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Study on Interfacial SO:zL ayer of
Silicon D irect Bonding”

HeJin, Wang Xin, Chen Xingbi

(Institute of M icroelectronics, U niversity of Electronic Science and Technology of China, Chengdu 610054)

Abstract The interfacial SIO2 layer of silicon direct bonding has been studied in thispaper.

By meansof AES (A uger Electron Spectrum) and SBM (Scanning Electron M icrosoope), it
has been found experimentally that interfacial SOz disintegrates into here-shaped-like is-
landsw ith average radiusmuch larger thanL , the thicknessof the native oxide layer, and is
of anorphousmaterial, SiO1s T he theoretical analysis show s that SOz pontaneously disin-

tegrates into islands because the interface free energy w ill decrease asmuch aspossible

PACC: 6845, 8265, 3520G
1 Introduction

In recent years silicon direct bonding (SDB) has been demonstrated as a promising
technology forM BM S (micro-electron-machine-system), SO | (silicon-on-insulator), D |

[1.2]

(dielectric-insulator) and PE (power electronics), etc The bonding interface (B 1)
plays an mportant role in determining the electrical propertiesof B devices D epending
on the gecific application, a continuous and uniform SO layer is required (01 and D 1)
or just opposite of it (PE andM BM S). Some papers in the literatures demonstrated the
existence of a0.5 4.5mm thick, continuousand uniform, interfacial SOz layer atB | after
heat-treatment for DB °!
B 1'*". Nonetheless, the structure and existence of the interfacial SO layer are very com-

plex and involve uncertainties In order to get a better understanding of the characteristics

On the other hand, other papers reported no SO: layer at

of theB I, the structure and instability of the SiO2 layer have been studied experimentally
and theoretically in thispaper.

2 Expermental

The n-type FZ Si (100) wafers, 76 2nm in dianeter, with the resistivity of 1 5
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Q- an andw ith a thicknessof 380+ 20um, w ere used as the startingmaterial Thew afers
w ere polished and cleaned to have flat surfaces, free of contamination A fter cleaning by
dipping in adiluted HF H20 slution follow ed by the standard RCA cleaning procedure,
they were mmersed inH2304 H0: olutionof 70 for 20min to form a hydrophilic sur-
face Then, after rinsing in de-ionized w ater, they are brought together at room tempera-
ture to perform the prebonding Thew afers, held together by adhesive forces, w ere then
moved to aflat boat and loaded into an annealing furnace To turnw eak prebonding into a
strong chamical bond, thew afer pairsw ere annealed for 2 4 hours at the process temper-
ature, 1180 , in an oxidizing anbient Follow ing the above procedure, the successful
DB were performed Finally, bonding pairsw ere cut into pieces of 1x 1an? for testing
and analysis

3 Reallts

The B of bonding pairs are enlarged by cross-section beveling technique AES
(A uger Electron Spectrum) cross section
observations are obtained by A ES-4 50, as
shown in Figs 1 and 2 W e use the symbols
of a-a’ and b-b’ to represent the different po-
@‘g r— sitions of the identical B of the bonding

Si<0) (S)0.

= pairs
From Fig 1, it isfound that Si(O) peak
exists at 72¢/, silioon peak is present at
83eV and 93¢/, while oxygen peak show s at
(i) \ z<lno ! 4(;0 62)0 500e/. It can be concluded that the B | con-

Energy/eV sistsof Si(O), SiandO.

From Fig 2, it is found that, at the
identical B1, atom concentration percentage

(ACP) of Si(0), SiandOivaries locally w ith the distance, and the ratio of Si(O) to Oiis
about 1 1.5 W ecan conclude that the Si(O) profile is non-uniform but continuous every

Fig 1 Pan-gectrum of A ESof theB |

w here at the identical B I, and the structure of the interfacial SiOz is anorphous, SiOuvs

In order to get the detailed information of the distribution of the interfacial SiO2, the
high-resolution (3nm) SBM (Scanning Electron M icroscope) observation is performed by
XL -30Q The condition and results are shown in Fig 3 (a) and (b).

From Fig 3, it is found that the interfacial SiO: layer disintegrates into ghere-
shaped-like islandsw ith average radiusof 20 30nm. The grow th of interfacial SIO2 seem s
to occur in certain places W hereas, the epitaxy-like silicon occurs in other places The
above results indicate that no SOz exisfs in uniformity and continuum. This is in accord
w ith those obtained by A ES
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Fig 2 (a) ScanningAESfora-a’;  (b) ScanningA ES for b-b’

Fig 3 (a) SBM for sanples treated at 1180 for 2h,
(b) SBM for samples treated at 1180 for 4h

4 D iscussion

First, consider the possibility of the dissolution of the interfacial SIO2 layer by the dif-
fusion of oxygen interstitial, Oi, into the siliconw afer Based on Ref [8], the dislvable
thickness X (t, T) may bew ritten as

X (t,T) = [D(T)t/n]"?[4CF(T) /o] (1)
for the typical annealing temperature, 1180 and time, 2 4h The interfacial SiO:
should be completely disolved However, it is not compatiblew ith the above A ES and
SBM , and cannot explain the gpheroidization of the interfacial SOz

M ore likely the process of the interfacial SO2 layer heroidizatoin is the grow th of
SiO2 by the reduction of interface energy. Since the initial disintegration of SiO2may begin
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with foming silicon holes in the SO layer'®, the epitaxy-like silicon micro-region w ill
form w ith the disintegration of SiO2 Thisprocess, very well, coincidesw ith the SEM.
Interface energy change can be given by the follow ing equation based on the classical nu-
cleation theory *”

dG = oA = f (T)4m’dr (2)

The above equation indicates that the reduction in the surface area of the interfacial
SiO:2 leyer can effectively low er the interface energy, and critical radius rc is reached w hen
the interfacial SiO: is in equilibrium w ith its environrment, or dG= Q

To calculate re, in asmplyway, the equilibrium surface area of SiO:2 isassumed to be
N(T) times less than the initial, T(T) is called the equilibrium interface factor. It is evi-
dent that the higher the annealing temperature, the larger the (T).

The interfacial SIO2 can low er its interface energy to amaximum extent and the equi-
librium with itsenvironment is satisfied by gheroidization w hen

1- 2N (T) = 0 (3)
whereN isthe number of SiO: islandsw ith critical radius rc per unit surface area

In the first-order gpproximation, the volume variation of SiOzw ith thicknessL should
keep a constant

N (4/3)mrd= L (4)
w hereL being the thicknessof the native oxide layer of silicon, about 4nm. Combing Eqs
(3) and (4) gives

re= 1 5I(T)L (5)
At the extrame situation, theminimal radius ri" of SiO2 islands can be given by the follow -
ing form

"= 18 (6)

w hich is just the sane result given in Ref. [8].

Since the driving force of oheroidiztion is the reduction of interface energy, or surface
area of the interfacial SOz, "I(T) must be larger than 1 Taking into account the disolu-
tion of SiO2 by oxygen diffusion, the equation including the above two effects can bew rit-
ten as

r= 15NT)L - [D (T)t/m"*[4CE(T) /nox] 7
At the annealing tempeerature, 1180 , if "(T) is assumed to be 12, theoretical calcula-
tion of rcgiven by Eq (7) is26nm for 4h and 21nm for 2h regectively, w hich are in agree-
mentw ith the resultsof SBM.

5 Conclusion

The interfacial SO layer of B has been investigated experimentally and theoretical-
ly, main results are as follow s

(1) The structure of the interfacial SOz is anorphous, SiO1 s

(2) Existence of the interfacial SOz in the form of ghere-shaped-like islands results
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from the effect of reduction in the surface area of SiO;

(3) The theoretical calculation of critical radius rcof SOz is in good agreament w ith
the results of SEM by setting the equilibrium interface factor being 12 at the annealing
temperature, 1180
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