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Field-effect transistors on tetracene single crystals
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We report on the fabrication and electrical characterization of field-effect transistors at the surface
of tetracene single crystals. We find that the mobility of these transistors reaches the
room-temperature value of 0.4 éfw's. The nonmonotonous temperature dependence of the
mobility, its weak gate voltage dependence, as well as the sharpness of the subthreshold slope,
confirm the high quality of single-crystal devices. This is due to the fabrication process that does not
substantially affect the crystal quality. @03 American Institute of Physics.
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Common strategies for the fabrication of organic field-compares well to the best existing organic thin film
effect transistor$FETS are based on thin-film technology.  transistors.
This choice is motivated by the existing deposition tech-  The FET fabrication involves two main steps: the growth
niques for organic thin films that facilitate device fabrication. of single crystals and the preparation of a substrate on which
At the same time, thin films usually contain a considerablehe crystal is subsequently placEdTetracene single crystals
amount of structural imperfections, which affect negativelyare grown by means of physical vapor deposition in a tem-
the transistor performance. perature gradient in the presence of a stream of argon gas.

For small organic molecules, crystalline films can beThe setup used for the crystal growth is similar to that de-
used to reduce the amount of structural defects. It has beegribed in Ref. 16. The source material is 98% pure tetracene
found, however, that also the performance of transistorurchased from Sigma-Aldrich. Crystals grown from as-
based on these films are affected by structural imperfectionfurchased tetracene are used as the source material for a
even when only one crystalline grain is present between théubsequent regrowth process, which results in crystals of in-
source and draifi This is due to disorder present in the first creased chemical purity. Tetracene crystals grown using
few molecular layers, in contact with the substrate, whichPhysical vapor deposition are platelets. For the devices de-
constitute the device active regidior this reason, improv- SCribed in this letter we select thif1-um-thick) single
ing the quality of organic thin-film transistorFTS re- crystals obtained by stopping the second regrowth process at

quires highly ordered molecular films, in which the order@n €arly stage. o _
extends up to the interface with the substrate. The substrates used for the FET fabrication are highly

An alternative route to the production of high-quality 9°P€d 0- or p-type) Si wafers, covered with a layer of 200

organic FETs is to fabricate devices on the surface of a fred!M ;[]hermally lgrowr; Si@: Jhﬁ co_rgucting _Si wafeLserves
standing single crystal of organic molecules. If a fabrication®s e gate electrode, with the $i@yer acting as the gate

process that preserves the quality of the cry8tatan be .

insulator. Gold contacts are deposited on top of the, &P
developed, the resulting single-crystal FETs should perfomgeans of e-beam evaporation through a shadow r(gesk
better than their TFT counterpart. Whereas considerabl !

g. 1 for the precise geometry and dimensjoiifie dimen-

sions of the Au contacts as well as the tetracene crystal size

determine the transistor channel lengttand channel width

W. This allows us to study transistors with differevit/L

In this letter, we discuss the fabrication and electricalratlos' Prior to placmg the tetragene single crystals on tgp of
o i . he substrate, the SjOsurface is cleaned by reactive ion

characterization of field-effect transistors at the surface o} . : .

etching(RIE) in an oxygen plasma. We found that this clean-

tetracene single crystals. The fabrication process is based (i)rﬁ]g step is crucial for reproducible FET behavibr.

adhesion of pregrown, free-standing crystals to a thermally Freshly grown tetracene crystals placed on RIE-cleaned
OX'd'Z?d S'. wafer on which source and dram electrodes ar%ioz strongly adhere to the substrate. Adhesion only occurs
deposited in ac_ivance. As we will show, this process P€0r very thin crystals(~1 wm) that are sufficiently flexible
SErves fche quality of the starting cryste.lls. From Fhe electncaénd it is probably due to electrostatic forces. The crystals
e"a'lﬂ?‘t'on of a large numper of de_wces we find that theplaced onto substrates are then inspected under an optical
mobility of the charge carrieréholes in our single-crystal  iroscope using cross polarizers. This allows us to select
FETS 1S fepfo‘?“%c'b'y high, reaching 0.4 £v's in the best single-crystalline samples without visible defects for in-
device. In addition, the observed temperature and gate Volgenih electrical characterizatidhThe top view of a device
age dependence of the mobility as well as the subthreshold i-ated following this procedure is shown in Figcil

slope indicate that the performance of single-crystal devices \ye have characterized more than ten single-crystal FETs
exhibiting similar overall behavior. Electrical characteriza-
3Electronic mail: r.w.i.deboer@tnw.tudelft.nl tion is performed in the vacuum chamber of a flow cryostat

amount of work is currently aiming at improving the quality
of organic TFT*%8%the investigation of single-crystal or-
ganic FETs has received only limited attentidn'*
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FIG. 3. Temperature dependence of the field-effect mobility for two differ-
ent devices, measured at large negative gate voltage. The inset illustrates
that at large negative gate voltage20 to —50 V, where the highest mo-
bility is observed,u is essentially independent ;.

© (d in the linear regime of operation, whelrg, is proportional to
FIG. 1. Schematic representati@ and side view(b) of a tetracene single- Vd :
crystal FET.(c) Optical microscope image of a tetracene single-crystal FET.
In this device, the semi-transparent tetracene single crystal extends over W
several pairs of electrodes, which are clearly visible under it. In most cases |sd=_MCd(Vg_Vt)Vd . (1)
smaller crystals have been used which extend over only one or two pair of L
contacts. These different configurations allow us to study transistors with

different W/L ratios on the same crystald) Molecular structure of the . . .
tetracene molecule. Here C4 is the capacitance per unit area of the Si@yer

andV, is the threshold voltage. From E(l) we obtain the
mobility by calculating the derivative dfsy with respect to
at a pressure of T0' mbar, using a HP4156A semiconductor hoth V4 and Vg4 and neglecting the dependenceobn V4
parameter analyzer. The measurements shown in this lettandV, .
have been performed in a two-terminal configuration. For all the FETs investigated we found room-
Figure 2 shows the outcome of the measurements folemperature values of the mobility larger than 0.0%/rs.
one of the transistors with highest mobility. The current in-IN many caseg.>0.1 cnf/V's and the maximum mobility
creases with increasing negative gate voltage. This indicatédhieved so far isu=0.4 cnf/Vs (Fig. 2. This value is

field-effect-induced hole conduction, which is the expecte etter than _the. highest mOt?”“y rece_ntly reporte(_j in tetracene
behavior for tetracene. The field-effect mobility is evaIuatedlEElgnd indicates the high quality of our single-crystal
The threshold voltagfdefined by Eq(1)] is positive in
all our devices. It ranges from 0 to 30 V and is typically
=10 V.?° We do not normally observe a positive threshold
voltage in FETs fabricated without the RIE cleaning, nor do
we observe linear conduction through single crystals con-
tacted with evaporated gold contacts. These observations
suggest that the current flowing at zero gate voltage is not
due to conduction through the crystal bulle., crystal dop-
ing) but rather to charge accumulated at the surfaddle
believe that the charge accumulation is induced by the elec-
20V trostatic adhesion of tetracene crystals to the RIE cleaned
] SiO, surface.
-10V As an additional characterization of the single crystals
oV FETs, the inset of Fig. 2 shows Idg) vs V, at fixed

L L drain voltage V4= —10 V). These data were measured on a
0 -5 -10 -15 -20 25 FET with a relatively low mobility ofx=0.05 cr?/Vs, i.e.,

Vd (V) they can be considered as typical. From this measurement we

find the subthreshold slope to be 1.6 V/decade. Normalizing

FIG. 2. Source-drain curreity versus drain voltag¥y measured at qﬁffer- this value to the capacitance of the dielectric gives
ent values ol . The inset shows the dependence of Igyon Vg atfixed 5 \/ hr/dacade chr These values are comparable to what is
Vy, for a different device, which has a mobilitg=0.05 cn¥/V's and a found for the best pentacene THTES—80 V nF/decade n

threshold voltage/,=0.3 V. From this plot we calculate the subthreshold

slope to be 1.6 V/decade. (Refs. 11, 19, and 21
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