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Abstract This article shows various factors that influence the thermal-cycling reliability of semiconductor
devices utilizing the lead-on-chip (LOC) die attach technique. This work details how the modification of LOC
package design as well as the back-grinding and dicing process of semiconductor wafers affect passivation
reliability. This work shows that the design of an adhesion tape rather than a plastic package body can play
a more important role in determining the passivation reliability. This is due to the fact that the thermal-
expansion coefficient of the tape is larger than that of the plastic package body. Present tests also indicate that
the ceramic fillers embedded in the plastic package body for mechanical strengthening are not helpful for the
improvement of the passivation reliability. Even though the fillers can reduce the thermal-expansion of the
plastic package body, microscopic examinations show that they can cause direct damage to the passivation
layer. Furthermore, experimental results also illustrate that sawing-induced chipping resulting from the
separation of a semiconductor wafer into individual devices might develop into passivation cracks during
thermal-cycling. Thus, the proper design of the adhesion tape and the prevention of the sawing-induced
chipping should be considered to enhance the passivation reliability in the semiconductor devices using the

LOC die attach technique.

Key words lead-on-chip package, semiconductor, passivation, thermal-cycling, reliability.
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Fig. 1. Cross-sectional view of LOC package.

Al AFAA shao)d whEe] TC AlZgell FF2 vIAl

T

289

Q0]
Q91

rr

gl Hlo|Z7F F2Eo] YA, YA 1078e] Al
Me Blezdolt F&A flo] =AU
A= A4S gialold w2l 7P Rz whe-S
YER = TC (thermal-cycling)Z SHY E|o] A3}
%E%ﬁ} 23L& 1000 cyclen}x] FPERon A% =
wuls 92 ok A
Jﬂﬂx] %Xﬂ—a— KOH—E— Olﬁowﬂ AAG 5 %%
o FEAWAE o3t 1A 2AME A
& wo] @We H9l= SEM (scanning

RIEREEEE

gl

electron microscope)s ©]-83Fo] %

3.1 3H&HE 0l

WA 325 REshs djA Mol e SiNe=
dEo] gigks] HA ol & 548 A weA, wie
A 3= JHA]H%I 14101 Tx¥ ol 7 A A
A Hjo] ] & %%i—é 041751%_‘ T A= ARolx|Rk
olo &k Zlo] l A+ {M B Ao
Me dAF o= 329} JM E gllo]= o
325meshe] ZERITIE o] &-5}e] TWﬂ% d313L 200 pm
77}%1% 1500meshe] 12T E ©]83t] FHFHO=Z o]
HE 7SS A9 A g g e djauo)A
FaFoll sl AR Bkt Fig. 30 AAlE ARl
£ F %ol 71AAQl npEge ¥ os A
HE FsHAl Aok A= ol g A7)9
ol oA B = Qi) FAHo)Ad w2 T
0.4 umell ¥la] tes] 3 AR} gjAuold FHS ¥

_l

s
a
Z

o x> o g

160
140
120
100

Temperature (C)

Time (minutes)
Fig. 2. Thermal-cycling profile.
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Fig. 3. A scanning electron micrograph showing silicon dust.
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Fig. 4. A scanning electron micrograph showing dicing-
induced damage.
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Fig. 5. A scanning electron micrograph showing passivation
damage after 1000 thermal cycles.
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Fig. 6. A graph showing the effect of packaging materials on
passivation reliability.
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where,

x = distance from the chip center
L = package dimension
(o,—ay) = difference in thermal expansion coefficient
between two thick layers

E, = elastic modulus of upper layer
E, = elastic modulus of lower layer
t; = thickness of upper layer
t,=thickness of lower layer

t =thickness of interlayer

G = shear modulus of interlayer

T = temperature

B = (Etl Zﬂ
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Fig. 7. A scanning electron micrograph showing filler-induced
damage.

NN A S Arje] dugede et e B
How ekl 4 itk 2 x > L % ge
A7t =9 avje) £ @ v P

(o, —a,)TGtan hPx
Tmax = 1 - (2)

[ G( 1 +Lﬂ
E\t, Est,
where L =package dimension and tanhfL = 1
4 @9IM B F 9xol delz A Sehay 9]

A\she] ofe] 714 BARelo] oJal 3 Ewie] s o]
Aol wllse Awedel Pol 9x Lyl s v

Wl elEdths e &+ Ak 53, 4 9 4
% (ayer /S ek Ajdo] opd 2= zag) Ho]
xo) Uie B4 RO WYY A% A vy @t
o gAY Asel Aol BF AL & Arke 2L
=g 4 9k

A%, 22 & A A4 A% G dolzd @
Japol St AMHoE 1) o] Eehae Al B
Ae] g Aske 9l A AsAE QA
9T Wk ek A2 & 5 ek AHATE v
=93t Palole] g7kl 7loE A% TC APE

Aol el AHA £4e AW & 27 wRoln.
Fig. 7<% 2= ZyYs} 3 ¥
SJall TC 1000 3157 A F shAujo] o] £ =
$2 BelFE AAAN ARl ARHOR B
o4l TC A=A FuE SHE AN A T2
oAl 2k 74 AREe] AEHel

So) YEAgow s s B
& FFH $Ho] Basis 3

R

)~
[«

4. 24 =

= —

e & 3 H7IAE 2YHE bvieA] JEE HIs)



292 o/ dRl - ol g

= Aol BHae B aAgeld A B AXY of ZtAfe] 2
2 71A) 2elgel a2 AP JFS won), ol
= goze) 45 Aol g o] U= AFE T 2 A3 2008d% Ak AH AT 2l 5he]
dlol Sele] g A7) Fxo) AR HasE £ FAHY6] olo] ZA=GY T
e g e 2 28e S e e 9

A}, 53, viwe) Lo A2 8| H2e 4 S
3 e W Aol SAL 43 Selds

S W3] YA o 1. S. M. Lee and K. W. Lee, Jpn. J. Appl. Phys., 41, 5465
71A g opUiet uhekggs) Bl Al TE A (1996).
A al

B 2.S. M. Lee, Jpn. J. Appl. Phys, 45(10A), 7677 (2006).

24 2AE el st Al 248 AIHA= 3 g M. Lee, Met. Mater Int, 11(1), 89 (2005).

o] ddltte AS B dFoAe RAEY. 9 & 4. M. Lamson, D. Edwards, S. Groothuis and G. Heine, in

o], glojuo] AehA Qo] iAol Hro] FEZ O Proceedings of the IEEE 45 ECTC (Las Vegas, Nerada,

2 AALER AAY A teld o F= 2 3 May, 1995) p.1045. .
5. Z. Q. Jiang, Y. Huang and A. Chandra, J. of Electronic

F71A] TRVl oA] 7HA] frd/de] FREe] 34 o Packaging, 119, 127 (1997).

7H7toIu AL FA ] AFAALOE o]ojd = ke A

o

= & A7l e AHskaL v



