WO 2006/002149 A1 || 000 000 0 000 O 0 A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /£ |
International Bureau ;

(43) International Publication Date
5 January 2006 (05.01.2006)

)
2 I 0 00O OO

(10) International Publication Number

WO 2006/002149 Al

(51) International Patent Classification :  HO1L 21/368,
21/208, 21/331, 29/772
(21) International Application Number:
PCT/US2005/021899

(22) International Filing Date: 20 June 2005 (20.06.2005)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

10/875,034 22 June 2004 (22.06.2004) US
(71) Applicant (for all designated States except US):

HEWLETT-PACKARD DEVELOPMENT COM-
PANY, L.P. [US/US]; Hewlett-Packard Company,
Intellectual Property Administration, 20555 S.H. 249,
Houston, TX 77070 (US).

(72)
(75)

Inventors; and

Inventors/Applicants (for US only): PUNSALAN,
David [US/US]; 1000 NE Circle Blvd., Corvallis, OR
97330-4239 (US). MARDILOVICH, Peter [US/US];
1000 NE Circle Blvd., Corvallis, OR 97330-4239 (US).
HOFFMAN, Randy [US/US]; 1000 NE Circle Blvd.,,
Corvallis, OR 97330-4239 (US).

(74) Agents: COULMAN, Donald J. et al.; Hewlett-Packard
Company, Intellectual Property Administration, P.O. Box
272400, Mail Stop 35, Fort Collins, CO 80527-2400 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC,LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(i)) for the fol-
lowing designations AE, AG, AL, AM, AT, AU, AZ, BA, BB,

(81)

(84)

[Continued on next page]

(54) Title: METHOD TO FORM A FILM

,,,,,

SOURCE
120

/I/,

”’

I/I ./////// /‘
’ ’// . _

/ T2 ////. /

’// ///,//

’ %@

110

”’/Z/'

,//4///

’///

DRAIN

1

\\\\\\

130

\

(57) Abstract: A method includes forming a fluid including an inorganic semiconductor material, depositing a layer of said fluid
on a substrate to form a film, and curing said film to form a porous semiconductor film.



WO 2006/002149 Al

0 0000 00O O

BG, BR, BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE,
DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM,
HR, HU, ID, 1L, IN, 1S, JP, KE, KG, KM, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU,
SC, SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ,
UA, UG, UZ, VC, VN, YU, ZA, ZM, ZW, ARIPO patent (BW,
GH, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European patent (AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL,
PL, PT, RO, SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG)

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, 1S,
JP, KE, KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,

SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU,
ZA, ZM, ZW, ARIPO patent (BW, GH, GM, KE, LS, MW,
MZ, NA, SD, SL, SZ, TZ, UG, ZM, ZW), Eurasian patent
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent
(AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, Fl, FR, GB,
GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN,
GO, GW, ML, MR, NE, SN, TD, TG)

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii)) for all designations

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.



WO 2006/002149 PCT/US2005/021899

Method to Form a Film

BACKGROUND

[0001] Semi-conductor devices are employed in many electronic
circuit applications, such as signal processing, computing, and wireless
communications. As these applications expand, there is constantly a demand to
reduce the cost of these transistors. Several challenges exist in meeting this
demand. One such challenge is the time used to form the semi-conductor
devices. Another challenge relates to obtaining a desired level of charge

mobility within the semi-conductor device in an inexpensive manner.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The accompanying drawings illustrate various embodiments of
the present apparatus and method and are a part of the specification. The
illustrated embodiments are merely examples of the present apparatus and
method and do not limit the scope of the disclosure.

[0003] Fig. 1 illustrates an exemplary semiconductor film connecting
two electrodes.

[0004] Fig. 2 illustrates an exemplary semiconductor device according
to one exemplary embodiment.

[0005] Fig. 3 is a flowchart illustrating a method of forming a
semiconductor device according to one exemplary embodiment.

[0006] Fig. 4 is a graph showing performance characteristics of an

exemplary semiconductor film.
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[0007] Fig. 5 is a graph showing performance characteristics of an
exemplary semiconductor film.
[0008] Throughout the drawings, identical reference numbers

designate similar, but possibly not identical, elements.

DETAILED DESCRIPTION

[0009] The present specification describés a method of forming an
inorganic semiconductor film that includes forming a fluid including an inorganic
semiconductor material, depositing a layer of the fluid on a substrate to form a
film, and rapidly curing the film to form a porous semiconductor layer. By
controlling the formulation of the fluid with additives, the cure rate of the layer
and/or the porosity of the resulting layer may be controlled. Rapidly curing the
film allows for a reduced cost of forming semiconductor devices that make use
of the film.

[0010] The fluid may be deposited, for example, using fluid ejection or
printing technology, such as inkjet technology. The present apparatus and
method allow for low cost, ‘direct write’ fabrication of a transistor that is made of
inorganic materials, such as oxides, including zinc oxide (ZnO). By using an
appropriate fluid formulation, the present apparatus and method allow for
increased ease of processing while also providing a desirable level performance
and stability. This may be accomplished, for example, by additives used in the
fluid formulation that provide for the processability of the fluid including
deposition and curing and to achieve a desired level of performance for the
resulting film.

[0011]  Further, the present apparatus and method provide for the
formation of low-density layers of semiconductor material. These low-density
layers provide performance characteristics suitable for a number of electronic
devices. In forming relatively less dense layers, the present apparatus and
method allow for the use of rapid and relatively inexpensive application and
curing techniques, which lowers the cost of forming semiconductor devices and

the electronic devices that use them.
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[0012] For example, as will be discussed in more detail below, these
porous, low-density films may be formed by jetting or spin coating inorganic
semiconductor materials suspended in a solution, such as by using the sol-gel
process that is described below. The observation of field effect in these porous
films extends the processing window of semiconductor films or layers to process
and/or cost spaces which are relevant to low cost electronics.

[0013] The term “jettable material”, as used herein,is meant to be
understood as any material that has properties sufficient to allow the material to
be selectively deposited by any inkjet or other material dispenser. Charge
mobility shall be broadly understood to mean a proportionality factor between
carrier drift velocity and electric field as well as carrier concentration and
conductivity of semiconductor; expressed in units of cm?/V*s.

[0014] In the following description, for purposes of explanation,
numerous specific details are set forth in order to provide a thorough
understanding of the present method and apparatus. However, the present
method and apparatus may be practiced without these specific details.
Reference in the specification 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. The appearance of the
phrase “in one embodiment” in various places in the specification may not be
referring to the same embodiment.

[0015] A method of forming an inorganic semiconductor film includes
forming a fluid including an inorganic semiconductor material, depositing a layer
of the fluid on a substrate to form a wet film, and curing the wet film. Some
exemplary applications of this apparatus and method will first be discussed. A
discussion of an exemplary semiconductor film and its associated charge
mobility will be discussed with reference to Fig. 1, an exemplary semiconductor
device will be discussed with reference to Fig. 2, and a method of forming an
exemplary semiconductor device will be introduced with reference to Fig. 3.
Figs. 4 and 5 are characteristic performance plots of exemplary films.

[0016] Fig. 1 is a schematic view of semiconductor particles (100) that
form a channel (110) between a source (120) and a drain (130). More
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specifiéally, the channel (110) includes a film of semiconductor particles (100)
that remain after a thin film has been deposited and processed as discussed
below with reference to Fig. 3. The resulting film is a porous film of relatively
low density. Despite the porosity of the resulting film, charge pathways cross
the entire width of the channel (110) as illustrated by arrow (P). These
pathways are established by the connections between semiconductor particles
(100).

[0017] For example, the semiconductor particles (100) may be formed
as part of the oxide network formation process inherent in the sol-gel process.
As the film is cured, the remaining semiconductor particles (100) come into
contact with one another. As a result, in the case of the sol-gel process, the
domains of the semiconductor material are created in situ during curing of the
sol-gel film. By controlling the formulation of the solution or fluid used to form
these layers, the uniformity of the resulting layer and hence the performance
characteristics of the layer may be controlled.

[0018] The size and shape of the particles may vary, for example,
from spheres of about 50 nanometers to rods of about 5-10 nanometer in
length. An exemplary semiconductor device that makes use of this film will be
discussed next, followed by a discussion of an exemplary method of forming
such a semiconductor device.

[0019] Fig. 2 illustrates an exemplary semiconductor device, such as
transistor (200). The transistor (200) shown is a back-gated, field effect, thin-
film transistor though any type of transistor or other semiconductor device may
be formed.

[0020] The transistor (200) includes a gate (210). The channel (110)
extends between the source (120) and the drain (130). As previously
discussed, the channel (110) shown is formed of a relatively thin and porous film
of inorganic semiconductor material. The transistor (200) also includes a gate
dielectric (220), which is a layer that separates the channel (110), the source
(120) and the drain (130) from the gate (210).

[0021] The transistor (200) is activated by applying a voltage to the
gate (210). When a voltage is applied to the gate (210), the gate dielectric (220)
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sustains an electric field that controls the current that flows between the source
(120) and the drain (130) through the semiconductor path formed within the
channel (110). The amount of current that flows between the source (120) and
the drain (130) depends, at least in part, on the effective electrical thickness of
the channel (110). As previously discussed the physical thickness of the
channel (110) is fixed, but the effective electrical thickness of the channel (110)
varies with the level the voltage applied to the gate (210). The larger the
applied voltage, the more current flows across the channel (110).
Consequently, a small change in voltage applied to the gate (210) can cause a
large variation in the current between the source (120) and the drain (130).

[0022] If the channel (110) provides insufficient charge mobility, the
amount of current flowing across the channel (110) in response to the
application of the voltage to the gate (210) will be insufficient for proper
operation of the transistor (200). More specifically, the voltage level applied to
the gate (210) may frequently be characterized as an input signal. The
transistor (200) amplifies the input signal by allowing a varying amount of
current to flow across the channel (110) according to the amplitude of the input
signal. If the transistor (200) has insufficient charge mobility, the amplification
function of the transistor (200) is compromised because insufficient current is
able to flow across the channel (110). Consequently, if the channel (110) has
insufficient charge mobility, the transistor (200) does not function properly.

[0023] The channel (110), while formed of relatively less dense films
of inorganic semiconductor material, provides sufficient charge mobility for many
applications. As will be discussed in more detail below, the use of relatively less
dense films allows for the formation of semiconductor devices using rapid and
relatively inexpensive application and curing techniques, which lowers the cost
of forming semiconductor devices and the electronic devices that use them.
One exemplary method of forming a semiconductor device using such a film will
now be discussed in more detail. -

[0024] Fig. 3 is a high level flowchart illustrating a method of forming a
semiconductor device on a substrate. While the exemplary method describes

the formation of a field effect transistor, any semiconductor device with a
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suitable power handling capability may be formed according to the present
method.

[0025] The method begins by forming a gate on the substrate (step
300). Examples of suitable substrates may include, for example, silicon, quartz,
glass, or other thermally stable substrates, or plastics or other non-thermally
stable substrates. The gate may be formed according to methods such as, for
example, chemical vapor deposition (CVD), vacuum processes, screen printing,
direct write, or lithography techniques. Once the gate is formed (step 300), the
géte dielectric is then formed on the gate (step 310) in any suitable manner,
including those discussed for formation of the gate.

[0026] Once the gate and gate dielectric have been formed (steps
300-310), the channel may be formed on the gate dielectric. This process will
be described with reference to steps 320-340. The formation of the channel,
including the precursor deposition and curing process will be discussed with
reference to a sol-gel process. However, other liquid chemistries other than sol-
gel may be used. In general any fluid medium containing metal cations of the
desired final metal oxide film may be used. For example, dissolved metal
acetate or metal nitrate, e.g. M(CsH302), or M(NO3), (where M is a metallic
element) in a solvent such as water or ethanol. The sol-gel process will now be
discussed in more detail, before returning to the method of forming the
semiconductor device.

[0027] A sol-gel process is a solution process for processing
ceramics, glass materials, and semiconductor materials, including inorganic
semiconductor materials. In general, the sol-gel process involves the transition
of a system from a liquid "sol" into a solid "gel" phase. Applying the sol-gel
process, it is possible to fabricate nanoporous or microporous inorganic films of
semiconductor materials.

[0028] The starting materials used in the preparation of the "sol" may
be some form of metal alkoxides. The final resulting inorganic metal oxide films
may include those used as semiconductors. As previously discussed, it may be

desirable to use inorganic semiconductors, due to their relatively increased
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performance. Accordingly, reference to semiconductors used in a sol-gel
process will be made with the use of an inorganic semiconductor material.

[0029] In a typical sol-gel process, the precursor is subjected to a
series of hydrolysis and polymerization reactions to form a suspension, or a
"sol". As a result of these reactions, metal oxide networks terminated with
organic groups are formed in solution. When the "sol" is deposited on a
substrate, a wet "gel" is formed. If the liquid in a wet "gel" is removed relatively
quickly, a porous and low density material is obtained.

[0030] Returning to the method shown in Fig. 3, the application of the
sol-gel process to the formation of the semiconductor portion of a
semiconductor device is now discussed in more detail. The first step in forming

- the channel is to form the fluid with inorganic semiconductor material contained
therein (step 320). The fluid may be a sol-gel, i.e. a precursor having metal
alkoxides in solution which may be used to form metal oxides such as ZnO,
Sn0Oy, and In,03 or mixtures thereof.

[0031] Further, the fluid may be formulated using additives in order to
achieve a desired level of processability of the fluid, such that the fluid may be
deposited using inkjet or spin coating methods. The processability
characteristics may include viscosity, surface tension and any other parameter
that is adjusted as a function of the deposition technique. Examples of additives
used to control these processability characteristics include, for example,
alcohols such as ethanol, isopropyl alcohol, methanol, and 2-methoxyethanol;
aromatics such as toluene; alkanes such as hexane and octane; and other
functional groups such as esters, ethers, alkenes, alkynes, aldehydes, ketones
and amides.

[0032] In addition, additives may be used to achieve a desired level of
performance of the resulting film. These performance characteristics may
include chemical reactivity, film homogeneity, uniformity, and/or density. Some
examples of additives that may be used to achieve a desired level of
performance include, but are not limited to organic acids such as 2ethylhexanoic
acid and acetic acid; and bases including amines such as monoethanolamine

and diethanolamine.
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[0033] After forming the fluid (step 320), the next step is to deposit the
fluid at the desired locations to form a channel (step 330). The selective use of
additives for improving processability allows the fluid to be formulated so that it
may be applied quickly by relatively inexpensive machines. For example,
additives may be included in the fluid such that the viscosity of the fluid may be
between about 1-15 centipoise (cP) If the fluid is heated prior to deposition, the
room-temperature viscosity of the fluid may be drastically reduced. For such a
case, the ambient (i.e. room temperature) viscosity may be as high as 500cP.
Such a viscosity allows the fluid to be dispensed by an inkjet. Machines such as
inkjet dispensers, including thermal inkjets, are able to deposit the precursor
precisely to desired locations. This precision reduces the amount of
semiconductor solution used to form the circuit. Further, the precise deposition
of the precursor allows for the formation of relatively thin layers or films.

[0034] In addition to inkjetting techniques, spin coating techniques
may also be used. For the case of spin coating, the material is applied
everywhere on the substrate and other process steps (e.g. photolithography)
are used to pattern the films. Spin coating allows the use of a relatively simple
deposition mechanism such that the fluid used may be formulated to less strict
specifications.

[0035] Once the fluid has been deposited, the fluid is cured (step
340). When these films are deposited, the film on the substrate will be wet. The
liquid component of the film, which may also be referred to as “solvent,” is
removed by evaporation when the deposited wet film is heated. To varying
degrees for different systems, the morphology of the resulting film can be
controlled by the rate of evaporation of the solvent. For single solvent sol-gel
systems which may have relatively high vapor pressures (i.e. low boiling points),
rapid heating may cause excessive porosity due to the boiling or cavitation of
the wet film.

[0036] These events may be controlled by including additives. One
example of such an additive is a large molecular weight carboxylic acid, such as
2-ethylhexanoic acid, which has a boiling point of 228°C. Thus, when the
sample is heated, the low boiling point solvent is first evaporated leaving behind
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a still viscous wet film. Upon further heating (with time and/or temperature), the
higher boiling point additive is removed and/or decomposed. Since the
formation of the final metal oxide film is made more gradual in this way, a more
uniform film may be obtained. Other additives, such as the additives for
controlling performance as previously discussed, may also be used to control
boiling or cavitation of the wet film.

[0037] The heat used for removing the solvent and/or additives may
be provided by a rapid thermal annealing procedure. For example, the wet film
may be exposed directly to a hotplate with no intermediate bake. In one
exemplary implementation, the wet film is directly exposed to a hotplate at about
400-550 degrees Celsius.

[0038] For the case of silicon substrates, samples can be placed
directly on a hotplate at those temperatures such that the sample is heated
about 3-5 seconds. As a result, the heating rate of the sample may be as high
as between 100-170 degrees Celcius per second (C/s). It may be desirable to
control the rate of heating such that the heating rate is between about 25-50
Cls.

[0039] These heating rates may be used as necessary to heat the
sample to temperatures between about 200 degrees Celcius to about 550
degrees Celcius, depending on the precursor.

[0040] Other suitable curing methods include rapid thermal processing
(RTP), laser heating, infrared light heating, or other forms of heating may be
used to cure the wet film. The use of local heating, such as that provided
through the use of lasers to cure the wet film, may allow for the use of a broader
range of substrate materials. For example, plastic substrates may be used,
provided the heat can be applied without raising the substrate above an
acceptable temperature level.

[0041] The resulting layer is a porous layer of inorganic
semiconductor material such that the porous layer is about 20-90% of bulk
density. These films have a density that is substantially less than a bulk
quantity while achieving modest mobility performance. For example, the

resulting films may have a mobility value of up to about 4 cm?/Vs. While bulk
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mobility rates may be as high as about 20 cm?/Vs, mobility in the range of about
1 cm?Vs may be sufficient for certain devices, such as displays. |

[0042] Once a layer has been formed and cured, it may be desirable
to form additional layers of semiconductor material. If it is determined that an
additional layer of semiconductor should be formed (YES, determination 350),
the deposition and curing of the sol-gel is repeated. If is determined that no
further layers of semiconductor material are desired (NO, determination 350),
the rest of the components of the semiconductor device, are formed (step 360).
These components may include the source and drain electrodes (120, 130; Fig.
1), interconnects, etc and may be formed by a variety of methods.

[0043] The method discussed described the formation of a back-
gated, thin-film transistor. The present method may be used to form
semiconductors of other configurations and types. Furthermore, the steps
above may be varied in order while achieving the same results. Accordingly,
the present method provides for formation of a fluid with a desired level of
processability and the deposition and curing of a film that can be tuned to
provide for rapid and inexpensive formation of semiconductor devices. A few
examples of these films and their performance characteristics will now be
discussed in more detail.

[0044] Fig. 4 shows the output characteristics of a film processed
without a significant amount of additives for controlling performance. The graph
plots drain current (Ip) against drain voltage (Vps) for four corresponding gate
voltages (Vgs). The first gate voltage corresponds to a gate voltage of 10V, the
second to 20V, the third to 30V, and the fourth to 40V. The results shown are
calculated using the output characteristics. As shown in the graph, the
calculated effective mobility of the device is 0.74 cm?V*s at Vgs =40V. This
effective mobility is sufficient for devices having relatively modest power and
desired switching performance, such as low cost electronic devices.

[0045] Fig. 5 shows the characteristic performance of a relatively low-
density, porous semiconductor film formed by thermal inkjetting in which the sol-
gel was formulated using isopropanol/2ethylhexanoic acid (90/10 volume ratio).

The film whose characteristic performance is shown in Fig. 5 was processed

10
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under substantially similar conditions as the film described with reference to Fig.
4. However, the uniformity of the resulting film has been enhanced. The
improved uniformity of the film may be due to the addition of the high boiling-
point co-solvent, which reduces cavitation during curing. As a result, the
addition of the high boiling-point solvent allows the formation of more uniform
yet porous films that are semiconductive and for the rapid thermal treatment of
the films.

[0046] As seen in Fig. 5, the addition of a high boiling point solvent
increases the calculated effective mobility of the device to 2.0 cm?/Vs at Vgs =
40V. As a result, the addition of a high boiling point solvent may provide higher
effective mobility for the device, thereby increasing the applicability of the
method and apparatus to devices having relatively higher switching and desired
power handling capability. Consequently, the uniformity of a resulting film can
be ‘tuned’ according to the desired performance of the device with co-solvents.

[0047] In conclusion, the present apparatus and method allows for low
cost, ‘direct write’ fabrication of a transistor that is made of inorganic materials.
By using proper fluid formulation, the present apparatus and method allows for
increased ease of processing (i.e. solution processing, e.g. via inkjet) while
providing for the high performance and stability of inorganic semiconductor
materials. For example, additives may be used in the fluid formulation to
achieve a desired level of processability of the fluid including deposition and
curing and to achieve a desired level of performance of the resulting film.

[0048] The preceding description has been presented only to illustrate
and describe the present method and apparatus. It is not intended to be
exhaustive or to limit the disclosure to any precise form disclosed. Many
modifications and variations are possible in light of the above teaching. lItis

intended that the scope of the invention be defined by the following claims.

11
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CLAIMS
WHAT IS CLAIMED IS:

- 1. A method, comprising:
forming a fluid including an inorganic semiconductor material;
depositing a layer of said fluid on a substrate to form a film; and

curing said film to form a porous semiconductor film.

2. The method of claim 1, and wherein curing said film comprises heating
said film at a rate of between about 100 C/s to about 170 C/s.

3. The method of claim 1, and wherein curing said film comprises héating-
said film at a rate of between about 25 C/s to about 50 C/s.

4. The method of claim 1, and wherein said fluid comprises a jettable fiuid.

5. The method of claim 1, wherein forming said fluid further comprises
including an additive to improve processability characteristics of said fluid.

6. A method of forming an inorganic semiconductor film, comprising:

forming a fluid including an inorganic semiconductor material and an additive
to affect processibility characteristics of said fluid; |

depositing a layer of said fluid on a substrate to form a film; and

curing said film to produce a porous inorganic semiconductor film.

7. A method of forming a semiconductor device, compr,ising:'

forming an inorganic semiconductor film by forming a jettable fiuid including -
an inorganic semiconductor material, depositing a layer of said fluid on a
substrate to form a wet film; and
curing said wet film to form a porous semiconductor film;

forming a gate (210); |

12
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forming a source (120); and
forming a drain (130).

8. A semiconductor device, comprising:
a porous semiconductor film formed by the steps of forming a fluid including
an inorganic semiconductor material, depositing a layer of said fluid on a

substrate to form a film; and rapidly curing said film.

9. A method of forming a semiconductor layer, comprising:

a step for forming a fluid including an inorganic semiconductor material;

a step for depositing a layer of said fluid on a substrate  to form a film; and
a step for curing said film to form a porous semiconductor film.

10. A semiconductor device comprising:

a first electrode;

a second electrode;

-a porous semiconductor layer contacting said first electrode and the second
electrode;

a third electrode; and

a dielectric (220) located between said porous semiconductor layer and said

third electrode.

13
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