wO 2007/1461277 A2 |00 0 00O O

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
21 December 2007 (21.12.2007)

fﬂﬁ A0 000 0

(10) International Publication Number

WO 2007/146127 A2

(51) International Patent Classification:
HOIL 51/00 (2006.01)

(21) International Application Number:
PCT/US2007/013513

(22) International Filing Date: 8 June 2007 (08.06.2007)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

11/423,555 12 June 2006 (12.06.2006) US

(71) Applicant (for all designated States except US): LU-
CENT TECHNOLOGIES INC. [US/US]; 600 Mountain
Avenue, Murray Hill, NJ 07974-0636 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): SYDORENKO,
Oleksandr [UA/US]; 130 Davis Street, Painted Post,
Steuben, NY 14870 (US). VAIDYANATHAN, Subrama-
nian [IN/US]; 104 Gales Drive #1, New Providence, NJ
07974 (US).

(74) Agent: HITT, David, H.; Lucent Technologies Inc.,
Docket Administrator - Room 2F-190, 600 Mountain

Avenue, Murray Hill, NJ 07974 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

(84) 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), Eurasian (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, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

Fortwo-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 Gagzette.

(54) Title: ORGANIC SEMICONDUCTOR COMPOSITIONS WITH NANOPARTICLES

17

(57) Abstract: A composition, comprising a medium of organic molecules, a plurality of nanoparticles dispersed in the medium,
and a coating chemically bonded to a surface of the nanoparticles, wherein the composition is a semiconducting solid.



10

15

20

25

30

WO 2007/146127 PCT/US2007/013513

ORGANIC SEMICONDUCTOR COMPOSITIONS WITH NANOPARTICLES

TECHNICAL FIELD OF THE INVENTION

The present invention is directed, in general, to
organic semiconductors and, more particularly, to organic
semiconductor compositions suitable for use in organic
field-effect transistors (oFETs).

BACKGROUND OF THE INVENTION

Organic semiconductors are the subject of intense
research because of their potential for 1low-cost,
flexible electronic devices. They have been employed in
organic light-emitting diodes (oLEDs) and organic field-
effect transistors (oFETs), and in circuits integrating
multiple devices. Fabrication techniques such as ink-jet
printing have helped reduce the cost of fabrication of
these devices and integrated circuits using them.

Devices built on organic semiconductors typically
often have a carrier mobility that is relatively low
compared to that of semiconductors such as silicon. Such
devices also often have a relatively low ratio of on-
current to off-current (Ion/Iosr) compared to that of
devices based on traditional semiconductors. An organic
semiconducting material is needed that combines improved
carrier mobility and improved I ,/Tofs.

SUMMARY OF THE INVENTION

To address one or more of the above-discussed
deficiencies, one embodiment is a composition. The
composition comprises a medium of organic molecules and a
plurality of nanoparticles dispersed in the medium. A
coating is chemically bonded to a surface of the
plurality of nanoparticles. The composition is a

semiéonducting solid.
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Another embodiment is a method of fabricating a
circuit. The method comprises chemically bonding a
coating to a plurality‘ of nanoparticles. The
nanoparticles are dispersed in a medium including organic
molecules, and an organic semiconductor chammnel is formed
thereof. A plurality of electrodes is formed over the
substrate. The electrodes are located to function as two
of a gate electrode, a drain electrode, and a source
electrode of an FET.

Another embodiment is an apparatus. The apparatus
comprises an electronic device having an organic
semiconductor channel with first and second electrodes in
contact with the channel. The channel comprises a medium
of organic molecules and a Plurality of nanoparticles
dispersed in the medium. The nanoparticles have a

coating chemically bonded to a surface thereof.
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BRIEF DESCRIPTION OF THE DRAWINGS
Various embodiments are understood from the
following detailed description, when read with the
accompanying figures. Various features may not be drawn
5 to scale and may be arbitrarily increased or reduced in
size for clarity of discussion. Reference is now made to
the following descriptions taken in conjunction with the
accompanying drawings, in which:
FIGUREs 1A and 1B present plan views of a
10 composition including organic molecﬁles, without and with
nanoparticles, respectively:;
FIGUREs 23 through 2E illustrate examples of
semiconducting polymers;
FIGUREs 3a through 3G illustrate examples of
i5 nonpolymer organic semiconducting molecules;
FIGURE 4 illustrates a nanoparticle with an organic
moiety attached to the surface;
FIGURE 5 illustrates a method of forming an OFET
using the composition comprising organic molecules and
20 nanoparticles; '
FIGURE 6 is a sectional view of an OFET comprising
the composition; - and

FIGURE 7 illustrates an example apparatus.
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DETAILED DESCRIPTION

One embodiment is a semiconducting solid composition
comprising a plurality of nanoparticles dispersed in a
medium of organic molecules. The nanoparticles have a
coating chemically bonded to a surface thereof. The
coating will be discussed in detail below. The organic
molecules may include polymers or nonpolymers. The
majority <charge carriers in the composition may be
electrons oxr holes, depending on the nature of the
melecules. If the majority carriers arxe electrons, the
composition is n-type, and if the majority carriers are
holes, the composition is p-type.

Pig. 1A shows a plan view of a conventional solid
composition 100 including organic molecules. In - the
composition 100, the organic molecules form crystalline
domains 110 and amorphous regions 120 between the
crystalline domains 110. The crystalline domains 110
have a mean size. FIG. 1B shows a plan view of a
composition 130 that includes a medium of organic
molecules and nanoparticles 140. The nanoparticle 140
has a coating 145 chemically bonded to a surface thereof.
In the composition 130, the organic molecules form
crystalline domains 150 and amorphous regions 160 between
the crystalline domains 150. However, the mean size of
the crystalline domains 150 is smaller than that of the
crystalline domains 110 in conventional composition 100.
This aspect of composition 130 is addressed in greater
detail below.

Each crystalline domain 150 may be isolated, or may
be in contact with one or more neighboring crystalline
domains 150. In general, however, 1) a crystalline

domain 150 is characterized by having an arbitrary
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crystal orientation with respect to its neighboring
crystalline domains 150, and 2) the amorphous regions 160
occupy the wvolume not occupied by crystalline domains
150. |

The amorphous regions 160 are characterized by a
substantial lack of long-range ordering associated with
thé individual c¢rystalline domains 150. If the organic
molecules include polymers, the amorphous regions 160 may
include entire amorphous polymer chains, portions of
chains included in the crystalline domains 150, oxr both.
If the organic molecules include nonpolymers, the
amorphous regions 160 may alseoe include nonpolymer
molecules.

Fig. 1B is understood to be a simplified
representation of the morphology of a polycrystalline
material. In a real material, the crystalline dJdomains
150 will have a specific distribution of sizes. This
distribution may have one or more modes, each mode
representing a local maximum of a probability density
function of the sizes of crystalline domains 150 in the
composition 130. For simplicity in the following
discussion, the probability distribution will be assumed
to be a normal distribution, with the mode egual to the
mean. However, the composition 130 is not limited to a
size distribution of crystalline domains 150 having a
single mode. _ '

The mobility of the composition 130 may be a
function .of the mean size of the crystalline domains 150.
The term *“size” includes  concepts such as average
diameter, minimum diameter, mass, volume, and other
accepted metrics for describing the size of a crystal

domain. Other factors that may influence the carrier
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mobility of the composition 130 include the relative
volume occupied by crystalline domains 150 and amorphous
regions 160, and the distribution of orientations of the
crystalline domains 150.

As was noted previously, the mean size of
crystalline domains 150 in the composition 130 is 1less
than the mean size of c¢rystalline domainsg 110 in the
conventional composition 100. The detailed view of the
crystalline domain 150 in FIG. 1B shows that the
crystalline domain 150 may also contain one or more
nanoparticles 140 in addition to organic molecules 170.

In one aspect, the nanoparticles 140 are dispersed
in the composition 130 in a manner such that the number
density (number of particles per unit volume) of
nanoparticles 140 1is substantially uniform in the
composition 130. In another aspect, the distribution of
nanoparticles 140 is uniform on a scale on the order of
the distance between electrodes fabricated on the
composition 130. In another aspect, the distribution of
nanoparticles 140 is uniform on a scale of about 10 pm or
less. However, the nanoparticles 140 may be distributed
such that there is a higher concentration of
nanoparticles 140 in the crystalline domains 150 than in
the amorphous regions 160.

The organic molecules may be polymers or a mixture
of polymers and nonpolymers. A polymer fraction of the
composition 130 may consist of one essentially pure
polymeric compound, or may include two or more polymeric
compounds. Similarly, a nonpolymer fraction, if present,
in the composition 130 may consist of one essentially
pure nonpolymer compound, or may include two or more

nonpolymer compounds. Moreover, if the composition 130
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includes more than one organic compound, the composition
130 may include crystalline domains 150 corresponding to
more than one organic compound.

The organic molecules may be characterized by having
semiconducting properties in the solid phase. Those
skilled in the pertinent art will appreciate that organic
semiconductors may be members of two broad classes. The
first of these classes is polymers incorporating aromatic
or heteroarématic units, where the units may be fused to
each other énd/or linked to each other in a way that
maintains conjugation. The second includes monodisperse
compounds incorporating aromatic or heteroaromatic units,
where the units may be fused to each other and/or linked
to each other in a way that maintains conjugation. This
second class also includes oligomeric chains that would
otherwise fall into the first class if the number of
repeat units were sufficiently large. - As used herein,
the texrm “polymexr” conforms to the first class
definition, and “nonpolymer” conforms to the second.

Numerous semiconducting polymers are known.
Examples of aromatic units that may be included in these
polymers include, without limitation, bithiophene,
fluorene, and benzothiadiazole. Examples of
substitutions on these types of polymers that may also
have semiconducting properties include, without
limitation, alkyl groups, alkoxy groups, ethers, and/or
hydroxyl groups.

FIGs. 2A-2E show examples of such polymers. The
examples include: poly(9,9-dioctylfluorene-alt-bithiophene
(F8T2) 210; poly (3,3’'-dioctylterthiophene) (PTT8) 220;
regioregular poly(3-hexylthiophene) (P3HT) 230; poly(9,9-
dioctylfluorene) (F8) 240; and poly(9,9-dioctylfluorene-
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alt-benzothiadiazole) (F8BT) 250. Those skilled in the
pertinent art will appreciate that these polymers are
members of the aforementioned class, and that these
examples are not exhaustive of such class members.
Numerous examples of semiconducting nonpolymers are

also known in the art. FIGs. 3A-3G show examples of such

nonpolymérs . These examples include: processable
derivatives of pentacene 310, such as .6,13-bis
(triisopropylsilylethynyl) pentacene (TIPS) 320;

processable derivatives of anthradithiophene 330 and
benzodithiophene 340; tetracyanoguinodimethane 350,
naphthalene—-l,4,5,8-—tetracarboxyl di-anhydride 360, and
derivatives 370 of N-substituted mnaphthalene-1,4,5, 8-
tetracarboxylic di-imide. Those skilled in the chemical
arts will appreciate that this set of example nonpolymers
is not exhaustive.

In some embodiments, the composition 130 includes a
polymer. In one such embodiment, the polymer is F8T2
210. The solid phase of F8T2 210 is generally a p-type
semiconductor, with a typical effective hole mobility of
about le-3 cm?-vi.-g7t.

The term “nanoparticle” describes a class of organic
or inorganic particles with a dimension of about 100 nm
or 1less. In some cases, the nanoparticles 140 have a
dimension of about 20 nm or less. A nanoparticle may

also be an aggregate of smaller particles ‘loosely coupled

by weak interactions such as van der Waals forces. A
nanoparticle may be insulating, semiconducting, or
conducting. If insulating, the nanoparticles 140 may

include a material that has negligible conductivity. The
material will have a mnegligible conductivity when the

material has a band gap large enough that there is not
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significant conduction of carriers at a temperature and
voltage potential experienced by the composition 130
under contemplated operating conditions.

In some cases, the nanoparticles 140 may include
silicon. In other cases, the nanoparticles 140 may
include silicon dioxide. In another aspect, the
nanoparticles 140 may include a metal oxide, e.g.,
titanium dioxide or aluminum oxide. In another aspect,
the nanoparticles may include conducting or
semiconducting organic compounds such as fullerenes ox
nanorods. Methods of fabricating the preceding example
materials are well-known to those of skill 1in the
pertinent arts.

It is believed that in a p-type semiconducting
molecule, e.g., effective mobility through the solid may
be limited by “hopping” between n-orbitals of neighboring
molecules. It is believed that the crystalline domains
150 are probably formed by closely packed chains, between
which carriers may hop with relative ease. In contrast,
amorphous regions are formed by loosely packed chains
with relatively few chains overlapping in a manner
favorable for hopping to occur. Thus, majority carriers
in the crystalline domains 150 have a higher mobility -
than those in the amorphous regions 160.

It is thought that by inclusion of nanoparticles 140
in the composition 130, the size and orientation
distributions of the c¢rystalline domains 150 may be
altered to result in a greater number of smaller
crystalline domains 150. It is believed that such a
morphology may produce improved mobility in the Dbulk
composition 130 by providing a more isotropic

distribution of current paths, and a greater number of
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current paths with higher conductivity.

The average size of the nanoparticles 140 is thought
to play a role in producing the desired morphology. For
example, the mean size of the nanoparticles 140 may be
chosen to be suitable to nucleate crystal growth while
occupying a negligible volume fraction of the composition
130. In one aspect, the mean size may be small enough to
nucleate crystal growth without substantially disrupting
the growth of the crystal. In some cases, the mean size
may be similar to the radius of curvature of a polymer

chain in a dispersion of the polymer and nanoparticles in

a solvent. In an embodiment, the nanoparticles 140 have
an average diameter about 15 nm or less. In another
embodiment, the average diameter is about 12 nm. In some

cases, the size distribution of the nanoparticles 140 may
have more than one mode.

In an embodiment, the nanoparticles 140 may be fused
silica, which can be manufactured with small particle
size. In one embodiment, Aerosil® 2200, a fused silica
product manufactured by Degussa Corp., Parsippany, NJ, is
used. Aerosil® A200 has an average particle surface area
of about 200 m’/g, corresponding to a mean diameter of
about- 12 nm for individual particles.

Small particles such as nanoparticles 140 may have a
tendency to form aggregates due to dipolar or wvan der
Waals attraction. To improve dispersion of the
nanoparticles 140 in the organic molecules, the coating
145 is chemically  bonded to a surface of the
nanoparticles 140. As used herein, a coating is one or
more chemical groups attached to a surface of a
nanoparticle 140. The coating may be continuous or

noncontinuous, and does not necessarily isolate the
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nanoparticle from the surrounding environment. The
coating 145 may include a chemical group defined herein
as a “compatibility agent.” The compatibility agent may
reduce dipolar or van der Waals interactions between the
nanoparticles 140 that could otherwise cause the
aggregation of such nanoparticles 140. In some cases,
the coating 145 may include more than one type of
compatibility agent. In other cases, more than one type
of compatibility agent may be used to create a mixture of
nanoparticles 140 with different coatings 145 dispérsed
in the same composition 130.

In one aspect, the compatibility agent may be a
nonpolar group, which may include an organic moiety. In
some cases, the compatibility agent includes an aromatic
ring. When present, the aromatic ring may further
include a phenyl ring. 2An atom or group of atoms may be
attached to the organic moiety to modify interaction of a
nanoparticle 140 with the organic molecules. In one
aspect, an attached atom, if present, may be'a halogen.
For example, as discussed Dbelow, when the organic
molecules include the polymer F8T2 210, a phenyl ring to
which Dbromine is attached is effective at reducing
aggregation and producing desirable electrical
characteristics of the composition 130.

Thus, it is apparent that the compatibility agent
may serve two roles in the composition 130. The first is
to reduce aggregation of the nanoparticles 140 prior to
and after mixing with the organic molecules. The second
is to. provide favorable interaction with the organic
molecules. Favorable interaction may iﬁclude, e.g.,

petter adhesion, desired nucleation properties, or
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specific electrical interaction resulting in decreased
presence of charge-carrier traps.

Without limitation, FIG. 4 presents a conceptual
view of an organic moiety suitable for modifying a silica
nanoparticle. 4-bromophenyl trimethoxy silane (BP-TMS,
CAS #17b43—05—9) 410 is a bromine-substituted derivative
of trimethoxy silane. It is believed that a methoxy
group reacts with the silica particle, forming a covalent
bond to attach the TMS 410 thereto, producing the coating
145 and resulting in the desired characteristics of the
nanoparticles 420. It is further thought that the
position of bromine atoms in this isomer results in
desirable interaction with F8T2 210. "

Another embodiment is a method of fabricating a
circuit. The method includes chemically bonding a
cpating' to a plurality of nanoparticles 140. The
nanoparticles are dispersed between organic molecules and
the resulting composition 1s used to form an organic
semiconductor channel. Electrodes are formed over the
substrate, and the electrodes may be located to function
as a gate electrode, a drain electrode, and/or a source
electrode of an FET. The active channel of the FET
includes the semiconductor.

FIG. 5 illustrates a method 500 of fabricating a
circuit. Those skilled in the art will appreciate that
several architectures may be used to form an oFET,
including bottom gate, top gate, and coplanar structures.
For illustration purposes, the method 500 will ‘be
presented assuming a bottom gate OoOFET. It will Dbe
immediately apparent to those skilled in the art that

other oFET architectures may be employed.
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FIG. 6 illustrates a sectional view of a bottom-gate
OFET 600. In the illustrated architecture, the bottom
gate includes a substrate 610 having sufficient
conductivity to act as a gate. A dielectric 620
insulates a channel layer 630 from the substrate 610. A
source electrode 640, drain electrode 650 and gate
electrode 660 provide electrical connectivity to the
terminals of the oFET 600.

In FIG. 5, step 510, the substrate 610 is provided,
upon which the circuit will be fabricated. The substrate
610 may be a p'-silicon wafer or other suitable
substrate. In a step 520, the dielectric 620 is
conventionally formed over the substrate. The dielectric
620 may be a thermally grown SiO, layer, though those
skilled in the art will understand that other
conventional dielectrics may also be used.

In a step 530, the channel layer 630 is formed on
the dielectric 620. The channel layer 630 may be, e.qg.,
the composition 130, and may be deposited from a
suspension of the nanoparticles 140 with the coating 145
in a solution of organic molecules by dip-coating, spin-
coating or jet-spraying. In one embodiment, ;he channel
layer 630 includes a polymer.

A multi-step process may be used to prepare the
suspension for deposition on the substrate 610. While
the steps in the following described embodiment are
presented in a sequence, those skilled in the pertinent
art will appreciate that the steps could be rerformed in
other sequences. Any sequence using substantially

similar steps that results in the described suspension is
contemplated.
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In a step 540, the coating 145 is formed on a
plurality of nanoparticles. The step includes removing
moisture from a guantity of nanoparticles 140 sufficient
for the following steps. For example, about 1 g of
nanoparticles 140 may be .dried at about 120°C for about
12 Thours. after drying, the mnanoparticles 140 are
treated to produce the coating 145 to improve dispersion
of the nancoparticles 140 in the channel layer 630. In
one embodiment, the treatment reduces the aggregation of
the nanoparticles 140. In some cases, the treatment
modifies polar interactions between the nanoparticles 140
as previously described.

A suitable method of such treatment is described
below for the case in which the nanoparticles 140
comprise silicon dioxide. The recitation of specific
quantities and times is provided as example, without
limitation. In one embodiment, the derivative is BP-TMS
410. A solution of about 1 g of BP-TMS in about 100 mL
toluene may be mixed for about 30 min. About 1 g of
dried nanoparticles 140 may be added to the BP-
TMS/toluene solution, and the mixture may be stirred for
about 12 hours in dry conditions. Ultrasonic acoustic
energy may optionally be used during the stirring.

after stirring, the nanoparticles 140 may be
separated from the mixture by, e.g., centrifugation. The
nanoparticles 140 may be rinsed one or more- times in
clean solvent. In a suitable rinsing step, the
nanoparticles 140 are rinsed in toluene and centrifuged
four times, but are not dried. '

After rinsing, the nanoparticles 140 are added to a
solution of organic molecules to form a suspension. In

one embodiment, the organic molecule is a polymer. In
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another embodiment the organic molecule is F8T2 210.
F8T2 210 is available from American Dye Source Inc.,
Quebec, Canada. When F8T2 210 is used, tetrahydrofuran
(THF) may be used as the solvent. In this embodiment,
about 2.0 g of nanoparticles 140 may be added to 1 L of
THF to result in a suspension of about 0.2 wt?
nanoparticles 140 in THF. In a step 550, about 10 g of
solid F8T2 210 may be added to about 1 L of the
Aerosil®/THF suspension and mixed to dissolve the F8T2
210, resulting in a concentration of about 1.0 wt% F8T2
in the suspension.

Returning to step 530, in some cases the channel
layer 630 is formed on the substrate 610 by dip-coating.
Other suitable casting technigues such és spin-coating or
drop-casting may also be wused. When a suspension
prepared as described above 1s cast by dip-coating, a
withdrawal rate of the substrate 610 from the suspension
ranging from about 0.2 mm/s to about 5 mm/s may be used
to produce a film ranging from about 70 nm to about 20 nm
thickness.

In a step 560, the channel layer 630 and dielectric
620 are patterned using conventional means to expose
portions of the substrate 610. The source electrode 640,
drain electrode 650 and gate electrode 660 are then
conventionally formed over the substrate 610. Formation
may be performed, e.g., by deposition of gold using a
shadow mask.

The composition 130, prepared as described herein,
may have a hole mobility of about 1.6e-2 cm?-vtesTL,
Advantageously, this mobility may represent an increase
by roughly a factor of ten over the mobility of holes in

devices based on intrinsic F8T2 210 fabricated under
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otherwise identical conditioms. Moreover, the ratio of
on-current (I.,) to off-current (I.ee) of an OFET 600 may
be increased by roughly a factor of ten relative to an
OFET fabricated using an intrinsic semiconducting organic
molecule.

The resulting composition 130 also substantially
retains the mechanical properties of the intrimsic
polymer. Moreover, the viscosity of the
polymer/aerogel/solvent slurry may be greater than that
of a polymer/solvent solution with eguivalent polymer
concentration. Such an increase of viscosity may be
desirable when the channel layer 630 is formed using
mnass-printing, for example.

Another embodiment is an apparatus. The apparatus
includes an electronic device having a first and a second
electrode in contact with a channel comprising the
composition 130 described herein. t

FIG. 7 shows an example apparatus 700. Electronics
710 may include a power supply and driving electronics to
interface to an electronic device 720. The electronic
device 720 is formed according to the method 500
described herein, and has a channel comprising the
composition 130 described herein. The electronic device
720 may include a gate electrode located to produce an
electric field at the surface of the channel. The
electronic device 720 may additionally be an oOFET
fabricated by the aforementioned method.

Although the present invention has been described in
detail, those skilled in the pertinent art should
understand that they can make various changes,

substitutions and alterations herein without departing
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from the spirit and scope of the invention in its

broadest forxrm.
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WHAT IS CLATIMED IS:

1. A composition, comprising:

a medium of organic molecules;

a plurality of nanoparticles dispersed in the
medium; and

a coating chemically bonded to a surface of the
plurality of nanoparticles,

wherein the composition is a semiconducting solid.

2. The composition of claim 1, wherein the

nanoparticles comprise silicon atoms.

3. The composition of claim 1, wherein the coating

comprises a compatibility agent.

a. The composition of claim 1, wherein the organic

molecules are a semiconducting polymer.

5. The composition of claim 1, wherein the

nanoparticles have an average diameter of about 15 nm or

less.

6. A method of fabricating a circuit, comprising:
chemically bonding a coating to a plurality of

nanoparticles;

dispersing the nanoparticles in a medium comprising

organic molecules;

forming an organic semiconductor channel comprising
the medium; and

forming a plurality of electrodes over the
substrate, the electrodes being located to function as

two of a gate electrode, a drain electrode, and a source

electrode of an FET.

7. The method of claim 6, wherein the coating
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comprises a compatibility agent.

8. The method of claim 6, wherein chemically

bonding a coating comprises exposing the nanoparticles to

-5 a derivative of trimethoxy silane.

9. The method of claim 6, wherein the organic

molecules are a semiconducting polymer.

10. The method of claim 6, wherein a viscosity of a
solution  comprising the semiconducting polymer is

10 increased by dispersion of the nanoparticles therein.
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