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Tetracene light-emitting transistors on flexible plastic substrates
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We report on organic light-emittingfield-effech transistors(LETs) fabricated on a flexible and
transparent plastic foilMylar), acting both as substrate and gate dielectric. The foil is patterned on
one side with bottom-contact gold source and drain electrodes, while a thin film of gold is
evaporated on the opposite side of the foil to form the gate electrode. A vacuum sublimed tetracene
film is employed as an active layer for charge transport and light emission. Atomic force microscopy
shows that tetracene films have a good adhesion on Mylar and exhibit a granular structure. The
transistor shows unipolap-type behavior with mobilities typically of %10 cn?/Vs.
Drain-source current and electroluminescence have been simultaneously measured. Provided a
suitable gate bias is applied, light emission occurs at drain-source volfdgesbove saturation.

LETs on plastic substrates could open the way to flexible devices combining the switching function
of a transistor and the light emission. ZD05 American Institute of Physics
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Organic semiconductors, based on conjugated smaliate bias would allow to control the location of the exciton
molecules and polymers, offer the opportunity to producerecombination region in the transistor charthéb minimize
devices on large-area, low-cost, plastic substraResearch  exciton quenching at metal electrodes. The device physics of
in organic optoelectronics has recently led to the demonstra-ETs involves multiple processes: light is generated from
tion of colorful thin displays based on organic light-emitting radiative recombination of excitons formed by holes and
devices(OLEDs).” Organic field-effect transistoOFETY  electrons injected in the active layer by biased source and
are currently under investigation as switches for activedrain electrodes, provided a suitable gate bias has been ap-
matrix-OLED displays. Flexible OFETs and OLEDs, based plied. The detailed understanding of these processes and
on organic films grown on flexible plastic substrates, haveheir correlation to the specific device structure of LETs for
been reported.’ These findings are attractive as they openexample in terms of dielectric and electrodic materials and
the possibility to fabricate active matrix colorful and flexible processing, is challenging. In particular, the role played by
electroluminescent displays. the dielectric layer in determining the operational device

Light-emitting (field-effect transistors(LETs) employ-  physics is of primary importance. It has been demonstrated
ing as active layers tetracene films deposited onto,810 that, in organic films-based field-effect devices, charge trans-
-Si have been producéd.Recently, the first ambipolar LET port occurs within a thin layer close to the organic/dielectric
has been demonstratélETs constitute a class of optoelec- interface™ The chemical-physical properties of the dielectric
tronic devices that integrate the switching function of a tran-syrface influence the growth mechanism and morphology of
sistor and the light emission. In principle, with respect tothe active layer, which is related to the charge transport, ex-
vertically stacked structures typical of LEDs, the presence otijton formation, and light emission procesééWloreover,
the gate electrode in planar LET structures offers remarkablme fabrication process of source and drain electrodes may
advantages: in the case of ambipolar light-emittingaffect the charge injection mechanism in the organic layer
materials,” the gate bias would allow to minimize the unbal- ithin the transistor channel. The presence of an adhesion
anced number of holes and electrons in the active Hyar, layer (typically chromium between the dielectric SiOand
crucial topic to obtain high exciton density. Furthermore, thea, electrode, together with possible electrode underetcfhing,
may change the electrode—organic interface responsible for
@Electronic mail: ¢.santato@ism.bo.cnr.it charge injection. Therefore, the investigation of light-
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— FIG. 2. 4x4 um? AFM micrographs of tetracene films grown on Mylar
having a nominal thickness of 50 nm, grown at nominal deposition fluxes of

FIG. 1. Structure of the LET device employing a thin Mylar foil as substrate (@ 0.1 Als and(b) 5 Als.

and gate dielectric and a tetracene thin film as active layer.

- . ) . ) . sphere where high sensitivity light detection has been
emitting transistors employing dielectric substrates with dif-5-nieved through a preamplified photomultip&rA dc

ferent characteristics and gold electrodes fabricated withouﬁower supply(Agilent 6634D has been used to control the

adhesion layer, provides experimental data useful to She&ate-source voltagéV,) and a source-measure urtiei-

light onto the working mechanism of the organic LET ey 23§ to control the drain-source voltag®/g) and to

(OLET) devices. o measurd 4 (the source electrode being the common ground
In this Iettgr we report on the_fabncatpn of LETs based | 5 ger to avoid aging effects, all measurements have been

on tetracene films grown on flexible plastic substrates. Tetbe formed immediately after tetracene film deposition. Fig-

racene films have been chosen as active materials becaused? 3a) shows the output characteristics of a LET device on

P | 15,1
their high hole FET mobility(up to 0.1 cri/V's 9 and Mylar biased as g-channel FET working in accumulation

their reasonably high fluorescence quantum yléIETs 00 ai 5 fixedV s for low [Vad, [l increases withVyd

fabricated on plast_ic substrates gxtend_ the pote_ntial of thi§ng then attains the saturatiohg s, at larger|Vad (Vg sao-

new class of organic optoeleptronlq devices opening the WaMd . increases with the increase |Mgs|- Figure 3b) shows

towards all plastic multifunctional field-effect devices. thé EL as a function o/, corresponding to the reported
S S

Figure 1 shows the structure of the device. A: ; _

. in Fig. 3@ (except for the caseV/y=-30V). For Vg
900-nm-thick Mylar™ shee{DuPoni, adapted to an Al - —_7q v jight is emitted by the device. It is clear for the
frame (not shown in the figure has been employed as sub- caseVy=-90 V that the onset of EL is located at about
strate and gate m_sulat(x_dlel_eptrlc constant of 3)3The My- Vg=—60 V. At a fixedV,, EL continuously increases with
lar sheet has_ a dlelect_rlc_: rlgldlty of iQ’/cm that _allows 10 the increase oV, despite the quasiconstant valud gf As
apply gate b|ase_s sufficiently high to_mduce ?.fle|d effect ingy comparison, Figs.(8) and 3d) show the output character-
the organic semiconductor. The plastic sheet is transparent {gjcs and the corresponding electroluminescence measured
ultraviolet and visible light. Bottom-contact Au source and¢y, | ETs fabricated onto Sign-Si. The onset of EL, for
drain electrodes have been patterned on one side of the Qi,gsz -40 V, is located at aboty=-13 V, which is be,:low
electric using a standard photolithographic technique whileihe saturation voltage of the drain current. Figufe 4hows
the Au gate electrode has been evaporated on the opposiigs transfer characteristics of the Mylar device at the satura-
side. Experimental details on the fabrication of the electricajgp, (Vge=—90 V). 4 and EL are reported on the left and

contacts have been reported elsewHeireterdigitated elec- right y axis, respectively, as a function ¥ [Iod and EL
trodes withW/L =3000(W andL are the channel width and - poi increase with increasiniy,d. As a comparison, Fig.
length, respectively with L=70 um, have been used. Prior 4p) shows the transfer characteristics at the saturatig

to organic deposition, the substrates h'ave' been rinsed with_,q V) and the corresponding electroluminescence mea-
acetone and isopropyl alcohol and dried ip flux. As a

comparison, device structures employing as gate dielectric a .
100-nm-thick layer of Si@ (thermally grown onn-Si) pat- -9x109 N M
terned with bottom-contact Au interdigitated electrodes with )
W/L=200 andL=5 um have been used. TetracefiECI, g
98%) has been used as received. Tetracene films with a = -3«0?
nominal thickness of 50 nm have been grown by vacuum
sublimation at different nominal deposition fluxes, from

0.05 to 5 A/s. Atomic force microscopyAFM) images of

films grown on Mylar at 0.1 A/s(a) and 5 A/s(b) are 13x10
shown in Fig. 2. The images reveal that tetracene films have
a good adhesion on Mylar and exhibit a granular structure.
By increasing the deposition flux the grain size decreases
whereas the grain shape and size distribution become more .
regular. Compared to films grown on SiGit the same depo- 5 20 -0 60 50 PR e Ch e A
sition flux, films on Mylar have smaller grain size. This can Yu® Ve

be due to different substrate surface energy or tetracern@G. 3. Output characteristics of tetracene LE(®; (b) LET employing a
diffusivity.ls 900-nm-thick foil of Mylar as gate dielectri¢V/L=3000 andL=70 um;

i : (c), (d) LET employing a 100-nm-thick layer of SiOas gate dielectric,
Drain-source currenti) and electroluminescend&L) W/L=200 andL=5 um. Thely vs V4 curves are reported ifa), (c) while

measurements have been performed at room temperature Ups corresponding EL v, are shown in(b), (d). Deposition flux of the

der high vacuum(10°2 Pa inside a calibrated integrating active layer: 5 A/s, nominal thickness: 50 nm.
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-4x10° 2) T = " 1.04x10 sity and efficiency is under investigation both for tetracene-
e 3x10°] % 20 “‘\} .2 LETs on SiQ/n-Si and on plastics. Preliminary results indi-
S 1m0 g cate that emission takes place in LETs exhibiting mobilities
R L oonst & ranging from 1x10%4to 1x 1071 cn?/V s 2% The com-

x0TI e M- parison between devices fabricated on Si@ith un-

Lo s0x10’ deretched electrod®sand devices fabricated with nonun-

deretched electrodes shows that electron injection from gold
to tetracene occurs in both cases. Therefore underetching is
not to be considered a necessary condition to explain the

Touto' injection mechanism. . . .
= 3 In summary, we fabricated the first organic LETs on
T 'S_:.m(,., {mesg flexible pla_st|c substrates by physical vapor deposition of
-1x10 | < tetracene films on Au-patterned Mylar foil employed as sub-
¢ T R L3x10°" strate and gate dielectric. Tetracene films show a good adhe-
commsnseancsnnaee L = 40V sion on Mylar and exhibit a granular structure with a grain
TS g 400 size decreasing with increasing deposition flux. The devices

V:(()V) behave asp-channel transistors working in accumulation
FIG. 4. Transfer characteristi¢t;s and corresponding EL V¥ at drain mode. Light emission occurs for dr_aln-sourc.e Y0|tages well
current saturation of tetracene LETs employing as gate dielectric a 90@bove theVyg saturation value. This behavior is different
-nm-thick foil of Mylar (a) and a 100-nm-thick layer of SiQb). The insets  from that of LETs fabricated on Spwhich may generate
show the square r_oot mgsas a function oW Deposition flux of the active |ight starting from the linear region. Taking advantage of the
layer: 5 A/s, nominal thickness: 50 nm. . .. . -
ultraviolet and visible transparency of the dielectric sheet,
attractive developments of the device structure can be envis-
sured for LETs fabricated onto Sjn-Si. The correlation aged. Indeed, transparent or semitransparent gate electrode
between transistor current and light emission for tetracenewould allow light collection from both sides of the film.
LETs produced on Mylar is in reasonable agreement withalternatively, a highly reflective metal deposited as gate
that observed for LETs produced on SiQhis is remarkable  electrode on one side of the sheet would optimize light ex-
in view of the different morphologies observed for the traction from the opposite side.
tetracene-films grown on Mylar and on Si®-Si.*® How- The authors acknowledge the EU-IST-FET Program un-
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SiO,/n-Si. Indeed, in LETs on Mylar, light emission occurs e Ravenna is kindly acknowledged.
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