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Abstract

We discovered that each distinct shape of the roof-shaped peaks of (111) facets, which are
generated on (110) cross—section of the directly bonded (100) silicon wafer pairs after KOH
etching, can be mapped to one of three conditions of the interfacial oxide existing at the
bonding interface as follows. That is, thick solid line can be mapped to stabilization, thin
solid line to disintegration. and thin hroken line to spheroidization. Also we confirmed that
most of the interfacial oxides of a well-aligned wafer pairs were disintegrated and
spheroidized through high-temperature annealing process above 900Cwhile the oxide was
stabilized persistently when two wafers are bonded rotationally around their common axis
perpendicular to the wafer planes.
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modified RCA cleaning
hydrophilizing
water rinsing and drying

mating at room temperature
annealing at 700~1200 *C
for 30 minutes~10 hours

> investigation by SEM and
TEM after KOH-etching
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Fig. 1. Schematic diagram of Si
bonding precedure.
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Fig. 2. Surface roughness of Si
after chemical treatment.
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2ollx ofslA d’3tE Jlw e 700~1100T2) A
A BSPelA] 30#~10417F B9t F-dAeE](po-
st-annealing) 3tgct. A Atsbelel Abef(tAs B
&, 73shel Ak o] 37t 1100C H-29
Axe] LR FAoE sl FyEUs] i)

4610121 - -
0w o] 2xola WAElR AWES FAL
2 3l A AdE 2A3ledc)
kS 1. Az Ao 4
Table 1. Specification of the fabricated
samples.
surface
sample oxygen roughness rotational annealing
number concentration (after chemical angle condition
treatment)
o 1100°C
#81 7.5x10""cm® 0.838 nm(rms)  <0.3° 10(',
30min
#32  7.5x10"em® 0.838 nm{rms)  <0.3°  1100C, 3hr
#33  7.5x10"cm™ 0.838 rmGrms) 5.020.2° 1100C, 3hr
others 7.5%10"cm® 0.838 nmirms) <0.3" or 700~1200T

5.070.2° 30min~10hr

ibonding

interface.

bondi

e b

T8 4. A" #S1(a) 2 #S2(b)dl  sleiA
KOH 41745 (110) %42 SEM A

Fig. 4. SEM photographs of the KOH-
etched (110) cross-section for the
samples #S1(a) and #S2(b).

¥ 32 % AR B 3K

(530

137

At 7 AEE 94 a7 34 Bgd%el (110)

715 (primary flat)ell is] HP3k=SF diamond
saw®  Axkgt ¥ 90Te KOH 8% (4der+
100ml water)Helldd 4 27+ Alzbskn ! A3t A
W Hasict w3 TEM #H3hg A8ES HER
THlElsITh B A AN AlSEe] 7ES £ 1
o] vepig]ct.

V. 4% 21 & £9

a3 49 (a)s (b)e F 1o vjebd A 4S13%
#529] (110) =& KOH 8oz A3
SEMS F3te] #A% Hem, ¥ A5 2% A

Zafshs RS WY 5 gk ©)F facetZe
AR 1 mepo e AkdE] A4Y S nk &,

a3 5% 23 4(a)ol A3t =29l (scanned by
Nanosurf 488, SAS Tech Co.)2A], facet®] "¥9|
/E2] w7t 70,352 Es]e] AAwoe] (100) 7%kt
olF+ ZtErb 35.25°2 vieRd=dl(ad 8(b) Hx)
ol AAe AL (1119 v} 19 4
E 2pAE] FFsl] v 4 5= 9o 3087 3
AF #5192 (a3 4(a)), AHF Aol A=
= (111) AAUEe] wxpide] vwig- rlexlgh AAl
(thin solid line) Eoko® yehl= wbd 347 £
ol dAelgk A9 #329] Aol A Al A3}
£ e Ao r oA v she ZHAl
(thin broken line) ¥.%F& =¥ 98-8 o 4 vk

A AR ZHeA F Az FeolE Yolnr]
slal TEM #4-& 33tadnt. 18 6(a)+= AR #S1
o} 43 Addl HZ TEM ARe R o1& By o &
SEo] 1100TelA w2 3087t dxels 37 7%
Aell Qo= Al Absiete] HsfiEw 3)8-& Hlg
 qlcd. B9 oxide islandE®] FAE o
7~9nm, Aol 15~40nm A%l oj=2% gir}. ®
o} 23 A7kl 3A17F ot A 7w el Al
#529] Aol glolXe 28 6(b)oll HylEe] Atshet
o] s3] FastEle] qlizdl ol K.-Y.Ahn¥'*"
otz Axpe} dXg} @AW 7Y ARLE
(oxide spheroid)®l o] 73L& 18 6(c)ol Bl
nie} 7ol o= 12nm AER A%}

oo AY A& Ediz & o K.Mitanis!"’
o] F&3l%5e] (111) AAWES A s A
Algtare] A7k whrzza] 2hglvhe gozat a4
grhe Aol tha Felrt 9 o - st} ole#
A Arstete] vix] Baxl Alejelr) F-& Eslis}Aio)
8 zlafsle] T3l o] & AlE/e a¥ 40 B

ks

o]




138 A4 A3d A& 71w oM A" Astere] Feie ofe e HA $H RIRHE S

o

| 20.00
| 15.08

.18.80

/ bonding seam

..5.08

| 0.20
pm

g 5. A# #S1e 304 KOH A7 (110) =] 39 2239 (&4 499 60 x 50 xm)
Fig. 5. Surface profile of the KOH-etched (110) cross-section of the sample #S1. (measured
area' 60 x 50 m)

‘oxide
spheroid

' 10nm
(¢)

a8l 6. AW #S1(a) 2 #S2(b)ell slodM My Ao TEM A%t 73 AstE9 g Al (c)
Fig. 6. TEM photographs of the bonding interface of the samples #S1(a), #S2(b). and magni-
fied view of the oxide spheroid(c).
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a8 7. A 4834 deid A"HE A
TEM(a) 2 HR-TEM(b) AHA

Fig. 7. TEM(a) and HR-TEM(b) photo-
graphs of the bonding interface

for the sample #S3.
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thin native oxide

bonding interface N\

(110) (111) facet
(100) A 35.26°
(b)

a8 8. AlM  #S83e] gleld KOH A7
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A ¥AHb)

Fig. 8. SEM photograph(a) and crystal-
lographic illustration(b) of the
KOH-etched (110) cross—section

for the sample #S3.
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Table 2. Summarization of the obtained results in this experiment.
annealing temp-time  rotational angle shapes of interfacial
(°C)-(min) (degree) (111) facet oxide (by TEM) remarks
700-180 0.3 thick® -
700-600 0.3 thick stabilization
800-180 €0.3 thick -
800-600 0.3 thick stabilization
900-180 0.3 thin -
900-600 (0.3 thin-broken" disintegration
1000-30 €0.3 thin -
1000-180 €0.3 thin-broken -
1000-180 ~5.0 thick -
1000-600 0.3 brokenc spheroidization
1000-600 {0.3 thick stabilization
1100-30 ~5.0 thin disintegration #S1
1100-180 0.3 broken spheroidization #S2
1100-180 ~5.0 thick stabilization #S3
1100-600 - (0.3 broken -
1100-600 ~5.0 thick stabilization
1200-30 0.3 broken -
1200-180 €0.3 broken -
1200-180 ~5.0 thick -
1200-600 0.3 broken -
1200-600 ~5.0 thick

a. b, ¢:The “thick, ” “thin.” and "broken” lines mean the shapes of peak of (111) facets at the
bonding interface like the photographs in Fig.8(a), Fig.4(a) and Fig.4(b), respectively.
d : The “then-broken” means a coexisted shape of the “thin” and "broken” line-shaped (111)

facet’s peak.

e:’
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