
WO 2007/078993PCT/US2006/048804 BOTTOM GATE THIN FILM
LKANSISTORS Field of the Invention  This invention
relates to bottom gate thin film transistors including
the 5 semiconductor of the present disclosure. In some
embodiments the semiconductor may be solvent coated
over previously generated layers of the transistor
during manufacture. Background of the Invention
US 6,690,029 B1 purportedly discloses certain
substituted pentacenes and 10 electronic devices made
therewith.        WO 2005/055248 A2 purportedly
discloses certain substituted pentacenes and polymers
in top gate thin film transistors. Summary of the
Invention  15Briefly, the present invention provides a
transistor comprising: a substrate; a gate electrode; a
semiconducting material not located between the
substrate and the gate electrode; a source electrode in
contact with the semiconducting material; a drain
electrode in contact with the semiconducting material;
and a dielectric material in contact with the gate
electrode and the semiconducting material; wherein the
semiconducting 20 material comprises: 1-99.9% by weight
of a polymer having a dielectric constant at 1kHz of
greater than 3.3; 0.1-99% by weight of a compound
according to Formula I:   WO
2007/078993PCT/US2006/048804 where each R1 is
independently selected from H and CH3, more typically
H, and each R2 is independently selected from branched
or unbranched C2-C18 alkanes, branched or unbranched
C1-C18 alkyl alcohols, branched or unbranched C2-C18
alkenes, C4-C8 aryls or heteroaryls, C5-C32 allcylaryl
or alkyl-heteroaryl, a ferrocenyl, or more typically
SiR33 5 where each R3 is independently selected from
hydrogen, branched or unbranched C I-C10 alkanes,
branched or unbranched Cl-C10 alkyl alcohols or
branched or unbranched C2- 



C10 alkenes, where more typically each R3 is
independently selected from branched or unbranched
CI-C10 alkanes. Most typically the compound according
to formula I is 6,13-
bis(triisopropylsilylethynyl)pentacene
(TIPS-pentacene). The polymer having a dielectric 10
constant at IkHz of greater than 3 3 is typically
selected from the group consisting of:
poly(4-cyanomethyl styrene) and poly(4-vinylphenol) and
most typically is poly(4- vinylphenol). Typical
polymers may also include polymers containing cyano
groups such as cyanopullulans. The source and drain
electrodes may be in contact with the dielectric
material or not in contact with the dielectric
material. 15 Brief Description of the Drawing
Fig. 1 is a schematic depiction of the layers present
in a top contact/bottom gate thin film transistor.
Fig. 2 is a schematic depiction of the layers present
in a bottom contact/bottom gate 20thin film transistor.
Fig. 3 is a schematic depiction of the layers present
in a top contact/top gate thin film transistor.
Fig. 4 is a schematic depiction of the layers present
in a bottom contact/top gate thin film transistor. 25
Detailed Description  Thin film transistors show
promise in the development of lightweight, inexpensive
and readily reproduced electronic devices, in
particular where they may be made by solvent coating
techniques, such as printing techniques.  WO
2007/078993PCT/US2006/048804        Thin films
transistors are known in four principle geometries.
With reference to each of Fig. 1, representing atop
contact/bottom gate thin film transistor, Fig. 2,
representing a bottom contact/bottom gate thin film
transistor, Fig. 3, representing a top contact/top gate
thin film transistor, and Fig. 4, representing a bottom
contact/top gate thin  5 film transistor, thin film
transistor 100 includes substrate 10, gate electrode
20, dielectric layer 30, semiconductor layer 40, source
electrode 50, and drain electrode 60. Typically, each
of the source electrode 50 and drain electrode 60 will
overlap the gate electrode 20 to a slight extent. In
the top gate designs depicted in Figs. 3 and 4, the
gate electrode 20 is above the 10dielectric layer 30
and both the gate electrode 20 and the dielectric layer
30 are above the semiconductor layer 40. In the bottom
gate designs depicted in Figs. 1 and 2, the gate
electrode 20 is below dielectric layer 30 and both the
gate electrode 20 and the dielectric layer 30 are below
the semiconductor layer 40. As a result, the
manufacture of the bottom gate designs by solvent
coating techniques requires a semiconductor that can be
applied in 15solvent to previously coated dielectric
layers without disruption of those layers.        The
materials of the present invention permit the
construction of a bottom gate transistor with a solvent
coated semiconductor, due to the formulation of a
semiconductor coating composition that can be coated
over the dielectric. However, the semiconductor 



layer of the thin film transistor of the present
disclosure may be made by any suitable 20 method,
including solvent coating methods, but also including
dry methods, melt processing, vapor deposition, or the
like. Where the semiconductor layer of the present
disclosure is made by solvent coating methods, the
materials of the semiconductor layer may be carried in
any suitable solvent, which may include ketones,
aromatic hydrocarbons, and the like. Typically the
solvent is organic. Typically the solvent is aprotic.
25The semiconductor layer according to the present
disclosure includes a functionalized pentacene compound
according to Formula I:  WO
2007/078993PCT/US2006/048804    where each RI is
independently selected from H and CH3 and each R2 is
independently     selected from branched or unbranched
C2-C18 alkanes, branched or unbranched CI-C18 5 alkyl
alcohols, branched or unbranched C2-C18 alkenes, C4-C8
aryls or heteroaryls, C5- C32 allcylaryl or
alkyl-heteroaryl, a ferrocenyl, or SiR33 where each R3
is independently selected from hydrogen, branched or
unbranched Cl-C10 alkanes, branched or unbranched
Cl-C10 alkyl alcohols or branched or unbranched C2-C10
alkenes. Typically each R1 is H. Typically, each R2 is
SiR33. More typically each R2 is SiR33 and each R3 is
10 independently selected from branched or unbranched
Cl-C10 alkanes. Most typically, the compound is
6,13-bis(triisopropylsilylethynyl)pentacene
(TIPS-pentacene), shown in formula II:  WO
2007/078993PCT/US2006/048804         The semiconductor
layer contains the compound of Formula I or of Formula
II in an amount of 0.1-99% by weight, more typically
0.1-10%. The semiconductor layer according to the
present disclosure includes a polymer 5 having a
dielectric constant at lkHz of greater than 3.3, and
more typically greater than 3.5, and in some
embodiments may be greater than 4.0, and in some
embodiments may be greater than 4.5. The polymer
typically has a M.W. of at least 1,000 and more
typically at least 5,000. Typical polymers include
poly(4-cyanomethyl styrene) and poly(4- vinylphenol).
Typical polymers may also include polymers containing
cyano groups such 10 as cyanopullulans. 



Typical polymers also include those described in U.S.
Patent Publication No. 2004/0222412 Al. Polymers
described therein include substantially nonfluorinated
organic polymers having repeat units of the formulas:
R3 H H lI --(C-C-)- and I12 R1 R g).   15wherein:  WO
2007/078993PCT/US2006/048804        each RI is
independently H, Cl, Br, I, an aryl group, or an
organic group that includes a crosslinlcable group;
each R2 is independently H, an aryl group, or R4; each
R3 is independently H or methyl; 5each R5 is
independently an alkyl group, a halogen, or R4;
each R4 is independently an organic group comprising at
least one CN group and having a molecular weight of
about 30 to about 200 per CN group; and n = 0-3; with
the proviso that at least one repeat unit in the
polymer includes an R4. 10The semiconductor layer
contains the polymer in an amount of 1-99.9% by weight.



Objects and advantages of this invention are further
illustrated by the following examples, but the
particular materials and amounts thereof recited in
these examples, as well as other conditions and
details, should not be construed to unduly limit this
invention. 15Examples         Unless otherwise noted,
all reagents were obtained or are available from
Aldrich Chemical Co., Milwaukee, WI, or may be
synthesized by known methods. Preparatory Example-.
Preparation of Polymer A 20Polymer A is a
nitrile-containing styrene-maleic anhydride copolymer
that is described in U.S. Patent Publication No.
2004/0222412 Al. The synthesis is described therein at
paragraphs 107 and 108 under the caption "Example 1,
Synthesis of Polymer 1," as follows: A 250-milliliter
(mL), three-necked flask fitted with magnetic stirrer
and nitrogen 25inlet was charged with 8.32 grams (g)
3-methyl aminopropionitrile (Aldrich) and a solution of
20.00 g styrene-maleic anhydride copolymer (SMA 1000
resin available from Sartomer, Exton, PA.) in 50 mL of
anhydrous dimethylacrylarnide (DMAc, Aldrich). After
the mixture was stirred for 30 minutes (min) at room
temperature, N, Ndimethylarninopyridine (DMAP) (0.18 g,
99%, Aldrich) was added and the solution was 30 then
heated at 110C for 17 hours (h). The solution was
allowed to cool to room temperature and was slowly
poured into 1.5 liters (L) of isopropanol while stirred
WO 2007/078993PCIYUS2006/048804 mechanically. The
yellow precipitate that formed was collected by
filtration and dried at 80C for 48 h at reduced
pressure (approximately 30 millimeters (mm) Hg). Yield:
26.0 g. Twenty grams (20 g) of this material was
dissolved in 50 mL anhydrous DMAc followed by the
addition of 28.00 g glycidyl methacrylate (GMA)
(Sartomer), 0.20 g 5 hydroquinone (J.T. Baker,
Phillipsburg, NJ) and 0.5 g N, N-dimethylbenzylamine
(Aldrich). The mixture was flashed with nitrogen and
then was heated at 55C for 20 h. After the solution was
allowed to cool to room temperature, it was poured
slowly into 1.5 L of a mixture of hexane and
isopropanol (2:1, volume:volume (v/v), GR, E.M.
Science) with mechanical stirring. The precipitate that
formed was dissolved in 50 inL acetone and 10
precipitated twice, first into the same solvent mixture
as used above and then using isopropanol. The solid
(Polymer A) was collected by filtration and was dried
at 50C for 24 h under reduced pressure. (approximately
30 mm Hg). Yield: 2230 g. FT-IR (film): 3433, 2249,
1723, 1637, 1458, 1290, 1160, and 704 aafi. Mn (number
average molecular weight) = 8000 grams per mole
(g/mol), Mw (weight average molecular weight) = 22,000
15g/mol. Tg = 105C. Dielectric constant approximately
4.6. Preparatory Example -Preparation of Solutions A -E



20  WO 2007/078993PCT/US2006/048804        Solutions of
6,13-bis(triisopropylsilyletlynyppentacene
(TIPS-pentacene), shown in Formula II, and a high
dielectric constant polymer were made with the
compositions indicated in Table I. TIPS-pentacene was
synthesized as disclosed in U.S. 6,690,029 B1 at
Example 1. Poly(4-vinylphenol) MW 9,000 to 11,000
Sp.gr. 1.16 (PVP) was obtained 5 from Polyscience, Inc.
Warrington, PA. Poly(4-cyanornethyl styrene) was made
by the method described for "polymer 4" in U.S. Patent
Publication No. 2004/0222412 Al. All solutions were
prepared by mixing the components overnight and
filtering the resulting mixture through a 0.2 micron
filter. 10Table I SoIn. Polymer TIPS-pentacene Solvent
A 10 wt% poly(4-vinylphenol) 0.8 wt% cyclohexanone B 10
wt% Polymer A 1.0 wt% isophorone C 0.5 wt%
poly(4-cyanomethyl styrene) 0.5 wt% 



cyclohexanone D 5.0 wt% poly(4-vinylphenol) 0.50 wt%
cyclohexanone E 10.0 wt% poly(4-vinylphenol) 0.50 wt%
cyclohexanone  Examples 1-11         Test transistors
examples 1-10 were made on single crystal (i.e., <100>
orientation), heavily doped, p-type silicon wafers that
were obtained from Silicon Valley 15 Microelectronics
(San Jose, CA). The wafers as purchased have a 1000 A
layer of high temperature thermal silicon oxide layer
on one face and a 5000 A layer of aluminum metal vapor
deposited on the opposite face. In this configuration,
the doped wafer capped with aluminum served as the gate
electrode and the silicon oxide functioned as the gate
dielectric when organic thin film transistors (OTFTs)
were prepared. For examples 1-8, 20 solution A, B, C, D
or E was applied by either spin coating or knife
coating method followed by either air drying or an
anneal step (heating to 120C for 10 minutes), as noted
in Table II. Knife coating was accomplished with a
Gardco 4" micron film coater by application of a
portion of the solution to the knife edge and pulling
the coated over the substrate. Spin coating was
accomplished according to the following protocol: 1st
stage 25 500 RPM for 10 sec Acceleration 2 (166
rpm/sec), 2nd stage 2000 RPM for 20 sec Acceleration 4
(332 rpnVsec). The devices were completed by patterned
vapor deposition of gold source and drain electrodes
through a shadow mask onto the semiconductor layer.  WO
20071078993PCT/US2006/048804 The devices had a channel
length of 60 to 100 pm and a channel width of 1000 um.
Bottom contact device example 9 was made by patterned
vapor deposition of gold source and drain electrodes
through a shadow mask onto the dielectric to give a
channel length of 60 to 100 pan and a channel width of
1000 jun. The semiconductor was then knife coated 5
over the entire structure. Bottom contact device
examples 10 and 11 were made by first inkjet printing
silver nanopartiele ink onto the dielectric layer
(Inkjet Silver Conductor, AG-U-100-S1, bulk resistivity
4-32g2 cm, from Cabot Printable Electronics and
Displays, Albuqerque, New Mexico, Batch AG-062005-A).
The sample was then cured at I25C for 11 minutes
followed by treating the sample with a 0.1 mmol
solution of 10 perfluorothiophenol in toluene for 1
hour. The indicated semiconductor solution was
deposited by knife coating over the entire structure
and the sample was allowed to air dry or annealed at
120C for 10 minutes. 



Transistor performance was tested at room temperature
in air using a Semiconductor Parameter Analyzer (model
4145A from Hewlett-Packard, Palo Alto, 15California).
The square root of the drain-source current (Ids) was
plotted as a function of gate-source bias (Vgs), from
+10 V to -40 V for a constant drain-source bias (Vds)
of-40 V. Using the equation: Ids = pC x W/L x (Vgs -
V2/2 the saturation field effect mobility was
calculated from the linear portion of the curve 20
using the specific capacitance of the gate dielectric
(C), the channel width (W) and the channel length (L).
The x-axis extrapolation of this straight-line fit was
taken as the threshold voltage (Vt). Table H displays
the results of the various devices.  WO
2007/078993PCT/US2006/048804 Table II Ex. Design
coa&gi Solution Mobility (cm2/v-s) 1 TC/BG Spin A 10-3
2 



TC/BG Spin/Anneal B 10-2 3 TC/BG Knife/Anneal A 10-2 4
TC/BG Knife  10-3 5 TC/BG Knife B 2x10-2 6 TC/BG 



Knife C 2x10-3 7 TC/BG Knife D 10-3 8 TC/BG Knife E
10-3 to 104 9 BC/BG Knife E 10-7 10 BC/BG Knife/Anneal 



A 10-2 11 BC/BG Knife A 10-6         Various
modifications and alterations of this invention will
become apparent to those skilled in the art without
departing from the scope and principles of this
invention, 5and it should be understood that this
invention is not to be unduly limited to the
illustrative embodiments set forth hereinabove.  WO
2007/078993PCT/US2006/048804 We claim: 1.A transistor
comprising: a substrate; a gate electrode; 5a
semiconducting material not located between the
substrate and the gate electrode; a source electrode in
contact with the semiconducting material; a drain
electrode in contact with the semiconducting material;
and       a dielectric material in contact with the
gate electrode and the semiconducting material; 



10wherein the semiconducting material comprises:
1-99.9% by weight of a polymer having a dielectric
constant at lIcklz of greater than 3.3; 0.1-99% by
weight of a compound according to Formula I: 15   where
each R1 is independently selected from H and CH3 and
each R2 is      independently selected from branched or
unbranched C2-C18 alkanes, branched or unbranched C
I-C18 alkyl alcohols, branched or unbranched C2-C18
alkenes, C4- 20CS aryls or heteroaryls, C5-C32
allcylaryl or alkyl-heteroaryl, a ferrocenyl, or SiR33
where each R3 is independently selected from hydrogen,
branched or unbranched CI-C10 alkanes, branched or
unbranched CI-C10 alkyl alcohols or branched or
unbranched C2-C10 alkenes.  2.The transistor according
to claim 1 where each R1 is H and each R2 is SiR33
where each R3 is independently selected from hydrogen,
branched or unbranched CI-C10 alkanes, branched or
unbranched CI-C10 alkyl alcohols or branched or
unbranched C2- C10 alkenes. 5 3. The transistor
according to claim 1 or claim 2 where each R1 is H and
each R2 is SiR33 where each R3 is independently
selected from branched or unbranched C1-C10 alkanes.
4. The transistor according to claim 1 where the
compound according to formula I is
6,13-bis(triisopropylsilylethynyl)pentacene
(TIPS-pentacene).     5. The transistor according to
claim 1 or claim 2 where the polymer having a
dielectric constant at I kHz of greater than 3.3 is
selected from the group consisting of:
15poly(4-cyanomethyl styrene) and poly(4-vinylphenol).
6. The transistor according to claim 4 where the
polymer having a dielectric constant at 11cHz of
greater than 3.3 is selected from the group consisting
of: poly(4-cyanomethyl styrene) and
poly(4-vinylphenol). 20  7. The transistor according to
claim 1 or claim 2 where the polymer having a
dielectric constant at I kHz of greater than 3 3 is
poly(4-vinylphenol). 8. The transistor according to
claim 4 where the polymer having a dielectric constant 



25at licHz of greater than 3.3 is poly(4-vinylphenol).
9. The transistor according to claim I or claim 2 where
the polymer having a dielectric constant at licHz of
greater than 3.3 is a polymer comprising cyano groups.
3010.The transistor according to claim 4 where the
polymer having a dielectric constant at lkHz of greater
than 3.3 is a polymer comprising cyano groups.  11.The
transistor according to claim 1 or claim 2 where the
polymer having a dielectric constant at lkHz of greater
than 3.3 is a substantially nonfluorinated organic
polymer having repeat units of the formulas: R3
wherein:      each RI is independently H, Cl, Br, I, an
aryl group, or an organic group that includes a
crosslinkable group; each R2 is independently H, an
aryl group, or R4; 10each R3 is independently H or
methyl; each R5 is independently an alkyl group, a
halogen, or R4;      each R4 is independently an
organic group comprising at least one CN group and
having a molecular weight of about 30 to about 200 per
CN group; and n = 0-3; 15with the proviso that at least
one repeat unit in the polymer includes an R4. 12.The
transistor according to claim 4 where the polymer
having a dielectric constant at lIcHz of greater than
3.3 is a substantially nonfluorinated organic polymer
having repeat units of the formulas: 



20 wherein: H H II -C-C- and 12 R R          each RI is
independently H, Cl, Br, I, an aryl group, or an
organic group that includes a crosslinkable group; each
R2 is independently H, an aryl group, or R4; each R3 is
independently H or methyl; 5each R5 is independently an
alkyl group, a halogen, or R4;       each R4 is
independently an organic group comprising at least one
CN group and having a molecular weight of about 30 to
about 200 per CN group; and n = 0-3; with the proviso
that at least one repeat unit in the polymer includes
an R4. 10  13. The transistor according to claim 1 or
claim 4 wherein the source and drain electrodes are in
contact with the dielectric material.  14. The
transistor according to claim 1 or claim 4 wherein the
source and drain 15electrodes are not in contact with
the dielectric material. 


