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Abstract

The development of PKG-substrates with lower coefficients of thermal expansion (CTE) is desired,
since the warpage introduced by the difference between the coefficients of the substrates and that of
the silicon chips is a serious obstacle in the practical application of FC-PKG technology. Simulation
and experimental studies were conducted in the present study in order to reduce the CTE-values of
the PKG-substrates by using nanosilica particles. The FEM simulation revealed that the reduction
of the CTE of the substrates was important to suppress the warpage. 25 nm-diameter nanosilica in-
duced deteriorations in the properties of the substrates; i.e., a reduction in T, and an increase in
CTE. A thermo-gravimetrical study showed incomplete cross-linking due to inhibition by the acidic
protons from the unreacted free silanol groups on the nanosilica surface. Curing at higher tempera-
tures and for longer duration led to an increase in T, and a reduction of c,. Finally, by employing a
newly developed polyimide with lower CTE and higher silica content of 45vol%, we succeeded in
preparing a PKG-substrate with a 5ppm/K lower CTE compared to the conventional one.
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Y “Chip size:20 mm x 20 mm
*Chip thickness:0.725 mm
*Underfill thickness:0.06 mm

*Substrate size:35 mmx35 mm
*Laminate thickness:0.70mm, 0.40 mm
*Cu thickness:0.035 mm

*Buildup thickness:0.06 mm
*Solder Resist thickness:0.02 mm
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Fig. 2 Model structure used for the simulation (1/8 cut model)
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Fig. 3 TEM images of the silica particles
(a) NSi25 (ds, 24.1 nm), (b) NSi250 (ds, 251 nm)
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Fig. 4 Silane coupling agents
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Fig. 5 Appearance of the TEG-PKG

.. 350 ——10.40 mm
:Et E:20 GPa
2 300 —4—10.40 mm
é" E:24 GPa
= 250 ®ot0.71 mm
5 » E:20 GPa
£ MM<ateria| c, | —0—10.71 mm

200 E:24 GPa

10 12 14 16
CTE (ppm/K)

Fig. 6 Results of warpage simulation of PKG
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(b) NSi25—EpoSi

(a) NSi25—EpoSi

Fig. 7 Cross sections of the silica dispersed epoxy
resin boards

Table 1. Thermo-mechanical properties of the silica dis-
persed epoxy resin boards (TMA)

CTE (ppm/K)
Silica C‘;‘;ﬁfg T, €0) o o
(below T,) (above T )
EpoSi 73 36.4 81.9
NSi25 AmiSi 62 36.8 64.3
AlkSi 99 35.8 107.8
EpoSi 175 321 104.6
NSi250 AmiSi 158 32.3 89.2
MerSi 163 35.6 91.1
NSi500 AlkSi-B 184 29.8 97.0

T3, @ITRLUINSI2S 2RSS, Zo/BERTRY
U AR TFIIEEINT, BRBIURA DS,
ZDEHIT, KWFETHN BB, EAMIZIZBRZER
KA NEGI2T, HOoNTBBMIEEE, T XTHilE<
MY w7 R, YUY AKNFZELTENSOREOFMEICIRE
TH5ENZ B,

Table 112, BFEMWFFIEAT(TMA) X VROV A EH
WEALHIEAR D 77 5 R e T (T,) % & B IR AR KL (CTE)
R,

775 AR 51T, 13 R F R O AL O FLE = £ § 1R
HTHhHbh, ZOFEKETIE, BRERE o & o, OEIKE
CEALT BT EMFONTN B, 31HITHBRIL T, T,
VI'F o CTE DS#iRREI O K 0 2 X ild 5, Lichi-T,
VT, & A2TREEREPIT/NS 75 CTE 2 & DR E & L,
D7, HERMEITH 5 R F UMIEE IS B
5T ENEETH B,

BUTO ¥ ) 71 (NSI500) % F O 8L U 72 e B3, T, 8
184°C, o 78 29.8 ppm/K, o, 78 97.0 ppm/K T b % (Table 1),
NSi250 % 7oA © T, 13, NSi500 & Hlv 7o R,
10~30°CIR FLTH D, RKIC TgB{T@‘EETﬂJ oy 1
2~6ppm/KM L7z, LA LEAS, T,ULED a3,
AmiSiE B X O MerSiLE I X DA L TWBE Z &b
ino 7o NSi25 & VRO B4, BUTHENCE~, T, fif



DK F1380~120°C & & ST K&, o FBUATHEHT A~
T5~6 ppm/KEEM L T2, —H, opldv I oAy 7Y v
FRIOFBICKE CIKFELTE D, AlkSi L IF 10 ppm/K
OHMAE 7253 DI L, AmiSi L & X U EpoSi QLEL
T, BUTHMEHZHARTEA L TE D, R, AmiSi%H
WRTE, ZOCTER33ppm/K b D KIEHEENR S
h3,

UEDT, X CTEICKIZT ¥ ML RO BBER
FTUCERED, vV ARTE, REIWNS 25150,
IRFUBIEOLEEEB BT 2MEMEET 26D EEZ
5N B, o OEINIZ, £ 2 QLB RO IHIRRIC &
D, EoTE7 AL NEHBEI DTSR Ioion L
ETXx%, —H, o, DWPITONTIE, M ShDSERE
HIHR S DR RE DKL RDINES I 2 ) ATHL L5t - 72
LHEZBRETH B, EpoSi & AmiSi LHLH| THULEE L 72
NSI25 DEED o, WNEWDI, ZDOYS YAy T T
HIOEREH E T RF VRBIEORISIZ L O, BIgICTHT 5 >
U A1 DITER ISR DS U 7ol REVE 2 R L T B,

33 0000000

# oy 7Y v 7L L2 NSi25, 250 3 £ U500 ¥ U A S
U 7RI O BY AR PERS SR & LT, T, tand,, B LU
PR A T4 L, 2 D5 H % Table 212779,

331 T REEBIRE (T,

BRI IC B VT, AT RERIREE (T ) (S R
RO IEHE (tan §), $78b b, MMEAES (EHAHMER) &
PR E) (R ool Kt 52 52EETH
5o TOXHITRDIT, I, LIFNORICENTS, TMA
NSRBI T, (Table 1) & O &5 < 132 2 A Z 739 45, A0k
i1 O FESCHH 72 RN I LE TIRIE— B LT B, D&
D, TITH, VUARFEDEFIPES T, DK R A
RonTuha,

332 HIFRUER ORGP & M I o b o i K (tan

()

Al CHLSR © = AR F U fiE & g U 7854, tan S 132 D

ZEREARTIREE LTINS T %, TH4b B,

—

DEAEAVNS VI ERGEIE () o9 20HE (49
B MREL, ZENEA TS Z EERT, Table 21TR
T &1, NSi250D tan S IZJHW v 5 v Hhw T v 7 H|
OHFIT X 5, NSiH00 & © /NS0 flZR L THBITK
L, NSi25D@tan x> 5 v H v 7V v 7 RIOREEICIKRES
LM AEZR LTz, 2D, EpoSi& AmiSiLEF| & UTH
WiRDtan s, A, THZH 0312 & 0.367 & 1F1Z NSi500
OEEEELUWEERTOICH L, AKSILEER & L TH
WicRD tan 5, 130233 E/NE L, oMK EH O &
DA, TRFUIROREHEENFE BB EERLT
Who ¥y T U THIOSTHEEIZHE DT Z DI
A EZ 5 &, AKRSIUEFIZESRT VFIVEE SO
WiZtan S 3ZMMIT 2 b0 PHEN B, UL, FERRIC
F, ko k5T, ASILH GO tan §,,, (3 EpoSi #
AmiSi DLHEF D tan §,,, & /NS, Lichi> T, NSi25
BT 2% Z 7o & I/ 5N 5 tan S, DEALIT,
AV B DAL ERESE 1T RS HF S5 L0 b, =RF UHlE
DFFHEDOEMEREMNH T 221 RELTHNh2 b0 EH
Z 72,

333 R

Table 217 BPEHR D AR AE 1 % 7R 376 NSi500 & H 7z
Ba, W, 150°CLLETIR P L, 200°C TREET
ZRLTOV5, [AEOMEMPIENSI250 2 H W 7G5 /o
N5, Thoicxtl, NSi2bZHWZFRTIE, 100°CITH L
T, $TRAHBKFIFBERSATED, DML EpoSi
B LU AmiSiUHF Z iz & X ICBEF BN TH S, L
PR OAK T, MR D AN B AR PR B 12 3
SNTWBEILEZRLTED, Lo Q)HITERT, D
AL E KORIBBIRE R L T 5,

3.4 000

BT (TGA) = VT, #lg A2 K& Tma Lk
L X OB RBIIGIREE, 1% B X U5% EREVEE, F
SHRIBIETH BB RIBIEL LU 288°CITBIT 5T 5 3
*—va vREFE TORME (T-288 M #PE) 2 WIE L7,
#5594 Table 312787,

Table 2. Visco-elastic properties of the silica dispersed epoxy resin boards (DMA)

Sitia Coupling T, tan § Elastic modulus (GPa)
agent O max 25°C 100°C 150°C 200°C 250°C
EpoSi 113 0.312 59 18 0.3 0.2 0.2
NSi25 AmiSi 105 0.367 6.0 10 0.2 0.2 0.1
AIKSi 149 0.233 48 25 06 0.2 0.2
EpoSi 229 0.272 52 41 33 15 0.3
NSi250 AmiSi 220 0.276 57 46 34 11 0.2
MerSi 218 0.201 56 54 40 14 0.3
NSi500 AIKSi-B 229 0.316 6.0 56 39 2.3 0.3
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Table 3. Thermal decomposition properties of the silica dispersed epoxy resin boards (TGA)

Thermal % 5% Thermal T 288
Sili Coupling degradation decreasing decreasing degradation thermal
ilica
agent beginning temperature temperature temperature resistance

temperature (°C) (°C) (°C) °C) (min)

EpoSi 135 221 380 394 12.6

NSi25 AmiSi 126 205 367 393 13.9
AIKSi 140 240 379 392 15.6

EpoSi 224 357 398 385 13.9
NSi250 AmiSi 218 356 399 385 13.1
MerSi 204 356 397 383 13.7
NSi500 AlkSi-B 275 368 400 386 131
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Table 4. pH values of the supernatant solution of the un-
treated silica particles

Silica Untreated NSi25 Untreated NSi250 Untreated NSi500

pH 5.05 546 6.45
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Table 5. Thermo-mechanical properties of the fully cured resin with silica particles (TMA)

Couplin, Qg anti]t-y of CTE- (ppm/K) Total expansion
Silica e oupling T, (C) 25°C~260°C
gent agent ¢

(vol%) “ % (%)
Calculated value — — 160 48.2 102.2 1.67
EpoSi 5.8 151 36.7 92.6 1.42
NSi25 AmiSi 71 142 37.3 88.9 1.39
AlkSi 8.8 158 50.8 97.0 1.66
EpoSi 14 175 32.1 104.6 1.37
NSi25 AmiSi 15 158 32.3 89.2 1.34
MerSi 2.1 163 35.6 91.1 1.36
NSi500 AlkSi-B 0.8 184 29.8 97.0 1.34

BT EICKDHEFTE B, PR T2 EUHIEHAKRDE
JE iR 513 Kerner DT L O FHETE % %, Nielsen iIZ &1
X, HAEMENC BT 2 BHEREEM 1 EN R L, SR
< MYy 7 ZOBEEIHE AT 5, ORI O KX
S 3 Shapery D THZ 6h 5 D, HRIER FOEHEICD,
< MY w7 ZBIRISH S 2 I FEER /NS WIS S b
FHELTOWS EDRENRT SN TSP, JI2EMf R I 5
FEAELIBOERE LI L EOEAMEIO CTE i, KT
5K D CTE & Z DS A2 ICEATIH RT3
ZENTE S, ZORMEFRE AAE{H (Calculated value) &

LU TCTable 512" L7, SZTTRFVIIED oy BE P o,
EZTNZNOFEIED 80ppm/K B L P 170ppm/K & L, F
7z, YU HDCTE#%05ppm/K & Uiz, F72, WENES
MOT, %160°C & Lo U LOFHT, kRO
HIR® 72 (Tableb) o ZHUT XD, JIERHHR I ELE LS
WA I RF UMD oy BEX VP a3 T T h, 482
ppm/K & 102.2 ppm/K &3R8 541, NSi500 % NSi250, NSi25
ZHOIROCTE L2BERI, LWIhd Z oitHE X
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Fig. 8 Structure of low CTE polyimide resin
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Table 6. CTEs of the copper clad laminates

Material A B C
Resin Epoxy resin Low CTE resin
Filler content (vol%) 40 40 45
T, (TMA) (°C) 175 250 250
oy 15.7 11.9 11.0
X
o, 11.0 55 44
CTE . o 15.5 124 114
K
(ppm/K) o 110 6 46
o 33 21 19
Z
o, 162 96 90
Elastic modulus 25°C 20.0 225 2.7
(DMA), (GPa) 275°C 2.0 13.1 156
PKG warpage (um) 250 — 210

b, Ay 7Y UTRIELTAmSI ZHY, & SITiEE
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