
reduce the variation of in-plane thickness. Studies are made 

on the technique of increasing accuracy by implanting oxygen 

ions to form a stop layer against grinding or etching. This 

method suffers from the problem of film thickness distribution 

and the problem that a peripheral portion is not neat since 

an unbonded portion at the periphery can be chipped away 

during the grinding step or left behind. Sometimes the step 

of trimming the periphery prior to or during the grinding 

step must be added, making the method cumbersome. 

PRIOR ART DOCUMENT 

PATENT DOCUMENT 

[0008] 

Patent Document 1: JP-A 2011-071487 

SUMMARY OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0009] 

AHr-eb^-e-e^Embodiments of the invention-,—wfctiete—feta-s—keeaa— 
^ n t -y-> •—i sr*. •">. r /f» i y ni Twr< f- nnnQr C?£Ti<o"L'"" 4— /•—>, nymri S3 

TT CtV' wx -J— i~_X ..x_ ir y ~A2. O \L* sZ# Ji, L/ *L> v _L* xA\Zi» Ov 

method for producing a hybrid substrate of SOI structure 

having a silicon active layer of quality, by bonding a SOI 

substrate to a support substrate, typically sapphire 

substrate, having a different coefficient of thermal 

expansion from the SOI substrate, which method may excludes 

the influence of damages by hydrogen ion implantation and may 

eliminates drawbacks such as partial delamination of silicon 

active layer at the periphery of the substrate without a need 

for trimming of the substrate periphery; and a hybrid 

substrate. 

MEANS FOR SOLVING THE PROBLEMS 

[0010] 

Embodiments of the 

invention tat. provides a method for producing a hybrid 

substrate, and a hybrid substrate, as defined below. 



{44- AAccording to an aspect of the present invention, there 

is provided a method for producing a hybrid substrate 

comprising the steps of: 

furnishing an SOI substrate which is obtained by 

5 stacking a first silicon oxide layer and a silicon active 

layer in this order on a silicon substrate such that a terrace 

portion not including the silicon active layer is left on an 

outer peripheral portion of the silicon substrate surface, 

forming a second silicon oxide layer on the silicon 

10 active layer surface of the SOI substrate, 

prior to bonding the SOI substrate to a support 

substrate having a different coefficient of thermal expansion 

from the SOI substrate, subjecting the surface of the SOI 

substrate and/or the support substrate to be bonded to 

15 activation treatment, 

bonding the SOI substrate to the support substrate at a 

higher temperature than room temperature, with the second 

silicon oxide layer interposed therebetween, to form a bonded 

substrate, 

20 subjecting the bonded substrate to a combination of a 

consolidation heat treatment for increasing the bond strength 

between the SOI substrate and the support substrate and a 

grinding/thinning treatment of thinning the silicon substrate 

by grinding, the combination being repeated at least twice 

25 under the conditions that the temperature of the first 

consolidation heat treatment is equal to or higher than the 

bonding temperature, the silicon substrate after the first 

grinding/thinning treatment has a thickness of 130 jam at the 

thinnest, the temperature of the final consolidation heat 

30 treatment is 200°C to less than 250°C, the silicon substrate 

after the final grinding/thinning treatment has a thickness 

of 60 (am at the thinnest, 

etching away the thinned silicon substrate until the 

first silicon oxide layer is exposed, and 

35 etching away the bare first silicon oxide film, 

yielding a hybrid substrate in which the silicon active layer 

is disposed on the support substrate via the silicon oxide 

layer. 
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-fa-1 'The 1IIC L.hOQ fr€HiT Y~o A P, i f V~tCJ4^~^=TA-< A T * *— 

wbe^e^HPreferably, the bonding temperature at which the SOI 

substrate is bonded to the support substrate is in a range 

from 100°C to less than 250°C. 
F O 1 TllC vy; ^ -j— 1^, ^ ̂  -f~ y-s, -is- y\ yAHif/i'j i'y •"> V'. -f r\~- ^ t—s .t t y* -H -y -> 4~ f~\ 4- f ~j "j ^ 

f O i T.'.? Hr'N'T'"i^... ^&3?e4rH:~Preferably, the consolidation heat treatment for 

increasing the bond strength between the SOI substrate and 

the support substrate is at a temperature which is higher 

than the bonding temperature by 0 to 100°C and which is lower 

10 than 250°C. 
JLAJ m Iry./rs/"-! 4" /"s ~y .. y\ rvy/rs /"*! ~i ~j y-i ~i ys f~T *^~* **. rl-\ **•"» 4 <**>! ... r~t -i t V\ r*) •f~ -y* —< ,r*> -f~ ..TV 

^ - X x - ~'' ~ X X w* j—>. v Ci vL w ^tl'X I vj IX <;vC£ J\. • *L*, \**4. 'C^^Xx'^p*' w l'x 

Af r i i <- rs r •? 1 r-3-3—wfeeareirBr~Preferably, the temperature of second 

or subsequent consolidation heat treatment is higher than the 

temperature of the preceding consolidation heat treatment. 
*1 E* I" 1 H*1 *i~* y.-', f-1 i— I'-H 4~ f~\ y\ -y- f". /"'I1 i -j t—i /-sf —* Vs f r*j-% -y- f-4 <—s -j f '!-»•> yt 4~ "y —% -j-1* s~\ —> ys y ^ -L D ~~ x il'w ITtxZTvTl'TvX^t l_"wX |p"X-"w'Ci'vt rxy X/XT'^IT'CX 'C£"£• w COTJry 

©f—[4d—fee—[-3-9—-wfee-F&jrH— Preferably, when the temperature of the 

first consolidation heat treatment is from 200°C to less than 

250°C, the second and subsequent consolidation heat 

treatments are omitted. 

2r\ f C 1 ^ 
v ^ v./' X' ' 1L £ ifJ^I11 —~~ j£!» K_-'L r- ^^4- ~X 'y' X.' J. '' 

ef—[i4—fee—m—whegejdBr-Preferably, the silicon substrate after 
the first grinding/thinning treatment has a thickness of 13 0 

(j.m to 200 )j.m. 
f s~7 "> fp I—; ff, s^\ 4" *|'"i \ 'f" /*~x —'• T 1 ^ 1 T"j ***^ •< y1~\ *t /~3 e—t i i V"\ -i™ -~j 4— fi 4" y-j x r <3 ' ' x"i"i.w i't sC'CiiD CA ""J_ V^E Uwu't ct x'rj'urd. K^rtxiv7''kp ul'Ct'wC cSrriry 

25 —[ir]—fe©—E-&4—whe-gearH—Preferably, the silicon substrate after 
the final grinding/thinning treatment has a thickness of 6 0 

|j,m to 10 0 (j,m. 
f O 1 rP.Hr> yyi f"-. 4-- i-"j f~l -P f~s y H..*! t y V> *• . m n f* v 4~ -P —t t—i -T r r~~. ?-• """"C"CTj x'x'x'v- ^iC-X'xx^^vic. -C-. .X,xx^ *~L~ i—1~ j-..•*tLi? • *v,^/Jrii-1 

—E-l-3—fee—[^7-j—wfee^e^ft—Preferably, the terrace portion has a 

3 0 width of 1 mm to 3 mm. 
..T...Q 1 , , Tf\P 1~" 1^1 K~y.!•- y~\ <-N-[ i n -i ys f-f r> l-*i r W *>•** ~1 pj ,ni rViri f- vn f* >~i ._,Q: :lj~ fs .wt ,.r /~sy> ^ iT^"7 4^ xxv- nic ciiUu x. v>x jcxx. uu ijrvrrx'xxc-j CC 3. x Y~szrzrr ixr ^rxXiC??D~C-"'Xrcir'Cr^ cxx. x'".-

!...1.. 1 1. .Q 1 ...T.-? ^e^ejrHr-Preferably, the silicon active layer in 

the SOI substrate is free of vacancy defects and suffers no 

oxidation-induced stacking faults upon thermal oxidation. 

3r f "1. ./"V.") <•> , vyyO, 4" V^./"> pi *v. v~> y /•"> *1 f f—< -1 /*f -*i Vs t rVs -v- .4 _ <—< 1 iKri 4— •«.— -«v •—>, v*i T r /—n •»—. .1 "X* t. w- xxc vi^r" 1 'c-— ~.J_ x jr^yj " rxyxn. JL. ~ ^ J. x v.-

e#—{-1-3—-fe©—tSil—whe^efm— Preferably, the support substrate is 

made of quartz glass, borosilicate glass or sapphire. 
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-firi-]-- The Preferably the method proaneing a—&ybrid 

substrate of any one of—Bd—fee—E4r04~r further eemprising -

comprises the step of subjecting the support substrate to heat 

treatment in a reducing atmosphere, prior to the step of 

5 bonding the SOI substrate to the support substrate. 
Till rp yy. /-s, •}- ^ -p -v y~. ^ /-f 4 t~r —i t--» •v rV"\ ..•V". ~j ,/r-l fin 1"» rt 4" v 4— /-•, r\ f n f r ri r\ r~> 4~ l_x^ j rxrc nrrcrxrxxcyk-c xrox. pxxyti'uxrxxiNj"" tx ix^yiT/tirjret i^tXTyvZTXTXT'CZ"CTX^'>zjii ctxc?txc <~rxr 

-fi-3—fee—[4rl-^—wheire4rB—Preferably, the support substrate is 

thinned such that the surface of the support substrate to be 

bonded to the SOI substrate includes an outer peripheral region 

io of predetermined width which is depressed relative to a central 

portion. 

-fl-34- There is also provided A—a hybrid substrate produced by 

the method—©#--afty—e&e—©^—R-]—fee—E-l-a-j- as disclosed, having the 

silicon active layer disposed on the support substrate via the 

15 silicon oxide layer. 

ADVANTAGEOUS EFFECTS OF THE INVENTION 

[0011] 

According to embodiments of the invention, even when 

20 substrates having different coefficients of thermal expansion 

are bonded together, the bond strength between the SOI 

substrate and the support substrate can be increased by raising 

the heat treatment temperature by an increment sufficient for 

the substrates to be bonded by heating at a predetermined 

25 temperature. The silicon substrate can be thinned by grinding 

under ingeniously selected grinding conditions, while 

preventing drawbacks such as separation of silicon active layer 

at the substrate periphery. This may eliminates the step of 

trimming the substrate periphery as adopted in the prior art. 

30 While the first silicon oxide layer in the SOI substrate serves 

as an etch stop layer, the thickness of the silicon active 

layer--4-S- may be precision controllable. 

BRIEF DESCRIPTION OF THE DIAGRAMS 

35 [0012] 

[Fig. 1] FIG. 1 is a schematic view showing one embodiment 

of the method for producing a hybrid substrate according to the 

invention; (a) being a cross-sectional view of SOI 
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