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METHOD FOR DOUBLE-SIDED 
PROCESSING OF THIN FILM 

TRANSISTORS 

2 
grated into silicon device wafers with vertical interconnects 
providing conductivity in the vertical direction. 

SUMMARY 
STATEMENT OF GOVERNMENT RIGHTS 5 

Research funding was provided for this invention by the 
U.S. Army under grant number W911NF-04-1-0389; U.S. 
Department of Energy under grant number DE-FG02-
03ER46028; and the National Science Foundation under 
grant number 0079983. The United States govermnent has 
certain rights in this invention. 

FIELD OF THE INVENTION 

This invention pertains generally to the field of thin film 
transistors and methods of processing the same. 

BACKGROUND 

Flexible circuits and electronic devices that combine 
plastic substrates with thin layers of semiconductors are an 
important emerging technology. These flexible circuits and 
the devices that incorporate them have advantages that are 
difficult or impossible to achieve using conventional semi­
conductor processing techniques and materials. Specifically, 
these circuits are mechanically flexible lightweight, and 
durable. In addition, flexible circuits have the potential to be 
mass produced at a relatively low cost. Various fields and 
applications in which flexible electronics have great poten­
tial include displays, solar cells, smart cards, radiofrequency 
identification cards (RFID), and medical applications. Per­
haps the largest market potential for flexible circuits is in the 
active matrix flat panel display market due to its never­
ending demand for lightweight and robust wireless tech­
nologies. 

This invention provides methods for fabricating thin film 
electronic devices with both front- and backside processing 
capabilities. Using these methods, high temperature process­
ing steps may be carried out during both frontside and 

10 backside processing. The methods are well-suited for fab­
ricating double-sides devices and 3D integrated circuits. 

The thin film electronic devices may be fabricated from a 
device substrate that includes an active layer composed of a 
single crystal semiconductor supported on a sacrificial layer. 

15 The method entails the steps of integrating one or more 
device components into an upper surface of the active layer, 
releasing the active layer from the sacrificial layer and lifting 
the released active layer thereby exposing the lower surface 
of the active layer, and integrating one or more device 

20 components into the lower surface of the active layer. Lifting 
the released active layer is carried out by contacting the 
released active layer with a host substrate, to which the 
upper surface of the active layer adheres. These processing 
steps allow the processing of the lower surface of the active 

25 layer to be carried out while the active layer is supported by 
the host substrate. In some embodiments, the host substrate 
itself forms part of an electronic device. In other embodi­
ments, the host substrate provides a temporary support on 
which processing of the active layer is carried out prior to a 

30 subsequent transfer of the active layer (now processed on its 
opposing upper and lower surfaces) to a circuit substrate, 
such as a flexible plastic film. 

For the purpose of this disclosure, the term "device 
components" refers to a component of an electrical or an 

35 electro-mechanical device. Examples of device components 
include, but are not limited to, transistors, transistor com­
ponents (e.g., source, gate, drain, emitter, base, collector, 
electrodes, and the like), resistors, inductors, and capacitors. Recently, a dry printing transfer printing technique for 

producing bendable silicon transistors on plastic substrates 
has been proposed. (See, for example, Menard et al., Appl. 
Phys. Lett. 86, 93507-1 (2005). This technique uses a 
poly(dimethylsiloxane) (PDMS) elastomer stamp to lift a 
thin single crystal silicon layer from a silicon wafer and 
transport the silicon layer to a plastic substrate. Using this 
technique, high-temperature processing steps must be per- 45 
formed on the silicon layer before transfer because the 
elastomer stamp and the plastic substrate will not withstand 
high processing temperatures. As a result this technique only 
allows one side of the silicon thin film to be processed. For 
this reason, this technique is unsuitable for the production of 50 
thin film electronics that require front- and backside pro­
cessing. Such devices include double gate field effect tran­
sistors (FETs), back-gate FETs, complimentary metal oxide 
semiconductor (CMOS) devices having multiple oppositely­
facing p-channel and n-channel transistors, double-sided 55 
bipolar junction transistors (BJTs) and heterojunction bipo-

Thin film electronic devices that may be made using the 
40 present methods include, but are not limited to, double gate 

FETs, back-gate FETs, CMOS devices having multiple 
oppositely-facing p-channel and n-channel transistors, 
double-sided BJTs and HBTs. 

The methods also may be used to produce 3D integrated 
circuits from stacked thin films having buried integrated 
transistor structures, separated by isolation layers and con­
nected by vertical interconnects. To fabricate a 3D integrated 
circuit an isolation layer may be deposited over the device 
components of the upper or lower surface of a first active 
layer, fabricated as described above. The isolation layer may 
be composed of a material with a high thermal conductivity, 
such as AIN, carbon, or diamond. A second active layer is 
then transferred onto the isolation layer and in-plane and 
out-of-plane interconnects are formed in the resulting 
stacked structure to provide vertical device integration with 
buried transistor structures. The second active layer may be 

lar transistors (HBTs ). 

One emerging field where double-sided thin film elec­
tronics are highly desirable is in the field of three-dimen­
sional (3D) integrated circuits. These 3D integrated circuits 
are made from stacked layers of semiconductor single 
crystals having buried transistor structures and vertical inter­
connects to provide vertically integrated circuits with a high 
transistor density per volume. Examples of vertically inte­
grated 3D circuits are described in Xue et al., IEEE Trans­
actions on Electron Devices, 50, 601-609 (2003). These 3D 
devices are made from multilayers of planar devices inte-

formed in the same manner as the first, such that the second 
active layer has device components integrated into its oppos­
ing upper and lower surfaces prior to transfer onto the 

60 isolation layer on the first active layer. Alternatively, the 
second active layer may have device components integrated 
into its upper surface while it is supported by a sacrificial 
layer. The second active layer may then be released from the 
sacrificial layer and contacted with the isolation layer on the 

65 first active surface, whereby the isolation layer acts as a host 
substrate, lifting the released second active layer. Device 
components may then be integrated into the, now exposed, 
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lower surface of the second active layer, which is now 
supported by the isolation layer. This process may be 
repeated until a 3D stacked structure having the desired 
number of active layers is produced. 

The 3D integrated circuits made in accordance with the 
present methods include devices wherein components made 
from different materials or different device structures are 
placed on different active layers in the stacked structure. 

Further objects, features and advantages of the invention 
will be apparent from the following detailed description 
when taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

4 
(GaAs)). SiGe is an example of a semiconductor alloy that 
may be used in the active layer. The active layer itself may 
be a single layer or multilayered structure. For example, the 
active layer may be composed of a semiconductor alloy 

5 layer sandwiched between two layers of semiconductor. 
Alternatively, the active layer may include a layer composed 
of a semiconductor layer sandwiched between two semicon­
ductor alloy layers. In one embodiment, the active layer is 
composed of a layer of Si Ge alloy sandwiched between two 

10 Si layers. For the purposes of this disclosure, the individual 
layers in an active layer that includes multiple semiconduc­
tor layers (such as a layer of semiconductor alloy sand­
wiched between two layers of semiconductor) will be 
referred to as active sublayers. 

FIG. 1 is a schematic diagram showing a method for 15 

fabricating a back-gate field effect transistor. 
The active layer is desirably thin and mechanically flex­

ible. In some embodiments the active layer has a thickness 
of no more than about 700 nm. This includes embodiments 
where the active layer has a thickness of no more than about 
500 nm, no more than about 300 nm, no more than about 200 
nm, no more than about 100 nm, no more than about 50 nm, 
or even no more than about 30 nm. 

FIG. 2 is a schematic diagram showing a method for 
fabricating a double-sided, collector-up bipolar heterojunc-
tion transistor. 

FIG. 3 is a schematic diagram 
fabricating a double-sided CMOS. 

showing a method for 20 

FIG. 4 is a schematic diagram 
fabricating a 3D integrated circuit. 

showing a method for 

DETAILED DESCRIPTION 

This invention relates to methods for making thin film 
electronic and electro mechanical devices, including thin 
film transistors (TFTs), and electronic circuits that incorpo­
rate the thin film devices. The methods allow for both front 
and backside processing and are well suited for the fabri­
cation of double-sided devices and 3D integrated circuits. 

In the present methods thin film devices and electronics 
are fabricated from a device substrate having an active layer 
composed of a single crystal semiconductor material sup­
ported by a sacrificial layer that is desirably capable of 
withstanding high (e.g., ~500° C.) processing temperatures. 
The active layer has an exposed upper surface and an 
oppositely facing lower surface which is initially in contact 
with the sacrificial layer. As used herein, the terms "upper" 
and "lower" are used to refer to oppositely facing surfaces 

The sacrificial layer initially supporting the active layer 
may be composed of an etchant-sensitive material that may 
be eliminated by wet or dry etching to release the active 

25 layer. For example, a sacrificial layer composed of silicon 
dioxide could be etched away using HF liquid or vapor to 
release an overlying active layer of, for example, Si. Altern­
atively, the sacrificial layer may, include a defect layer which 
breaks at elevated temperatures. For example, hydrogen 

30 implantation could be used to produce a defect layer as a 
sacrificial layer. When the sacrificial layer is heated, defects 
propagate in the defect layer until a break is formed through 
the sacrificial layer. Any portion of the sacrificial layer that 
remains attached to the active layer is then removed, thereby 

35 releasing the active layer. 
Semiconductor-on-insulator substrates (SO Is) that 

include a handle wafer, a buried insulator (e.g., a buried 
oxide) layer and a, thin semiconductor layer are well-suited 
for use as device substrates. In the SOis, (which are well-

40 known and commercially available) the thin semiconductor 
layer serves as the active layer and the buried insulator 
serves as the sacrificial layer. Examples ofSOis include, but 
are not limited to, silicon-on-insulator, silicon-on-sapphire, 

of the active layer. These terms are not intended to specify 
any particular orientation of the active layer. As will be clear 
from the discussion that follows, during various processing 
steps the "upper" surface of an active layer may actually be 45 

positioned face-down and the "lower" surface of an active 
layer may actually be positioned face-up. 

SiGe-on-insulator and germanium-on-insulator substrates. 
The host substrate onto which the active layer is trans-

ferred may be an organic or inorganic substrate. The host 
substrate is characterized by at least one surface to which the 
active layer adheres. Generally, the host substrate will be 
coated with an adhesive coating to promote adhesion of the 

As an initial step in the present methods, one or more 
device components are integrated into the upper surface of 
the active layer while the active layer is supported by the 
underlying sacrificial layer. The active layer is then released 
from the sacrificial layer and transferred onto a host sub­
strate by contacting the upper surface of the active layer with 
a host substrate, to which the active layer adheres, and lifting 
the active layer. In this transfer process, the active layer is 
"flipped" onto the host substrate such that the upper surface 
of the active layer is now face-down on the host substrate 
and the lower surface of the active layer is now face-up. 
After the transfer of the active layer to the host substrate, one 
or more device components may then be integrated into the 
lower surface of the active layer. 

The single crystal semiconductor of the active layer may 

50 active layer. The host substrate may be incorporated into a 
final electronic or electro-mechanical device. For example, 
the host substrate may be an electrically conductive sub­
strate (e.g., a metal coated polymer) having a dielectric 
adhesive coating on its surface. In such embodiments, the 

55 adhesive may be used as the gate dielectric and the electri­
cally conductive substrate as the gate electrode in an FET. 
Alternatively, the host substrate may be a temporary sub­
strate on which the active layer undergoes further processing 
before being transferred to another host substrate. The active 

60 layer may be "flipped" from host substrate to host substrate 
in a series of transfer steps, and one or more transistor 
components may be integrated into the upper and/or lower 
surface at each step, until the processing of the active layer be composed of a single semiconductor or a semiconductor 

alloy. Examples of semiconductors that may be used in the 
active layer include, but are not limited to, Group IV 65 

semiconductors (e.g., silicon (Si) and germanium (Ge) and 
Group III-IV semiconductors (e.g., gallium arsenide 

is complete. 
Suitable organic host substrates include thin, flexible 

polymer films. Poly( ethyleneteraphthalate) (PET) is an 
example of a suitable polymer substrate that may be used in 
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the fabrication of thin film transistors. Because polymer host 
substrates, such as PMMA or rubber substrates, do not stand 
up well under high temperature processing conditions, such 
as thermal annealing, it is desirable to complete all high 
temperature processing steps on the active layer prior to 
transferring the active layer to a polymer host substrate. 

If additional high temperature processing steps are to be 
carried out after the active layer is released from the sacri­
ficial layer, it may be desirable to use an inorganic host that 
can withstand high temperatures. Examples of suitable inor­
ganic host substrates include, but are not limited to, semi­
conductor and semiconductor oxide substrates. Specific 
examples of such substrates include crystalline silicon, 
silicon dioxide, sapphire, GaN, and the like. Any adhesive 
coating remaining between the inorganic host substrate and 
the active layer after transfer may optionally be dissolved 
prior to carrying out high temperature device processing 
steps. 

The step of integrating a device component into the 
surface of an active layer is used broadly to: refer to any 
processing step or steps used to form one or more electronic 
or electro-mechanical device components in the active layer. 
Transistor components that may be fabricated by these 
processing steps include the source, drain and gate of a field 
effect transistor, the emitter, collector and base of a bipolar 
transistor, and their associated electrical connections. The 
particular processing steps used and the order of the pro­
cessing steps will depend on the nature of the device to be 
fabricated. However, the processing steps will typically 
include a combination of one or more of the following: 
doping the active layer, annealing the active layer, patterning 
and etching the active layer and depositing materials ( e.g., 
dielectrics and electrical contacts) on the active layer. 

6 
layers sufficiently thin and selecting a suitable flexible final 
host substrate, these transistors may be mechanically flex­
ible, thin film transistors. 

The methods are also well-suited for fabricating 3D 
5 integrated circuits. These 3D integrated circuits are com­

posed of a stack of active layers, of the type described 
herein, separated by isolation layers. Buried transistor struc­
tures integrated into the upper and lower surfaces of the 
active layers are connected by vertically integrated electrical 

10 interconnects. Using the methods described above, device 
components may be integrated into the upper and lower 
surfaces of the first active layer in the stack. An isolation 
layer may then be deposited over the first active region and 
vertical electrical interconnects may be integrated into the 

15 isolation layer. The vertical interconnects may be formed, 
for example, using a dual Damascene process as described 
in Xue et al., IEEE Trans. Electron Devices, 50, 601-609 
(2003), the entire disclosure of which is incorporated herein 
by reference. A second active layer may then be transferred 

20 onto the isolation layer. The second active layer may have 
one or more device components integrated into its upper and 
lower surfaces (using the methods described herein) before 
being transferred onto the isolation layer, to which the 
second active layer adheres. Alternatively, the isolation layer 

25 may act as a host substrate for a second active layer that has 
been released from an underlying sacrificial layer after 
having one or more transistor components integrated into its 
upper surface. In such embodiments, one or more transistor 
components may be integrated into the lower surface of the 

30 second active layer after it has been transferred (i.e., flipped) 
onto the isolation layer. This process may be repeated until 
a stack having the desired number of active layers is 
fabricated. 

Doping the active layer may entail n-doping and/or p-dop­
ing the active layer to define n-wells, p-wells; source, gate 35 

and drain regions, or emitter base and collector regions in 
the active layer. The resulting doped regions may extend all 
the way, or only partially, through the active layer. For 
example, if the active layers is itself a multilayered structure, 
the doped regions may be limited to one or more of the 40 

sublayers of the active layer. Doping may be carried out 
using well-known techniques, including ion implantation 
and spin-on dopant techniques. Doping typically will be 
followed by a high temperature annealing step to activate the 
doped regions of the active layer. For example, annealing 45 

may be carried out at temperatures of at least about 450° C. 
This includes annealing steps conducted at least about 500° 

FIGS. 1-4 are schematic diagrams showing how to make 
various transistor structures in accordance with the methods 
of this invention. The examples represented by these figures 
are intended to illustrate the invention without limiting it. 

FIG. 1 is a schematic diagram showing the steps involved 
in the production of a back-gate thin film transistor. The 
device substrate 100 is a silicon-on-insulator (SOI) with a 
thin buried silicon oxide layer 102 (-200 nm) sandwiched 
between a thin silicon single crystal active layer 104 (-200 
nm) and a silicon handle wafer 106. In an initial processing 
step (step b ), a source region 108 and a drain region 110 are 
fabricated by n-doping the upper surface 112 of active layer 
104. This may be accomplished by applying a photoresist 
over upper surface 112 (e.g., spin-coating), creating a mask 
exposing source and drain regions 108, 110 using photoli­
thography, doping the source and drain regions using ion 
implantation and, finally, removing the mask. The doping is 
following by a high temperature anneal. Gate region 126 

C., at least about 600° C., and at least about 700° C. 
Patterning and etching the surface of the active layer may 

may be doped by repeating the procedure. An HF etch (step 
c) is then used to remove buried oxide layer 102, releasing 
the active layer 104 which falls onto underlying handle 

be carried out using well-known lithographic and etching 50 

techniques. For example, patterning and etching the surface 
may entail depositing a resist on the surface of the active 
layer, lithographically patterning the resist to define a mask 
over the surface, and etching the exposed regions of the 
active layer surface to fabricate device components. 

Materials that may be deposited onto the surface of the 
active layer include dielectric materials ( e.g., for use in 
forming a gate dielectric) and electrical contact materials 
(e.g., indium-tin-oxide (ITO) and/or metals, such as gold 
and titanium) for use as electrodes. Conventional deposition 60 

techniques (e.g., chemical vapor deposition) may be used. 

55 wafer 106. A host substrate composed film of gold-coated 
PET (gold-coating not depicted) 114 and a dielectric adhe­
sive layer 116 is brought into contact with the upper surface 
112 of active layer 104 (step d). Active layer 104 is then 

Because the present methods allow device components to 
be integrated into both the upper and lower surfaces of the 
active region, the methods are well-suited for the fabrication 
of double sided devices including, but not limited to, double 65 

gate MOSFETs, back-gate MOSFETs, CMOS devices, and 
double sided BJTs and HBTs. By making the various device 

flipped onto the host substrate (step e). In this design, the 
gold-coated PET 114 provides a back-gate electrode and the 
dielectric adhesive layer 116 provide a back-gate dielectric. 
Finally, metal contacts 118 120 are deposited over source 
region 108 and drain region 110 and a second gate dielectric 
122 and second gate electrode 124 are deposited over gate 
region 126 (step f). This may be accomplished by applying 
a photoresist over lower surface 128 (e.g., spin-coating), 
creating a mask exposing source and drain regions 108, 110 
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using photolithography, and etching and depositing the 
dielectric and contacts (e.g., using chemical vapor deposi­
tion). For simplicity, FIG. 1 shows the formation of a single 
transistor in the active region. However, a CMOS including 
a p-type and a n-type FET integrated into the same surface 
of the active region could also be formed using the present 
methods. 

FIG. 2 is a schematic diagram showing the steps involved 
in the production of a double sided, collector up heterojunc­
tion bipolar junction transistor. The device substrate 
includes a thin buried silicon oxide layer 202 (-200 mn) 
sandwiched between a triple layer active layer 204 (-700 
mn) and a silicon handle wafer 206. Active layer 204 is 
composed of three active sublayers. The sublayers are a thin 
p-doped SiGe layer 210 (-50 mn) sandwiched between two 
thin n-doped Si layers 212, 214 (-650 mn). This device 
substrate may be fabricated by growing ( e.g., via molecular 
beam epitaxy) a Si/SiGe bilayer on the silicon single crystal 
layer of an SOI substrate and doping the layers during (or 
after) the growth of each layer, followed by a high tempera­
ture amieal if necessary. In an initial processing step, a metal 
emitter electrode 216 is deposited on the upper surface 218 
of active layer 204 (step b ). An HF etch is then used to 
remove buried oxide layer 202, releasing the active layer 
204 which falls onto silicon handle wafer 206 (step c).Ahost 
substrate composed film of PET 220 and a dielectric adhe­
sive layer 222 is brought into contact with the upper surface 
218 of active layer 204 (step d). Active layer 204 is then 
flipped onto the host substrate (step e). The lower surface 
226 of active layer 204 is then etched down to SiGe layer 
210, after depositing collector electrode 232 to form a 
collector from Si layer 214. Base electrodes 228, 230 are 
than deposited over lower surface 226. 

FIG. 3 is a schematic diagram showing the steps involved 

8 
FIG. 4 is a schematic diagram showing a method for 

fabricating a 3D integrated circuit. For simplicity, the fab­
rication of only the first two thin film transistor layers are 
shown in this figure. Initially, a source region 402, a gate 

5 region 404 and a drain region 406 are formed in the top layer 
408 of a SOI substrate (step a) using frontside processing. 
The underlying buried sacrificial layer 410 is then removed 
(step b) leaving released layer 408 on the handle wafer 409. 
These steps may be carried out as described with respect to 

10 steps a and b of FIG. 1. The released top layer 408 will form 
the second thin film transistor device layer of the 3D 
integrated circuit. A host substrate 412 to which layer 408 
adheres is then brought into contact with layer 408 (step c) 
and released layer 408 is flipped onto host substrate 412 

15 (step d). Host substrate 412 may be formed from a silicon 
wafer prefabricated to include a source region 414, a gate 
region 416, a drain region 418, a gate dielectric 420 and a 
gate contact 422, using conventional silicon wafer process­
ing techniques. An isolation layer 424 of, for example, SiO2 , 

20 is deposited over the prefabricated silicon wafer and a layer 
of adhesive 426 is deposited over the isolation layer. Using 
backside processing, a gate dielectric 428 and a gate elec­
trode 430 are then grown on "flipped" layer 408. Buried 
vertical interconnects 432 (e.g., tungsten or polysilicon 

25 interconnects) may then be formed in the resulting 3D 
structure using, for example, a dual Damascene process. The 
process of processing-releasing-flipping thin film transistor 
layers may be repeated until a stacked 3D structure having 
the desired number of device layers is formed. For simplic-

30 ity, the 3D structure of FIG. 4 includes only two transistors, 
one in each active layer in the stack. However, more 
complicated structures, with many buried transistor struc­
tures per active layer may also be produced, including 
structures having active layers with transistors integrated 

35 into both their upper and lower surfaces. Because the 
structure of FIG. 4 may be produced using thin film active 
layers, it represents a substantial advantage over 3D inte­
grated circuits fabricated from conventional semiconductor 
wafers. 

in the production of a double-sided CMOS. The device 
substrate 300 is a silicon-on-insulator (SOI) with a thin 
buried silicon oxide layer 302 (-200 mn) sandwiched 
between a thin silicon single crystal active layer 304 (-500 
mn) and a silicon handle wafer 306. In an initial processing 40 

step (step b ), ann-well 308 with a p-doped source region 310 
and a p-doped drain region 312 is fabricated by doping the 
upper surface 314 of active layer 304. This may be accom­
plished using standard lithography and doping techniques. 
The doping steps are followed by a high temperature anneal. 45 

An HF etch ( step c) is then used to remove buried oxide 
layer 302, releasing the active layer 304, which falls onto 
underlying handle wafer 306 A source electrode 311, a drain 
electrode 313, a gate dielectric 315 and a gate electrode 317 
are then deposited over upper surface 314 (step d). A first 50 

host substrate composed of a material that can withstand 
high temperature processing conditions, for example, a 
silicon dioxide layer 316 and an adhesive layer 318, is 
brought into contact with the upper surface 314 of active 
layer 304 (step d). Active layer 304 is then flipped onto the 55 

host substrate (step e). A p-well 320 with an n-doped source 
region 322 and an n-doped drain region 324 is fabricated by 
doping the lower surface 326 of active layer 304, followed 

It is understood that the invention is not confined to the 
particular embodiments set forth herein as illustrative, but 
embraces all such modified forms thereof as come within the 
scope of the following claims. 

What is claimed is: 
1. A method for fabricating a thin film electronic device 

from a device substrate comprising (1) an active layer 
comprising a single crystal semiconductor material and (2) 
a sacrificial layer supporting the active layer, the method 
comprising: 

(a) integrating one or more device components into an 
upper surface of the active layer; 

(b) releasing the active layer from the sacrificial layer; 
( c) contacting the upper surface of the active layer with a 

host substrate, to which the upper surface adheres, 
thereby transferring active layer to the host substrate; 
and 

( d) integrating one or more device components into a 
lower surface of the active layer. 

by a second high temperature anneal (step f). A second 
source electrode 323, a second drain electrode 325, a second 60 

gate dielectric 327 and a second gate electrode 329 are then 
deposited over lower surface 326. A second host substrate 
composed of, for example, a high temperature-resistant 
material 328 and an adhesive layer 330 is brought into 
contact with the lower surface 326 of active layer 304 (step 65 

g). Active layer 304 is then flipped onto the host substrate 
(step h). 

2. The method of claim 1, wherein integrating one or more 
device components into the upper and lower surfaces of the 
active layer involves one or more high-temperature process­
ing steps. 

3. The method of claim 2, wherein the high-temperature 
processing steps include annealing, thermal oxidation, depo­
sition or a combination thereof. 



US 7,354,809 B2 
9 

4. The method of claim 2, wherein the high-temperature 
processing steps are carried out at a temperature of at least 
about 450° C. 

10 
15. The method of claim 14, wherein the inorganic 

material comprises a semiconductor, an oxide, a nitride, or 
a carbide. 

5. The method of claim 1, wherein integrating one or more 
device components into the upper and lower surfaces of the 
active layer includes the steps of n-doping, p-doping, pat­
terning, etching, or depositing a material onto the active 
layer, or a combination thereof. 

16. The method of claim 14, further comprising dissolv-
5 ing the adhesive prior to integrating one or more device 

components into the lower surface of the active layer. 

6. The method of claim 1, wherein integrating one or more 
device components into the upper and lower surfaces of the 
active layer includes forming a source region in the active 
layer, forming a drain region in the active layer, forming a 
gate region in the active layer, depositing a gate dielectric on 
the active layer, depositing electrical contact materials on 
the active layer, or a combination thereof. 

17. The method of claim 14, further comprising contact­
ing the lower surface of the active layer with a second host 
substrate, to which the lower surface adheres, to transfer the 

10 active layer to the second host substrate. 
18. The method of claim 17, wherein the second host 

substrate comprises a dielectric adhesive disposed on an 
electrically conductive coating on a flexible plastic film. 

19. A method for fabricating a three dimensional thin film 

7. The method of claim 1, wherein the device substrate is 
a silicon-on-insulator substrate comprising a handle wafer, a 
buried oxide that serves as the sacrificial layer, and a thin 
layer of single crystal silicon that serves as the active layer. 

15 electronic device from a first device substrate comprising (1) 
a first active layer comprising a single crystal semiconductor 
material and (2) a first sacrificial layer supporting the first 
active layer, the method comprising: 

8. The method of claim 1, wherein the device substrate 20 

comprises a handle wafer, a buried oxide that serves as the 
sacrificial layer, and a multilayered structure that serves as 
the active layer, comprising a SiGe alloy sandwiched 
between two silicon single crystals or a Si layer sandwiched 
between two SiGe alloy layers. 25 

9. The method of claim 1, wherein the host substrate 
comprises an adhesive disposed on a flexible host layer. 

10. The method of claim 9, wherein the adhesive is a 
dielectric adhesive and the host layer comprises a plastic 
coated with an electrically conductive material. 

11. The method of claim 1, further comprising contacting 
the lower surface with a flexible substrate, to which the 
upper surface adheres, and transferring the active layer to the 
flexible substrate. 

30 

12. The method of claim 11, wherein the flexible substrate 35 

comprises a flexible plastic layer, a coating of an electrically 
conductive material disposed over the flexible plastic layer 
and a coating of dielectric material disposed over the elec­
trically conductive material. 

13. The method of claim 12, wherein the flexible plastic 40 

comprises PET, the electrically conductive material com­
prises ITO and the dielectric material comprises a dielectric 
adhesive. 

14. The method of claim 1, wherein the host substrate 
comprises an adhesive disposed on an inorganic material. 

(a) integrating one or more transistor components into an 
upper surface of the first active layer; 

(b) releasing the first active layer from the first sacrificial 
layer; 

( c) contacting the upper surface of the first active layer 
with a host substrate, to which the upper surface 
adheres, thereby transferring the first active layer to the 
host substrate; 

( d) integrating one or more transistor components into a 
lower surface of the first active layer; 

( e) depositing an isolation layer over the lower surface of 
the first active layer; and 

(f) repeating steps (a) and (b) on a second device substrate 
comprising (1) a second active layer comprising a 
single crystal semiconductor material and (2) a second 
sacrificial layer supporting the second active layer, and 
contacting an upper surface of the second active layer 
with the isolation layer on the first active layer, to 
which the upper surface of the second active layer 
adheres, thereby transferring the second active layer 
onto the isolation layer. 

20. The method of claim 19, further comprising integrat­
ing one or more transistor components into the lower surface 
of the second active layer. 

* * * * * 
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