
DESCRIPTION 

METHOD OF PRODUCING BONDED WAFER 

TECHNICAL FIELD 

[0001] 

The present invention relates to a method of 

producing a bonded wafer by an ion implantation 

separation method, and particularly to a method of 

producing a bonded wafer by the ion implantation 

separation method by using a wafer reclaimed by 

performing a reclaiming process on a by-product wafer 

separated when a bonded wafer is produced by the ion 

implantation separation method. 

BACKGROUND ART 

[0002] 

A method for producing SOI wafers by separating 

ions-implanted wafers after bonding, i.e., the ion 

implantation separation method (an art also referred to 

as the Smart Cut method (registered trademark)), has 

attracted attention as a method for producing SOI wafers, 

particularly SOI wafers each having a thin layer that 

enable the performance improvements of advanced 

integrated circuits. 

[0003] 

The ion implantation separation method is an art 

(See Patent Document 1) to form an SOI wafer in the 

following manner: an oxide film is formed on at least 

one of two silicon wafers, and gas ions, such as 

hydrogen ions or rare gas ions, are implanted from a 

front surface of one of the silicon wafers (a bond 

wafer) to form a layer of the implanted ions (also 
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referred to as a micro bubble layer or an enclosed 

layer) in the interior of the wafer. The oxide film is 

then interposed between the surface from which the ions 

are implanted and the other silicon wafer (a base wafer) 

so that these have close contact, and a heat treatment 

(a separation heat treatment) is then performed to 

cleave one of the wafers (the bond wafer) along the 

micro bubble layer so that the bond wafer is separated 

into a thin film. A heat treatment (a bonding heat 

treatment) is then performed to strengthen a bond 

between the wafers. At this point, the cleave surface 

(the separation surface) is a surface of an SOI layer 

and an SOI wafer having a thin SOI film with high 

uniformity is relatively readily obtained. 

[0004] 

This ion implantation separation method is used 

not only to produce a bonded SOI wafer through an 

insulator film but also to produce a bonded wafer by 

directly bonding two wafers. 

[0005] 

In the ion implantation separation method, the 

separated bond wafer is subjected to a reclaiming 

process (a refreshing process) including a surface 

treatment such as polishing and etching again. This 

process reduces or eliminates a step created at a non-

bonding part, rough surface after the separation, and an 

effect of a layer of residual implanted ions, allowing 

repeated reuse of the wafer. Patent Document 2 for 

example suggests a reclaiming process of eliminating the 

effect of the implanted-ions layer remaining in a 

chamfered portion by the combination of chamfering and 

polishing. 

[0006] 
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Patent Document 3 discloses a reclaiming process 

performed on the separated wafer that includes polishing 

the surface of the wafer with a polishing stock removal 

of 2 (.im or more, and repeated reuse of the separated 

wafers as bond wafers. Patent Document 4 discloses that 

when the separated wafer is repeatedly reused, about 5 

|iim of polishing is repeated 10 times at its maximum. 

Patent Document 5 discloses the polishing stock removal 

of the surface of the separated wafer ranges from 1 to 5 

\xm or is more than that, and a reclaiming process on the 

separated wafer is repeated several times. 

CITATION LIST 

PATENT LITERATURE 

[0007] 

Patent Document 1:Japanese 

(Kokai) No. H05-211128 

Patent Document 2:Japanese 

(Kokai) No. 2001-155978 

Patent Document 3:Japanese 

(Kokai) No. 2008-21892 

Patent Document 4:Japanese 

(Kokai) No. 2006-140445 

Patent Document 5:Japanese 

(Kokai) No. 2007-149907 

SUMMARY OF INVENTION 

TECHNICAL PROBLEM 

[0008] 

When the thickness distribution of the SOI layer 

of a bonded SOI wafer produced by the ion implantation 

separation method is measured, a variation in thickness 

in a marble pattern may be seen. This variation in 

Unexamined Patent publication 

Unexamined Patent publication 

Unexamined Patent publication 

Unexamined Patent publication 

Unexamined Patent publication 
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thickness is also visually observed in appearance 

inspection of the SOI layer surface after the bond wafer 

is separated, and forms a pattern in millimeters. 

[0009] 

In recent years, standards in thickness 

distribution of an SOI layer become increasingly strict, 

and it is important to eliminate a variation in 

thickness with a large pattern that occurs during the 

separation process. This variation in thickness, 

particularly in SOI wafers having an SOI layer thickness 

of 30 nm or less that are called extremely thin SOI 

(ETSOI), greatly affects their production yield. It is 

accordingly desired to prevent the occurrence of this 

variation. 

[0010] 

The present invention was accomplished in view of 

the above-described problems. It is an object of the 

present invention to inhibit the variation in thickness 

in a marble pattern that occurs in a thin film when a 

bonded wafer is produced by the ion implantation 

separation method and to produce a bonded wafer 

including the thin film with uniform thickness. 

SOLUTION TO PROBLEM 

[0011] 

To achieve this object, the present invention 

provides a method of producing a bonded wafer including 

a thin film on a base wafer, comprising: implanting at 

least one gas ion selected from a hydrogen ion and a 

rare gas ion into a bond wafer from a surface of the 

bond wafer to form a layer of the implanted ion; bonding 

the surface from which the ion is implanted into the 

bond wafer and a surface of the base wafer directly or 
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through an insulator film; and then performing a heat 

treatment to separate part of the bond wafer along the 

layer of the implanted ion, wherein before the bond 

wafer and the base wafer are bonded, a thickness of the 

bond wafer and the base wafer is measured, and a 

combination of the bond wafer and the base wafer is 

selected such that a difference in the thickness between 

the wafers is less than 5 |nm, and the selected bond and 

base wafers are bonded. 

[0012] 

Such a producing method can inhibit the variation 

in thickness of the thin film and produce the bonded 

wafer including the thin film with uniform thickness. 

[0013] 

At least one of the bond wafer and the base wafer 

can be a wafer reclaimed by performing a reclaiming 

process including a thickness reducing process on a by­

product wafer separated when a bonded wafer is produced 

by the producing method. This reclaimed wafer can be 

subjected to the reclaiming process including the 

thickness reducing process twice or more, or the 

reclaiming process including the thickness reducing 

process that reduces the thickness of the reclaimed 

wafer by 5 \xm or more. 
The invention can be preferably applied 

particularly when the reclaimed wafer, which readily 

causes the variation in thickness, is used, and produce 

the bonded wafer including the thin film with uniform 

thickness at a reduced cost. 

[0014] 

The bond wafer and the base wafer are silicon 

single crystal wafers, the insulator film is a silicon 

oxide film, and the thin film is an SOI layer. 
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In this manner, an SOI 

layer with uniform thickness 

wafer having a thin 

can be produced. 

SOI 

ADVANTAGEOUS EFFECTS OF INVENTION 

[0015] 

A method of producing a bonded wafer according to 

the invention can inhibit the variation in thickness of 

the thin film and produce a bonded wafer including the 

thin film with uniform thickness, because before the 

bond wafer and the base wafer are bonded, the thickness 

of the bond wafer and the base wafer is measured, and a 

combination of the bond wafer and the base wafer is 

selected such that a difference between the thickness of 

the wafers is less than 5 |im. 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] 

FIG. 1 is a flowchart of an example of the 

inventive method of producing a bonded wafer; 

FIG. 2 is a diagram showing a typical example of 

an SOI wafer with no variation in thickness in Examples 

1 to 5; and 

FIG. 3 is a diagram showing a typical example of 

an SOI wafer with a variation in thickness in 

Comparative Examples 1 to 5. 

DESCRIPTION OF EMBODIMENTS 

[0017] 

An embodiment of the present invention will 

hereinafter be described, but the invention is not 

limited to this embodiment. 

When a bonded SOI wafer is produced by the ion 

implantation separation method, a reclaimed wafer is 
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usually used as a bond wafer or base wafer to reduce 

cost; this reclaimed wafer is obtained by performing a 

reclaiming process including a thickness reducing 

process on a by-product wafer separated when a bonded 

wafer is produced. Alternatively, an unused wafer (a 

wafer that has not yet been subjected to the reclaiming 

process, referred to as a prime wafer below) may be used 

as the bond wafer and base wafer. 

[0018] 

In production of a bonded SOI wafer by the ion 

implantation separation method, the variation in 

thickness in a marble pattern occurs in the SOI layer of 

the bonded SOI wafer, as described above. The inventors 

investigated this problem in detail and found the 

following. 

When the prime wafer is used as the bond wafer and 

the base wafer, if these wafers are produced in 

different production lots, then the variation in 

thickness of the SOI layer frequently occurs. If at 

least one of the bond wafer and the base wafer is a 

reclaimed wafer, then the variation in thickness more 

frequently occurs. As the number of the reclaiming 

increases, the frequency of occurrence is apt to 

increase. The inventors accordingly conducted the 

following experiment with the prime wafer and reclaimed 

wafer and considered the tendency for the frequency of 

occurrence to increase as follows. 

[0019] 

In general, the thickness of silicon single 

crystal wafers used as a bond wafer and a base wafer has 

a variation within ±15 |im as a standard. In fact, the 

variation in thickness among the wafers is about plus or 

minus several microns when these wafers belong to the 
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same production lot. Accordingly, use of the prime 

wafers, particularly produced in the same production lot, 

almost reduces the possibility that the variation in 

thickness occurs. When their production lots and the 

median thickness of the wafers are different, however, 

the difference in thickness of the wafers may exceed 5 

|nm even for the prime wafers, and the variation in 

thickness thereby frequently occurs. 

[0020] 

When at least one of the bond wafer and the base 

wafer is a reclaimed wafer, the possibility that the 

difference in thickness between the wafers exceeds 5 \im 
increases because the reclaimed wafer has been thinned 

through the thickness reducing process. In particular, 

when one of the bond wafer and the base wafer is a prime 

wafer and the other wafer is a reclaimed wafer, there is 

a strong possibility that this occurs. Accordingly, the 

frequency of occurrence of the variation in thickness 

increases. 

[0021] 

(Experiment) 

Four mirror-polished wafers made of silicon single 

crystal having a diameter of 300 mm, a crystal 

orientation of <100> and a thickness shown in Table 1 

were prepared to be used as the bond wafer and base 

wafer. The thickness of the wafers was an average value 

(the first decimal place was rounded off) obtained by 

measurement on the entire wafer surface with a 

measurement apparatus of electrostatic capacity type. 

[0022] 

[Table 1] 
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Symbol Wafer type Wafer thickness Number of 
reclaiming 

P (7 8 0) prime wafer 7 8 0 ji m 0 

P (7 7 5 ) prime wafer 7 7 5 \x m 0 

R (7 6 0! reclaimed wafer 7 6 0 ju m 1 

| R (7 4 0) reclaimed wafer 7 4 0 n m 2 

[0023] 

These four wafers were used as the bond wafer and 

the base wafer to produce a bonded SOI wafer under the 

following conditions by the ion implantation separation 

method. The thickness of the SOI layer was then 

measured with a measurement apparatus (Acumap made by 

KLA-Tencor) to evaluate the occurrence of variation in 

thickness. The result is shown in Table 2. 

[0024] 

The conditions under which the bonded SOI wafer 

was produced will now be described. 

[Production conditions of bonded SOI wafer] 

Oxide film: a thermal oxide film with a thickness 

of 55 nm was formed on the bond wafer; no oxide film was 

formed on the base wafer, 

Conditions of hydrogen ion implantation: an 

implantation energy of 48.7 keV; a dose amount of 

5x1016/cm2, 

Separation heat treatment: a heat treatment at 

350°C for 4 hours and a heat treatment at 500°C for 30 

minutes under an argon atmosphere, 

Flattening heat treatment: a heat treatment at 

1,200°C for 1 hour under an argon atmosphere, 

Adjustment of SOI film thickness: the thickness of 

SOI layer was decreased to about 70 nm by a sacrificial 

oxidation treatment. 

[0025] 
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[Table 2] 

base wafer 

bond wafe?~"\^ P (7 8 0) P ( 7 7 5 ) R ( 7 6 0 ) R (7 4 0) 

P (7 8 0) O X X X 

P ( 7 7 5 ) X 0 X X 

R (7 6 0) X x O X 

R (7 4 0 ) X X x O 

[0026] 

The result in Table 2 revealed that when the 

difference in thickness between the bond wafer and the 

base wafer was 5 |nm or more, the variation in thickness 

of the SOI layer occurred. The symbol "o" in Table 2 

means that no variation in thickness occurred; the 

symbol xxx" means that the variation in thickness 

occurred. 

It has not been made clear how the difference in 

thickness between the bond wafer and the base wafer 

relates to the occurrence of the variation in thickness. 

It is however presumed that when the separation heat 

treatment is performed to separate the wafer, the 

difference in eigenfrequency at the separated area due 

to the difference in thickness causes the variation in 

thicknes s. 

[0027] 

Thus, the inventors found that the occurrence of 

the variation in thickness is due to a large difference 

in thickness between the bond wafer and the base wafer, 

thereby brought the invention to completion. 

[0028] 

A method of producing a bonded wafer according to 

the invention will now be described with reference to 

FIG. 1. 
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In the invention, an SOI wafer having an SOI layer 

formed on a silicon oxide film on a silicon single 

crystal wafer, for example, can be produced as a bonded 

wafer including a thin film on the base wafer. 

[0029] 

As shown in FIG. 1 (a), the bond wafer 10 and the 

base wafer 11 are first prepared. In this preparation, 

from plural wafers whose thickness has previously been 

measured, a combination of the bond wafer and the base 

wafer is selected such that the difference in thickness 

between these wafers is less than 5 |um, preferably 3 \xm 
or less. This selecting process may be performed before 

a process of bonding the bond wafer and the base wafer, 

but not limited by the order of implementation among 

other processes before the bonding process. The 

selecting process may be performed, for example, after a 

process of forming a layer of implanted ions in the bond 

wafer, as described below. 

[0030] 

In this manner, the bond wafer and the base wafer 

are selected such that the difference in thickness 

between these wafers is less than 5 |Lim and then bonded 

in the later-described manner. This method enables the 

inhibition of the occurrence of variation in thickness 

of the thin film after the separation, and production of 

a bonded wafer having highly uniform thin film thickness. 

[0031] 

At this time, the prime wafer or reclaimed wafer 

can be used as the bond wafer and the base wafer. 

Alternatively, one of the bond wafer and the base wafer 

can be the prime wafer and the other can be the 

reclaimed wafer. It is to be noted that the reclaimed 

wafer is a by-product wafer that is separated when a 
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bonded wafer is produced and then subjected to a 

reclaiming process including a thickness reducing 

process. Use of the reclaimed wafer is preferred 

because the cost can be reduced. The inventive method 

of producing a bonded wafer can inhibit the variation in 

thickness of the thin film even when the reclaimed wafer, 

which is likely to cause the variation in thickness of 

the thin film in conventional methods, is used, 

particularly even when the reclaimed wafer has been 

subjected to the reclaiming process including the 

thickness reducing process twice or more, in other words, 

the reclaimed wafer has been reused twice or more, or 

the reclaimed wafer has been subjected to the reclaiming 

process including the process of reducing the thickness 

by 5 |iim or more. 

[0032] 

As shown in FIG. 1 (b), an oxide film 12 that will 

be a buried oxide film 16 is then grown on the bond 

wafer 10 by thermal oxidation, chemical vapor deposition 

(CVD), or another process. Alternatively, the oxide 

film 12 may be formed on both the wafers or only on the 

base wafer 11. If a directly bonded wafer is produced, 

it is unnecessary to form this oxide film. 

[0033] 

As shown in FIG. 1 (c), at least one type of gas 

ions selected from hydrogen ions and rare gas ions are 

then implanted from above the oxide film 12 with an ion 

implantation apparatus, so that a layer 13 of the 

implanted ions is formed in the interior of the bond 

wafer 10. In this process, an accelerating voltage of 

the ion implantation is selected such that a separated 

silicon (thin film 15) having a target thickness can be 

obtained. 
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As shown in FIG. 1 (d) , the bond wafer 10 after 

the ion implantation is brought into close contact with 

the base wafer 11 such that the surface from which the 

ions have been implanted comes in contact with the base 

wafer. 

[0034] 

A heat treatment to produce a micro bubble layer 

in the layer 13 of the implanted ions is then performed 

on the bonded wafer at temperatures from 350°C to 500°C. 

This wafer is divided along the micro bubble layer. As 

shown in FIG. 1 (i), the bonded wafer 14 having the thin 

film 15 and the buried oxide film 16 formed above the 

base wafer 11 is thereby produced. 

[0035] 

Before the bonding process, the surfaces to be 

bonded can be subjected to a plasma treatment to enhance 

the bonding strength of the wafers that have been 

brought into close contact with each other at room 

temperature. 

As shown in FIG. 1 (j), this bonded wafer 14 can 

be subjected to the flattening heat treatment, bonding 

heat treatment, polishing, and other processes to 

flatten the separated surface and to enhance the bonding 

strength. 

[0036] 

As shown in FIG. 1 (e), a separated by-product 

wafer 17 is created from the bonded wafer 10 after the 

separation in the course of the production. This 

separated by-product wafer 17 has a step that has not 

attached to the base wafer 11 at an outer circumference 

portion on the separated surface 18. A reclaiming 

process to remove this step etc., allows the separated 

by-product wafer 17 to be reused as a reclaimed wafer in 
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next production of a bonded wafer. This reclaiming 

process can be performed on the separated by-product 

wafer 17, for example, in the following manner. 

[0037] 

As shown in FIG. 1 (f), part of the oxide film 

except the oxide film formed on the surface opposite to 

the separated surface 18 is removed by cleaning, for 

example, by an HF solution. As shown in FIG. 1 (g), the 

separated surface is then polished to flatten this 

surface and remove a damaged layer due to the ion 

implantation. As shown in FIG. 1 (h), the wafer is then 

cleaned by being immersed in an HF solution in a normal 

batch manner to remove the oxide film 12 remaining on 

the back surface. In this way, the reclaimed wafer can 

be produced with the same front and back surfaces 

quality as the prime wafer. This reclaiming process 

makes the thickness of the reclaimed wafer thinner than 

the original thickness of the bond wafer. 

EXAMPLE 

[0038] 

The present invention will be more specifically 

described below with reference to examples and 

comparative examples, but the invention is not limited 

to these examples. 

[0039] 

(Examples 1 to 5 and Comparative Examples 1 to 5) 

A bonded SOI wafer was produced by using mirror-

polished silicon single crystal wafers having a crystal 

orientation of <100> and a diameter of 300 mm as the 

bond and base wafers, and presence or absence of 

occurrence of variation in thickness of its SOI layer 

was evaluated. Table 3 shows the type, thickness, and 
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reclaiming conditions of the bond and base wafers used 

in examples 1 to 5 and comparative examples 1 to 5. The 

reclaiming conditions are shown by Reclaiming number 

that represents the number of times the reclaimed wafer 

had been used so far and Reclaiming polishing stock 

removal that represents a polishing stock removal in 

polishing for the reclaiming. In examples 1 to 5, the 

combination of the bond wafer and the base wafer was 

selected such that the difference in thickness between 

these wafers that was measured in advance was less than 

5 |im, and the selected wafers were bonded. 

[0040] 

The result of the variation in thickness is shown 

in Table 3. The symbol "o" in Table 3 means that no 

variation in thickness occurred; the symbol "x" means 

that the variation in thickness occurred. As shown in 

Table 3, no variation in thickness occurred in examples 

1 to 5; the variation in thickness occurred in 

comparative examples 1 to 5. FIG. 2 shows a typical 

example of an SOI wafer with no variation in thickness 

in Examples 1 to 5. FIG. 3 shows a typical example of 

an SOI wafer with a variation in thickness in 

comparative examples 1 to 5. 

The range of thickness of the SOI layer of wafers 

in comparative examples 1 to 5 in which the variation in 

thickness occurred was about 1.5 to 2.5 nm; the range of 

thickness of the SOI layer of wafers in examples 1 to 5 

in which no variation in thickness occurred was about 

1.2 to 1.8 nm, which was good result. This range was 

obtained by subtracting the minimum from the maximum of 

an in-plane film thickness. 

[0041] 

[Table 3] 
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Type 
Thickness 

(jim) 

Reclaiming 

number 

Reclaiming 

polishing 

stock 

removal 

Variation 

in 

thickness 

Example 1 
bond wafer prime 775 0 0 

O Example 1 
base wafer prime 772 0 0 

O 

Example 2 
bond wafer reclaimed 772 1 3 p. m 

O Example 2 
base wafer prime 775 0 0 

O 

Example 3 
bond wafer reclaimed 769 2 3 iu m x 2 

0 Example 3 
base wafer prime 772 0 0 

0 

Example 4 
bond wafer reclaimed 763 3 4 a m X 3 

Example 4 
base wafer reclaimed 767 2 4 id in • 2 

u 

Example 5 
bond wafer prime 775 0 0 

0 Example 5 
base wafer reclaimed 771 1 4 ix m 

0 

Comparative bond wafer prime 775 0 0 

Example 1 base wafer prime 770 0 0 
A 

Comparative bond wafer reclaimed 770 1 5 p. in 

Example 2 base wafer prime 775 0 0 

Comparative bond wafer reclaimed 769 2 3 u m - 2 

Example 3 base wafer prime 775 0 0 

Comparative bond wafer reclaimed 766 n 
O 3 id m ' 3 

Example 4 base wafer reclaimed 774 1 3 u rn 

Comparative bond wafer prime 775 0 0 

Example 5 base wafer reclaimed 770 1 5 id m 

[0042] 

It is to be noted that the present invention is 

not limited to the foregoing embodiment. The embodiment 

is just an exemplification, and any examples that have 

substantially the same feature and demonstrate the same 

functions and effects as those in the technical concept 

described in claims of the present invention are 

included in the technical scope of the present invention. 

For example, the above embodiment is described as 

the case where the bonded SOI wafer is produced by 

interposing the insulator film. The invention however 
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can be applied to the case where a bonded wafer is 

produced by directly bonding two wafers. 
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CLAIMS 

1. A method of producing a bonded wafer including a 

thin film on a base wafer, comprising: 

implanting at least one gas ion selected from a 

hydrogen ion and a rare gas ion into a bond wafer from a 

surface of the bond wafer to form a layer of the 

implanted ion; 

bonding the surface from which the ion is 

implanted into the bond wafer and a surface of the base 

wafer directly or through an insulator film; and then 

performing a heat treatment to separate part of 

the bond wafer along the layer of the implanted ion, 

wherein 

at least one of the bond wafer and the base wafer 

is a wafer reclaimed by performing a reclaiming process 

including a thickness reducing process on a by-product 

wafer separated when a bonded wafer is produced by the 

producing method, and 

wherein 

the bond wafer and the base wafer are silicon 

single crystal wafers, and 

wherein 

before the bond wafer and the base wafer are 

bonded, a thickness of the bond wafer and the base wafer 

is measured, and a combination of the bond wafer and the 

base wafer is selected such that a difference in the 

thickness between the wafers is less than 5 jam, and the 

selected bond and base wafers are bonded. 
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2. The 

reclaimed 

including 

method according to 

wafer is subjected to 

the thickness reducing 

claim 1, wherein the 

the reclaiming process 

process twice or more. 

3. The method according to claim 1 or claim 2, 

wherein the reclaiming process including the thickness 

reducing process reduces the thickness of the reclaimed 

wafer by 5 p,m or more. 

4. The method according to any one of claims 1 to 3, 

wherein the insulator film is a silicon oxide film, and 

the thin film is an SOI layer. 
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