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SMARTICUT PROCESS FOR THE 
PRODUCTION OF THIN SEMCONDUCTOR 

MATERIAL FILMS 

FIELD OF THE INVENTION 

The present invention relates in general to a proceSS for 
the production of thin Semiconductor films. In particular, the 
present invention describes a proceSS applicable to the 
production of monocrystalline films. 

BACKGROUND OF THE INVENTION 

It is known that for producing monocrystalline Semicon 
ductor films, there are various methods and processes, which 
are often complex and expensive. Although it is relatively 
easy to produce polycrystalline or amorphous material films, 
it is much more difficult to produce monocrystalline films. 
Among the methods used for producing monocrystalline 
films are those used for producing Silicon on insulator (SOI) 
Substrates, where the aim is to produce a monocrystalline 
Silicon film on a Substrate that is electrically insulated from 
the film. 
A conventional SOI wafer cross section is shown in FIG. 

1. An insulating layer 15 is formed on a substrate 10. A 
device layer 20 is formed on the insulating layer 15. SOI 
wafers are known in microelectronics and are used in Special 
applications, including radiation hardened devices Such as 
Static random access memories (SRAMS), and more recently 
for high performance complementary metal oxide Semicon 
ductor (CMOS) and dynamic random access memory 
(DRAM) applications. SOI wafers are usually manufactured 
by 1) implanted oxygen (SIMOX) in which oxygen is 
implanted into Silicon and converted into a Silicon dioxide 
(SiO2) buried layer, or 2) wafer bonding and etch-back 
(BESOI) in which two wafers are bonded with oxide surface 
layerS and one wafer is thinned to leave a thin device layer. 
For the past few years there has been a growing interest in 
SOI material technology based on BESOI. In prior art 
BESOI processes, multi-etch layers have been used to 
minimize the uniformity and tolerance problems. 

Another recent process for producing SOI Substrates is the 
Smart-CutE) process. The Smart-Cut process is described in 
U.S. Pat. No. 5,374,564, which is hereby incorporated by 
reference for its teachings on Smart-Cut. It is Similar to the 
BESOI process, but instead of thinning by etching, it uses a 
hydrogen layer that is implanted prior to bonding, and the 
bulk silicon is fractured after bonding to leave behind a thin 
layer. In other words, in the Smart-Cut process, hydrogen 
implantation and annealing are used to fracture the bulk of 
the device wafer from the bonded wafers. Chemical 
mechanical polishing (CMP) is used to planarize and mini 
mize non-uniformity of the as-cut SOI wafer. 
The Smart-Cut process has the following steps: 1) a 

device wafer is processed to have a device quality Surface 
layer, an oxide layer is provided over the device layer, and 
a buried hydrogen-rich layer is implanted at a certain depth; 
2) a “handle wafer” with an oxide surface is provided; 3) the 
device wafer is flipped and the oxide Surfaces are bonded; 4) 
the Structure is annealed to form connecting Voids from 
hydride formation; 5) the structure is fractured; and 6) the 
transferred device layer is CMP polished and cleaned. 

FIG. 2 is a flow diagram of the proceSS Steps for forming 
an SOI substrate using the Smart-Cut process. FIGS. 3A to 
3C are diagrams that illustrate the steps in FIG. 2. A device 
quality wafer 200 is provided at step 100. The wafer surface 
is oxidized at step 105 So that it is capped or buffered with 
a thermally grown SiO layer 205 (i.e., a dielectric layer). 
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2 
The dielectric layer 205 becomes the buried oxide of the SOI 
structure. Hydrogen ions are implanted at 50 to 150 KeV at 
step 110 with a dosage of 2x10" to 1x107 ions/cm' to form 
a hydrogen-rich layer 210 about 0.5 to 1 um below the top 
surface, as shown in FIG. 3A. The thin silicon layer that will 
be the device layer is shown as layer 207. 

The device wafer 200 and a supporting substrate (a 
nonimplanted handle wafer) 220 are cleaned in step 115 
using conventional cleaning techniques Such as the RCA 
wafer cleaning procedure. The Surfaces of the device wafer 
200 and the supporting Substrate 220 are made hydrophilic 
and are bonded together at room temperature in Step 120, as 
shown in FIG. 3B. The Supporting substrate 220 acts as a 
stiffener and provides the bulk silicon under the buried oxide 
in the SOI structure. 

In hydrophilic (or “direct”) bonding, a hydroxyl group 
(OH) is formed on a material surface due to the presence of 
an electric charge of atoms. Furthermore, Several layers of 
water molecules are formed around hydroxyl groups on the 
Surface. When Such two ionic materials each having a 
Sufficiently flat face are attached to each other, they are 
firmly bonded together through hydrophilic bonding by the 
hydrogen bond formed among the hydroxyl groups and 
water molecules. Thus, the flat faces of the ionic materials 
can be hydrophilic bonded with each other without using 
adhesives. A Subsequent annealing makes the bonding Stron 
ger. 

A two-phase heat treatment is applied to the two bonded 
wafers 200 and 220. In step 125, the bonded wafers 200 and 
220 are annealed to about 400 to 600 C., which promotes 
the formation and linkage of regions of brittle Silicon 
hydride. When the hydride regions are completely linked 
across the wafer, the device wafer 200 is fractured and 
Separated from the bonded Stack along the hydride rich 
plane. The thin silicon layer 207 remains bonded to the 
support Substrate 220, as shown in FIG. 3C. Then, the 
support substrate 220 with the thin silicon layer 207 (device 
layer) still bonded to it is annealed at a high temperature 
(approximately 1000 C.) to promote a stronger bonding 
between the support substrate 220 and the device layer 207. 
After splitting, the Separated Surface of the device usually 
has a roughneSS on the order of a few hundred angstroms. A 
CMP is carried out at step 130 to reduce the roughness of the 
Surface. Thus, despite good control of the thickneSS allowed 
by the implantation process, the final thickness uniformity 
and Surface roughness are mainly dependent on the CMP 
parameterS. 
One disadvantage of the Smart-Cut proceSS is that the 

roughness of the as-cut Surface requires polishing (e.g., 
CMP) to smooth the surface. This polishing affects the 
thickness uniformity of the device layer acroSS the wafer. 
Thus, the polishing process, while improving roughness, 
Simultaneously creates thickneSS Variation. 

Another disadvantage is that it is not easy to obtain very 
thin device layers (on the order of about 3.9x10-inch (1000 
A) thick) using the Smart-Cut process because the hydrogen 
implant and spreading will have a large uncertainty, which 
necessitates beginning with the formation of a thicker layer 
and thinning it down to control within a tolerance of a couple 
of hundred angstroms. However, the roughness of the 
as-Split wafer in the Smart-Cut process is typically in the 
range of about 3.9x10-7 to 7.8x107 inch (100 to 200 A). 
Thus, the Smart-Cut process is not well Suited for these thin 
layer devices. 

Other methods of fabricating SOI structures use etch stop 
or etch Selective layers, For example, in Some versions of 
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BESOI processing, etch Stop layers are used in conjunction 
with CMP to improve thickness and uniformity control. In 
the prior art processes, however, etching and etch Stop layers 
are used in addition to CMP, 

Although the art of producing monocrystalline films is 
well developed, there remain Some problems inherent in this 
technology, One particular problem is that the final thickneSS 
of the device layer and the uniformity are not easily con 
trolled due to polishing to remove Surface roughness. 
Therefore, a need exists for a process that is Similar to the 
Smart-Cut process, but does not Suffer from thickness varia 
tions due to a polishing operation. There is also a need for 
a process that is compatible with Silicon manufacturing, 
where uniformity and thickness of the SOI device layer can 
be selected and controlled independent of the Smart-Cut 
proceSS. 

SUMMARY OF THE INVENTION 

In the present invention, an etch Stop layer is formed 
beneath the device layer in the Starting Substrate. By using 
the etch stop layer, the need for CMP is avoided and the final 
device thickness, uniformity, and Smoothness are based 
upon the deposited film. The etch Stop layer can be formed 
by chemical vapor deposition (CVD) or implantation. 

In the present invention, a thin Semiconductor layer of 
Substantially uniform thickness upon which Semiconductor 
Structures can be Subsequently formed is fabricated by 
providing a first wafer comprising a Semiconductor Substrate 
(hereinafter referred to as a Silicon (Si) Substrate); forming 
an etch Stop layer upon the first wafer; forming an epitaxial 
device layer on the etch Stop layer; forming a bonding layer 
on the device layer; implanting ions into the Silicon Substrate 
in order to form a buried layer therein; bonding the bonding 
layer to a Second wafer; heating the bonded first and Second 
wafers; Separating the bonded first and Second waferS along 
the buried layer So that the Second wafer has a top Surface 
layer comprising Si from the first wafer; and removing the 
top Surface layer and the etch Stop layer, whereby underlying 
portions of the epitaxial device layer remain on the Second 
wafer to form the thin Semiconductor layer. 

Another embodiment within the scope of this invention 
includes etching the top Surface layer in a first etchant which 
does not appreciably attack the etch Stop layer, and then 
etching the etch Stop layer in a Second etchant which does 
not appreciably attack a remaining part of the epitaxial 
device layer. 
A further embodiment within the scope of this invention 

includes photolithographically patterning and etching the 
bonding layer and the epitaxial device layer to form aper 
tures therein after the Step of implanting ions. 

The foregoing and other aspects of the present invention 
will become apparent from the following detailed descrip 
tion of the invention when considered in conjunction with 
the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 shows a side view of a conventional SOI wafer; 
FIG. 2 shows a process flow diagram of a conventional 

Smart-Cut process, 
FIGS. 3A to 3C show side views of a conventional wafer 

as fabricated in accordance with the process of FIG. 2; 
FIG. 4 shows a process flow diagram of an exemplary 

fabrication process in accordance with the present invention; 
FIGS. 5A to 5G show side views of a wafer as fabricated 

in accordance with the process of FIG. 4; and 
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4 
FIG. 6 shows a process flow diagram of a further exem 

plary fabrication process in accordance with the present 
invention. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS AND BEST MODE 

The present invention improves on the Smart-Cut process 
by using an etch Stop layer in conjunction with the Smart 
Cut process. Because of the etch Stop layer, no chemical 
mechanical polishing (CMP) is required after the wafer is 
split (step 125 in FIG. 2). Thus, the thickness and smooth 
neSS of the device layer in the fabricated Silicon on insulator 
(SOI) substrate is determined by the uniformity and smooth 
neSS of the deposited layerS and wet etch Selectivity, as 
opposed to the CMP parameters. Therefore, the smoothness 
and uniformity of the device layer are improved. 

FIG. 4 is a flow diagram of one exemplary embodiment 
of a fabrication process in accordance with the present 
invention. FIGS. 5A to 5G show the corresponding cross 
Sections of Selected Steps from the proceSS flow diagram of 
FIG. 4. A single crystalline semiconductor wafer 500, pref 
erably a Silicon Substrate, having a desired orientation is 
used as the starting point at step 400. The wafer 500 does not 
have to be device quality because no part of the Starting 
wafer 500 ends up in the final SOI structure. The wafer 500 
typically has a low dopant concentration in the range of 10' 
to 10' impurities/cm. A thin etch stop layer 505 having a 
predetermined composition and thickneSS is epitaxially 
grown over the wafer surface. The etch stop layer 505 has a 
preferred thickness in the range of about 3.9x107 to 7.8x 
10 inch (100 to 2000 A), with the most preferred thickness 
being about 9.8x107 inch (250 A). The etch stop material 
is chosen So that it is Selective in its etch behavior as 
compared to the Substrate material. For example, a high 
doped (p+or n+) Silicon layer, a silicon-germanium (Si-Ge) 
layer, a Strained Si-Ge layer, or a Ge layer can be used as an 
etch stop layer. Preferably, the etch stop layer 505 is a high 
doped Ge compensated layer of Si-Ge. The dopant concen 
tration is preferably in the range between 10° and 10° 
atoms/cm of boron. This layer is preferably deposited using 
a chemical vapor deposition (CVD) process. 
A thin device layer 510 having a selected thickness and 

dopant concentration is then epitaxially deposited over the 
etch stop layer 505, as shown in FIG. 5A. The choice of etch 
stop layer 505 should take into account strain mismatch 
between etch stop layer 505 and device layer 510, so that a 
good quality low dislocation device layer 510 can be depos 
ited. The device layer 510 can be Si, Si-Ge, Ge, or any other 
compound Semiconductor. Si-Ge layers used in this appli 
cation may contain 5 to 30 atomic percent Ge. The thickness 
of the device layer 510 is preferably about 3.9x10 inch 
(1000 A) and can range from about 2x10 to 2x10 inch 
(500 to 5000 A), depending on the application needs of the 
device. 

An oxide layer 515 (i.e., a bonding layer or a dielectric 
layer) is formed on the surface of the device layer 510 at step 
405. The bonding layer 515 is preferably formed by thermal 
oxidation of part of the device layer 510, but high quality 
deposited oxides (similar to thermal oxide) can also be used. 
FIG. 5B shows the case when part of the device layer 510 
has been converted thermally into an oxide layer 515, with 
a corresponding reduction in the thickness of layer 510, 
which is denoted as 510'. A variety of CVD and physical 
deposition processes are available for deposition of Silicon 
dioxides. In-situ conversion of the device layer 510 to oxide 
by thermal oxidation can be done by furnace oxidation or 
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rapid thermal oxidation. The combined thickness of the 
layers 505, 510 and 515 typically ranges from about 0.8x 
10 to 4x10 inch (2000 Ato 1 um). 
At Step 410, hydrogen ions are implanted into the Sub 

strate 500 using a dosage of 10' to 2x107 ions/cm at an 
implantation energy of 50 to 150 KeV. A larger dosage can 
be used with larger Substrates. The hydrogen implantation 
forms a hydrogen-rich layer 520 at a depth of about 4x10 
to 8x10 inch (1 to 2 um) from the top surface of oxide 
layer 515. Because the thicknesses of the etch stop layer 505, 
the device layer 510, and the surface oxide layer 515 are 
known, the proper implantation Voltage can be Selected So as 
to have the peak of the implanted hydrogen occur at the 
desired depth below the etch stop layer. 
A support wafer substrate 530 having a surface oxide 

layer 535 is provided and both substrates 500 and 530 are 
cleaned using conventional wet processes, Such as the RCA 
cleaning process, at Step 415. Cleaning removes Surface 
impurities and particles from the surfaces of layers 515 and 
535. It should be noted that the cleaning and other operations 
are carried out preferably in clean room conditions to 
minimize the number of particles landing on the Surfaces of 
layers 515 and 535. 
As shown in FIG. 5C and at step 420, the surfaces of 

layers 515 and 535 are hydrophilic bonded. Hydrophilic 
bonding is performed by cleaning the exposed Surfaces, 
wetting the Surfaces, contacting the Surfaces with each other, 
and compressing the Surfaces. The hydrophilic bonding is 
preferably performed at room temperature. Subsequently, as 
shown at step 425, the bonded wafers are annealed by 
heating to a temperature between about 400 and 600 C., 
with the temperature preferably being about 500 C., for 
about 30 to 120 minutes. The annealing causes hydride 
phase formation and linkage of hydride phases, which lead 
to a fracture or cleaving of the bonded waferS along the layer 
520 of the substrate 500, as shown in FIG. 5D. This results 
in two separate structures: 1) substrate 500', which is essen 
tially the wafer 500, and 2) substrate 530 with a thin top 
surface layer 500" along with layers 505 and 510' and 515. 
FIG. 5E shows the arrangement of the SOI wafer after the 
separating step. The layer 500" has a thickness in the range 
of about 1x10 to 4x10-inch (2500 A to 1 um) based on 
the implanted depth and thickness of the device, etch Stop, 
and oxide layers. 

Then, preferably, the support Substrate 530 with the thin 
silicon layer 510' (device layer) still bonded to it is annealed 
at a high temperature (approximately 1000° C) for about 30 
minutes to 8 hours to promote a stronger bonding between 
the support substrate 530 and the device layer 510'. 
A selective wet etch is performed at step 430 to remove 

thin top surface layer 500". The etching is stopped by etch 
Stop layer 505. The topography or roughneSS and nonuni 
formity of layer 500" is reduced significantly depending on 
the etch selectivity. A modest selectivity of 10x will reduce 
the roughness and non-uniformity of the layer 500" by 10x 
on the etch stop layer 505. For example, a roughness of 
7.8x107 to 1.2x10 inch (200 to 300A) will be reduced to 
below 7.8x10 inch (20 A) on the etch stop surface. Caustic 
etch solutions such as potassium hydroxide (KOH) or 
ammonium hydroxide (NHOH) etch low doped silicon at a 
rate of 100:1 or greater with respect to high doped Si or 
Si-Ge (i.e., the etch selectivity is>100:1 for etching low 
doped Substrate ; etch stop layer). The remaining etch stop 
layer 505 is then removed by a wet or dry etch at step 435. 
A Selective process is preferable, even a Selectivity as low as 
2x would be beneficial. FIG. 5G shows the completed SOI 
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6 
wafer resulting from the exemplary process, without any 
polishing operation and wherein the thickness of the device 
layer is precisely controlled by the deposition uniformity of 
the device layer and the etch Stop layer. 
The resulting device layer 510' has a smoothness substan 

tially equal to that of the as-deposited device layer 510 and 
does not require touch up. Because the etch stop layer 505 
and device layer 510 are deposited layers, they have very 
good uniformity and thickness control acroSS the wafer, 
which are preserved by this exemplary process. 

FIG. 6 shows the process flow diagram of another exem 
plary embodiment of a fabrication proceSS in accordance 
with the present invention. In FIG. 6, the process Steps are 
similar to those described with respect to FIG. 4, except that 
an additional process Step is used to eliminate problems in 
bonding. The quality of physical bonding can be adversely 
affected by the presence of particles on the bonding Surfaces, 
as well as any local wafer warpage. Even with appreciable 
forces, bringing these Surfaces together in intimate contact to 
establish physical bonding requires high quality Surfaces. 
For example, three to four particles on a wafer can prevent 
intimate contact of large areas of the wafer. 
One way to minimize this problem is to pattern the oxide 

layer 515 and device layer 510 using photolithography and 
etching processes into big Surface islands or grooves that 
correspond to each individual chip size. This allows indi 
vidual particles on the wafer to affect the individual island 
area it is located on, but not the neighboring islands. This 
provides the benefit that multiple Smaller areas are being 
attached or bonded instead of one large area. In this way, 
large areas of device islands can be transferred Successfully 
and used to build devices. 

In addition, the depression regions act as a particle trap 
during cleaning, thus promoting greater yield from the 
bonding process. Moreover, any local warpage on one of the 
wafers will result in loss of individual chip locations, but not 
the entire device layer. FIG. 6 is identical to FIG. 4 in 
processing steps, except step 410 is replaced with step 600 
in which the additional patterning Step has been included. 
The islands or grooves are preferably etched to a depth of 
about 4x10 to 8x10 inch (1 to 2 um). Preferably, the 
grooves are etched through the oxide and device layers, but 
can also extend into the etch stop layer 505. 
The present invention provides an advantageous method 

for forming thin layers of Silicon-germanium (SiGe), Ge, 
and Si as a Sandwich Structure on an insulating Substrate, as 
the layers are deposited. For example, if it is desired to form 
a final structure of Si/SiGe/Si/SiO, a high doped SiGe etch 
stop layer is deposited on the device wafer followed by 
Si/SiGe/Silayers. Part of the top silicon layer can be 
oxidized to provide the bonding. The other proceSS Steps are 
similar to those described with respect to FIGS. 4 and 6. 
SiGe device layers are desirable for forming high frequency 
transistors. 
The present invention combines the desirable aspects of 

the Smart-Cut and the BESOI processes to achieve a thin 
device SOI layer having a uniformity higher than that 
obtainable by either of the processes alone. The present 
invention uses an etch Stop layer to eliminate the need for 
CMP and establish precise control of thickness of the device 
layer. The uniformity of the device layer is independent of 
the Smart-Cut process or a CMP process. The present 
invention preserves the cost advantage of the Smart-Cut 
process and extends it to more easily and reliably obtain 
uniform thin device layers The present invention avoids the 
need for any post-split polishing to obtain an SOI wafer with 
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a Smooth and uniform device layer. The present invention 
overcomes the limitations of the Smart-Cut proceSS and 
achieves better yields and provides greater control over 
device layer thickness. 

Although illustrated and described herein with reference 
to certain Specific embodiments, the present invention is 
nevertheless not intended to be limited to the details shown. 
Rather, various modifications may be made in the details 
within the Scope and range of equivalents of the claims and 
without departing from the invention. 
What is claimed: 
1. A method of forming a thin Semiconductor layer of 

Substantially uniform thickness upon which Semiconductor 
Structures can be Subsequently formed, comprising the Steps 
of: 

providing a first wafer comprising a Semiconductor Sub 
Strate, 

forming an etch Stop layer having a thickness upon Said 
first wafer; 

forming a device layer having a thickneSS on Said etch 
Stop layer. 

forming a bonding layer on Said device layer; 
implanting ions into Said Semiconductor Substrate to form 

a buried layer therein; 
bonding Said bonding layer to a Second wafer; 
heating Said bonded first and Second wafers to a first 

temperature; 
Separating Said bonded first and Second waferS along Said 

buried layer So that said Second wafer has a top Surface 
layer; and 

removing Said top Surface layer and Said etch Stop layer, 
whereby underlying portions of Said device layer remain 

on Said Second wafer to form the thin Semiconductor 
layer. 

2. The method according to claim 1, further comprising 
the Step of heating Said Second wafer having Said top Surface 
layer to a Second temperature after Said Step of Separating. 

3. The method of claim 2, wherein said step of heating the 
second wafer includes annealing at about 1000 C. for a time 
in the range between about 30 minutes and about 8 hours. 

4. The method according to claim 1, wherein Said Semi 
conductor Substrate is a Silicon (Si) Substrate and Said ions 
comprise hydrogen ions, Such that Said buried layer is 
comprised of hydrogen and Silicon. 

5. The method according to claim 4, wherein said hydro 
gen ions are implanted at a dose in the range between about 
10' and 2x10" ions/cm with an energy in the range 
between 50 and 150 KeV. 

6. The method according to claim 1, wherein said buried 
layer is formed at a depth between 1 and 2 um beneath a top 
Surface of Said bonding layer. 

7. The method according to claim 1, wherein said step of 
heating includes annealing at a range between about 400 
and 600 C., for a time in the range between about 30 and 
120 minutes. 

8. The method according to claim 1, wherein said step of 
bonding Said bonding layer to Said Second wafer comprises 
hydrophilic bonding. 

9. The method according to claim 1, wherein wherein said 
Semiconductor Substrate is a Si Substrate and Said Step of 
bonding Said bonding layer to Said Second wafer comprises 
the Steps of: 

forming a layer of Silicon dioxide on an exposed Surface 
of Said Second wafer; 

wetting Said bonding layer and Said Silicon dioxide layer; 
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8 
bringing Said bonding layer and Said Silicon dioxide layer 

into contact; and 
compressing Said bonding layer and Said Silicon dioxide 

layer to form a bond therebetween. 
10. The method according to claim 1, wherein said step of 

removing the top Surface layer and Said etch Stop layer 
comprises the Steps of: 

etching the top Surface layer in a first etchant which does 
not appreciably attack Said etch Stop layer; and 

etching Said etch Stop layer in a Second etchant which 
does not appreciably attack a remaining part of Said 
device layer. 

11. The method according to claim 10, wherein said first 
etchant comprises a Solution of one of potassium hydroxide 
and ammonium hydroxide. 

12. The method according to claim 1, wherein Said Step of 
removing Said top Surface layer and Said etch Stop layer 
comprises removing Said top Surface layer with a low 
selectivity etch having a selectivity of 10:1 or below, fol 
lowed by removing Said etch Stop layer with a low Selec 
tivity etch of 10:1 or below. 

13. The method according to claim 1, wherein said 
Semiconductor Substrate is a Si Substrate and Said etch Stop 
layer comprises one of a high doped Si layer, a Silicon 
germanium (Si-Ge) layer, a strained Si-Ge layer, a Ge layer, 
and a Ge compensated layer of Si-Ge. 

14. The method according to claim 1, wherein Said etch 
Stop layer is doped with boron at a concentration in the range 
between 10' and 10° atoms/cm. 

15. The method according to claim 1, wherein the thick 
neSS of Said etch Stop layer is in the range between 100 and 
2000 A. 

16. The method according to claim 15, wherein the 
thickness of said etch stop layer is 250 A. 

17. The method according to claim 1, wherein said step of 
forming Said etch Stop layer uses chemical vapor deposition. 

18. The method according to claim 1, wherein said 
Semiconductor Substrate is a Si Substrate and Said device 
layer is one of Si, Ge, and Si-Ge. 

19. The method according to claim 18, wherein said 
device layer is Si-Ge having an atomic percentage of Ge in 
the range between 5 and 30 percent. 

20. The method according to claim 1, wherein said 
Semiconductor Substrate is a Si Substrate and Said device 
layer comprises at least one of Si, Ge, and Si-Ge. 

21. The method according to claim 1, wherein the thick 
ness of the device layer is in the range between 500 and 5000 
A. 

22. The method according to claim 21, wherein the 
thickness of said device layer is 1000 A. 

23. The method according to claim 1, further comprising 
the Steps of photolithographically patterning and etching 
Said bonding layer and Said device layer to form apertures 
therein prior to Said Step of bonding. 

24. The method according to claim 1, wherein the Semi 
conductor Substrate comprises Silicon. 

25. A method for forming a thin silicon on insulator 
Structure, comprising: 

providing a first wafer comprising a Silicon Substrate; 
forming an etch Stop layer having a thickness upon Said 

first wafer; 
forming a device layer having a thickneSS on Said etch 

Stop layer; 
forming a bonding layer on Said device layer; 
implanting hydrogen ions into Said Silicon Substrate to 

form a buried hydrogen-rich layer therein; 
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forming a layer of Silicon dioxide on an exposed Surface 
of a Second wafer; 

wetting Said bonding layer and Said Silicon dioxide layer; 
bringing Said bonding layer and Said Silicon dioxide layer 

into contact; 
compressing Said bonding layer and Said Silicon dioxide 

layer to form a hydrophilic bond therebetween; 
annealing Said bonded first and Second wafers at a first 

temperature; 
Separating Said bonded waferS along Said buried 

hydrogen-rich layer So that Said Second wafer has a top 
Surface layer comprising Si from Said first wafer; 
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annealing Said Second wafer having Said top Surface layer 

to a Second temperature, 
etching Said top Surface layer in a first etchant which does 

not appreciably attack a remaining part of Said etch Stop 
layer; and 

etching Said etch Stop layer in a Second etchant which 
does not appreciably attack a remaining part of Said 
device layer; 

whereby underlying portions of Said device layer remain 
on the Second wafer to form the thin Silicon on insulator 
Structure. 
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