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Technical Trends in Liquid Encapsulant for
Semiconductor Devices
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Methods of plastic sealing of semiconductor devices include low-pressure transfer
molding using solid epoxy resin encapsulant, and dispensing, or printing, using liquid
epoxy resin encapsulant. To improve integration, increase the number of functions, and
provide advanced performance of elements, various mounting devices have recently
been developed based on system-in-package (SIP) technology that enables storing
multiple elements in a single package. The performance required of the encapsulant is
becoming more and more sophisticated. Liquid encapsulant enables thinner profiles, the
use of a larger pins, and more diverse mounting devices. It is also suitable for small-
batch production of a variety of products, so it has long been used for chip-on-boards
(COB) and tape carrier packages (TCP). Recently, it has been used for new packages as
well. Hitachi Chemical developed several types of mounting-device materials for
semiconductors through the evaluation of various material combinations and stress
distribution analysis. This paper describes some technical trends in liquid encapsulant.
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' CSP : Chip Size/Scale Package Fig. 1 Changes in IC packages
’_ SIP : System in Package There has been a shift in
l mounting technology from the use
of high-density packages to high-
speed ones and systematized
mounting.
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Fig. 2 Encapsulation of semiconductor devices
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ij 1 ;(;Z;AB—BGAWW%W B B Bff | CEL-C-5020 | CEL-C-5400 | CEL-C-5800 s
D— R4 CEL-C-5020 1) — v — — r—— : y —
SR, 374 i R A A R SPKGHEE | &/ REE{EME ;
#MELTEHELAEAWVWORTWS, FE, 25C Pa-s 3.0 25 3.1 EFSREEET
CEL-C-5400I3 i1, MM, CEL- EEREH - 1.15 1.02 1.14 2rpm/20rpm#afE tE
C-5800 3 BEIEMEICIBEN TWLW B, RIBRA wt% 79 62 85 _
Z:;&;Eﬁﬂgﬁﬁ:?ﬁ"““ B At F Nk C/min 90-110/15-30 60/30 —
- % - —
Encapsulants of the CEL-C-5020 __* 4 ‘ ES iﬁ 1k C/h 120/4 or150/2 | 125/6 or 150/2 120/0.5
Series are widely used as standard HoAEGEERE T 104 102 92 ™A
materials because of their excellent SRR (o)) ppm/C 19 21 24
film-forming and bent-mounting 45 (PR GPa 12 10 12 JIS K 6911
properties. CEL-C-5400 features = =
excellent adhesion and flame 1E LGS e Q-cm >1X10% >1X10% >1X10% JIS K 6911
resistance, and CEL-C-5800 excellent # | #& /1 (3K A 3 K) N/m 140 550 140 90" E—ILEER
curing properties. L) H — HB#EY V—0 HBHE X4 UL-94
Cl- m 1.0 0.1 1.2
= b PP foKIC & B100°C/
o | PH - 63 48 38 2ONFRHED I
BSEEE|  pS/om 40 40 40 i
=2 COBAMIRE IEM D —HE4E CEL-C-7260 CEL-C-7400 .
M EEMR, SEBEEOLD, &F 1| B B g (54 2~ 2 ) (ENRIE) 2 B &
3y URIR, BRASBESEIRER FAANV2R) |
7EBGA, E¥ 2 — b ECEMAL 7 BE - B/ SIEE/ ST -
BEFEB Y 70— ErRE TS, HifE, 25¢C Pa-s 30 100 E¥ % 4 BRKAER
Table 2 General properties of liquid BEEEHR — 0.9 1.3 2.5rpm/10rpmis L
encapsulants for COB B i F sk C/min 100/60 — —
Because of their low elastic modulus = # .
and high adhesion, they feature R Ch 160/2.5 150/4 —
excellent re-flow resistance at high #Z5 XEIERE T 22 28 TMA
temperatures when used for modules, EBRAERE (a)) ppm/'C 21 16
EBGAs using ceramic or organic/metal .
25C 27
hybrid substrates, and so on. [ PR ° MPa 2500 9.270 DMA®D BTG R
1t 260C 48 97
EEH 25C 730 780 oo s
L7 HAE) 260C N/m 155 160 90" E—ILEtER
(i AR E Q-cm > 1X10% > 1X10% JISK 6911
i cr- ppm 3.6 3.9
MR H — 43 42 K2 & 5121°C/20Nh
oM P : : RO
BRIzEE uS/cm 49 51
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v R EDOHIEISHEL TW3, RIEZEH wt% 75 76 —
Table 3 General properties of *h5E, 25C Pa-s 40 o8 Efs 45 RESH
encapsulants of the HIMAL HIR Series 55 2R c 190 150 TMA
They are suitable for thermal heads " .
of printers and similar devices, because B IREARIRE () ppm/C 8 14 T™MA
of their higher glass transition BOWRE T 400 315 TG/DTA
temperature and lower thermal stress 1k B R GPa 3.8 3.0 DMA D BB i 5=
resulting from th§|r low coefficient ?f ) FEE (1kHz) — 38 3.0 JIS K 6911
thermal expansion and low elastic -
modulus. ) Rk wt% 0.7 0.7 PCT (121°C/100%RH) /3h
M " " Nat <0.1 <0.1 sk
" fKIC & B121°C/24h
w9 K pem <o 02 HHRO R
CI- 1.0 1.0

b (%z¥%) % 1 70C/1h+120°C/1h+160°C/1h
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Fig. 3 Effects of under-filling materials on mechanical stress generated at the bump of COF (simulation results)
This effect is minimal when the ratio of polyimide resin area to the total substrate surface area is large. When the ratio of copper foil area to the total area is large, a
smaller coefficient of thermal expansion (and higher modulus) of the under-filling material results in lower stress.
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R4 7L T MO B B B | CEL-C-3807 | CEL-C-3720 | CEL-C-3800 Rk
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Table 4 General properties of under- EEECES — 1.1 05 1.0 2rpm/20 rpm K& Sk
filling materials w1t Bk C/min 130/5-10 70-90/10-30 —

CEL-C-3807 is a non-filler type of e X RE 1k C/h 150/2 150/3 —
.the material for flexible suPstrates and 55 AGBEE C 118 120 150
it has excellent permeability; CEL-C- — — - TMA
3720 and 3800 contain filler and are HREESRIRE (o) ppm/C 82 28 27
used for rigid substrates. CEL-C-3720 = B B SR GPa 3.4 11 13 JISK 6911
has excellent moisture-resistant :{‘rg EEH (HALE) N/m 175 750 150 90° E—JLitER
adhesion and good permeability into s . | ; ;
narrow gaps resulting from its small @ AR E Q - cm >1.0X10% > 1.0X10"® > 1.0X10" JISK 6911
filler diameter. . cr ppm 38 1.2 1.0 SKIE & B121°C)

& — ki
[ray pH 45 86 S4 20hHh A DI
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B
Fig. 4 Cross-sectional structure of H-BGA

Using lower-elastic-modulus materials for the adhesive film and encapsulant
minimizes thermal stress generated from the mismatch in thermal expansion
between the chip and the mounting substrate.
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Fig. 5 Lowering the elastic modulus of epoxy
resin

The elastic modulus of a cured resin and
encapsulant can be controlled in a wide range by

modification.
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M WEBEEREE AV &I H B B AL (51 2~ 2 ) (EORI) RERE

& B & KIBICAERL L 7o R z L

TIUASETETBIENTED L0, R - BB -

REEREEIE S ) a— > LD12TF #EE, 25T Pa‘s 22 193 B4R St

AL TR — 1.4 15 5rpm/20rpmikFE t

Table 5 General properties of liquid B At Fs NS 120/1 _

encapsulants with a low elastic = @ C/h

modulus AR 150/3 —
The elastic modulus has been o AEBERE T -68/64 -50/75

reduced substantially due to the use of . 130~160 90~110 TMA

resin with a reversed sea-island PR ARAREL ppm/C . .

structure. Because large quantities of " (=55~1757C) (=85~1757C)

) 4] =3 I 33 =
filler can be added, the coefficient of 4} L= MPa 10 90 DMAD a3
thermal expansion is less than one-half # #EEH HALAE) N/m 500 625 90° EF—ILRER
that of silicone rubber. UBTES wt% 05 0.4 85'C/85%RH/168h

L . m °,
E R Na* PP 15 1.2 HKIC & B121°C/
LI 3 pH - 5.7 5.6 20hiRH R DHFE
BSEEE | uSem 134 130

DLFNZ T2 5 72CSPD D L5, p-BGA CKETESSERAT:
) BX O 2N OLCSPY 2 HUY) B, ekE RS OB
FEEYIA & IR B
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