZ bbb,

4.2 AHEOR ) EREE)

X 6(a) ~ (g) DAL, WHMRETOR ) EHET) %R
L7ZbDTHb, TNHLDOHMNL, WTHOWEFIZHEH
F5 I LI X o TZRF IBIRAI§ 5 720012 ) 2T
BHIEHPLTwD, 22T, TRFVBIRESS05, 1,
2, 3, 4, 5mm DOPFAHITIE, HEETHD 60 ~ 90 TlzB W
THY DRV ARIREL 20, ZOHBBY 254 CiH)



REHER B ) 1 DML A SRR RIS A9 2 T AT 28 ) 0 Bkl S A

HTHED 35 TI2BWTIE FRA WM A DIRIEE %2 5
—7, TARFUBHREE S 10mm & EWEAICE, 20
X9 ) OBLGITFED ST EHH THHICIZIZIZ P
HIREL %%, Tz, WHRPTORY BRI ARF Y
Bl & FR-4 LA O T 5065 Tk, HPERE & M RRE O
ZACIHE > TEP BSOS RD 5D b ODZF DX
WMINTH 5,

A3 KREBRYVERE
702, BT 180 ClZB ) 2 &5 R 2 Mk
JEEZLOMBAROK Y AR GREK ) AR L HESR)
ol .
0 - Fyery =n EE:I
: FR-4 A !

&  Eaperwmri
Weporarba| w gz

Werp defarmaticn (1 [me)
= [ -]

-

@ 40 0 90 120 150 10 150 130 %0 60 M @
Targeaiios T [2]
| |

Hail Cand
(a) de=05mm
10 |
| o ' Empmrerws
=l I r:w;:-: — -a ‘A rmwad e pil
| 3]
| i
=
E 4
B
o
5|
-4 |
-

& 30 80 @b 126 150 w0 IS0 130 90 &% A0 4
Termgeratern T [T
I "

Haal Cad
(b) de=1mm
10
- T ®  Eiprewmd
H by r i.: —— il T
||

Wep deformeston 8 [ms]
L]

-8 1 1 ] 1 L 1 1 1 1 1 1
d 30 &0 D) iH 150 185 150 130 90 &3 M O
Tarperiurs T ['1T]
1

(c) de=2mm

Warp dalpemaiban 8 [ea]

Warp daformation  [aa]

Warp tipemaiizn 4 [Ra]
-

[]
r = Lo

Warp dafpemation  [ma]
o

-8
o

-4
o

4

L=

8
30 60 B0 120 160 180 W60 120 80 B0 M
Terparaburs T[]
et Cend
(e) de=4mm
LI o
acsdEic ichdoe

1 5w - Fanmeormd

Ml &0 DR 10 15D 1ED TG0 1ED 90 B0 3D

=T
[ Epior v - PSS
FR-4 - T '!

R -

Terpsrwiarn T 7G1

(d) de=3mm

s

-]

I tﬁﬂ

n

0 40 EO1D 150 180 158 1E0 8 W 3

- Ih-r
e F"'i‘?i!;

a

-

H O B 1 O1FH E I 1 9 B 30

Heant

Fig.6 Warp deformation behavior of laminated body.
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