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A metal-oxide field-effect transist§MOSFET) based on an electroluminescent conjugated polymer

is fabricated on a glass substrate. It is found that the mobility horizontal to the substrate is two to
three orders of magnitude larger than the mobility vertical to the substrate. The high horizontal
mobility is attributed to the in-plane chain alignment in amorphous spin-coated films. We

demonstrate an active pixel in which the light-emitting diode and the driving MOSFET share the
same active polymer. @004 American Institute of Physic§DOI: 10.1063/1.1644322

Light-emitting diodegLED) and metal-oxide field-effect chains are mostly aligned along the substrate due to the cen-
transistors(MOSFET) are the two building blocks of most trifugal force during the spifiThe performance of the MOS-
semiconductor optoelectronic devices, in which the MOS-FET therefore depends on whether the alignment raises the
FET performs signal processing while the LED converts themobility horizontal to the substrate substantially above the
electric signal into optical output. So far, in almost all de-low vertical mobility commonly observed in the sandwich
vices, LEDs and MOSFETSs use different semiconductors abED structure. We fabricate MOSFETs based on highly
the active material, because in general, the semiconductolgminescent poly [2-methoxy-5 (2-ethyl-hexyloxy)-1,4-
good for MOSFETs do not emit light, while the luminescent Phenylene vinylene(MEH-PPV) on glass, and show that the
semiconductors do not exhibit good MOSFET characterishorizontal mobility can be more than 500 times larger than
tics. On the inorganic side, Si is ideal for MOSFET but is notthe vertical mobility. Such a MEH-PPV MOSFET on glass is
luminescent, while 111-V compounds are good for LEDs but féady to be integrated with a standard MEH-PPV LED. We
are difficult to form into oxides. On the organic side, the demonstrate the first active pix@tig. 1) using only one kind
carrier mobilities of the highly electroluminesce( ) con- ~ Of semiconductor. Independent mobility measurement is per-
jugated polymers polp-phenylene vinylene (PPV) and formed by fitting the space-charge-llmlteq curr(a&’?\CLC) in
polyfluorene(PP) appear too low for transistors. Pentacenehor'z_omal eIectrode_(s_no _gate}. The result is consistent with
and poly3-hexylthiopheng (P3HT) have higher mobility, the field-effect mobility in the MOSFET.

but their excitons decay nonradiatively due to symmetry in 1 ne structure of the MOSFET is shown in Fig. 1. "jgi_”m
ordered structuré. The integrated optoelectronic devices tin oxide is used as the gate. Si@ate insulator of 3000 A is

would be highly simplified if LED and MOSFET share the grown by atmospherip pressure chemical vapor deposition.
same semiconductor. One of the most promising applicatior’ﬁOId source gnbd dLan(QngO A ahre th3r||”_rf1all¥f e1\_/r?porhated |
of conjugated polymer semiconductor is active matrix flat-NEN patterned by photolithography and lift-off. The channe

panel display, in which each active pixel contains a LED lengthL is 2 um and the widthW is 200 um. The leakage

driven by a MOSFET. PPV and PF are usually used foeurrent through the gate insulator is below 1 nA when the

LEDs. Silicon® pentacené,and P3H have been used for source—gate bias is 40 V. MEH-PPV with molecular weight
MOSFETSs. In addition to the higher vacuum cost for silicon

and pentacene, the semiconductors for LEDs and MOSFETs MOSFET LED

need to be precisely deposited at their respective positions. lygg.ppy

would be highly desirable if the LED and the MOSFET use source(Au) Ca/Al

the same EL polymer, which can then be spin-coated in large drain(Au) —¢ MEH-ERY
. . . . Sio PEDOT

area without the necessity to be precisely patterned. Optical : A | ~—IT0

study has revealed that in spin-coated film the polymer &9 —— glass

FIG. 1. The structure of the active pixel. MEH-PPV is the shared active
3E|ectronic mail: meng@cc.nctu.edu.tw semiconductor for the MOSFET and LED.
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Vv LED (typical pixel size is shown in Fig. 8a). The brightness

ds reaches 100 cd/frfor current of 400 nA. Comparing Fig. 2

FIG. 2. The source—draih-V of the MOSFET is shown for various gate and Fig. 3a) it is clear that the MOSFET is good enough to
voltages. drive a LED in the integrated active pixel structure shown in
Fig. 1. We actually made such an integration, and the result
_ . : . . ... is shown in Fig. 8). The light emission of the (10@m
MW,_hlos IS synthesgzﬁangl/ d'f_f]owlego'on ghlorloform f‘,’:"th, X200 um) LED is detected by a photodetector in closed
weight percentage 0.5 wt%. The polymer M 1S iyt The photocurrent , is proportional to the LED

spin-_cgated at 4200 rpm and ba_ked_ at 70°C in vacuum (%rightness. FoW fixed at 40 VI, is shown to increase with
X 10 < Torr) for 60 min. The device is packaged in a nitro- the gate voltagd/,. In other words, a MEH-PPV pixel is

gen glove box and measured in air. The LED is also shownyien 1y a MEH-PPV MOSFET in an integrated structure.
n Fig. 1. Polys,4—ethylened|oxyth|ophem<éPEDOT) doped PositiveV is used to enhanced the drain current.
with polystyrene sulphonated acid is used as the hole trans- In order to measure the hole mobility independently,

port layer. ) . horizontal gold electrodes are fabricated on glass gate
The transistor characteristics measured by HPA41564,q oyide. The height of the electrodes is 2000 A, the chan-

semicopductor parameter analyzer is shown_ in Fig. 2. Theg| length is 3um, and the width is 50Qum. The current
source is the common ground whose voltage is taken as Z€QensityJ; is plotted in Fig. 4a) as a function of the averaged

Good transistor action is seen in the hole accumulation Modgjetric fieldE. In SCLC, the current density is related to the
(Vg<<0). The largest drain curretf reached aVy=Vy= " fia|q by J= 9exE2/BL.1° The mobility u;, extracted from

—40 V is 450 nA. The drain current on-off ratio between e 3—E plot is shown in Fig. 4). For vertical mobility
Vg=0 andVy=—40 V atVy=—40 V is 390. After an ini- " \ye measure thé—E of the hole-dominated sandwich
tial linear rise withVy, 14 starts to level off aVy=Vq. The  grycture with the Ca/Al cathode replaced by Al cathode.
lq—Vq curve, however, never saturates to a constant. This. 3 js ysed for the dielectric constaritsThe results are also
results from the competition between the pinch-off andgpown in Figs. 4) and 4b) for comparison. The field de-
SCLC. The horizontal field-effect mobility, is obtained pendence of the mobility follows the Poole—Frenkel f&rm
from the saturation curren= (Wu/,Co/2L) (V4—Vo)? at 1= uoe?E. Considering a typical fiellE=2x 10° Viem

the saturation VOltaga/d:Vg. COX: 115 nF/Crﬁ is the (Corresponds twdz —40 V over L=2,LLm in MOSFE-D,
SiO, capacitance per unit area. The threshold volt&ge , is 1.0<107% cm?/V's. This value foru, is similar to
=2V is obtained by plotting\/l—ds againstV, to extrapolate  \hat reported before for MEH-PPV2 ;. is as high as 1.1
the voltage withl =0. uf is 5.5<10 4 cn?/V's at V= x10 % cnP/Vs, 1000 times larger tham,. wy is about
—20V, and 4.X10 % cn?/Vs atVg=—40 V. The mobil- twice as large than the field mobility of the MOSFET, per-
ity can also be obtained from the linear region drain currenhaps due to the carrier traps in the oxide—polymer interface.
lg= (Wl Cou/L) (Vg—Vo)Vq4. For V4g=—10V, we have The dramatic difference between the horizontal and ver-
wf=3.3x10"* cm?/V's. The mobility in the saturation re-
gion is higher than that in the linear region because the mo-

bility is expected to increase exponentially with the square 1(;)' e 101 ®) e '1
root of the horizontal fieldPoole—Frenkel form typical for s 1° . g 10° / .

disordered materiafsThe horizontal mobility is 2—3 orders 2 1 ),,.x“"'/. E 1;’ —-—:“ 1
of magnitude larger than the vertical mobility, g 104] Ly il Z x10'51‘ |
(~10"° cn?/V's) in sandwich structure for MEH-PPV, as 2 = {1/ -y ) e 1
discussed Iater,u{1 has been measured on Si substrate with £ J' 2 71 |
thermal oxide as the gate insulafoEven though the fabri- 8 O s s sorut® R LR

cation on Si is more standard, the reportggis smaller than E(10° Viem) E (10° Viem)
the mobility in our device on glass. Apparently the material

: : ; " : IG. 4. (a) J, and J, are the horizontal and vertical current densities in
qua“ty and device processing condition play major roles td;CLC, respectivelyb) The horizontal mobilityw, and vertical mobilityu,

determine the final MOSFET performance. of MEH-PPV extracted from SCLC are shown as functions of the electric
The characteristics of a 100mXx200 um MEH-PPV field.
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the sandwich LED, the carriers have to make an interchaican be three orders of magnitude larger than the vertical
hopping in order to move vertically. In the MOSFET, the mobility for the LED.
carriers can move horizontally along a chain farther before ] ) ) ) )
making an interchain hopping. The horizontal hopping dis- This work is supported by t_he National Science Council
tance is related to the in-plane extension of the polymef! R-O-C., Delta Optoelectronics Inc., and the Excellence
chain. Because chloroform is a highly volatile solvent, theProject "Semiconducting Polymers for Electrolumines-
polymer film is solidified during the spin, and the extended®ence” of the Ministry of Education of R.O.C.
chain morphology Caus_ed by the centrifugal force_ I_S III_(ely _’[O YA, Ruini, M. Caldas, G. Bussi, and E. Molinari, Phys. Rev. L&8,
be frozen after the spin. I_Even though our m9b|llty is still  206403(2002.
lower than ordered organic semiconductors like pentacenér. Friend, R. Gymer, A. Holmes, J. Burroughes, R. Marks, C. Taliani, D.
and P3HT, it should be noted that our film is amorphous, and (Bfad|eyﬁ) D. Dos Sa“tosél Bies, M. Lgdlund, and W. Salaneck, Nature

i e . _ (London) 397, 121(1999.
the improved mobility is not QUe to_the .coherent band_ trar_ws 3C.C.Wu, S. D. Thesis, G. Gu, M. H. Lu, J. C. Sturm, S. Wagner, and S.
port, but due to the anisotropic chain alignment. Considering r. Forrest, IEEE Electron Device Left8, 609 (1997.
the vast variety of amorphous EL polymers, it is expected*P. Mach, S. J. Rodriguez, R. Nortrup, P. Wiltzius, and J. A. Rogers, Appl.
that better active pixels can be made with further research oqih}’;-d'-eét-r& 35922(5003-A Makhia 3. G. Laquind VR Ralu. Y

. . . Doaabalapur, £Z. Bao, A. Maknhija, J. G. Laquindanum, V. R. Raju, Y.

mater.lals and morpho!ogy control. The p'o'lymer purity apd Feng, H. E. Katz, and J. Rogers, Appl. Phys. L@&, 142 (1998.
handling after synthesis turn out to be critical to the devicesm. Tammer and A. Monkman, Adv. MatefWeinheim, Ge). 14, 210
performance. The mobility deteriorates rapidly upon oxida-7(2002. _
tion. The MOSFET used in Fig.(B) is actually not as good ~,C- J- Neefand J. P. Ferraris, Macromolect88s2311(2000.

the one in Fia. 2. More stable coniugated polvmers are L. Bozano, S. A. Carter, J. C. Scott, G. G. Malliaras, and P. J. Brock, Appl.
as ) g. <. = Jug poly Phys. Lett.74, 1132(1999.
needed in order to make this idea practical. One great advarty. Roichman and N. Tessler, Appl. Phys. Le30, 151 (2002.
tage of the one-polymer pixel is that MEH-PPV does not'’S. M. Sze Physics of semiconductor devic@nd ed.(Wiley, New York,

‘o ra. 198D.

need to be _patter_ned_. The PE.DOT over the MO.SFE.T 'S e A E. Wasey, A. Safonov, |. D. W. Samuel, and W. L. Barnes, Phys. Rev.
moved by dissolving in water in our device. Considering the g g4 205201(2001).
small MOSFET channel, the removal of PEDOT tolerates'?|. H. Campbell, D. L. Smith, C. J. Neef, and J. P. Ferraris, Appl. Phys.
tens of microns of inaccuracy. In practice, PEDOT can be_Lett. 74, 2809(1999.

. . 4 137. Bao, Y. Feng, A. Dodabalapur, V. R. Raju, and A. J. Lovinger, Chem.
patterned by screen prlntliL?gor lithography* Mater. 9, 1299(1997.
In conclusion, using MEH-PPV as a model, we demon-ug ;. Touwslager, N. P. Willard, and D. M. de Leeuw, Appl. Phys. 18t

strate that a LED and a MOSFET in an active pixel can share 4556(2002.



