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Abstract: In this study, flexural strength and fracture behavior of silicon die from single crystalline silicon wafer were
investigated as a function of thickness. Silicon wafers with various thickness of 300, 200, 180, 160, 150, and 100 um
were prepared by mechanical grinding and polishing of as-saw wafers. Flexural strength of 40 silicon dies (size: 62.5 mm
x4 mm) from each wafer was measured by four point bending test, respectively. For statistical analysis of flexural strength,
shape factor(i.e., Weibull modulus) and scale factor were determined from Weibull plot. Flexural strength reflecting both
statistical fracture probability and size (thickness) effect of brittle silicon die was obtained as a linear function of die
thickness. Fracture appearance was discussed in relation with measured fracture strength.
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Fig. 1. Typical extension-load curve obtained by four point bending
test for silicon die of various thickness.
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Fig. 2. Photograph of unbreaking 100-thin silicon die during four
point bending test.
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Fig. 3. Distribution of flexural strength in each wafer with different thickness: (a} 300 pm, (b} 250 pm, (¢) 200 pm, (d) 150 um.

J. Microelectron. Packag. Soc. Vol. 18, No. 1 (2011)



18 A&7 - EAY

Soligol Sl=A & A B3R} 819t Fig. 3(a)y«(d)el o 600
2] A9 A golHdl thejr &4 fc Zyzte) Ae) &
trol o} 7w E 100 MPa 7*394 57} SHOR 1R
=G0l hEA BAS F R ¥ 9 BEolid S

U od A E 229 EojAe «‘;&EM erghey, 3k gk
o] do)HE 7l A, I, 11, IV AFEH) 0 2 Ui
o] Fig. 3(a)~(d)ell EAIg 7t Y9 =g v
AU Y] GQdA A FAVE 7S YERY A THFig.
4). o2 A 0 2R o Ao go| Wil st
T AR T FA9E RS Ielsldn

(a) & 300um

o m v

o

(=3

<
T

400

200

Flexural Strength(MPa)
g g

o

Fig. Sy 2 S Aol ool shere 27v0] zone
e A9 NE BECS Uehd Zolt. v Mg BE o) I 150,m
o] P glojw FAlo] BAGO] FAE BE AL < 50
nyon, gols 3 4 YA fer: BE ) P
o flels oA v ye AAE walth A2 tholo )
HRREE dolHe] v g sAAe $y 28 § 30
dicing 414 €98 ®RH G A 27 P o0 I I l
B0 GEL Wtk 4UFINY A AR B A1 5
© 58 HX = loading pin B¢ YoM Ytz B A 2 1
oA #AZE §e A7l BxE AJ#Ho) Ty g B 0
Eshz Al o9 g4 sy #3g Fon I Zone . v
33. Y0|H S} e meiEo| o)X= oat Fig. 4. Comparison of mean flexural strength within each quadrant:

(a) 300 pum, (b)150 pm.
Fig. 6(ay 2t dlo] o) A 4070 2] A& tlojzRE O

< FaaetEE Aol T $e= ekl 1go)

U GE T AlzALe dlolH 2R Fuld F a5 &Ee
Al H(AAL: 300 pm, 250 pm, 200 pm, 150 um, 100 um, B~ A} 2]
AF: 180 pum, 160 pm)& 480 FIAIE dto] A& Hagd A o|F

S A ) AR M uE, Az
SealE e Ak W &g dehlgic. wel
I st QlolA] glol Az

{ (@) B 300um (b) B 250um
> 10 10}
1)
8
=] 8
T
o 5L
i
g i
3
8
<%
> 2L
14

0 100 200 300 400 500 600 700 %10 20 300 400 500 600 700

Flexural Strength(MPa) Flexural Strength{(MPa)
12 12
(©) B 2o0pm (d) M 150:m

5 3, 10+
= <
@ ]
3 =
T T
o 4
T w
e e
3 =1
o E=1
-1 [
=] 5
74 [+

0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700

Flexural Strength{MPa) Flexural Strength{MPa)

Fig. 5. Rupture frequency with measured flexural strength for various thickness of silicon die: (a) 300 um, (b) 250 um, (¢) 200 um, (d)
150 pm.

vtol A2 2 f H 71 skl A 418 A 1E (2011)



Aol

6
o A supplier @
5r_©O B supplier
3
T 4T
<
o
a3}
fer}
[
£ 2f
1]
o
m 1
0

50 100 150 200 250 300
Wafer thickness(um)

500 P
0 A supplier | (b)

—~ 480k
r & B supplier
S PP
= 460+
£
= | o y=-0.37x+489.8
g; 440 D
g 420 -
[72] O
© 400+
S
%
° 380 o
w

36Q 1 i P S

50 100 150 200 250 300
Wafer thickness(um)

Fig, 6. (a) Breaking load and (b) flexural strength as a function of
wafer thickness.

ol T flo] A A9 dlolelg Z2o] EAErh
dlols A o} Zhho) wet gastre Agyow 7
218

400~150 pm Tvﬂ 3
¥ Aok FARE Aol th £ Aol

Aok SerslEe] JHIA = of o) i
S Itk Hade) ABAS 0972 HEA 75%@ =

B 437 AAFo] olel & 5 moumom SESEE!
2 vole] esEe A% ¢ 4 9 Hew uly

Breaking load(N) = 0.02* wafer thickness(um) - 1.73 (4)

Fig. 6(b):= Fig. 6(a)°1 4 HoJE FFaaatEg 4 (1)
o 4 E Y A= At g o] 838l i 5 o)y
FA L) FeE vdekd Aotk AR JaREE 15
ol =4 He 2 FA #Ag ] A slefof Hu}, B ¢

T AN AT FAL dlolF e BFrrt 2F B
bt ole AgH e A7)d BAY A EdE A
BET A ol a1 5o Aol flvke /M4 5t

of AEREA A= Fdstoorget. ey 4A <
A gh Whoe Ao EAsH, ANgRY 277 F
¢ H& 7Hs/dol Eokxitt.

53] g5 22 A4 EYSE 9y FRAE 2o
T A AeE A HEe 48S st

IEEFELT 9l.e

o3 e thole] FAd) u}

& e ot 19

100

80

60

9
& 4oL
204
O 1 L ) 1 L
4.5 50 55 6.0 6.5
Inc (MPa}
2.0 600
1 Shape factor
O Scale factor
=
16+ - 550 ©
I
£
S 5
< -
& 1.2} < 500 %
@
o 1
[ P9
£
® o8| 450 3
2
{b)
400

O ¥ 4 1 i i L I
50 100 150 200 250 300
Wafer thickness(um)

Fig. 7. (a) Weibull plot and (b) shape factor(Weibull modulus) and
scale factor determined from plot (a) as a function of wafer

thickness.
2 B sty gt es A g Ho] 48 v A
S HolA Hr}.

3.4. OiehZdzo| EAHA B4 @2olE B4)

Fig. Ty #7+9l A2 & teldX d& g4

glolE o}i(z 2% )& A -8-3led AlASE ol HeE 1)
EFHRIT} Fig. 7(byE o] e RN ol BAS(F A
HELE SR S E 3@””&7*3&(&71 AZHE
Pol FA Y R el Aelvh FAIAE FA 9

upe} 0.8~1.7 Abol 9] ghg vehli Aot 3,\_»\51%'&5101 %-%

F&0) A9 20 A%, A4S S Azl 4
3wl e grene A 3AdE WY, 4o EM

o] 4478 ‘1@011*1 B2 32w e R0 ¥
dee 5 Woi YE =
ﬁlTE 01 %M Z4E Y A% A7 BEXE 2=
th A o)) AHe) HAIJAAT} w9 whe AL 4]
2] tholo) EAlske Are] A7) BE7F v HEg
o ml 8= 4&0111} B3 Fig 7(b)e] dlols FA 2 gl
Zpo] A A BelEgl o] thole] T 7t FAE
FE2 YAt &L 7S YEhilen ol AlHol
FAEGTE Folxl AlH 27| WollA] Agte] =27 B2
7B §7] ot}
Fig. 7(bye ol & A2 d& a7kixz a2 g
o] FA 9] TR VERE 1ot} ol & o] 24S A
g8kl A& A7)UARE Fig. 6(b)ellA] Bods g o e7)

J. Microelectron. Packag. Soc. Vol. 18, No. 1 (2011)



20 w87 -

Fig. 8. Fracture appearance of the silicon die showing (a) low
fracture strength and (b) high fracture strength.
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