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(57) ABSTRACT 

Processes for transferring a semiconductor material to a 
polymer substrate to provide ?exible semiconductor mate 
rial include implanting ions to a predetermined depth in a 
semiconductor substrate, heat-treating the ion-implanted 
semiconductor substrate for a period of time and at a 
temperature e?cective to cause defect formation and enlarge 
ment of the implanted ion defect, adhering the ion-im 
planted, heat-treated substrate to a polymer substrate, and 
separating a semiconductor ?lm such as a single crystal 
silicon ?lm from the semiconductor substrate; and devices 
having single crystal silicon ?lms disposed directly or 
indirectly on polymer ?lms. 
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FLEXIBLE DISPLAY SUBSTRATES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Appli 
cation Ser. No. 60/674,983, ?led Apr. 25, 2005 and entitled 
“Flexible Display Substrates” Which is incorporated by 
reference herein. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to thin ?lm semicon 
ductors, and in particular, to methods of making thin ?lm 
semiconductors having a polymer substrate, and structures 
having a single crystal silicon ?lm and polymer substrate. 

[0003] There is a groWing need for a variety of display 
devices, such as liquid crystal display (LCD), organic light 
emitting diode (OLED), and active matrix liquid crystal 
display (AMLCD) devices. These display devices are based 
on technology using thin-?lm semiconductor material. The 
thin-?lm semiconductor material is used to produce thin 
?lm transistors (TFT), three-terminal devices in Which an 
input signal controls the output current. TFTs are classi?ed 
into those using polycrystalline silicon (poly-Si), amorphous 
silicon, or single crystal silicon (SCS) thin-?lm semicon 
ductor material. TFTs perform sWitching and amplifying 
functions and can operate as a discrete device or as a 

building cell of integrated circuits. For example, an LCD 
device uses an array of TFTs to control the display process. 
In OLED devices, radiation is emitted as a result of electron 
hole interactions in thin ?lm organic semiconductors. An 
AMLCD device is a higher performance version of an LCD 
and uses an array of TFTs to control individual pixels. 

[0004] TFTs made using amorphous silicon must be 
driven by standard integrated circuits. Amorphous silicon is 
a non-crystalline silicon possessing no long-range crystal 
lographic order. As a result, amorphous silicon ?lms possess 
poor electrical characteristics and inherently poor stability. 
Amorphous silicon ?lm is suitable for producing transistors 
to sWitch individual pixels on and off, but is unable to handle 
logic and mixed signal functions needed for higher perfor 
mance devices. 

[0005] TFTs produced using poly-Si technology are supe 
rior to those made With amorphous silicon. Poly-Si is a 
crystalline silicon in Which atoms are arranged folloWing a 
speci?c pattern (long-range order) Within limited grains. 
While this emerging technology is expected to eliminate the 
need for separate display drivers, required With TFTs made 
of amorphous silicon, and alloW fabrication of drivers on 
poly-Si itself, and reduce the cost and siZe of display 
devices, poly-Si technology has been under development for 
several years and has yet to solve issues of poor uniformity 
and high cost of manufacture. 

[0006] The use of SCS ?lms creates superior electronic 
and photonic properties as compared to amorphous silicon 
and poly-Si ?lms. SCS is a crystalline solid in Which 
long-range order exists throughout the entire piece of mate 
rial, signi?cantly enhancing loW-charge-carrier mobility. 
Also, the single crystal nature of the ?lm provides better 
uniformity than amorphous silicon or poly-Si ?lms. 

[0007] Processes for transferring SCS ?lm onto an oxi 
diZed substrate are knoWn in the art. Exfoliation is one such 
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technique. Exfoliation by the hydrogen ion implantation 
method generally involves implanting a silicon Wafer With 
ions to create a defect structure in the Wafer. Typically, the 
implantation ions are hydrogen ions. The ion-implanted side 
of the Wafer is then brought into contact With an oxidiZed 
silicon substrate. The Wafer and oxidiZed silicon substrate 
are heated to high temperatures, typically greater than 
l,000° C. The heat treatment forms a bond betWeen the 
ion-implanted side of the silicon Wafer and the oxidiZed 
silicon substrate. The heat also causes the ion-implanted 
portion of the silicon Wafer to separate from the silicon 
Wafer. 

[0008] Since processes for obtaining an SCS ?lm on a 
substrate require relatively high temperatures, they are not 
suitable for polymer substrates. Consequently, most TFTs 
used in display devices are made using glass substrates. 
HoWever, glass substrates result in signi?cant Weight of 
display devices due to the high density of glass employed 
therein. Also, glass substrates are rigid and possess a loW 
tolerance for bending stresses. Moreover, glass is fragile and 
if dropped, TFTs made With glass substrates have a high risk 
of breakage. 

[0009] Many applications require lightWeight, ?exible dis 
plays. There are many polymer materials that are much more 
?exible than glass and have less than about half the density 
of glass. As a result, some effort has been made to develop 
technology to replace glass substrates With polymer sub 
strates. These technologies employ either amorphous silicon 
or poly-Si ?lm transferred to a polymer substrate and are 
subject to the aforementioned draWbacks. Accordingly, there 
is a need in the art for devices employing SCS ?lm on a 
polymer substrate. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides processes for pro 
ducing semiconductor on insulator structures comprising 
transferring a semiconductor ?lm to a polymer substrate to 
make a ?exible semiconductor material. Such processes 
involve in one embodiment implanting ions in a region of 
predetermined depth in a semiconductor donor Wafer, heat 
treating the implanted semiconductor donor Wafer on a 
support substrate for a period of time and at a temperature 
effective to cause defect formation in the region of implanted 
ions and delaminating a thin ?lm of semiconductor from the 
donor Wafer onto a polymer substrate. 

[0011] In one embodiment, an ion-implanted, heat-treated 
semiconductor donor Wafer is adhered to a polymer sub 
strate and a SCS ?lm is separated from the semiconductor 
donor Wafer. In accordance With one embodiment, the 
silicon donor Wafer is a SCS Wafer. 

[0012] The processes of the present invention include 
steps of transferring a substantially uniform ?lm With 
enhanced loW-charge carrier mobility onto a polymer sub 
strate to form a semiconductor structure that is ?exible, 
lightWeight, and more resistant to breakage. Processes in 
accordance With the present invention do not require the use 
of high temperatures or oxidiZed silicon layers. 

[0013] In accordance With one embodiment, the invention 
provides a method for producing a semiconductor-on-insu 
lator structure, speci?cally, a semiconductor on polymer 
structure, comprising the steps of providing ?rst and second 
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substrates wherein the ?rst substrate comprises a ?rst exter 
nal surface for bonding to the second substrate (the ?rst 
bonding surface), a second external surface for applying 
force to the ?rst substrate (the ?rst force-applying surface), 
and an internal Zone for separating the ?rst substrate into a 
?rst part and a second part (the internal Zone is hereinafter 
referred to as the “separation Zone,” Which, for example, can 
be a hydrogen ion implantation Zone), Wherein the ?rst 
bonding surface, the ?rst force-applying surface and the 
separation Zone are substantially parallel to one another. 
Further, the second part is betWeen the separation Zone and 
the ?rst bonding surface and the ?rst substrate comprises a 
semiconductor material. 

[0014] The ?rst substrate is subjected to a heat treatment 
to facilitate later delamination of the second part and then 
cooled. Heat treatment may take place on a substrate such as 
a glass substrate. 

[0015] The second substrate comprises tWo external sur 
faces, one for bonding to the ?rst substrate (the second 
bonding surface) and another for applying force to the 
second substrate (the second force-applying surface), 
Wherein the second bonding surface and the second force 
applying surface are separated from one another by a dis 
tance D2 and the second substrate comprises a polymer. 

[0016] The second substrate is heated. The ?rst and second 
bonding surfaces are brought into contact (once brought into 
contact, the ?rst and second bonding surfaces form What is 
referred to herein as the “interface” betWeen the ?rst and 
second substrates) for a period of time su?icient for the ?rst 
and second substrates to bond to one another at the ?rst and 
second bonding surfaces (i.e., at the interface), under con 
ditions in Which force is applied to the ?rst and second 
force-applying surfaces to press the ?rst and second bonding 
surfaces together. After a suitable period of time, the heat to 
the second substrate is discontinued and the assembly is 
cooled to a common temperature such as room temperature. 
The pressure is removed and ?rst and second parts are 
separated at the separation Zone. The ?rst and second 
substrates are believed to undergo differential contraction to 
facilitate separation at the separation Zone. 

[0017] The present invention also provides improved 
semiconductor on insulator structures. In one embodiment 
the present invention comprises a SCS ?lm and polymer 
substrate joined to one another either directly or through one 
or more intermediate layers. 

[0018] It is to be understood that the foregoing description 
is exemplary of the invention only and is intended to provide 
an overvieW for the understanding of the nature and char 
acter of the invention as it is de?ned by the claims. The 
accompanying draWings are included to provide a further 
understanding of the invention and are incorporated and 
constitute part of this speci?cation. The draWings illustrate 
various features and embodiments of the invention Which, 
together With their description serve to explain the principles 
and operation of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a cross-sectional vieW of a semiconductor 
substrate Which is exposed to bombardment of ions to 
produce a layer of implanted ions. 

[0020] FIG. 2 is a cross-sectional vieW of the ion-im 
planted substrate shoWn in FIG. 1 placed on a support. 
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[0021] FIG. 3 is a cross-sectional vieW of a heat-treated 
ion-implanted substrate and a second substrate. 

[0022] FIG. 4 is a cross-sectional vieW of a heat-treated 
ion-implanted substrate contacting a second substrate. 

[0023] FIG. 5 is a cross-sectional vieW delineating exfo 
liation in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0024] A more detailed description of embodiments of the 
present invention is described in conjunction With the draW 
ings. In the folloWing description, for purposes of explana 
tion, speci?c numbers, materials and con?gurations are set 
forth in order to provide a thorough understanding of the 
invention. It Will be apparent, hoWever, to one having 
ordinary skill in the art, that the invention may be practiced 
Without these speci?c details. In some instances, Well 
knoWn features may be omitted or simpli?ed so as not to 
obscure the present invention. Furthermore, reference in the 
speci?cation to “one embodiment” or “an embodiment” 
means that a particular feature, structure or characteristic 
described in connection With the embodiment is included in 
at least one embodiment of the invention. The appearances 
of the phrase “in an embodiment” in various places in the 
speci?cation are not necessarily all referring to the same 
embodiment. 

[0025] In accordance With a ?rst embodiment FIGS. 1-4 
depict structures employed in processes of the present 
invention. 

[0026] NoW referring to FIG. 1 a ?rst substrate 10 is 
disclosed. Substrate 10 may comprise a semiconductor 
material. The semiconductor material of substrate 10 can be 
a silicon-based semiconductor or any other type of semi 
conductor, such as, the III-V, II-IV, II-IV-V, etc. classes of 
semiconductors. Examples of silicon-based materials Which 
can be used for the ?rst substrate 10 include silicon (Si), 
germanium-doped silicon (SiGe), and silicon carbide (SiC) 
materials. Examples of other semiconductors Which can be 
employed for the ?rst substrate include Ge, GaAs, GaP, and 
InP materials. In one embodiment, the semiconductor of the 
?rst substrate 10 is in the form of a substantially single 
crystal (“SCS”) material. The Word “substantially” is used in 
describing the ?rst substrate 10 to take account of the fact 
that semiconductor materials normally contain at least some 
internal or surface defects either inherently or purposely 
added, such as lattice defects or a feW grain boundaries. The 
Word “substantially” also re?ects the fact that certain 
dopants may distort or otherWise affect the crystal structure 
of the bulk semiconductor. 

[0027] The ?rst substrate 10 has a ?rst external surface 12 
comprising a bonding surface, a second external surface 14 
comprising a force-applying surface, and an internal sepa 
ration Zone 16 for separating the ?rst substrate into a ?rst 
part 18 and a second part 20, the thickness ofthe second part 
20 being Ds. Total thickness of ?rst substrate 10 Will 
typically be in the range of 100-1000 microns, With thick 
nesses in the range of betWeen about 300-700 microns in 
certain embodiments. Ds Will typically be in the range of 
about 0.05 microns to about 100 microns, With thicknesses 
being in the 0.05 micron to 10 micron range in certain 
embodiments. The second part 20 can be thinner than 0.05 
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microns, although excessively thin semiconductor layers 
Will generally not provide suf?cient material for the produc 
tion of semiconductor devices. Thinner semiconductor lay 
ers may be created via oxidation or other methods knoWn in 
the art. 

[0028] In one embodiment, external surfaces 12 and 14 
and separation Zone 16 are parallel to one another. However, 
to take account of the fact that there may be some slight 
angle, e.g., up to l-2 degrees, betWeen one or more of the 
surfaces and/ or the Zone, the surfaces 12 and 14 and Zone 16 
are described herein as being preferably “substantially par 
allel” Which includes both the completely parallel and 
slightly angled cases. The phrase “substantially parallel” 
also includes the possibility that one or more of the surfaces 
12 or 14 or the Zone 16 may not be completely ?at. 

[0029] Separation Zone 16 may be formed using implan 
tation techniques of the type currently knoWn to those 
skilled in the art or Which may be developed in the future. 
At present, the separation Zone 16 is formed using the 
hydrogen ion implantation techniques discussed above. 
Other currently-known techniques can also be used to form 
the separation Zone 16, such as, co-implantation of hydrogen 
and helium ions or hydrogen and boron ions. Whatever 
technique is chosen, the ?rst substrate 10 needs to be 
separable into the ?rst part 18 and second part 20 at the 
separation Zone 16. Thus, the separation Zone 16 needs to 
respond to the heat treatment/cooling process discussed 
hereinbeloW by becoming Weaker so that the division of the 
?rst substrate 10 into the ?rst part 18 and second part 20 can 
occur. 

[0030] Ion implantation is achieved by bombarding sur 
face 12 With hydrogen, helium or other noble gas ions 100. 
The ion combination may be used to facilitate thin ?lm 
separation or to reduce ion dosages. In one embodiment, 
hydrogen ion implantation is utiliZed. Hydrogen ion implan 
tation into the silicon Wafer 10 creates a defect formation 
layer 30 containing imperfections of the crystallographic 
structure in the Wafer. The depth of the defect layer 30 is 
controlled by the implantation dose. The implantation dose 
is de?ned as the number of ions crossing one centimeter 
squared of the surface of the implanted solid and is con 
trolled by the ion beam current and implantation time. In one 
embodiment, the ion beam current is from about 10 KeV to 
about 200 KeV, in another embodiment from about 60 KeV 
to about 150 KeV, and in yet another embodiment is about 
100 KeV. In one embodiment, the implantation dose is from 
about l><l0l6 ions/cm2 to about 3><l0l7 ions/cm2, in another 
embodiment from about 3><l0l6 ions/cm2 to about l2><l0l6 
ions/cm2, and in yet another embodiment from about 8><l0l 6 
ions/cm2 to about 9><l0l6 ions/cm2. 

[0031] NoW referring to FIG. 2, the ion-implanted sub 
strate 10 is shoWn disposed on a support 60. The implanted 
side (?rst external surface 12) of the substrate 10 is placed 
on the support 60 such that the surface 12 is in contact With 
the support 60. In one embodiment, the support 60 is rigid 
and capable of Withstanding temperatures above 500° C. 
Without deformation (e.g. smooth high strain point glass). 
The ion-implanted substrate 10 is heat-treated for a period of 
time and at a temperature effective to cause defect formation 
and enlargement of the implanted ions in separation Zone 16. 
In one embodiment, the heat treatment temperature ranges 
from about 300° C. to about 500° C., and can further range 
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from about 400° C. to about 500° C.; and in yet another 
embodiment is about 450° C. The heat treatment may be 
sustained for a time in the range of about one minute to about 
120 minutes, and can further range from about 30 minutes 
to about 90 minutes, and in yet another embodiment the heat 
treatment is sustained for about 60 minutes. The heat-treated 
substrate 10 is then alloWed to cool to about room tempera 
ture. Heat treatment does not cause the ?rst part 20 of 
substrate 10 to separate from the second part 18. NoW 
referring to FIG. 3, heat treating the substrate 10 causes 
implanted ion defects 16a in the separation Zone 16 to 
enlarge. 
[0032] FIG. 3 shoWs the heat-treated ion-implanted sub 
strate 10 and a second substrate 70. Second substrate 70 
comprises a bonding surface 72 and a force-applying surface 
74. Bonding surface 72 and the force-applying surface 74 
are separated from one another by a distance D2. Surfaces 72 
and 74 may be substantially parallel to one another. In order 
to ensure that the SOI structure has uniform properties in, for 
example, the radial direction for a circular Wafer, e.g., 
uniform bonding strength at the interface betWeen the ?rst 
and second substrates 10 and 70, any deviations from 
parallel of external surfaces 12, 14, 72, and 74 and separa 
tion Zone 16 Will advantageously be kept to a minimum. 
Notwithstanding the foregoing, it Will be apparent to those 
having skill in the art that deviations from parallel may be 
tolerated as long as uniform bonding strength at the interface 
can be achieved. 

[0033] As shoWn in FIG. 3, the second substrate 70 has a 
thickness D2, Which may be in the range of 0.1 mm to 10 mm 
in one embodiment and in the range of 0.5 mm to 1 mm in 
another embodiment. It Will be appreciated that the thick 
ness of the second substrate 70 may be as loW as about 1 
micron in some embodiments. In general terms, the second 
substrate 70 should be thick enough to support the ?rst 
substrate 10 through the process steps of the invention, as 
Well as any subsequent processing that may be performed on 
the SOI structure 90, Which structure 90 is discussed beloW. 
There is no theoretical upper limit on the thickness of the 
second substrate 70, but as thickness increases, ?exibility of 
the overall substrate may decrease. 

[0034] The second substrate 70 may comprise a polymer. 
Thermoplastic polymers, glass-polymer blends, and poly 
mers coated With a glass ?lm are most typically used as the 
polymer substrate 70, but ther'moset polymers With high 
failure strain may also be used. Examples of polymers 
suitable for use in the present invention include polysulfone, 
polyethylene terephthalate (PET), polyethylene naphthalate 
(PEN), polyimides, polyole?ns, polyvinylchloride, polyvi 
nylidene chloride, polystyrene, polyamides, polyamide-imi 
des, polycarbonates, acrylic resins, polymethylmethacrylate 
(PMMA), acrylonitrile-butadiene-styrene copolymers (ABS 
resins), acrylonitrile-styrene copolymers, butadiene-styrene 
copolymers, polyoxymethylene, polyvinyl alcohol (PVA), 
polyesters, polyethers, polyethylene, polypropylene, ethyl 
ene-propylene copolymers, and ethylene-vinyl acetate 
copolymers (EVAs); cyclic polyole?ns; modi?ed polyole 
?ns; poly-(4-methylpentene-l); ionomers; ethylene-vinyl 
alcohol copolymers (EVOHs); polybutylene terephthalate 
(PBT), and polycyclohexane terephthalate (PCT); polyether 
ketones (PEKs); polyether-ether-ketone (PEEKs); poly 
ether-imides; polyacetals (POMs); polyphenylene oxides; 
modi?ed polyphenylene oxides; polyphenylene sul?de 
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(PPS); polyether sulfones (PESs); polyarylates; aromatic 
polyesters (liquid crystal polymers); polytetra?uoroethyl 
ene; polyvinylidene ?uoride; other ?uorine resins; thermo 
plastic elastomers, e.g., styrene-, polyole?n-, polyvinyl 
chloride-, polyurethane-, polyester-, polyamide-, polybuta 
diene-, trans-polyisoprene-, ?uorine rubber-, and chlorinated 
polyethylene-type; epoxy resins; phenol resins; urea resins; 
melamine resins; unsaturated polyesters; silicone resins; and 
polyurethanes; and copolymers, blends, and polymer alloys 
essentially consisting of these synthetic resins. The polymer 
substrates may be produced by extrusion, pressing, or solu 
tion casting. 

[0035] For certain applications, e.g., display applications, 
the second substrate 70 is transparent in the visible, near UV, 
and/ or IR Wavelength ranges, e.g., transparent in the 350 nm 
to 2 micron Wavelength range. 

[0036] In another embodiment, substrates 70 composed of 
a laminated structure can be employed if desired. When 
laminated structures are used, the layer of the laminate 
closest to the ?rst part 20 of substrate 10 should have the 
properties discussed herein for a second substrate 70 com 
posed of a single polymer. Layers further from the ?rst part 
20 of substrate 10 could also have those properties, but may 
alternatively have relaxed properties because they do not 
directly interact With the ?rst part 20 of substrate 10. In the 
latter case, the second substrate 70 is considered to have 
terminated When the properties speci?ed for a second sub 
strate 70 are no longer satis?ed. 

[0037] Along these same lines, either or both of substrates 
10 and 70 can include surface layers over part or all of their 
external surfaces, e.g., an oxide layer on the semiconductor. 
When present on surface 12 of substrate 10 and/ or surface 72 
of second substrate 70, such surface layers should not have 
a composition and/or a thickness Which Will prevent the 
formation of a strong bond betWeen the ?rst and second 
substrates 10 and 70, respectively. In particular, an oxide 
layer on the surface 12 of substrate 10 having a thickness 
greater than about 100 nanometers can lead to Weak or no 
bonding With the polymer substrate. 

[0038] Subsequent to heat treatment, the ?rst external 
surface 12 of the ?rst substrate 10 is placed into contact With 
the bonding surface 72 of the second substrate 70. In one 
embodiment, When transferring the ?rst substrate 10 from 
the support 60 to the substrate 70, care is taken in handling 
the ?rst substrate 10 so as not to damage the possibly 
delicate heat-treated substrate 10. In one embodiment, prior 
to contacting said ?rst substrate 10 With said second sub 
strate 70, second substrate 70 is preheated to, and main 
tained at, a temperature suitable to effectuate adherence of 
the bonding surface 72 of the second substrate 70 to the ?rst 
external surface 12 of the ?rst substrate 10. 

[0039] NoW referring to FIG. 4, an assembly 80 compris 
ing the ?rst substrate 10 and second substrate 70 are con 
tacted for a period of time and at a temperature and pressure 
effective to adhere the heat-treated, ion-implanted substrate 
10 to the second substrate 70. The temperature required to 
adhere the ?rst external surface 12 of substrate 10 to the 
bonding surface 72 of the second substrate 70 varies, 
depending on the composition of the bonding surface 72 of 
the substrate 70. Where bonding surface 72 is a polymer, 
typically the temperature is Within plus or minus about 100° 
C. of the glass transition temperature of the polymer. In one 
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embodiment, the only heat supplied during this step is that 
supplied to the second substrate 70 during preheating. 

[0040] In one embodiment, some amount of force is 
applied to the second external surface 14 and force-applying 
surface 74 to urge the ?rst external surface 12 and the 
bonding surface 72 together during this step. The speci?c 
pressure value to be used for any particular application of the 
invention can be readily determined by persons skilled in the 
art from the present disclosure. In general, the amount of 
pressure that may be applied is in the range of from about 0 
psi to about 3 psi, and in one embodiment about 1 psi. The 
amount of time required to form a bond betWeen ?rst 
external surface 12 and the bonding surface 72 may range 
from about one minute to about 60 minutes, or in another 
embodiment from about 20 minutes to about 40 minutes, and 
in yet another embodiment about 30 minutes. After a suit 
able period of time, the heat, Which as mentioned may be 
applied only to heat the second substrate 70, is discontinued 
and the assembly is cooled to a common temperature such 
as room temperature. Any pressure applied to the assembly 
80 is removed. 

[0041] In an alternative embodiment, adhesive is used to 
adhere the heat-treated ion-implanted substrate 10 to the 
second substrate 70. Suitable adhesives knoWn to those 
having ordinary skill in the art for adhering semiconductor 
material such as SCS to polymeric materials, such as but not 
limited to silane adhesives, may be employed to this end. 

[0042] NoW further referring to FIG. 5, the ?rst part 18 
and second part 20 are separated at the separation Zone 16, 
resulting in a structure 90 comprising second part 20 of ?rst 
substrate 10 and second substrate 70. It is believed that 
during cooling, thermal stresses caused by a difference in a 
thermal expansion coe?icient betWeen ?rst and second sub 
strates 10 and 70, respectively, permit separation of the 
second part 20, Which preferably comprises a thin semicon 
ductor ?lm, from the ?rst part 18 and adherance to the 
substrate 70. Because of the Weakening of the separation 
Zone 16 Which occurs during cooling, this separation can be 
performed Without disturbing the bond betWeen the second 
part 20 and the second substrate 70 or damaging the second 
part 20 or the second substrate 70. In many cases, the 
separation involves merely moving the ?rst and second parts 
18 and 20 of the ?rst substrate 10 aWay from one another, 
since during the cooling, those parts Will have become 
completely free of one another. In some cases, a slight 
peeling action, like that used to remove household plastic 
Wrap from a smooth object, is used at the end of the cooling 
to separate the tWo parts, but more than this is not needed 
because of the differential contraction of the ?rst and second 
substrates and the resulting Weakening of the separation 
Zone 16. 

[0043] The separation Will typically result in part of sepa 
ration Zone 16 remaining associated With the ?rst part 20 of 
the ?rst substrate 10 and With part ending up associated With 
the second part 18. Depending upon processing conditions 
and ultimate end use, these surfaces of the ?rst and second 
parts 18 and 20 produced by this separation, i.e., the exfo 
liation surfaces, may be useable as is or may require 
subsequent treatments, e.g., polishing, etching, doping, etc., 
prior to use. For example, prior to reuse as a ?rst substrate 
10 in another iteration of the overall process, the exfoliation 
surface of ?rst part 18 may be subjected to conventional 
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touch polishing to provide a sufficiently smooth surface for 
bonding to a new second substrate 70. Such polishing or 
other surface treatments may also be appropriate for the 
exfoliation surface of the second part 20 prior to its use in 
the manufacture of a thin ?lm transistor or other electronic 
device. 

[0044] The present invention as described can be practiced 
using a single ?rst substrate 10 and a single second substrate 
70. Alternatively, the methods of the invention can be used 
to form more than one SOI structure on a single second 
substrate 70. For example, methods in accordance With the 
invention can be used to dispose a ?rst substrate 10 onto the 
second substrate 70 Which does not cover the entire area of 
the second substrate 70. Thereafter, the methods of the 
invention may be repeated as necessary to dispose further 
substrate(s) 10 Which cover all or part of the area not 
covered by the ?rst-disposed substrate 10. The subsequent 
substrate 10 additions may be the same or different from the 
?rst substrate 10, e.g., said substrate(s) 10 can be made using 
a ?rst substrate composed of a substantially single-crystal 
semiconductor material that is the same or different from the 
semiconductor material of the ?rst substrate 10 used in 
producing the ?rst SOI structure. 

[0045] In another embodiment, multiple SOI structures 
may be formed simultaneously on a single second substrate 
70 by providing multiple (i.e., tWo or more) ?rst substrates 
10, bringing all of those ?rst substrates 10 into contact With 
a single second substrate 70, and then performing subse 
quent steps in accordance With the methods of the invention 
on the resulting multiple ?rst substrate/single second sub 
strate assembly. The multiple ?rst substrates 10 can all be the 
same, all different, or some the same and some different. 

[0046] Whichever approach is used, the resulting multiple 
SOI structures on a single polymer substrate can be con 
tiguous or separated as appropriate for the particular appli 
cation of the invention. If desired, gaps betWeen some or all 
of the adjacent structures can be ?lled With, for example, 
semiconductor material to obtain one or more continuous 

semiconductor layers on a polymer substrate 70 of any 
desired siZe. 

[0047] In accordance With the present invention, devices 
90 composed of SCS ?lms on polymer substrates are ?ex 
ible, more damage resistant than devices using glass sub 
strates and of loW density, With superior performance to that 
provided in amorphous or poly-Si based TFTs. It is believed 
devices in accordance With the present invention are par 
ticularly useful in OLED based displays because of the 
increased stability and high current capability provided by 
SCS based devices. 

EXAMPLE 1 

[0048] In this Example, an SCS ?lm is transferred to a 
polymer substrate in accordance With the present invention. 
A boron-doped SCS Wafer, With a resistivity of 1 -l0 ohm-cm 
and thickness of about 500 microns Was hydrogen ion 
implanted at 100 KeV and 8><l0l6 ions/cm2 dosage. The 
ion-implanted silicon Wafer Was heat-treated in air at 4500 C. 
for about one hour on a smooth glass support and then 
alloWed to cool to about room temperature. A polysulfone 
?lm With a thickness of about 1 millimeter Was placed on a 
surface heated to about 2250 C. and the ?lm Was alloWed to 
heat to temperature. The cooled silicon Wafer Was carefully 
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removed from the smooth glass support and placed on the 
heated polysulfone ?lm, With the implanted side of the 
silicon Wafer contacting the polysulfone ?lm. A load of 
about 1 psi Was placed on the silicon Wafer and polysulfone 
?lm for about 30 minutes. The heat Was turned off and the 
silicon Wafer and polysulfone ?lm Were alloWed to cool to 
about ambient temperature, at Which time the load Was 
removed. 

[0049] The silicon Wafer and polysulfone ?lm could be 
easily separated, leaving a thin SCS ?lm adhered to the 
polysulfone ?lm. 

EXAMPLE 2 

[0050] For comparison, an attempt Was made to transfer 
an SCS ?lm to a polymer substrate Without ?rst heat-treating 
the ion-implanted silicon Wafer on a smooth glass support. 
In this example, the silicon Wafer Was implanted as in 
Example 1. A polysulfone ?lm With a thickness of about 1 
millimeter Was placed on a surface heated to 2250 C. and 
alloWed to heat up to temperature. The ion-implanted silicon 
Wafer Was placed on the polysulfone ?lm With the implanted 
side of the silicon Wafer contacting the polysulfone ?lm. A 
small load of about 1 psi Was placed on the silicon Wafer and 
polysulfone ?lm. The temperature Was maintained at about 
2250 C. for about 30 minutes. The silicon Wafer and polysul 
fone ?lm Were alloWed to cool to about ambient temperature 
and the load Was removed. 

[0051] It Was found that the silicon Wafer and polysulfone 
?lm Were very strongly bonded and dif?cult to separate. In 
forcing the samples apart, the silicon Wafer broke, leaving 
chunks of the Wafer bonded to the polysulfone ?lm. This 
result shoWs that merely bringing an ion-implanted silicon 
Wafer and a polymer substrate into contact and increasing 
the temperature does not alloW an incipient SCS ?lm to 
transfer to the polymer substrate. 

[0052] It Will become apparent to those skilled in the art 
that various modi?cations to the preferred embodiment of 
the invention as described herein can be made Without 
departing from the spirit or scope of the invention as de?ned 
by the appended claims. 

The invention claimed is: 
1. A semiconductor material comprising at least one 

single crystal silicon ?lm adhered to at least one polymer 
substrate. 

2. The semiconductor material of claim 1, Wherein the at 
least one polymer substrate comprises at least one polymer 
chosen from the group comprising thermoplastic polymers, 
thermoset polymers With high failure strain, glass-polymer 
blends and polymer coated With a glass ?lm. 

3. The semiconductor material of claim 2, Wherein the at 
least one polymer substrate comprises at least one polymer 
chosen from the group comprising polysulfone, polyethyl 
ene terephthalate (PET), polyethylene naphthalate (PEN), 
and polyimides. 

4. A semiconductor material of claim 1 further comprising 
at least one intermediate layer disposed betWeen said at least 
one single crystal silicon ?lm and said at least one polymer. 

5. A process for transferring a semiconductor ?lm to a 
polymer substrate to make a ?exible semiconductor material 
comprising: 
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implanting ions to a predetermined depth in at least one 
semiconductor substrate; 

heat-treating the at least one ion-implanted semiconductor 
substrate for a period of time and at a temperature 
effective to cause defect formation in the region of the 
implanted ions to create a separation Zone, the separa 
tion Zone de?ning a ?rst part and a second part of the 
at least one semiconductor substrate; 

adhering the at least one ion-implanted, heat-treated semi 
conductor substrate to at least one polymer substrate; 
and 

separating the ?rst part of the at least one semiconductor 
substrate from the at least one semiconductor substrate 
along the separation Zone. 

6. The process of claim 5, the implanting ions comprising 
hydrogen ions. 

7. The process of claim 5, the implantation dose being 
from about l><l0l6 ions/cm2 to about 3><l0l7 ions/cm2 at 
about 10 KeV to about 200 KeV. 

8. The process of claim 5, the heat-treating of the ion 
implanted semiconductor substrate comprising contacting 
the ion-implanted surface of the semiconductor substrate to 
a support. 

9. The process of claim 8, the support comprising a rigid 
material. 

10. The process of claim 8, the support comprising 
smooth glass. 

11. The process of claim 5 comprising heat treating the 
ion-implanted semiconductor substrate at a temperature of 
from about 300° C. to about 500° C. 

12. The process of claim 5 comprising heat treating the 
ion-implanted semiconductor substrate at a temperature of 
from about 400° C. to about 500° C. 

13. The process of claim 5 comprising heat treating the 
ion-implanted semiconductor substrate at a temperature of 
about 450° C. 

14. The process of claim 5 comprising heat treating the 
ion-implanted semiconductor substrate for about 1 minute to 
about 120 minutes. 

15. The process of claim 5 comprising heat treating the 
ion-implanted semiconductor substrate for about 30 minutes 
to about 90 minutes. 

16. The process of claim 5, comprising heat treating the 
ion-implanted semiconductor substrate for about 60 min 
utes. 

17. The process of claim 5, the semiconductor ?lm 
comprising a substantially single crystal silicon ?lm. 

18. The process of claim 5, the adhering step comprising 
contacting the ion-implanted side of the heat-treated semi 
conductor substrate With a preheated polymer substrate. 

19. The process of claim 18 comprising preheating a 
polymer substrate to a temperature of about plus or minus 
100° C. of the glass transition temperature of the polymer 
substrate. 

20. The process of claim 5, the adhering step comprising 
positioning an adhesive betWeen the semiconductor sub 
strate and polymer substrate. 

21. The process of claim 20, the adhering step comprising 
positioning the adhesive betWeen the ion-implanted side of 
the semiconductor substrate and the polymer substrate. 
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22. The process of claim 20, the adhesive comprising a 
silane adhesive. 

23. The process of claim 5, the polymer substrate com 
prising a polymer selected from the group comprising ther 
moplastic polymers, thermoset polymers With high failure 
strain, glass-polymer blends and polymer coated With a glass 
?lm. 

24. The process of claim 20, the polymer substrate com 
prising a polymer chosen from the group comprising 
polysulfone, polyethylene terephthalate (PET), polyethylene 
naphthalate (PEN), and polyimides. 

25. The process of claim 5, the polymer substrate com 
prising polyethylene terephthalate heated to a temperature of 
about 242° C. to about 442° C. 

26. The process of claim 5, the polymer substrate com 
prising polysulfone heated to a temperature of about 85° C. 
to about 285° C. 

27. A method for producing a semiconductor-on-polymer 
structure comprising the steps of: 

providing a ?rst substrate comprising at least one semi 
conductor material having a ?rst bonding surface and a 
?rst force-applying surface, and an internal separation 
Zone for separating the ?rst substrate into a ?rst part 
and a second part, and the second part is betWeen the 
separation Zone and the ?rst bonding surface; 

subjecting the ?rst substrate to a heat treatment to facili 
tate later delamination of the second part; 

cooling the ?rst substrate; 

providing a second substrate comprising at least one 
polymer and further comprising tWo opposing external 
surfaces comprising a second bonding surface and a 
second force-applying surface; 

heating the second substrate; 

contacting the ?rst and second bonding surfaces for a 
period of time sufficient for the ?rst and second sub 
strates to bond to one another at the ?rst and second 
bonding surfaces, and under conditions in Which force 
is applied to the ?rst and second force-applying sur 
faces to urge the ?rst and second bonding surfaces 
together to form an assembly; 

discontinuing the heat applied to the second substrate; 

cooling the assembly; 

removing the applied pressure; and 

separating the ?rst and second parts at the separation 
Zone. 

28. The method in accordance With claim 27, the ?rst 
bonding surface, the ?rst force-applying surface and the 
separation Zone being substantially parallel to one another. 

29. The method in accordance With claim 27, comprising 
conducting the heat treatment of the ?rst substrate on a glass 
substrate. 

30. The method in accordance With claim 27 the semi 
conductor material comprising at least one single crystal 
silicon ?lm. 


