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Abstract

Bottom contact FET devices were realized, using vacuum evaporated thin films of unsubstituted quinquethiophene and two modified
derivatives deposited at different substrate temperatures. X-ray diffraction (XRD) and atomic force microscopy (AFM) data on thin films
deposited in the same conditions are reported and related to the electrical characteristics of the devices.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction date, no investigation has been carried out on the dependence
of the charge carrier mobility of T5 with the morphology of
Recently, it has been demonstrated that field effect tran- the thin films. Moreover, no systematic studies have been car-

sistors (FET) fabricated with thiophene oligomdis?2] ried out on how structural modifications affect the solid-state
can reach charge carrier mobility values in the order of organization and the electrical characteristics of odd-number
1 x 10-2cm?/V s andl o/l off ratios in the order of 19-107, thiophene oligomers. Although, remarkable improvements

which are in the range of the best values obtained so farhave recently been achieved on thiophene-based molecular
with organic materials, using pentacene thin fil{8jas the semiconductors, from optimization of device and deposition
active semiconductor layers. Although early measurementsconditiong5] to material desigf8], to the synthesis af-type
on oligothiophenes indicated that charge carrier mobilities [9] and ambipolaf10] semiconductors, no clear relationship
should increase on increasing the oligomer $zé), more has as yet been established between molecular structure and
recent experimental evidence indicates very similar mobility electrical performance.
values for quater- quinque- and sexithiopheiig®] These The objective of this paper is to discuss some general
results encourage investigations into thin film field-effect trends of variation in the electrical properties of T5 on chang-
transistors based on the shorter thiophene oligomers, such asg film deposition conditions or introducing structural mod-
guinquethiophene (T5, the least investigated oligothiophene;ifications of the backbone. This work aims to contribute a ra-
Scheme Ywhich are more soluble and, owing to their higher tionale for the design of new and more performant materials.
ionization potential$7] also less susceptible to oxidation.
Recently, we have reported that T5 exhibits a hyerarchical

organisation across length scales with highly crystalline thin 2. Experimental
films characterised by high carrier mobility valués]. To

The bottom configuration FET devices used in this study

* Corresponding author. Tel.: +39 051 6398 314; fax: +39 051 6398 349. are similar to those described#], withinterdigitated source
E-mail addressbarbarella@isof.cnr.it (G. Barbarella). and drain gold contacts, channel width and length of 1.1 cm
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and 10um, respectively. The Si©surface was not func-  deposited at different substrate temperatures, are shown in
tionalised with any primer or chemical treatment. The dif- Figs. 1-3
ferent oligomers were deposited on the channel region, by  Fig. 1 shows the XRD patterns of two films of T5 de-
vacuum evaporation, at a rate of about 0.1 nm/s. Film thick- posited at 30 and 9CC. The same reflections appear in both
ness was measured during evaporation with a quartz thick-samples, belonging to two distinct series of peaks with peri-
ness monitor and verified at the end of the process, us-odicities of 1.92 nm (most intense peaks) and 2.06 nm (peaks
ing a mechanical profiler (Veeco Dektat 6 M). All electri- indicated by asterisk), respectively, or to multiples of these
cal measurements were performed in ambient atmospherevalues. Since the crystal structure previously reported for T5
All oligomers were purified by silicagel chromatography be- [11] shows a monoclinic cell with agraxis of 3.9 nm, we can
fore use, followed by vacuum sublimation. X-ray diffraction assume the mostintense peaks as being due kitbeeflec-
(XRD) measurements were carried out at room temperature tions (even). Although T5 is known for its tendency to form
using a Bragg/Brentano diffractometer (Philips PW1050/61- very ordered thin film$6], here the presence of a population
PW1710), equipped with a graphite monochromator in the of T5 ordered in a slightly different way has to be assumed in
diffracted beam, with a Cu anode as X-ray source. Atomic order to explain all reflections. The presence of a polymorph
micr AFEM) im wer ined with an
atomic force microscope (SMENA, NT-MDT, Moscow) op-
erated in air in intermittent contact mode. The cantilevers
were silicon cantilevers (NT-NDT NSG10) with high reflec-
tive Au coating. The typical curvature radius of the tip was
less than 10 nm with a typical resonant frequency of about
255 kHz. Typical relative humidity (RH) during the measure-
ments was controlled with a hygrometer (about 55%).

3. Results

The molecular structure of the oligomers used here is given
in Scheme 1With respect to unsubstituted quinquethiophene
(T5), one of the modified derivatives bears two methyl groups U

(—CHz3) grafted at the externgd-position (T5Me), while in \\J * . b)
the other one (T5A) the two terminal thiophene rings are sep-

arated from the internal terthiophene core by acetylenic spac-
ers (C=C-). The microwave-assisted synthesis, purification
methodology and differential scanning calorimetry character-
istics of these compounds are reported in referejizeb]. Of

the three compounds, only T5Me displays liquid-crystalline

propertied6a,b]. U

(a)
3.1. XRD and AFM

| | ' | '
All compounds show a remarkable ability to form highly °© 10 80 40
ordered and crystalline thin films, as shown by the nu-

merous intense high-order reflections in the XRD profiles. rig. 1. xRD profile of 150 nm thick films of T5 vacuum evaporated at a

The XRD plots of 150 nm thick films of the three samples, substrate deposition temperature of8Xa) and 90C (b).
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Fig. 2. XRD plots of 150 nm thick films of T5Me for substrate deposition
temperatures of 30 (a) and 90 (b). The inset is a magnification of the
region between I5and 35 at the two temperatures.

the longer homologues of T5, namely, quater- and sexithio-
phenes, have also been described from single crystal X-ray
structures, only differing in the magnitude of the herringbone

angle[12,13]

Comparing the peak widths of the films of T5 obtained at
the different substrate deposition temperatures, an enlarge-
ment of the domain size in the0 0 direction is observed.
Application of Scherrer equatidi4] allows us to estimate
the size of the coherent domains to be 53 and 66 nm for the
samples prepared at 30 and°@d respectively.

The XRD patterns of two T5Me samples deposited at dif-
ferent temperatures are showrHig. 2 The most intense re-
flections appear at the same angular positions in both samples
and all reveal a periodicity of 2.29 nm (or multiple thereof).
They are likely to be of the 0 0 kind, although the fact that no
single crystal or powder X-ray structures have been reported
for this compound makes the assignment somewhat uncer-
tain. Some differences in the diffraction profiles are appre-
ciable for the reflections for2greater than 15 As reported
in the inset ofFig. 2, some reflections are splitted and the
relative intensities in each couple is reversed in the samples
deposited at the different temperatures. The figure shows that
the reflections at the smaller angles are more intense in the
substrate deposited at 30.

From thed-spacing values we assume these peaks as
higher orders oh 0 0 type reflections. We used different ex-
perimental conditions to test the presence of a splitting also

with a different inclination of the molecules with respect to in the reflections for 2 less than 15 but with negative re-
the unit cell axes can be hypothesized. As shown in the figure, Sults. Therefore, the presence of a second polymorph can be

the effect of increasing the substrate deposition temperatureexcluded in this case. The more intense reflections atls’
on T5 is to increase the amount of the minor polymorph in for the sample obtained at 9C should instead be explained

the film. Itis worth noting that polymorphs of the shorter and by assuming that a fraction of the sample is oriented in a

ol e,

T

0 10 20
2 theta (7)

Fig. 3. XRD plots of 150 nm thick films of T5A for substrate deposition
temperatures of (a) 3, (b) 90°C and (c) 140C.

slightly different way with respect to the substrate. In that
case, these reflections should be indexeld@swith a large

| value. Thus, in the case of T5Me, the effect of increasing
the substrate deposition temperature is to change the orienta-
tion of some crystalline domains with respect to the substrate.
The size of the domains, calculated from the peak width, is
not appreciably affected by the deposition temperature, being
about 72 nm for both samples.

The XRD patterns of T5A deposited at different substrate
temperatures are reportediy. 3. Contrary to T5 and T5Me,
no changes were observed in the X-ray patterns of the films
increasing the substrate deposition temperature up t6@40
The figure shows that for = 30, 90 and 140C the plots are
very similar and consistent with highly crystalline films. The
plots are characterized by several reflections, all correspond-
ing to a period of 2.39 nm (or multiple). The reflections are
very sharp and itis possible to estimate a size of the crystalline
domains of about 100 nm.

The morphology of T5 thin films was imaged by intermit-
tent contact AFMFig. 4 shows the AFM images of 15, 80
and 150 nm thick films of T5 deposited at 30, 60 and @0
substrate temperatures.

Upon increasing the substrate deposition temperature
there is a dramatic change in the morphology of the film.
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15nm? | 80 nmt 150 nm#

Fig. 4. AFM topographical images of 15, 80 and 150 nm thick films of ZF&c@ale is 0-180 nm, all figures have. x 3 um size) on thermal Si© The films
were grown at three different substrate deposition temperatures: 30, 80,&0indicated in the figure.

Fig. 4a—c show the topography of the T5 films grown at (Fig. &), increases inthe range 4&®0 nm, while ther.m.s.
30°C. The morphology exhibits grains, homogeneously dis- roughness remains almost constant (15 nm). As the thinner
persed on the surface. The r.m.s. roughness of the surface i§lms (15 and 80 nm) grown at 3@, those grown at 60C,
164+ 2 nm, almost independent of film thickness and growth do not exhibit an ordered layered structure within the grains.
temperature. In the thinner films (15 and 80 nm, correspond- On the contrary, some clusters of the thicker film (150 mm
ing to Fig. 4a and b), the clusters appear to be slightly elon-
gated. No ordered layered structure within the grains is ob-
served. However, with the exception of 150 nm thick films,
the presence of striped domains inside the clusters is evi-
dent. These striped domains have always the same orienta-
tion inside a cluster but there is no relation among the stripes
orientation of different clusters. The striped domains were
already observed in samples prepared by melting-quenching
processes of T5 filmi§a]. Fig. 5shows a zoom of the 80 nm nm
thick film grown with a substrate deposition temperature of
30°C.

The mean diameter of the clusters, measured from the
power spectraKig. 6a), was 336t 20 nm. In order to inves-
tigate the spatial correlation of the clusters we compare the
power spectral densities (PS[Ap] estimated from the AFM
images. All films grown at 30C exhibit very similar PSD.
Furthermore the PSD shows that the topographic fluctuations
are spatially correlated.

Growing th.e ;ample at 67@ (Flg. 4d—) the Shap? slightly Fig. 5. AFM topographical image of the 80 nm thick film of T5 grown at
elongates (this is more evident in the 150 nm thick sample) 30°C on thermal Si@. The film exhibits striped domains similar to those
and the mean diameter, measured from the power spectraiready observed in samples prepared by melting-quenching proféskes

38 nm
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Fig. 6. Power spectral densities measured from the AFM topographic images. (a) Films growg afl3dilms grown at 60C; (c) films grown at 90C. (d)
Plot of correlation length vs. deposition temperature.

thick) exhibit small terraces typical of layer-by-layer growth. 3.2. Field-effect transistors
Furthermore, in this filmKig. 4f) the striped domains in some
clusters are visible. As in the films grown at 30, the PSD Thin film transistors have been realized, using the three
plots do not exhibit any significant difference among the films different materials at different substrate deposition tempera-
with differentthicknessKig. &). Atthistemperaturethe PSD  tures (30, 60 and 90C). The measurements were performed
plot shows a spatial correlation at high spatial frequency.  in air. All compounds showed typical p-type FET behaviour.

In the films grown at 90C (Fig. 4g-i), the presence of = Examples of thd—V characteristics of the devices are re-
a terraced structure that is typical of oligothiophene crystals ported inFig. 7 (T5), Fig. 8(T5Me) andFig. 9(T5A).
or layered thin films can be observed. The smallest step ob- Table 1shows the carrier mobilitiedn/lof ratios and
served between adjacent terraces wast® nm, which threshold voltages for devices obtained with films of T5 of
is consistent with the expected height of a monolayer of T5 different thicknesses and deposited at different substrate tem-
molecules (molecular length, 2.2 nm) oriented almost normal peratures. The values reported for carrier mobility and thresh-
with respect to the substrate. The samples exhibit larger is-old voltage are obtained by drawing the square root of the
lands compared to those of the samples grown at lower tem-
perature, whose size ranges from 0.7 fom. In the films Table 1
grown at 90°C, the striped domains within the grains are not Charge mobilitylon/lor ratio and threshold voltage for T5 as a function of
visible. The PSD do not exhibit strong differences among film thickness and substrate deposition temperature
the different thicknesse&ig. 6c). However, in this case, the  Substrate  Thickness  Carrier mobility  lon/lor ~ Threshold
spatial correlation is not clear. TCO (nm) (cnIV's) voltage (V)

Fig. 6d shows the trend of autocorrelation length measured 30 15 8.4x 107 10t -0.05
from PSD versus the temperature of film growth. The graph 128 iéi igi ig 2'8
shows a good agreement among the correlation length at 30 '
and 60°C, which disappears at high temperature. The plot of 60 15 2.0x 1”2 1¢? 9
correlation length with respect to the deposition temperature 80 2.7 107 10 S

: e . 150 1.3x 1072 102 6
(Fig. &d) shows that the surface exhibits correlation up to 8 .
60°C. At 90°C, the surface correlation is seen to disappear; 0 15 9.0 1077 102 3
further studies are required to investigate the cause of this 80 4.9 107 10 20
. q vestig : _ 150 7.8x 1072 12 23
behaviour. The correlation length is also seen to rise steadily
140 150 2.2 1072 10 5

with temperature up to 9CC.
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Fig. 7. Left Plot of the drain currenip vs. drain voltagé/ps at different gate voltage¥®/&s) obtained for a 150 nm thick film of T5A deposited at a substrate
T of 30°C. Right Semilogarithmic plot ofp vs.Vgs atVps=—10V.

6.0x10”

— 71, =0°C VAV PR I e !
5,010 ----- et S I T90C -
4,0x10°
i 3.0x10°
=L e
2,0x10™
1.0x10° 4
0o T = = T T VGS 3 T T T T T T T
0 10 20 30 <40 50 20 10 0 -0 -20 -30 -d0 -50
Vog [V] Vs [V]

Fig. 8. Left Plot of the drain currerip vs. drain voltage/ps at different gate voltaged/6s) obtained for a 80 nm thick film of T5 deposited at a substrate T
of 30°C. Right Semilogarithmic plot ofp vs. Vgs voltage atvVps=—10V.

saturation current (taken &ps=Vgs) as a function of the For the thicker T5 films (80 and 150 nm) we observe
gate voltage. Indeed, in the saturation regime, the expressiora slight and progressive increase in carrier mobility with
of the drain current can be simplified, assuming that dopant substrate deposition temperature up toxx B0-2cmé/V's,
and carrier concentration are equal, aglin which is the highest value reported so far for this compound.
WiCi(Vas — VT)2 The' value of threshold voltage is near 0V fqr the films de-
(1) posited at room temperature (4V for the thicker film) and
2L increases with the deposition temperature, reaching 20V at
In Eqg. (1), C; is the insulator capacitance per unit area 90°C. Similarly, thelon/lof ratio decreases at higher deposi-
(5.16 nF/cm), WandL the channel width and length, respec- tion temperatures, due to the higher conduction of the FET
tively, andV7 is the threshold voltage. Fro(d) a value for device.
the carrier mobility is obtained assuming a constant mobility ~ Carrier mobilities] on/l o5 ratios and threshold voltages for
[16]. devices obtained with 150 nm thick films of T5SMe and T5A
As shown in the table, the carrier mobility of T5 is always deposited at different temperatures, are givefahle 2
around 102 cm?/Vs. The only film with a lower mobility Both compounds display much lower charge mobilities
value is the 15 nm thick one deposited at'80 than T5, with a trend towards higher mobilities on increasing

ID,satZ
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Fig. 9. Left Plot of the drain currerlp vs. drain voltagé/ps at different gate voltage¥gs) obtained for a 150 nm thick film of TSMe deposited at a substrate
T of 30°C (continuous line) and at 9€ (dotted line) Right Semilogarithmic plot ofp vs.Vgs atVps=—10V.
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Table 2 cluded that a further contribution to the charge mobility of
Charge mobilitylon/loff ratio and threshold voltage of TSMe and T5Aasa  the film also comes from the presence of larger crystalline
function of substrate temperature domains (as indicated both by XRD and AFM), which allow

Substrate  Carrier mobility  lon/lor ~ Threshold a more efficient carrier injection and smaller contact resis-
T(°C) (cmIV' s) voltage (V) tance
4 ’ . .
T5Me 30 7.5< 10 102 -5 We relate the increase of “off” currents observed in T5
60 1.6x 1073 107 -5

FET devicesTable 1), on increasing the substrate deposition

90 9.2x 1073 10° -5 k ;
IR temperature, to the increase in the amount of a second crys-
TSA 30 4x 1077 10 talline form of T5, revealed by XRD of thin films deposited
60 9x 10~ 10 .
90 25 10°5 107 at the same temperatures. As showiiable 1 the presence
140 8x 104 10 of a second polymorph has only a small effect on the car-
Film thickness is 150 nm. rier mobility of T5. However, the growth of the amount of

the minority polymorph of T5 on increasing the substrate de-
position temperature reduces the degree of order in the film
the substrate deposition temperature, more accentuated thaand hence increases the density of structural defects acting as
in T5. traps in the device. The presence of the traps comes out from
We can observe that the introduction of structural modifi- the analysis of the threshold voltage valu¥s)(of the de-
cation in the aromatic backbone affects the carrier mobility vices. Indeed, as the oligomer is undoped, the shiftrdfom
of the material. In particular, introducing two methyl groups 0V towards more positive values can be ascribed to charged
at the -terminal positions, the carrier mobility is two or-  defects at the oligomer—Sitnterface Table 1shows that for
ders of magnitude smaller than that of T5, while introducing the film deposited at room temperatu¥&;, is closed to 0V
acetilenic spacers lowers the carrier mobility of almost four (4 V for the thicker film) indicating that both the oxide and
orders of magnitude. Moreovémable 2shows thatthe thresh-  the oligomer are relatively free of charge defects, white
old voltage of T5Me does not change with temperature. values increase up to 20V for deposition af@0 Moreover,
the shift ofVt towards large positive values is strictly related
to the lowering of theg/loff ratio, which is due to the higher
4. Discussion conduction of the device. It is worth noting that it has re-
cently been demonstrated that carrier transport in thiophene
It is well known that the vacuum evaporated thin films of oligomers is traps dominatgd].
thiophene oligomers tend to orient with the long axis per-  Despite the fact that the electronic structure of the frontier
pendicular to the substrate, with a tilt angle with respect to orbitals of TSMe and T5A are very similar to those of [6%
the normal, which depends on the molecular structure andand despite the highly crystalline nature and larger domains
deposition conditions and that charge transport occurs pref-size of their thin films, as determined by XRD, their carrier
erentially in plang17,1-2,6] mobilities are lower than that of T5 by several orders of mag-
XRD and AFM measurements performed on T5 offer a nitude (Table 2. The increase of the deposition temperature
key to interpreting the trend of variation of the electrical causes much largerincreases inthe carrier mobilities of these
characteristics of the FET devices on increasing the substratecompounds.
deposition temperature of the active layers. Also in the case of T5SMe, XRD data offer a clue to un-
First of all, the AFM image reported ifig. 4a indi- derstand the electrical behaviour of the FET device. XRD
cates that the low carrier mobility (8:410~4 cn?/V s) of the data show indeed that the increase in deposition temperature
15 nm thick film of T5 grown at a substrate deposition tem- causes the reorientation of some crystalline domains. The re-
perature of 30C is due to an incomplete surface coverage. arrangement of the material with the deposition temperature
For all the other films the carrier mobility varies in the range is accompanied by a marked increase in the carrier mobil-
~1x 1072 to ~8 x 10~2cn?/Vs, the highest value being ity. On the contrary, the threshold voltage is not affected by
that of the 150 nm thick film grown at 9. For this film, the the temperature, indicating that in the film the temperature
AFMimage shows the presence of aterraced structure typicalchange does not cause the increase of charge traps. On the
of layered thin films, with the smallest step between adjacent basis of these data, one can infer that the increase in the depo-
terraces being consistent with the height of a monolayer of sition temperature leads to a more homogeneous alignment
T5 molecules almost upright to the substrate. The fact that and a better stacking of the T5Me molecules with respect to
the film displays a mobility value of8 x 10~2 cn?/V's, the the substrate, thus favouring the carrier mobility.
highest reported so far for T5, suggests that also the few first  Probably, this is also the reason why we observe the in-
layers of the film are organized in the same way. Indeed, it hascrease in the carrier mobility with the substrate temperature in
been demonstrated that in sexithiophene the charge mobilityTS5A. However, in this case, no indications come from XRD
is controlled by the first two monolayergl5b] However, plots, which remain the same even at 240 Also, the do-
since in bottom contact FETs the carrier injection is limited main size, around 100 nm as measured by XRD, much larger
to thin lines along the edges of the contacts, it cannot be ex-than that of T5 and T5Me, does not show any variation with
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temperature. Since, the low carrier mobilities measured for [2] S. Mohapatra, B.T. Holmes, C.R. Newman, C.F. Prendergast, C.D.
this compound cannot be ascribed to the lack of film crys- Frisbie, M.D. Ward, Adv. Funct. Mater. 14 (2004) 605-609.
tallinity or to the smaller size of crystalline domains, other [3] (&) TW. Kelley, D.V. Muyres, P.F. Baude, T.P. Smith, T.D. Jones,
factors, such as a poor overlap of the electronic wave func- Mater. Res. Soc. Symp. Proc. 771 (2003) L6.5.1-16.5.11;
f”lc v P p . (b) H. Meng, M. Bendikov, G. Mitchell, R. Helgeson, F. Wudl,
tions within the transport layer, related to a looser packing Z. Bao, T. Siegrist, C. Kloc, C.H. Chen, Adv. Mater. 15 (2003)
caused by the different molecular shafelfeme } have to 1090-1093;
be invoked. An indication in this direction comes from the (c) S.E. Fritz, S.M. Martin, C.D. Frisbie, M.D. Ward, M.F. Toney,
photoluminescence quantum yield of TSA, which is roughly ~_J- Am. Chem. Soc. 126 (2004) 4084-4085. .

. . [4] (a) R. Hajlaoui, G. Horowitz, F. Garnier, A. ArceBrouchet, L. Laigre,
one order of magnitude greater than that of T5. In thiophene "~ \" e comi £, pemanze, F. Kouki, Adv. Mater. 9 (1997) 389-393;
oligomers the photoluminescence in the solid state is gener-  (b) R. Hajlaoui, D. Fichou, G. Horowitz, B. Nessakh, M. Constant,
ally very low owing to the close molecular packing. Work is F. Garnier, Adv. Mater. 9 (1997) 557-561.
Current|y in progress to elucidate this point_ [5] C.D. Dimitrakopoulos, P.R.L. Malenfant, Adv. Mater. 14 (2002)

In conclusion, our data show that in T5 the presence of __ 99-117. _ .
[6] (&) M. Melucci, M. Gazzano, G. Barbarella, M. Cavallini, F. Bis-
a second polymorph leads to a remarkable decrease of the™™ . " p “Maccagnani, P. Ostoja, J. Am. Chem. Soc. 125 (2003)
lon/loff Values, whereas it does not affect the carrier mobility 10266-10274:
values. Substitution of methyl groups at the terminal posi- (b) M. Melucci, G. Barbarella, M. Zambianchi, P. Di Pietro, A.
tions, as in T5Me, or the introduction of acetilenic spacers, _ Bongini, J. Org. Chem. 2004 (ASAP article). N
as in T5A, prevents the formation of polymorphs but leads [7] (a) D. Jones, M. Guerra, L. Favaretto, A. Modelli, M. Fabrizio, G.
. . - Distefano, J. Phys. Chem. 94 (1990) 5761-5766;

to a remarkable decrease in carrier mobility. In the case of )\ "\ieerholiz, 3. Heinze, Electrochim. Acta 41 (1996) 1839-1843.
T5Me, XRD data indicate that the increase in the substrate [g] aA.R. Murphy, J.M.J. Fechet, P. Chang, J. Lee, V. Subramanian, J.
deposition temperature affects the orientation of the crys- Am. Chem. Soc. 126 (2004) 1596-1597.
talline domains with respect to the substrate, in a direction [9] R.J. Chesterfield, C.R. Newman, T.M. Pappenfus, P.C. Ewbank, M.H.
that is favourable to the increase of carrier mobility. These ~ Haukaas, KR. Mann, L.L. Miller, C.D. Frisbie, Adv. Mater. 15

. . . . (2003) 1278-1282.
data suggest that the good results achieved with OII(~:]0th|0'[10] A. Facchetti, M.H. Yoon, C.L. Stern, H.E. Katz, T.J. Marks, Angew

phenes terminated by long alkyl chajii$ are related both to Chem. Int. Ed. 42 (2003) 3900-3903.
the absence of polymorphs and to the homogeneous orientafi1] W. Porzio, S. Destri, M. Mascherpa, S.iBkner, Acta Polym. 44
tion of the crystalline domains with respect to the substrate. (1993) 266-272.
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