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(57) ABSTRACT 

A method of forming Substrates, e.g., silicon on insulator, 
silicon on silicon. The method includes providing a donor 
Substrate, e.g., silicon wafer. The method also includes form 
ing a cleave layer on the donor Substrate that contains the 
cleave plane, the plane of eventual separation. In a specific 
embodiment, the cleave layer comprising silicon germanium. 
The method also includes forming a device layer (e.g., epi 
taxial silicon) on the cleave layer. The method also includes 
introducing particles into the cleave layer to add stress in the 
cleave layer. The particles within the cleave layer are then 
redistributed to form a high concentration region of the par 
ticles in the vicinity of the cleave plane, where the redistribu 
tion of the particles is carried out in a manner Substantially 
free from microbubble or microcavity formation of the par 
ticles in the cleave plane. That is, the particles are generally at 
a low dose, which is defined herein as a lack of microbubble 
or microcavity formation in the cleave plane. The method also 
includes providing selected energy to the donor Substrate to 
cleave the device layer from the cleave layer at the cleave 
plane, whereupon the selected energy is applied to create a 
controlled cleaving action to remove the device layer from a 
portion of the cleave layer in a controlled manner. 

2OO 
/ 

23 

2 

2O9 
2O7 
2O5 
2O3 
2O 

    

  



Patent Application Publication Aug. 28, 2008 Sheet 1 of 16 US 2008/0206963 A1 

2 

A/6 / 

6 - 4 

-12 

A/6 2. 



Patent Application Publication Aug. 28, 2008 Sheet 2 of 16 US 2008/0206963 A1 

8 

4. 

A/6 3. 

| | | | | | | * 
2O 

ZZZZZZZZZZZZZZZZZZ2 

A/6, 4 

    

  

  



Patent Application Publication Aug. 28, 2008 Sheet 3 of 16 US 2008/0206963 A1 

: 

IOO, 

3O% 

%. SiGe (GeSi) 

A/G 34. 

  



Patent Application Publication Aug. 28, 2008 Sheet 4 of 16 US 2008/0206963 A1 

- 3IO 

4. 
34 

s 34O 
Ol 8 
2 
U 
- 

TIME 

A/6 3A 

-350 

34 

A/G 3C 



Patent Application Publication Aug. 28, 2008 Sheet 5 of 16 US 2008/0206963 A1 

v1. 37O 

3O% 

CD 
n 

75 
as Pvic 
CD Si 

SS 

t t2 
THICKNESS (t ) 

A/G 3A 

382 38O -h 1. 
3O% 

CD 
n 

g 
SS Pvic 

S 

f t2 
THICKNESS ( t ) 

A/G 3A. 

  



Patent Application Publication Aug. 28, 2008 Sheet 6 of 16 US 2008/0206963 A1 

S / 4OA 4OO 

u % ? 9. 
H 

ic 
8 % 

t it 2 
THCKNESS 

A/G 44. (PRIOR ART) 

vS 

%-40 4O % 745 a1 
5 % 
CS % 2 
O 
O 

4. 

2 
THCKNESS 

A/6, 4A3. 

  



Patent Application Publication Aug. 28, 2008 Sheet 7 of 16 US 2008/0206963 A1 

CCP 

E= 2O ZZZZZ777777777.2 24 - 

A/6 6. 

  



Patent Application Publication Aug. 28, 2008 Sheet 8 of 16 US 2008/0206963 A1 

(, S-2 
4. 

8 
77,777 

A76, 7 

6 

A/G 3. 



Patent Application Publication Aug. 28, 2008 Sheet 9 of 16 US 2008/0206963 A1 

"tzélé O7 
122 O5 

Z O3 

A/G /O 

CONC. 

A/6 9. 

  

  



Patent Application Publication Aug. 28, 2008 Sheet 10 of 16 US 2008/0206963 A1 

2OO 
/ 

23 

F 
22 2. 

2O9 F. 

: Elizé: 
ZZZZZZZZZZZZZZZZZZZZZ2-2O3 

A/6 // 

      

  



Patent Application Publication Aug. 28, 2008 Sheet 11 of 16 US 2008/0206963 A1 

A/G /3. 

  



Patent Application Publication Aug. 28, 2008 Sheet 12 of 16 US 2008/0206963 A1 

53 

(CONC.) 
5 54 

3xio's 

(ATOMS/CM 
H-A- 

LENGTH 

A/6 /4 



Patent Application Publication Aug. 28, 2008 Sheet 13 of 16 US 2008/0206963 A1 

A/6 Ab 

  



Patent Application Publication Aug. 28, 2008 Sheet 14 of 16 US 2008/0206963 A1 

4E-2 O.5 

SMA SAMPLE 

A 300 
4E-2 

O.4 

3E +2 

y1307 ar 21 
s O 

e 
O O 
S) 3E+ 2 H(3.OE 16 ATOMS/CM2) ; ; ; C n 

2 it O.3 - 
O ; ; u 
5. : O 
2E2 2 

O 3O5 5 
; 

2 : O2 r g 2E-2 -- 
O f Z 
O O 

f O 
E+2 

O. 

Ge (MOLE-FRA 5E+2O e (MOLE-FRACTION) 

E-6 A. O 
O. O5 O.2 O.25 O3 O.35 

DEPTH (MICRONS) 

A/6 /6. 

  



US 2008/0206963 A1 Aug. 28, 2008 Sheet 15 of 16 Patent Application Publication 

UJU OO ?OO?2 
uuU O’OOI 

UU OO2 

  



Patent Application Publication Aug. 28, 2008 Sheet 16 of 16 US 2008/0206963 A1 

E in 

;SS E, E 3 O O". S. O O 
Z O 

E t as E 
C S E d 

o O C E 
O C O 
O O O S2 c. 

2 O 5 ES 33 
O s 3 
O S E SS 
CN St E S. oud cro Z E o 

O 
O 

  



US 2008/0206963 A1 

CLEAVING PROCESS TO FABRICATE 
MULTILAYEREO SUBSTRATES USINGLOW 

MPLANTATION DOSES 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to the manufacture of 
objects. More particularly, the invention provides a technique 
including a method and device for cleaving a Substrate in the 
fabrication of a multi-layered substrate for semiconductor 
integrated circuits, for example. But it will be recognized that 
the invention has a wider range of applicability; it can also be 
applied to other substrates formulti-layered integrated circuit 
devices, three-dimensional packaging of integrated semicon 
ductor devices, photonic devices, piezoelectronic devices, 
microelectromechanical systems (“MEMS), sensors, actua 
tors, solar cells, flat panel displays (e.g., LCD, AMLCD), 
biological and biomedical devices, and the like. 
0002 Many ways of fabricating substrates for the manu 
facture of integrated circuits have been proposed. In the early 
days, conventional integrated circuits were fabricated on 
“bulk” silicon wafers. These bulk silicon wafers were gener 
ally single crystal and formed using a process called CZo 
chralski, which is known as CZ. The CZ process melts a batch 
of silicon metal in a crucible. A seed crystal is used as a 
starting material to pull a silicon ingot from the melt in the 
crucible. The ingot is then cut and polished to form the bulk 
silicon wafers. 
0003. Although bulk silicon wafers are widely used today, 
many such wafers have been replaced by other types. These 
other types of wafers include, among others, epitaxial silicon 
wafers, silicon-on-insulator wafers, and the like. High purity 
applications often require the use of epitaxial silicon wafers. 
These applications often produce lower yields on CZ wafers 
So Such epitaxial silicon wafers are desirable. High purity 
applications include the manufacture of high density memory 
devices, high Voltage devices, and microprocessor devices. 
0004 Some applications also use silicon on insulator 
wafers. These wafers generally include a silicon material 
layer, where devices are to be formed, overlying an insulating 
layer, commonly made of silicon dioxide, which overlies a 
bulk substrate material. Silicon on insulator wafers, which are 
known as SOI wafers, are made using one of many tech 
niques. A common technique for making Such wafer is “sepa 
ration by ion implantation of oxygen, also termed as 
SIMOX. These SIMOX wafers are often made by implanting 
high doses of oxygen impurities into a silicon Substrate, 
where the oxygen is later annealed to create an insulating 
layer underlying a surface of the silicon Substrate. An active 
device layer is defined overlying Such insulating layer. 
SIMOX wafers, however, have numerous limitations. For 
example, SIMOX wafers are often difficult to make in an 
efficient manner, since the high doses often require a long 
implantation time. Implantation is generally an expensive 
operation in the manufacture of wafers. Additionally, implan 
tation of oxygen often causes damage to the device layer. 
Such damage can influence the operation and reliability of 
integrated circuit devices that are fabricated onto the device 
layer. 
0005 Accordingly, other ways of developing SOI wafers 
have been proposed. One such way is a “blistering method 
for film separation known as Smart Cut TM. Such blistering 
technique is described in detail in U.S. Pat. No. 5,374,564, in 
the name of Bruel (“Bruel 564). This thermal blistering 
technique for manufacturing SOI wafers has many limita 
tions. For high Volume production, the high doses of hydro 
gen often requires the use of many ion implanters, which are 
expensive and difficult to maintain. Additionally, thermal 
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blistering often creates rough Surface finishes, which can 
produce worthless scrap product. European Application No. 
EP 0807970A1 (“Bruel 970), which is also in the name of 
Bruel, suggests an improved method to the Bruel 564 patent 
of forming SOI wafers. Bruel 970 suggests a method of 
mechanically separating a layer having microcavities or 
microbubbles. Although the Bruel 970 suggests that the 
doses are generally lower than a minimum causing Surface 
blistering, the doses of hydrogen should still be sufficiently 
high to allow microcavity and microbubble coalescence 
through a Subsequent heat treatment process. Such thermal 
treatment process would often require a high temperature, 
which would lead to an exceedingly rough and imprecise 
fracture morphology along the microcavity plane. Accord 
ingly, the Bruel 970 also requires high temperatures, which 
are generally undesirable and lead to excessive Surface rough 
ness characteristics. 
0006 Still another variation is described in U.S. Pat. No. 
5,882.987, which is assigned to International Business 
Machines Corporation, and in the name of Srikrishnan, Kris 
V ("Srikrishnan'). Srikrishnan suggests an improvement to 
the blistering technique taught by the Bruel 564 patent. Here, 
Srikrishnan Suggests an etch-stop layer within a device layer 
to be released. Additionally, Srikrishnan suggests implanting 
a large dose of hydrogen to allow separation using the afore 
mentioned “blistering process to separate the film at a loca 
tion away from the etch-stop layer, thereby resulting in a 
structure characterized by the device layer covered by the 
etch-stop layer and a top Surface layer and then selectively 
removing both layers. This process, which may be advanta 
geous by reducing or eliminating the need for a chemical 
mechanical polishing (CMP) step, still generally requires the 
use of the blistering process, high doses of hydrogen or rare 
gas ion implantation, and complicated chemical removals. 
0007. Yet another method for forming SOI wafers has 
been described in U.S. Pat. No. 5,854,123, which is assigned 
to Canon Kabushiki Kaisha, and in the names of Sato, et al 
('Sato'). The Sato patent Suggests releasing an epitaxial 
layer, which has been formed on a porous silicon layer. The 
porous silicon layer is generally made to release the epitaxial 
layer by providing a high degree of etch selectivity between 
the epitaxial silicon layer and the porous silicon layer. Unfor 
tunately, this technique is often complicated and expensive. 
Moreover, epitaxial growth on a porous layer can compro 
mise the quality of the epitaxial film by the introduction of 
defects into it, which is very undesirable. Other limitations 
can also exist with Such technique. 
0008 Accordingly, a pioneering technique made by a 
company called Silicon Genesis Corporation has been devel 
oped. Such technique relies upon a controlled cleaving pro 
cess, which is known as CCP, to manufacture SOI wafers and 
other structures. The CCP technique produces improved films 
using a room temperature process to cleave films. The room 
temperature process is generally free from microbubbles or 
microcavities, which may lead to blisters and the like caused 
by the conventional process described in Bruel. Although 
overcoming many limitations in conventional techniques, 
CCP can still be improved. 
0009 From the above, it is seen that an improved method 
for manufacturing Substrates is highly desirable. 

SUMMARY OF THE INVENTION 

0010. According to the present invention, a technique 
including a method and device for manufacturing objects is 
provided. In an exemplary embodiment, the present invention 
provides a method for fabricating multilayered substrates 
from a cleaving process. Such substrates use low doses of 
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particles, which are used to create stress in a cleaving layer. 
The low doses of particles improve film quality and efficiency 
of the present method. 
0011. In a specific embodiment, the present invention pro 
vides a method of forming Substrates, e.g., silicon on insula 
tor, silicon on silicon. The method includes providing a donor 
Substrate, e.g., silicon wafer. The method also includes form 
ing a cleave layer on the donor Substrate that includes a cleave 
plane, the plane along which the separation of the Substrates 
occurs. In a specific embodiment, the cleave layer comprising 
silicon germanium. The method also includes forming a 
device layer (e.g., epitaxial silicon) on the cleave layer. The 
method also includes introducing particles into the cleave 
layer to add stress in the cleave layer. The particles are then 
redistributed where a portion of the particles from the cleave 
layer forms a high concentration region of the particles in a 
region within the cleave layer and adjacent to the device layer, 
where the redistribution of the particles is carried out in a 
manner substantially free from microbubble or microcavity 
formation of the particles. That is, the particles are generally 
at a low dose, which is defined hereinas a lack of microbubble 
or microcavity formation in the cleave plane. The method also 
includes providing selected energy to the donor Substrate to 
cleave the device layer from the cleave layer at the cleave 
plane, usually adjacent to the high concentration region of 
particles, whereupon the selected energy is applied to create a 
controlled cleaving action to remove the device layer from the 
cleave layer in a controlled manner. 
0012. In an alternative embodiment, the present invention 
provides a method of forming a multilayered substrate. The 
method includes providing a donor Substrate. A cleave layer is 
formed on the donor substrate. The cleave layer comprises 
silicon germanium. The method also includes forming a 
device layer (e.g., epitaxial silicon) on the cleave layer. The 
method also introduces particles into the cleave layer to add 
stress in the cleave layer. A step of bonding a handle Substrate 
on the cleave layer, and redistributing the particles where a 
portion of the particles from the cleave layer forms a higher 
concentration region of the particles within a region in the 
cleave layer. The redistribution of the particles is carried out 
in a manner substantially free from microbubble or microcav 
ity formation of the particles in the cleave plane. The method 
also includes providing selected energy to the donor Substrate 
to cleave the device layer from the cleave layer at the high 
concentration region of particles, whereupon the selected 
energy is applied to create a controlled cleaving action to 
remove the device layer from the cleave layer along the cleave 
plane in a controlled manner to separate the handle Substrate 
that has the device layer from the donor substrate. 
0013 Still further, the present invention provides a com 
posite Substrate comprising a donor Substrate. The Substrate 
has an overlying cleave layer, and has an overlying device 
layer, wherein the cleave layer comprises a maximum dosage 
of particles close to an interface between the device layer and 
the cleave layer. 
0014. In an alternative embodiment, the present invention 
provides a method of forming Substrates, e.g., silicon on 
insulator, silicon on silicon. The method includes providing a 
donor Substrate, e.g., silicon wafer, epitaxial wafer, glass. The 
method includes forming a cleave layer (e.g., silicon germa 
nium) comprising a cleave plane on the donor Substrate. The 
method also includes forming a device layer (e.g., epitaxial 
silicon) on the cleave layer. The method then introduces par 
ticles into the cleave layer to add stress to the cleave plane, 
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where the particles are selected from those species that are 
derived free from hydrogen gas, helium gas, or any other 
species that forms microbubbles or microcavities. As merely 
an example, such particles can be derived from oxygen, sili 
con, germanium, nitrogen, and other species. The method 
also includes separating the device layer from the donor Sub 
strate at the cleave plane of the donor substrate. Preferably, a 
controlled cleaving process is used. 
0015 Numerous benefits are achieved over pre-existing 
techniques using the present invention. In particular, the 
present invention uses controlled energy and selected condi 
tions to preferentially cleave a thin film of material from a 
donor substrate which includes multi-material sandwiched 
films. This cleaving process selectively removes the thin film 
of material from the substrate while preventing a possibility 
of damage to the film or a remaining portion of the Substrate. 
In other aspects, the process also provides a multilayered 
substrate structure, which can be reused without substantial 
damage. Accordingly, the remaining Substrate portion can be 
re-used repeatedly for other applications. Still further, the 
method provides smoother films (e.g., less than 30 or 20 or 10 
or 5 or 3 or 2 Angstroms RMS) upon cleaving. Depending 
upon the application, one or more of these advantages may 
exist. 
0016. The present invention achieves these benefits and 
others in the context of known process technology. However, 
a further understanding of the nature and advantages of the 
present invention may be realized by reference to the latter 
portions of the specification and attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0017 FIGS. 1-15 are simplified diagrams of methods 
according to embodiments of the present invention; and 
0018 FIGS. 16-18 are simplified diagrams of experimen 

tal results according to embodiments of the present invention 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

0019. According to the present invention, a technique 
including a method and device for manufacturing objects is 
provided. In an exemplary embodiment, the present invention 
provides a method for reclaiming Substrates from a cleaving 
process. Such reclaimed substrates can be reused for the 
manufacture of other substrates and the like. 
0020 FIGS. 1-15 are simplified diagrams of methods 
according to embodiments of the present invention. These 
diagrams are merely examples which not unduly limit the 
scope of the claims herein. One of ordinary skill in the art 
would recognize many other variations, modifications, and 
alternatives. Referring to FIG. 1, the present method begins 
by providing a substrate 10. The substrate can be any suitable 
Substrate Such as a silicon wafer (e.g., bulk, multilayered) and 
others. The substrate 11 has a top surface, which is substan 
tially planar in this application. Other forms can also exist. 
0021 Optionally, a stop layer 14 is defined overlying the 
top surface of the substrate, as shown in FIG. 2. The stop layer 
can be any suitable material that protects substrate 11 and in 
particular surface 12 of substrate 11. The stop layer can be an 
epitaxial silicon layer made using a chemical vapor deposi 
tion process. The layer can be doped or undoped. If doped, the 
layer can be graded or constantly doped. The chemical vapor 
deposition process can include silane and hydrogen bearing 
gases. Other gases can also be used. These gases are intro 
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duced into an epitaxial chamber Such as those made by 
Applied Materials, Inc. of Santa Clara, Calif. Alternatively, 
the chamber can be made by ASM International of Phoenix, 
Ariz. The stop layer can also be a combination of layers, 
which are doped or undoped. The stop layer can be a physical 
deposition layer or a plated layer or the like. 
0022. Next, the process includes forming a cleaving layer 
18 overlying the stop layer 14, as shown in FIG. 3. The 
cleaving layer can be made by any suitable material that 
enhances cleaving. The cleaving layer can be deposited by 
one or a combination of techniques such as chemical vapor 
deposition, physical vapor deposition, plating, or the like. In 
a specific embodiment, the cleaving layer is a silicon germa 
nium layer. The silicon germanium layer is often made to a 
thickness that enhances cleaving. The silicon germanium 
layer can also be replaced by other layers, which enhance 
cleaving. Some of these layers have been described in appli 
cation Ser. No. (18419-000155), commonly 
assigned, and hereby incorporated by reference. 
0023. In a preferred embodiment, the silicon germanium 
layer is grown in a manner where it is stable. That is, the 
silicon germanium is an epitaxial layer in a pseudomorphic 
state. The silicon germanium is not grown in a manner to 
create roughening or misfit dislocations. In the present 
embodiment, a device layer is grown over the silicon germa 
nium to enhance stability. That is, silicon germanium, which 
may be in a meta stable state, is now in a stable state due to the 
device layer or capping layer. Details of such device layer are 
provided below. 
0024. Overlying the silicon germanium layer is a device 
layer 20, also shown in FIG. 3. The device layer is a region 
where active devices or structures are to be formed in a 
Subsequent process or processes. The device layer is made of 
a Suitable material Such as silicon, for example. The device 
layer can be an epitaxial silicon layer. The epitaxial silicon 
layer is made overlying the silicon germanium layer in a 
manner where the device layer is substantially free from 
defects. Here, a high quality stop layer often provides an ideal 
Source for nucleation and growth of the silicon-germanium 
and the overlying epitaxial silicon layers. The epitaxial sili 
con layer is made using a chemical vapor deposition process. 
The chemical vapor deposition process can include silane and 
hydrogen bearing gases. These gases are introduced into an 
epitaxial chamber such as those made by Applied Materials, 
Inc. of Santa Clara, Calif. Alternatively, the chamber can be 
made by ASM International of Phoenix, Ariz. Depending 
upon the application, there can be an other layer(s) sand 
wiched between the stop layer and the cleaving layer. Addi 
tionally, there can be an other layer(s) sandwiched between 
the cleaving layer and the device layer in some applications. 
0025 Preferably, the device layer acts as a capping layer 
over the cleaving layer. The capping layer can improve sta 
bility of the cleaving layer, which is stressed due to differ 
ences in crystalline structure from the stop layer or Substrate. 
An increase in temperature of such cleaving layer also adds to 
the stress, where a temperature above a critical temperature 
for a certain film thickness creates an unstable film. In a 
specific embodiment, the capping layer of epitaxial silicon 
improves stability of the cleaving layer, in a manner shown in 
FIG. 3A. Here, thickness of silicon germanium is plotted on a 
Vertical axis against concentration of germanium to silicon on 
a horizontal axis. Two plots are indicated (where the silicon 
germanium is grown at about 550 degrees Celsius). The plot 
referenced as numeral 303 is shown for a silicon germanium 
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layer, which is not capped. That is, there is no layer overlying 
the silicon germanium layer. According to the plot 303, about 
100 Angstroms (or 80 Angstroms) of a 30% germanium mix 
ture of silicon germanium can be grown. Region 302, which 
is between the two curves, is a meta stable region, where any 
increase in temperature from 550 degrees Celsius of the film 
causes an unstable condition. When the layer is capped, how 
ever, the silicon germanium layer can be grown much thicker 
as shown by the curve in reference numeral 301. The capped 
layer allows the silicon germanium to be grown to a thickness 
of about 1.5 times or more than two times the thickness of the 
uncapped layer, while still maintaining a stable condition 
during Subsequent processing, such as thermal treatment 
(e.g., over 400 degrees Celsius) and the like. 
0026. In a specific embodiment, the present method pro 
vides a higher temperature during growth of the device layer 
to improve device fabrication times. Here, the device 350 in 
FIGS. 3B and 3C is being fabricated. Like reference numerals 
are used in this Fig. as the previous Figs. for cross-referencing 
purposes only. The device fabricated includes substrate 11, 
stop layer 14, cleave layer 14, and device layer 340,341. In a 
specific embodiment, the substrate 11 is provided. The device 
also is subject to the temperature profile 310, illustrated in 
FIG. 3B. It is cleaned using a clean and bake process, if 
desired. The stop layer, which is epitaxial silicon, is formed 
overlying the substrate. The epitaxial silicon is formed at a 
first temperature, which can be about 900 to 950 degrees 
Celsius. Such first temperature and epitaxial silicon fills any 
defects in the substrate such as crystal originated particles, 
which are called “COPs' and the like. The first temperature is 
also high enough to provide a deposition rate that is efficient 
for manufacturing. 
0027 Next, the cleaving layer is formed at a second tem 
perature, which is less than the first temperature. The second 
temperature is a temperature where a cleaving layer Such as 
silicon germanium is stable. Such a temperature can be about 
650 degrees Celsius or less for a 100 to 200 Angstroms or so 
layer for 30% germanium in silicon, where the silicon ger 
manium is uncapped. The layer can be grown to a thickness, 
where the silicon germanium is still stable. A device layer is 
formed in at least two steps or can be formed where it under 
goes higher temperature growth during a portion of Such 
formation to decrease growth time. Initially, the device layer 
is formed at the second temperature to maintain stability in 
the cleave layer. In a specific embodiment, epitaxial silicon is 
formed to a thickness of about 350 Angstroms or 400 Ang 
stroms and greater to cap the cleaving layer. Once the cleave 
layer has been capped, the device layer formation undergoes 
a higher temperature, which deposits such device layer at a 
higher deposition rate. The higher deposition rate for epi 
taxial silicon can be 100 Angstroms per second and greater. In 
a specific embodiment, the second device layer forms to a 
thickness of greater than about 1,000 Angstroms or greater 
than about 3,000 Angstroms, but can also be at other thick 
nesses. The device layer can beformed in at least two steps or 
a number of steps to facility the manufacture of the device. 
Additionally, the present deposition methods are generally 
formed in a single chamber or a clustertool configuration to 
eliminate any cleaning steps between layerformation. That is, 
the combination of the cleaving layer and the device layers 
can be formed in-situ. 

0028. In a specific embodiment, the cleave layer can be 
deposited using selected concentration profiles, which 
enhance cleaving. FIGS. 3D to 3E are simplified diagrams of 
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Such concentration profiles for cleaving layers according to 
embodiments of the present invention. As shown, the vertical 
axis represents concentration of germanium to silicon in per 
centages and the horizontal axis represents thickness or depth 
from a surface region to the back side of the substrate. In FIG. 
3D, the region represented as reference numeral 371 is the 
cleaving layer. Here, the concentration of germanium is Zero 
at position tC1), which is also pure silicon. The germanium 
concentration steps-up to a selected concentration (e.g., 
30%), the concentration then decreases linearly back down to 
Zero att(2). Cleaving generally occurs at around position tC1), 
which has a higher stress than the other regions and would be 
the location of the cleave plane. 
0029. In FIG. 3E, the region represented as reference 
numeral 381 is the cleaving layer. Here, the concentration of 
germanium is Zero at position tC1), which is also pure silicon. 
The germanium concentration steps up to a selected concen 
tration (e.g., 30%) and maintains the selected concentration 
through the region referenced as numeral 382. The germa 
nium concentration then decreases linearly back down to Zero 
at t(2). Cleaving occurs at around position tC1) (the cleave 
plane location), which has a higher stress than the other 
regions at Some selected implant conditions. Depending upon 
the application, region 382 can also include a slope, which is 
linear or curved, depending upon the application. 
0030 Generally, the profiles illustrated by the above Figs. 
include at least two regions, but may include more depending 
upon the application. Here, the first region, which is in the 
vicinity of t(1), is the cleave region (i.e. the cleave plane), 
which should have a higher stress than the second region, 
which is between the cleave region and position tC2). The 
second region is the capture region. The capture region is a 
portion of the cleave region, which enhances an efficient 
capture and redistribution of particles implanted within this 
layer during implantation or Subsequent process steps. Once 
the particles have been captured, they can redistribute to add 
stress to the cleave region. Details of such introduction of 
particles are described below. 
0031 Preferably, the method introduces particles 22 
through the device layer into the cleaving layer 18, as shown 
in FIG. 4. Depending upon the application, Smaller mass 
particles are generally selected to reduce a possibility of 
damage to the device layer 22. That is, Smaller mass particles 
easily travel through the device layer to the cleaving layer 
without Substantially damaging the device layer that the par 
ticles traverse through. For example, the Smaller mass par 
ticles (or energetic particles) can be almost any charged (e.g., 
positive or negative) and/or neutral atoms or molecules, or 
electrons, or the like. In a specific embodiment, the particles 
can be neutral and/or charged particles including ions such as 
ions of hydrogen and its isotopes (i.e., deuterium), rare gas 
ions such as helium and its isotopes, and neon. The particles 
can also be derived from compounds Such as gases, e.g., 
hydrogen gas, water vapor, methane, and hydrogen com 
pounds, and other light atomic mass particles. Alternatively, 
the particles can be any combination of the above particles, 
and/or ions and/or molecular species and/or atomic species. 
The particles generally have Sufficient kinetic energy to pen 
etrate through the surface to a selected depth underneath the 
surface of the device layer. 
0032. Using hydrogen as the implanted species into the 
silicon wafer as an example, the implantation process is per 
formed using a specific set of conditions. Implantation dose 
ranges from about 10' to about 10" atoms/cm, and prefer 
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ably the dose is greater than about 10" atoms/cm. Implan 
tation energy ranges from about 1 KeV to about 1 MeV, and is 
generally about 30 KeV. Implantation temperature ranges 
from about -200 to about 600°C., and is preferably less than 
about 400°C. to prevent a possibility of a substantial quantity 
of hydrogen ions from diffusing out of the implanted silicon 
wafer and annealing the implanted damage and stress. The 
hydrogen ions can be selectively introduced into the silicon 
wafer to the selected depth at an accuracy of about +/-0.03 to 
+/-0.05 microns. Of course, the type of ion used and process 
conditions depend upon the application. 
0033. In an alternative embodiment, chemical, amor 
phization, interstitial, and or other stress can be introduced by 
adding heavier particles to the cleaving layer. Here, the 
heavier particles include one or any combination of silicon, 
oxygen, germanium, carbon, nitrogen, or any other Suitable 
heavier particle that can add stress and enhance cleaving. 
These heavier particles can be implanted through the device 
layer or can be diffused or the like. In a specific embodiment, 
a dose requirement for these heavier particles would gener 
ally be less than that of lighter particles but do often require 
higher implant energies than lighter ions to penetrate to the 
vicinity of the cleave layer. For device layer ranges of 1500 
2500 Angstroms or so, implant energies could range from 
80-200 keV for ions between the mass range of oxygen and 
silicon. A combination of heavier and lighter particles can 
also be used in other embodiments. In these embodiments, 
virtual no microbubbles or cavities are formed. Additionally, 
redistribution of such heavier particles may not take place or 
occurs less than lighter particles. Depending upon the appli 
cation, many other ways of introducing stress can also be 
used. 

0034) Effectively, the implanted particles add stress or 
reduce fracture energy along a region parallel to the top 
surface of the substrate at the selected depth. The energies 
depend, in part, upon the implantation species and conditions. 
These particles reduce a fracture energy level of the substrate 
at the selected depth. This allows for a controlled cleave along 
the implanted plane at the selected depth. Implantation can 
occur under conditions such that the energy state of substrate 
at all internal locations is insufficient to initiate a non-revers 
ible fracture (i.e., separation or cleaving) in the Substrate 
material. It should be noted, however, that implantation does 
generally cause a certain amount of defects (e.g., micro 
defects) in the substrate that can be repaired by subsequent 
heat treatment, e.g., thermal annealing or rapid thermal 
annealing. 
0035. In some embodiments, the particles are introduced 
into the cleaving layer to achieve a selected dosage to facili 
tate cleaving. Referring to FIGS. 4A to 4B, the present inven 
tion provides selected dosages that can be implanted into the 
cleaving layer to enhance cleaving. In each of the Figs. the 
Vertical axis represents concentration of particles, which is 
referenced a horizontal axis, which represents thickness or 
depth from a surface of the substrate to the back side of the 
substrate. The cleaving layer is shown by the cross-hatched 
lines 401, which are between positions to 1) and t(2). FIG. 4A 
illustrates the conventional process taught by Bruel generally 
for comparison purposes only. Here, Bruel’s technique intro 
duces a high concentration of hydrogen bearing particles 
where the maximum dosage intersects the cleaving region, 
which is a purely implanted layer 401A. Here, a certain 
amount of dosage (Cc) is generally used in the cleaving layer 
to facilitate the Bruel method. The Bruel method uses a high 
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concentration of hydrogen to form microbubbles, which form 
even larger bubbles, which blister, splinter, and separate the 
film during thermal treatment. This high concentration gen 
erally is undesirable since it causes excessive Surface rough 
ness and other defects, which the present invention over 
comes. Additionally, thermal treatment at high temperature is 
also generally undesirable, since it causes defects. 
0036 Referring to FIG. 4B, the present method uses a 
selected low dosage of hydrogen bearing particles, which 
occupy a region between position tC1) and t(2). The cleaving 
layer referenced as numeral 401 comprises a deposited sili 
congermanium layer and implanted particles, which are in a 
low dose. The dose is defined as an amount that is Substan 
tially free from the formation of microbubbles, which can 
lead to even larger bubbles, which blister, splinter, and sepa 
rate the film. The dose generally should be a certain amount of 
particles that occupy the region in the cleaving layer. Regions 
outside the cleaving layer can have a higher dose, but gener 
ally do not directly participate in the cleaving process. 
0037. As shown, the particle distribution profile can 
include, for example, those shown by reference numbers 409, 
407, and 405. Profile 405 generally has a higher overall dose 
than either profile 407 or 409, which has the lowest overall 
dose. The higher dose occupies region 415, which is outside 
of the device layer 411, thereby reducing a possibility of high 
dosage damage to the device layer. The cleaving layer has a 
relatively constant amount of dosage in these examples. The 
constant amount of dosage is maintained where damage to the 
device layer is reduced. In these embodiments, a maximum 
dosage region falls outside of the cleave layer, which is Sub 
stantially different from the conventional Bruel process 
where a maximum dosage region is necessarily in close proX 
imity and directly contributes to the conventional blistering 
cleaving processes. Therefore, it is a fundamental character 
istic of the Bruel blistering processes that the cleave plane 
will be at or very near to the implant peak in a region where 
the microcavities and microbubbles coalesce to develop a 
fracture plane. 
0038 Preferably, the cleaving layer has a suitable charac 

teristic for cleaving after implantation. The cleaving layer is a 
stressed layer. The stressed layer is thermally stable after 
implantation, since it is preferable that dislocations are not 
formed in the stressed layer after its formation. That is, dis 
locations are generally not desirable. These dislocations can 
come in the form of slip planes, stacking faults, dislocations, 
and the like, which can often combine and form larger struc 
tures during a thermal treatment process. The present cleav 
ing plane is also free from microbubbles or microcavities, 
which can form macrobubbles, and separation. Accordingly, 
the implantation often must be carried out in a manner and a 
dose to prevent such dislocations in preferred embodiments. 
0039. Once particles have been introduced into the cleav 
ing layer, the donor Substrate can be bonded to a handle 
Substrate. Here, optionally, a step of low temperature plasma 
activation can be used to clean faces of the Substrates. Then, 
the substrates are bonded together. A thermal treatment step 
can follow the bonding step to improve bond integrity. In a 
specific embodiment, the thermal treatment step temperature/ 
time combination can also cause the particles to redistribute 
to each of the interfaces between the cleaving layer and the 
device layer (and the stop layer or substrate). The thermal 
treatment step redistributes Such particles after implantation 
to form at least one maximum peak (or more can be formed) 
near the interfaces of the cleaving layer. In an embodiment 
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using a silicon germanium cleaving layer and an epitaxial 
silicon device layer, the present invention provides a higher 
maximum in the interface between the silicon germanium and 
the epitaxial layer or the other interface. In certain embodi 
ments, the particles can also redistribute during implantation 
or other thermal process time/temperature combinations. 
0040. A controlled cleaving process is performed, as 
shown in FIG. 5. Here, the donor substrate 11 has been 
bonded to a handle Substrate 22. Bonding can occur using a 
variety of techniques to attach substrate 11 to substrate 22. In 
a specific embodiment, a silicon dioxide layer 24 can be used 
to attach these substrates together to form a multilayered 
substrate structure. In a specific embodiment, the bonded 
Substrates undergo a step of selective energy placement or 
positioning or targeting which provides a controlled cleaving 
action at the stressed region along the cleave plane. In pre 
ferred embodiments, selected energy placement occurs near 
an edge or corner region of the stressed region of Substrate. 
The impulse or impulses are provided using energy sources. 
Examples of Sources include, among others, a chemical 
Source, a mechanical source, an electrical Source, and a ther 
mal sink or source. The chemical source can include a variety 
Such as particles, fluids, gases, or liquids. These sources can 
also include chemical reaction to increase stress in the 
stressed region. The chemical Source is introduced as flood, 
time-varying, spatially varying, or continuous. In other 
embodiments, a mechanical Source is derived from rotational, 
translational, compressional, expansional, or ultrasonic ener 
gies. The mechanical source can be introduced as flood, time 
varying, spatially varying, or continuous. In further embodi 
ments, the electrical source is selected from an applied 
Voltage or an applied electromagnetic field, which is intro 
duced as flood, time-varying, spatially varying, or continu 
ous. In still further embodiments, the thermal source or sink is 
selected from radiation, convection, or conduction. This ther 
mal source can be selected from, among others, a photon 
beam, a fluid source, a liquid source, a gas source, an electro/ 
magnetic field, an electronbeam, a thermo-electric heating, a 
furnace, and the like. The thermal sink can be selected from a 
fluid source, a liquid source, a gas source, a cryogenic fluid, a 
Super-cooled liquid, a thermo-electric cooling means, an 
electro/magnetic field, and others. Similar to the previous 
embodiments, the thermal source is applied as flood, time 
varying, spatially varying, or continuous. Still further, any of 
the above embodiments can be combined or even separated, 
depending upon the application. Of course, the type of source 
used depends upon the application. In a specific embodiment, 
the energy source can be a fluid source that is pressurized 
(e.g., compressional) according to an embodiment of the 
present invention. A detailed discussion of such a pressurized 
fluid source is described in U.S. Ser. No. (Attorney 
Docket No 18419-000155), which is incorporated by refer 
ence herein. 

0041 As shown, cleaving separates the donor substrate 
from the handle substrate, where the device layer is attached 
to the donor handle substrate, as shown in FIG. 6. As shown, 
each of the substrates includes a portion 18 of the cleaving 
layer. The cleaving layer is selectively removed from the 
handle wafer substrate. Here, such selective removal process 
can include dry or plasma etching, wet etch, polishing, or any 
combination of these. In one embodiment, the removal pro 
cess uses a concentrated Solution of hydrogen fluoride, which 
is mixed with nitric acid and acetic acid. Alternatively, the 
removal process uses a concentrated Solution of hydrofluoric 
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acid, which is mixed with hydrogen peroxide and acetic acid. 
The selectivity of such solution is preferably greater than 
about 100:1 or greater than about 200:1 (etch rate of cleaving 
layer to etch rate of stop layer). 
0042. The cleaving layer is selectively removed from the 
donor substrate, as shown in FIG. 7. A similar selective 
removal process can be used to remove the cleaving layer 
from the donor substrate. Here, such selective removal pro 
cess can include dry or plasma etching, wet etch, polishing, or 
any combination of these. In one embodiment, the removal 
process uses a concentrated Solution of hydrogen fluoride, 
which is mixed with nitric acid and acetic acid. Alternatively, 
the removal process uses a concentrated Solution of hydrof 
luoric acid, which is mixed with hydrogen peroxide and ace 
tic acid. The selectivity of such solution is preferably greater 
than about 100:1 or greater than about 200:1 (etch rate of 
cleaving layer to etch rate of stop layer). 
0043. Once the cleaving layer has been removed, the stop 
layer is exposed, as shown in FIG.8. Here, the top surface 16 
of the stop layer is exposed and substantially free from 
defects. The donor substrate with stop layer can be reused in 
another Substrate fabrication process. In other embodiments, 
the stop layer is removed in a selective manner. In these 
embodiments, there may be some implant damage in the stop 
layer, which should be taken out before formation of a cleav 
ing layer thereon. The stop layer is selectively removed from 
the donor substrate to expose the top surface of it. Now, the 
donor Substrate is ready for another series of processing steps 
to form a multilayered substrate structure. In a specific 
embodiment, the stop layer can be removed. A Smoothing 
step may follow the removing process. Alternatively, the stop 
layer can be smoothed using a combination of hydrogen 
treatment and heat treatment. An example of such smoothing 
process is described in U.S. Ser. No. (18419-008200), 
commonly assigned, and hereby incorporated by reference 
for all purposes. 
0044. In an alternative embodiment, the present process 
can be repeated to form a multilayered donor substrate struc 
ture 100 of FIG. 10. Here, the donor substrate structure 100 
includes a stop layer 103 overlying the donor substrate. A 
cleaving layer 105 is formed overlying the stop layer 103. 
Another stop layer 107 is formed overlying the cleaving layer 
and another cleaving layer is formed overlying the stop layer 
107. A device layer 111 is formed overlying the cleaving 
layer. In a specific embodiment, the implant of particles can 
be selectively adjusted along the z-direction of the substrate 
structure, where a higher dose is provided to either cleaving 
layer 109 or cleaving layer 105. Depending upon where the 
higher dose is provided, cleaving can occurat cleaving layer 
109 or cleaving layer 105. If the implant profile provided a 
high concentration region 113, cleaving would occurat cleav 
ing plane 115 in a specific embodiment. Cleaving can occur 
using a variety oftechnique such as the CCP described in U.S. 
Ser. No. (Attorney Docket No. 18419-000155), 
which is commonly owned and incorporated by reference 
herein. 

0045. In an alternative embodiment, the present process 
can be repeated to form a multilayered donor substrate struc 
ture 200 of FIG. 11. Here, the donor substrate structure 200 
includes bulk substrate 202. Overlying bulk substrate is a stop 
layer 201. A cleaving layer 203 is formed overlying the stop 
layer 201. Another stop layer 205 is formed overlying the 
cleaving layer and another cleaving layer 207 is formed over 
lying the stop layer 205. An nth stop layer 209 is formed 
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overlying the cleaving layer. An nth cleaving layer is formed 
overlying the nth stop layer. A device layer 213 is formed 
overlying the cleaving layer. In a specific embodiment, the 
implant of particles can be selectively adjusted along the 
z-direction of the substrate structure, where a higher dose is 
provided to either of the cleaving layers. Depending upon 
where the higher dose is provided, cleaving can occur at a 
particular cleaving layer. If the implant profile provided a 
high concentration region 215, cleaving would occurat cleav 
ing plane 217 in a specific embodiment. Cleaving can occur 
using a variety oftechnique such as the CCP described in U.S. 
Ser. No. (Attorney Docket No. 18419-000155), 
which is commonly owned and incorporated by reference 
herein. 
0046) Optionally, the present method uses a selective pat 
tern distribution technique of particles in the cleaving layer to 
enhance cleaving, as illustrated in diagrams of FIGS. 12 to 15. 
These diagrams are merely examples, which should not limit 
the scope of the claims herein. One of ordinary skill in the art 
would recognize many other variations, modifications, and 
alternatives. Some of the reference numerals used herein are 
similar to the previous ones for cross referencing purposes 
only. As shown, the present method begins by providing 
substrate 11, which can be a substrate such as the one in FIG. 
4, as well as others. That is, it is not necessary that the cleave 
layer include a deposited layer. The cleave layer can be solely 
an implanted layer, where particles 130 have been introduced 
into the substrate. 

0047 Once the cleave layer has been formed, the method 
yields a substrate such as the one in FIG. 13. As shown are 
substrate 11, cleave layer 160, and device layer 120, which 
can be silicon, epitaxial silicon, or another material. Particles 
150 are selectively introduced into an edge region 180 of the 
cleave layer in another implantation step or a second stage (or 
another stage) of the implantation step of introducing par 
ticles 22. The edge region can be only on one end of the 
Substrate. Alternatively, the edge region can be around a 
periphery of the Substrate. The edge region is generally a 
higher concentration region, which is used to facilitate cleav 
ing or initiation of cleaving. The edge region extends from an 
outer edge of the Substrate to a length delta, as shown. A 
profile 151 of the edge region is illustrated by a simplified 
diagram in FIG. 14. Here, the diagram includes a vertical axis, 
which plots concentration, and a horizontal axis, which plots 
length from the edge 153 of the substrate to a center region 
154 of the substrate. The distribution of particles can include 
a step distribution, a graded distribution, or any other distri 
bution, which facilitates cleaving or initiation of cleaving. 
0048. Once the substrate has been selectively implanted, 
substrate 11 is bonded to substrate 20. The substrates can be 
bonded to each other through interface 220, which can be 
silicon dioxide or the like. Many other types of interfaces can 
also be used. Here, a controlled cleaving process can be used. 
Other types of cleaving techniques can also be used depend 
ing upon the application. 
0049. The present invention also provides many advan 
tages and/or benefits over conventional processes. For 
example, the present invention can be substantially free from 
the use of porous silicon or masked area in Some embodi 
ments. Accordingly, the present device layer would therefore 
be of a higher quality than conventional layers. Additionally, 
the present invention provides for a higher quality epitaxial 
layer, which is formed on a high quality cleave layer that is 
generally free from dislocations and the like. In other embodi 
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ments, the present cleave layer comprises a non-contaminat 
ing, process compatible and miscible with a single crystal 
alloy. Here, the present process can be performed through the 
use of a clustertool system, which allows for an in-situ pro 
cess for forming a stop layer, a cleaving layer, a device layer, 
or any combination of these. Additionally, the present cleave 
layer can be stable (e.g., thermally) under Subsequent pro 
cessing and allow high-temperature steps (e.g., greater than 
400 degrees Celsius, or greater than 500 degrees Celsius) 
such as oxidation to be performed. Furthermore, the use of 
low doses of an implanted specie provides for higher produc 
tivity (e.g., two times, three times, or five times and greater) 
and lower device layer damage Dose/implant depth process 
tradeoff would also generally allow the cleave plane and 
device layer to be physically separated from the implant peak 
and end-of-range (EOR) damage, which prevents damage to 
the device layer from any thermal treatment, if any. The 
present invention also provides a process where the cleave 
layer, after separation at the cleave plane, allows selective 
etching to remove the cleave layer material using conven 
tional etching chemicals. Depending upon the embodiment, 
one or more of these benefits may exist. 
0050 Although the above has been generally described in 
terms of a specific Substrate, many others can also exist. These 
Substrates can include, among others, gallium arsenide, 
quartz, and silicon carbide. Of course, the type of Substrate 
used depends upon the application. 

EXAMPLE 

0051) To prove the principle and operation of the present 
invention, an experiment was performed. In this experiment, 
we used eight-inchbulk CZ wafers. These wafers were prime 
low boron concentration wafers from Mitsubishi Silicon 
America. The wafers were cleaned using a conventional SC1 
and SC2 clean. Next, the wafers were dried using a conven 
tional spin rinse dry so that the wafers were free from liquid 
droplets. Each wafer was loaded into an epitaxial silicon 
reactor. The reactor was a tool made by ASM International of 
Phoenix, Ariz., but is not limited to such reactor. A high 
temperature bake at about 1,100 Celsius was performed on 
the wafer. This bake removed native oxide and cleaned faces 
of the wafer. The bake was followed by a deposition process, 
where about 2,000 Angstroms of epitaxial silicon was depos 
ited. Such deposition was provided by a combination of silane 
and hydrogen gases in a conventional manner. 
0052 Next, the method used a deposition of siliconger 
manium overlying the epitaxial silicon. The silicon germa 
nium was introduced into the same chamber as the epitaxial 
silicon, where the wafer remained. The gases used included 
germane (GeH) and silane gases. The silicon germanium 
was about 30% germanium and about 70% silicon. Other 
concentrations of germanium can also be used. Hydrogen gas 
continued to be introduced during the introduction of the 
germane and silane gases. Such introduction occurred in-situ, 
where the wafer was not allowed outside of the chamber to 
prevent a possibility of contamination on the Surface of the 
epitaxial silicon layer. Here, a continuous growth process of 
the stop layer and the cleaving layer was provided. The silicon 
germanium was grown at a temperature that prevented misfits 
and other structural defects. Such temperature is about 700 
degrees Celsius and less. In this experiment, the cleave layer 
thickness was about 200 Angstroms. 
0053 Next, the method used a deposition of epitaxial sili 
con overlying the silicon germanium layer. Here, germane 
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gas was turned off in the chamber, while the silane and hydro 
gen gases were allowed to continue to enter the chamber. A 
higher flow rate of such gases could be introduced to improve 
deposition rates. The epitaxial silicon layer was growth to a 
thickness of 2200 Angstroms. 
0054. Once the deposition processes were completed, the 
wafer was implanted. Optionally, the surface of the epitaxial 
silicon can be oxidized, where a thermal oxide layer of about 
1000 Angstroms is grown. The implantation process was 
provided in a hydrogen implanter. The implanter was a con 
ventional Varian implantation apparatus, but is not limited to 
Such apparatus. The hydrogen was introduced at a dose of 
about 3x10' atoms/cm at an energy of about 22 keV. It is 
believed that the hydrogen increases stress in the siliconger 
manium layer. In some recent experiments, doses of less than 
8x10" atoms/cm at an energy of about 22 keV were also 
shown to cleave. Lower doses can be realized through the use 
of thicker cleave layers. 
0055. The implanted surface of the substrate was then 
bonded to a handle wafer. Here, the faces of each of the 
Substrates were plasma activated using an oxygen plasma. 
Next, the faces were brought together and bonded to each 
other form a suitable bond that does not separate during the 
present cleaving method. Bonding was perfected using ather 
mal treatment process of 350 degrees Celsius for 2 hours 
which enhanced the bond. The thermal treatment process 
occurred and was maintained at a temperature below gaseous 
microbubble or microcavity formation along the cleave plane. 
Additionally such treatment process occurred at such tem 
perature below crystalline rearrangement (e.g., blistering), 
Surface morphology change, or separation of the implanted 
material. It has been found that such blistering and high 
temperature caused film quality problems and the like, which 
have been undesirable. In fact, it is generally understood that 
the blister process no longer functions for doses below 3.5x 
10' atoms/cm at any implant energies and about 4.4x10' 
atoms/cm at about 22 keV under any thermal treatment tem 
peratures and times. 
0056. An example of an implant profile is shown in FIG. 
16, which is a simplified diagram 1300 of an experimental 
result according to an embodiment of the present invention. 
This diagram is merely an example. There could be many 
other variations, modifications, and alternatives. The diagram 
plots concentration (atoms/cubic centimeters) along the ver 
tical axis and a horizontal axis, which is depth. Such depth 
extends from the top surface of the device layer, through the 
cleave layer, and to the Substrate. As shown, the diagram 
illustrates a plot of hydrogen ions 1301, which has a maxi 
mum concentration 1307. The cleaving layer 1305, which is 
silicon germanium, is also shown. Upon cleaving, the cleav 
ing layer separates the device layer from the Substrate in a 
region defined as the cleave plane shown by reference 
numeral 1309. Such region accumulates hydrogen, which 
increases interfacial stress, which facilitates cleaving. Cleav 
ing occurred in a cleaving apparatus, such as the one 
described in U.S. Ser. No. (18419-004800), which is 
incorporated by reference herein. Once cleaving separated 
the two Substrates from each other, the cleaving process was 
terminated. Any remaining cleaving layer (i.e., silicon ger 
manium) was selectively removed from the stop layer, which 
was epitaxial silicon. 
0057 FIGS. 17 and 18 are micrographs of surface rough 
ness of cleaved films. Referring to FIG. 17, surface roughness 
of a conventional blister separation process known as Smart 
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Cut TM was performed. Such conventional process uses high 
doses of hydrogen (>6x10" atoms/cm at about 22 keV), 
which is implanted into a substrate. The substrate is bonded 
and then Subjected to high temperature. The high temperature 
provides microbubbles, which turn into macrobubbles, which 
ultimately blister a device layer from the substrate. Since such 
high concentrations and high temperatures are used, the Sur 
face roughness often is about 80 Angstroms RMS and greater. 
In contrast, the present process using a controlled cleaving 
process, which uses a silicon germanium cleaving layer. The 
present process provides a much smoother surface than the 
conventional process. Here, we measured a surface roughness 
value of 10 to 12 Angstroms RMS. After stripping the cleav 
ing layer, the Surface roughness was about 4 to 6 Angstroms 
RMS. Accordingly, the present process provides much 
Smoother films than conventional processes due to a Substan 
tially different physical mechanism in cleaving. The present 
experiment demonstrates many of the aspects of the present 
invention described herein. This experiment, however, is not 
intended to unduly limit the scope of the claims herein. One of 
ordinary skill in the art would recognize many variations, 
alternatives, and modifications. 
0058 While the above is a full description of the specific 
embodiments, various modifications, alternative construc 
tions and equivalents may be used. Therefore, the above 
description and illustrations should not be taken as limiting 
the scope of the present invention which is defined by the 
appended claims. 

1-23. (canceled) 
24. A method of forming Substrates, the method compris 

ing: 
providing a donor Substrate; 
forming a cleave layer comprising a cleave plane on the 

donor Substrate, the cleave layer comprising siliconger 
manium; 

forming a device layer on the cleave layer, the device layer 
comprising epitaxial silicon; 

introducing particles into the cleave layer to add stress to 
the cleave plane, where the particles are introduced in a 
manner substantially free from microbubble or micro 
cavity formation of the particles along the cleave plane 
within the cleave layer; 

redistributingaportion of the hydrogen particles within the 
cleave layer to form a higher concentration region of the 
particles in a region in a vicinity of the cleave plane, 
where the distribution is carried out in a manner substan 
tially free from microbubble or microcavity formation of 
the particles along the cleave plane within the cleave 
layer; 

providing selected energy from a mechanical source to the 
donor substrate to cleave the device layer at the cleave 
plane, whereupon the selected energy is applied at an 
edge or corner region of the donor Substrate to create a 
controlled cleaving action to remove the device layer 
from a portion of the cleave layerina controlled manner. 

25. The method of claim 24 further comprising bonding the 
device layer of the donor substrate to a handle wafer after 
introducing the particles. 

26. The method of claim 24 wherein the particles comprise 
hydrogen. 

27. The method of claim 24 wherein the particles comprise 
helium. 
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28. The method of claim 24 wherein the mechanical source 
comprises a pressurized jet of fluid. 

29. The method of claim 24 further comprising introducing 
a higher concentration of particles at the edge or corner region 
of the donor substrate. 

30. The method of claim 29 wherein the particles are intro 
duced to the edge or corner regions in multiple implantation 
steps. 

31. The method of claim 24 wherein the selected energy is 
applied in a time varying-manner. 

32. A method of forming substrates, the method compris 
ing: 

providing a donor Substrate; 
forming a cleave layer comprising a cleave plane on the 

donor Substrate, the cleave layer comprising siliconger 
manium; 

forming a device layer on the cleave layer, the device layer 
comprising epitaxial silicon; 

introducing hydrogen particles into the cleave layer to add 
stress to the cleave plane, where the particles are intro 
duced in a manner substantially free from microbubble 
or microcavity formation of the particles along the 
cleave plane within the cleave layer; 

redistributingaportion of the hydrogen particles within the 
cleave layer to form a higher concentration region of the 
particles in a region in a vicinity of the cleave plane, 
where the distribution is carried outina manner substan 
tially free from microbubble or microcavity formation of 
the particles along the cleave plane within the cleave 
layer; 

providing selected energy from a thermal source to the 
donor substrate to cleave the device layer at the cleave 
plane, whereupon the selected energy is applied to create 
a controlled cleaving action to remove the device layer 
from a portion of the cleave layerina controlled manner. 

33. The method of claim32 further comprising bonding the 
device layer of the donor substrate to a handle wafer after 
introducing the particles. 

34. The method of claim32 further comprising introducing 
helium particles to the cleave layer. 

35. The method of claim 33 wherein the thermal source is 
applied as flood. 

36. The method of claim 33 wherein the thermal source is 
applied as time-varying. 

37. The method of claim 33 wherein the thermal source is 
applied as spatially varying. 

38. The method of claim32 further comprising introducing 
a higher concentration of particles at an edge or corner region 
of the donor substrate. 

39. The method of claim 38 wherein the particles are intro 
duced to the edge or corner regions in multiple implantation 
steps. 

40. The method of claim 38 wherein the thermal source is 
applied as spatially varying to the edge or corner region. 

41. The method of claim 32 wherein the cleave layer com 
prises a graded concentration of the silicon germanium. 

42. The method of claim 41 wherein the graded concentra 
tion is greater near the device layer and decreases toward the 
donor Substrate. 


