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Abstract　 T he in terfacial SiO 2 layer of silicon direct bonding has been studied in th is paper.

By m eans of A ES (A uger E lectron Spectrum ) and SEM (Scann ing E lectron M icro scope) , it

has been found experim en tally that in terfacial SiO 2 disin tegrates in to sphere2shaped2like is2
lands w ith average radiu s m uch larger than L , the th ickness of the native ox ide layer, and is

of amo rphous m ateria l, SiO 1. 5. T he theo ret ical analysis show s that SiO 2 spon taneously disin2
tegrates in to islands because the in terface free energy w ill decrease as m uch as po ssib le.
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1　 In troduction

In recen t years silicon direct bonding (SDB ) has been dem on stra ted as a p rom ising

techno logy fo r M EM S (m icro2electron2m ach ine2system ) , SO I ( silicon2on2in su la to r) , D I

(d ielectric2in su la to r) and PE (pow er electron ics) , etc. [ 1, 2 ]. T he bonding in terface (B I)

p lays an im po rtan t ro le in determ in ing the electrica l p ropert ies of SDB devices. D epending

on the specif ic app lica t ion, a con t inuou s and un ifo rm SiO 2 layer is requ ired (SO I and D I)

o r ju st oppo site of it (PE and M EM S). Som e papers in the litera tu res dem on stra ted the

ex istence of a 015～ 415nm th ick, con t inuou s and un ifo rm , in terfacia l SiO 2 layer a t B I after

hea t2t rea tm en t fo r SDB [ 3～ 5 ]. O n the o ther hand, o ther papers repo rted no SiO 2 layer a t

B I[ 6, 7 ]. N onetheless, the structu re and ex istence of the in terfacia l SiO 2 layer are very com 2
p lex and invo lve uncerta in t ies. In o rder to get a bet ter understand ing of the characterist ics

of the B I, the structu re and in stab ility of the SiO 2 layer have been stud ied experim en ta lly

and theo ret ica lly in th is paper.

2　Exper im en ta l

T he n2type FZ Si (100) w afers, 76. 2mm in diam eter, w ith the resist ivity of 1～ 5



8 ·cm and w ith a th ickness of 380±20Λm , w ere u sed as the sta rt ing m ateria l. T he w afers

w ere po lished and cleaned to have fla t su rfaces, free of con tam inat ion. A fter clean ing by

dipp ing in a d ilu ted H F∶H 2O so lu t ion fo llow ed by the standard RCA clean ing p rocedu re,

they w ere imm ersed in H 2SO 4∶H 2O 2 so lu t ion of 70℃ fo r 20 m in to fo rm a hydroph ilic su r2
face. T hen, after rin sing in de2ion ized w ater, they are b rough t together a t room tem pera2
tu re to perfo rm the p rebonding. T he w afers, held together by adhesive fo rces, w ere then

m oved to a fla t boa t and loaded in to an annea ling fu rnace. To tu rn w eak p rebonding in to a

strong chem ica l bond, the w afer pa irs w ere annea led fo r 2～ 4 hou rs a t the p rocess tem per2
a tu re, 1180℃, in an ox id izing am b ien t. Fo llow ing the above p rocedu re, the successfu l

SDB w ere perfo rm ed. F ina lly, bonding pairs w ere cu t in to p ieces of 1×1cm 2 fo r test ing

and analysis.

3　Results

T he B I of bonding pairs are en larged by cro ss2sect ion beveling techn ique. A ES

F ig. 1　Pan2spectrum of A ES of the B I

(A uger E lectron Spectrum ) cro ss2sect ion

ob serva t ion s are ob ta ined by A ES24 50, as

show n in F igs. 1 and 2. W e u se the sym bo ls

of a2a’and b2b’to rep resen t the d ifferen t po2
sit ion s of the iden t ica l B I of the bonding

pairs.

F rom F ig. 1, it is found tha t Si(O ) peak

ex ists a t 72eV , silicon peak is p resen t a t

83eV and 93eV , w h ile oxygen peak show s at

500eV. It can be concluded tha t the B I con2
sists of Si(O ) , Si and O i.

F rom F ig. 2, it is found tha t, a t the

iden t ica l B I, a tom concen tra t ion percen tage

(A CP) of Si(O ) , Si and O i varies loca lly w ith the d istance, and the ra t io of Si(O ) to O i is

abou t 1∶115. W e can conclude tha t the Si(O ) p rofile is non2un ifo rm bu t con t inuou s every

w here a t the iden t ica l B I, and the structu re of the in terfacia l SiO 2 is am o rphou s, SiO 115.

In o rder to get the deta iled info rm ation of the d ist ribu t ion of the in terfacia l SiO 2, the

h igh2reso lu t ion (3nm ) SEM (Scann ing E lectron M icro scope) ob serva t ion is perfo rm ed by

XL 2300. T he condit ion and resu lts a re show n in F ig. 3 (a) and (b).

F rom F ig. 3, it is found tha t the in terfacia l SiO 2 layer d isin tegra tes in to sphere2

shaped2like islands w ith average rad iu s of 20～ 30nm. T he grow th of in terfacia l SiO 2 seem s

to occu r in certa in p laces. W hereas, the ep itaxy2like silicon occu rs in o ther p laces. T he

above resu lts ind ica te tha t no SiO 2 ex isfs in un ifo rm ity and con t inuum. T h is is in acco rd

w ith tho se ob ta ined by A ES.

023 　　　　　　　　　　　　　　　半　导　体　学　报　 20 卷



F ig. 2　 (a) Scann ing A ES fo r a2a’; 　 (b) Scann ing A ES fo r b2b’

F ig. 3　 (a) SEM fo r samp les treated at 1180℃ fo r 2h,

(b) SEM fo r samp les treated at 1180℃ fo r 4h

4　D iscussion

F irst, con sider the po ssib ility of the d isso lu t ion of the in terfacia l SiO 2 layer by the d if2
fu sion of oxygen in terst it ia l, O i, in to the silicon w afer. Based on R ef. [8 ], the d isso lvab le

th ickness X ( t, T ) m ay be w rit ten as

X ( t, T ) = [D (T ) töΠ]1ö2 [4C eq
i (T ) önox ] (1)

fo r the typ ica l annea ling tem pera tu re, 1180℃ and t im e, 2～ 4h. T he in terfacia l SiO 2

shou ld be com p letely d isso lved. How ever, it is no t com pat ib le w ith the above A ES and

SEM , and canno t exp la in the sphero id iza t ion of the in terfacia l SiO 2.

M o re likely the p rocess of the in terfacia l SiO 2 layer sphero id iza to in is the grow th of

SiO 2 by the reduct ion of in terface energy. Since the in it ia l d isin tegra t ion of SiO 2 m ay begin
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w ith fo rm ing silicon ho les in the SiO 2 layer [ 9 ] , the ep itaxy2like silicon m icro2reg ion w ill

fo rm w ith the d isin tegra t ion of SiO 2. T h is p rocess, very w ell, co incides w ith the SEM.

In terface energy change can be given by the fo llow ing equat ion based on the classica l nu2
clea t ion theo ry [ 10 ]

dG = ΡdA = f (T ) 4Πr2d r (2)

　　T he above equat ion ind ica tes tha t the reduct ion in the su rface area of the in terfacia l

SiO 2 leyer can effect ively low er the in terface energy, and crit ica l rad iu s rc is reached w hen

the in terfacia l SiO 2 is in equ ilib rium w ith its environm en t, o r dG= 0.

To calcu la te rc, in a sim p ly w ay, the equ ilib rium su rface area of SiO 2 is assum ed to be

Γ(T ) t im es less than the in it ia l, Γ(T ) is ca lled the equ ilib rium in terface facto r. It is evi2
den t tha t the h igher the annea ling tem pera tu re, the la rger the Γ(T ).

T he in terfacia l SiO 2 can low er its in terface energy to a m ax im um ex ten t and the equ i2
lib rium w ith its environm en t is sa t isf ied by sphero id iza t ion w hen

1 - 2Πr2
cN Γ(T ) = 0 (3)

w here N is the num ber of SiO 2 islands w ith crit ica l rad iu s rc per un it su rface area.

In the first2o rder app rox im at ion, the vo lum e varia t ion of SiO 2 w ith th ickness L shou ld

keep a con stan t

N (4ö3) Πr3
c = L (4)

w here L being the th ickness of the na t ive ox ide layer of silicon, abou t 4nm. Com b ing Eqs.

(3) and (4) g ives

rc = 1. 5Γ(T )L (5)

A t the ex trem e situa t ion, the m in im al rad iu s r
m in
c of SiO 2 islands can be given by the fo llow 2

ing fo rm

rm in
c = 1. 5L (6)

w h ich is ju st the sam e resu lt g iven in R ef. [8 ].

Since the driving fo rce of sphero id izt ion is the reduct ion of in terface energy, o r su rface

area of the in terfacia l SiO 2, Γ(T ) m u st be larger than 1. T ak ing in to accoun t the d isso lu2
t ion of SiO 2 by oxygen diffu sion, the equat ion includ ing the above tw o effects can be w rit2
ten as

r = 1. 5Γ(T )L - [D (T ) töΠ]1ö2 [4C eq
i (T ) önox ] (7)

A t the annea ling tem peera tu re, 1180℃, if Γ(T ) is assum ed to be 12, theo ret ica l ca lcu la2
t ion of rc given by Eq. (7) is 26nm fo r 4h and 21nm fo r 2h respect ively, w h ich are in agree2
m en t w ith the resu lts of SEM.

5　Conclusion

T he in terfacia l SiO 2 layer of SDB has been invest iga ted experim en ta lly and theo ret ica l2
ly, m ain resu lts a re as fo llow s.

(1) T he structu re of the in terfacia l SiO 2 is am o rphou s, SiO 1. 5;

(2) Ex istence of the in terfacia l SiO 2 in the fo rm of sphere2shaped2like islands resu lts
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from the effect of reduct ion in the su rface area of SiO 2;

(3) T he theo ret ica l ca lcu la t ion of crit ica l rad iu s rc of SiO 2 is in good agreem en t w ith

the resu lts of SEM by set t ing the equ ilib rium in terface facto r being 12 at the annea ling

tem pera tu re, 1180℃.
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