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Figure 1. Schematic of top (a) and bottom (b) contact organic J;], ﬂ
TFTs. (c) Relevant voltages and geometry for a TFT.
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Areal density of charge (C/cm?) induced at a given position x REST 7 V<0

along the channel:

\ V0 i;/
@a(®) =n(x)et=C, (Vg -V, — V(x)) \D o
C,, = capacitance of the insulator per unit area, (NF/cm?) i V<0
n(x)=number density of chargesin the channel (no./cm?)
: the principle of

e =fundamental unit of charge _ i + case of eleetron ac
[:thickness Of the charged Iayer in the Channel cumulation (b and transport (db and hole accumulation (¢} and

transport (e

Christopher R. Newman, C. Daniel Frisbie, Demetrio A. da Silva Filho, Jean-Luc Bre’das, Paul C. Ewbank, and Kent R. Mann, Chem. Mater. 2004, 16, 4436-4451
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i G et * Nonzero Vg (=Veg) is generally
1| }—\ e [—VD needed in order to achieve the
i — - flat-band condition due to a
) mismatch between the Fermi level
. of the metal and the LUMO (or
; i HOMO) of organic semiconductor.
Linear regime ch ) g
b.
« Threshold gate voltage, V+, is
1| H JE [—"D W ' necessary to induce mobile
— " f . charges.
B vgesaassy b - If there are large numbers of deep
. - electron (or hole) traps present in
g the film, these will have to be filled
Pinch-off e before the channel can conduct.
il z - If the channel is inadvertently
1| }—\ s Vi {—"D doped with charged carriers, it will
i /’ f be conductive at ¥ =0.
| « For an n-channel material,
B 3 - doping the channel shifts V;
S G Ve v . _ negatively (The device has to be
e ) Bl oo v o Vo v o d'vyr biased negatively to shut it off)
concentration profile of TFT in the saturation mgime. - cthenghi- - deep traps shift V; positively.
Christopher R. Newman, C. Daniel Frisbie, Demetrio A. da Silva Filho, Jean-Luc Bre’das, Paul C. Ewbank, and Kent R. Mann, Chem. Mater. 2004, 16, 4436-4451
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Linear region (V 5 < V) Linear regime : Vg - V; >> V,

w V Solllge-l Organic Semiconductor

_ T _ —_D
Iy =T CottWVe =V =)V,
VD

1 w
Ohm'sLaw: L2 =0c-L2 = [, =—(n,, et)uV, Substrate
W I D L( ind av YV,

v,

qind,av = nind,avet = Cox (VO - VT _7D)
/ w ‘ :‘

v,
D= f Cox:u[(VG - VT) _?D]VD

w v,
= Caxﬂ[(VG - VT)VD - L]
A A ox/lin
Transconductance: g, = 2% |y, = % C, 1V 0 Vb 0 Ve L
G

ol w
ﬁ Iy, ~ TCM/JH" W, —V;) when (V,=V,)>>V,,.
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Operation characteristics in a saturation region a7
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Saturation region (Vp >V;)

2

w V
Vp=Vs=Vi, = 1Ip :fcoxlusat[(VG _VT)VD _%]
w
ID = Zcox:usat (VG _VT)2
w
[D,sat = Zcoxll’lsat (VG - VT)2

* g, CaN be calculated from the slope of a line through the linear part of an I ., *? vs V plot
* V7 can be calculated from the intercept of a line through the linear part of an I .2 vs V¢ plot.

Saturation regime : Vg -V; <V,

Source ®

Gate Insulator

Substrate
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Operation characteristics of OTFTs
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* Often Hsaturation is higher than Hiinear -
As Vg is increased, more of traps are filled and unavailable to trap subsequent carriers.
- The mobility in the saturation region appears to be a continuously increasing function of V.

Bassler’s Gaussian disorder model

HuET)=p, exp[—E;fTJ }Xp{cl(lfT} —EZ}/F}

Energy level

Substrate

Changhee Lee, SNU, Korea

H. Bassler, Phys. Status Solidj B 175, 15 (1993).
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Operation characteristics of OTFTs

« Contact resistances: nonnegligible voltage drops near the contacts due to Schottky barriers and (in
the case of top-contact devices) resistances through the ungated portion of the organic semiconductor
are almost invariably present in these devices. Contact resistances are likely to be less noticeable in the
saturation region since the integrated resistance of the channel is higher than in the linear region.

* Offset between V, and V- : V7, calculated from the intercept of a line drawn through the linear region
of 15 2 vs V¢ plot, does not coincide with the exponential increase in current (¥,) due to traps in the
active layer. In general, the higher the mobility of the device, the smaller this offset is, since high trap
concentrations cause low mobilities and large offsets.
: ION
* On/off current ratioo. ———
OFF

Maximizing the mobility generally leads to a high on/off ratio since p determines Ioy.
dvy

d(log/,)
S'is a measure of how rapidly the device switches from the off state to the on state. A large S generally
implies a large concentration of shallow traps, i.e., a diffuse turn-on region.

« Subthreshold swing S (V/decade or mV/decade): § =
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Organic semiconductors ——, 47

« High mobility ¥ Contact
 High stability pentcene — (f ~ ohmic
* Processibility « Low contact resistance
—== 0 =Fp  Low parasitic capacitance
Gate Insulators |
* High gate capacitance Soins \ / e Interface
» Low leakage current @ o-P YD @ ——| °
« High breakdown voltage [ =TT | C?rystallinity/Directiona
e lity control
« Low trap density

« Stability and
uniformity
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Doncer-like grain boundary conduction medel applied to p-channel TFT

(&)

Before GEB Charging
Energy Barner has not formed yet

GE has charged fully

Energy Barrier is maximum.

_&field (vp) _Bfield (VD) _Efield (vp)
— ETdonor ++ ETdonor it ET donor
———————————— Er ---—-=-—------- EF -—===-=-=-=------FF
h'— E h* h* E h* h* E
v v P v
Eh] /ﬂ Fh tW
)
TFT in "Of-State’ TFT turning 'On’ TFT fully ‘On’
VG =< VT Ve~VT Ve =T

GEis screened by bound holes
Energy Barrier is decreasing.

Model developed by Seager, CH. et. al, J. App. Phys., 49, 3879 (1978)
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Grain boundary transport
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Figure 1 Chemical structures of arganic materials, and cross-section and electrical source/drain contacts deposited through a shadow mask. d, Output characteristics;
characteristics of a TFT with molecular SAM gate dielectric. a, Structure of e, transfer characteristics; f, subthreshold region, showing a subthreshald swing of
(18-phenoxyoctadecylitrichlorosilane (PhO-0TS). b, Structure of the organic 100mV per decade.

clion of a TFT with SAM dielectric and

c, Cl
Marcus Halik, et al. (Infineon Technologies), Nature 431, 963 (2004)
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Contact Resistance e

Contact resistance R . = Repmacs + Repanne

S D
R

R

contacts contacts

gate

« Origin of contact resistance ')_

- Schottky barrier: Mismatch between the Fermi level of )
the metal and the organic LUMO (or HOMO) Organic

- charge transfer between the metal and organic, causing Semiconductor
a dipole and band bending in the organic semiconductor.

- Morphological defects at the interfaces. \)\
@ Changhee Lee, SNU, Korea
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Kelvin probe force microscopy demonstrated that the measured potential reflects the electrostatic potential
of the accumulation layer at the semiconductor/insulator interface.
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K. Seshadri and C. Daniel Frisbie, Appl. Phys. Lett., 78, 993 (2001)
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Reliability of OTFETs 20091 Semestr

Understanding stress and environmental effects is essential for circuit design and display packaging
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Humidity causes strong bias stress
(reversible with heating)

Ambient exposure decreases on-off ratio
(reversible with heating)

R. S. Street (Xerox)
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All-organic TFTs based on the solution-processed semiconductor pentacene, in which the electrodes were
manufactured from polyaniline and the insulator from a commercial photoresist

Threshold voltage shifts after application of a constant bias stress were measured in the linear regime, i.e., with
the gate voltage being much larger than the voltage between the drain and source

154 Ly
1.0 —a—V =0V &
—0—V=-10V
05 —*—V =20V
= -
- 0.01—= =
> -
A sl —\E{j 3 e
104 s 04
1.5
o1 1 10 100 1000 10000 BT R 10 100 1000 10000
Time [s] Time [s]
FIG. 1. Threshold voltage shift AV as a function .M time and gate bias ¥, FIG. 2. Thresl e shift &7 as a function of time and drain-source
at a fixed source drain-source bias of Fa=—10V biats 1 a1t lixend gate Digs of ¥,= =10 V.

« Positive AV for negative gate bias stress: mobile ions drifting in the insulator when a gate field is
applied. Trapping of charge carriers at the semiconductor—insulator interface plays only a minor role.

S. J. Zilker, C. Detcheverry, E. Cantatore, and D. M. de Leeuw, Appl. Phys. Lett., 79, 1124 (2001)
Changhee Lee, SNU, Korea
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2.0x107 -
7 —&— initial * Positive AV : Water absorption in the
1.5x107" 4 —0—1h ; . o
insulator may be its origin.
< ,7 - .
-—-8 1.0x1074 To eliminate possible water effects, stress
- measurements were carried out in vacuum
5 0010 AV.=-3.3V with samples which were annealed at
’ 50 °C for several hours. Under these
conditions, no positive shift is observed.
0.0 . ; . - “ﬂ:-ouumon
s 2 1 ° d 0 5 . AV is purely negative, > charge
Vg v trapping.
FIG. 3. Gate sweeps of a pentacene TF1 measured in vacuum after anneal-
ing at 50°C. The device was stressed for 1 hat Fy=—=10 V and Vg

=—1 V. A threshold shift of —3.3 V is observed

S. J. Zilker, C. Detcheverry, E. Cantatore, and D. M. de Leeuw, Appl. Phys. Lett., 79, 1124 (2001)
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A. C. Huebler, Printed Electronics Europe 06, Cambridge, 2006.
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« Global market revenue for flexible display panels will reach $339 million in 2013, rising at a compound
annual growth rate (CAGR) of 83.5% from $5 million in 2006.
« Market revenue will break the landmark $100 million level in 2011. Unit shipments will rise to 198
million in 2013, up from 364,000 in 2006.

Organic Semiconductor
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Nokia Aeon concept phone

Nokia 888 Concept Phone

BenQ Siemens Snake phone

Organic Semiconductor
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OTFT Application: RFID EE 4541 617A
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« Radio frequency identification (RFID) is a very broadbased technology that encompasses many application
areas where identification, verification, tracking, and/or general logistics are important.

* An RFID system is generally comprised of a single reader instrument and many transponder circuits (tags). The
transponders are attached to an article that needs to be identified.

« The reader and transponder communicate, typically with near-field or far-field electromagnetic coupling.

SR560 pre-am reader

1N4148

‘ thin film circuitry =600um _W=6mm
e e R
L]
& c
of | o 2%
3 3
£38
o E

v L=20 pm and W = 60 um for each tft "

NOR gate

Circuit diagram of ac-powered one-bit rf transponder circuitry

Optical image of 6 in 6 in RFID circuit array (right) fabricated on polymeric
substrate, via the polymeric shadow mask shown at left.

Tommie W. Kelley, et al. (3M), Chem. Mater. 2004, 16, 4413-4422
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Optical micrograph of pentacene-based one-bit rf transponder circuit
fabricated according to the ac-powering design, showing the seven-stage
ring oscillator, an NOR gate, and two output invertors

NOR gate output
Reader Qutput

=
< 0
©
5 -5
=
5 10 A
a8 @
3 15 <
jid 20 08
g 3
- -25 o
s —— 50 §
g O .35
@
o ma

15 .40

0 0.002 0.004 0.006 0.008 0.01

Time (seconds)
Output of one-bit rf transponder, operated via ac powering, with the NOR gate functioning as intended.

Tommie W. Kelley, et al. (3M), Chem. Mater. 2004, 16, 4413-4422
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RFID Market

Korea
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Integrated circuits using OTFTs

Philips Research: The 15t Polymer Dispersed Liquid Crystal (PDLC)
display based on an organic TFT active matrix (August 2000).
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Philips Research: The 1t IC built using exclusively organic materials and
containing over 300 transistors.

C.M. Hart, D.M. de Leeuw, M. Matters, P.T. Herwig, C.M.J. Mutsaerts
and C.J. Drury, “Low cost all-polymer integrated circuits”, Proceedings
of the ESSCIRC 98, Sept. 1998, pp. 30-34.
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H. Sirringhaus, N. Tessler, R. H. Friend, Science 280, 1741 (1998)
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