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Introduction

Organic (as well as polymer) and Amorphous Oxide (OTFTs and
AOS TFTs, respectively) will probably become essential devices in
niche applications, related to flexible, printed or large area
electronics and also transparent electronics (in the case of AOS
TFTs). Examples of applications are electronic tags, drivers in
AMLCDs, sensors

Organic and amorphous oxide electronics allow flexible and low-
cost substrates for large-area applications by relatively simple and
low-temperature fabrication for disposable electronics
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OTFT drain current model

11U [ [ [ [ [ [ [ [

11020

11017

18
jeep(E} 10
~=- 110

= 11018
1410”7
110 L " 5 _

1403 | S -

12

For organic TFTs, Q. .>>Q,.. and DOS with only one exponential
dependence

trpr = Mpgr (T, T0) - (Vs = V7 )



OTFT drain current model

® 1D Poisson’s equation
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OTFT drain current model

In [*] it was shown that for OTFTs, it can be considered
that Q,.>>Q;, .. in above threshold regime and Poisson’s

equation has analytical solution for the electric field and

the induced sheet charge in the channel.
The DOS is represented as:

(E—EW]

E) = exp| —
g.(E)=g4 p( k,To

[*] M. Estrada et all, Solid State Electronics, 52 (2008) 787.



OTFT drain current model

Mobility model development

The mobility expression is obtained from:

L 1 dlpg

BFET = = "= =05 .
W CiVps oV g t: channel thicness

where
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Ing

Visenberg MCIM. Theory of the bield efiect moblity m amorphous
argankc trnsistos, Phys Rev B 1998, 37: [ 2964-T,



OTFT drain current model

The expression of the current obtained is:

Ins = P(T, Tﬂ}-r:,-% ;
- where:
i iy
[ Vas = V)™ - Vs = Ve - Ves) 7
. kT Ny -exp |- BB
o) PrTy) = Y ﬂp[ a1 3
P, T0) = (T T0) s [rg kT - g -exp (~ E52) |

sin(xT /T,)]7
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OTFT drain current model

If VDS < VGS-VFB

i T 2y
IE 'P{T,Tﬂ}'ﬁ{lfﬂﬂ— FTE]'F
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which can be rewntten as

W

Ing =f'f:4 " HEET '{Fn:-'. - FFE]I' Vps.



OTFT drain current model

The expression of mobility obtained is:

Hpgr =

To

| sin(zT /To) | T
2kyTo
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OTFT drain current model

w Vas = V7)) Vps - L+ A V)

Ips = +C; tpgr-

1
W v o
1+R-—-C;- Ve =V7) || 1 DS
[ TR HEEr Ves T):I +|:aS'(VGS_VT)j|

m and A are fitting parameters related to the curvature and the saturation
region of the curves, respectively



OTFT parameter extraction

An extraction procedure based on the properties of the integral function
H1(VGS). was developed:

VGSmax
J-]DS (VGS)dVGS
Hi(Vgs) = - ’(VGS_VT))
Ips Vgs) 2+y
If I, can be represented as: Ips < (Vg —VT)”

Our parameter extraction method is called UMEM (Unified Modelling and Extraction Method).
It has been adapted and applied to several types of TFTs.



OTFT parameter extraction

If the measured transfer characteristic in the linear regime |, IS represented

as:
— |- C. -
(Lj i "MFEET

1 DSlin —

W (Vas =Vr) Vst
1+R(L)'Ci ey Vs =Vr)

Where 1., iIs modeled as a power dependence of the (V;-V,):

Y7
HEET = ; ' (VGS - VT)y
y Vi

_[1 psiinWVas)dVgs

1
then Hl(VGS) =10 = '(VGS - VT)
Ips; (Vas) 2+y




OTFT parameter extraction
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OTFT parameter extraction

STEP1:. Calculate the slope and intercept of H1(nl):

y = 1 5 V- Intercept
slope slope

STEP 2: Calculate the slope, PA, of the equation:
1

Y(Vs) = IpsinWas) ™ =PA-(Vgs —Vr)

Where: PA = (V%).Ci ;/IUO'VDSl "
Via

and Vg, Is the drain voltage at which the linear transfer curve was measured.



OTFT parameter extraction

Ho
V7/

AA

STEP 3: Calculate :

1, / f\) A1+;/
Vig (W )CVos

STEP 4: Calculate s+

P A1+7/
HFET = W '(VGS - VTY

DS1
L _




OTFT parameter extraction

STEP 5: Calculate R for the maximum measured V :

R = VDSl . 1

I psiin Vs max) (VZJ C; - ey - Vesmax = Vr)

STEP 6: Calculate the slope Ps of the curve:

1

Y (VGS) =1 pgeur (VGS)1+7

where | IS the transfer curve in saturation

Dsat

V 2+y
STEP 7: Calculate o Ay = [ijjy} - Ps /\E



OTFT parameter extraction

A.l. Calculate the characteristic energy To of the DOS

as.

n:@+a§

A.2. Calculate g,, as:

T

do = [qNkaTgS]TO '

- _
sinf 7 ——
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OTFT parameter extraction

Modeling the subthreshold
regime

The subthreshold regime is expected to present an exponential
Increase with the gate voltage than can be written as:

(VGS_VT j_23
Ig=Io+I1pc(Vy +DV Vpg)-et

V.+ DV is the value of gate voltage near which the exponential
dependence of |, starts and lo is the measured off current at a
gate voltage sufficiently well below in the subthreshold region.

The total drain current is the sum of the two components, in above
and below threshold regimes. The tahh function is used to sew both

terms.
1-tanh(Vgs = (V7 + DV)-Q) | e tanh(Vys — (V7 + DV)-0)

2 S 2

[DSt = ]s )



Improvement of the output conductance

In saturation above threshold:

Ia.hm‘t =

—Kprer(Vas — Vr)Vos [1 + A|Vbs| — as|Vas — Vr|)]

1
'i"Ri| ™

1= RK pper(Vas — Vir)] |1+ | s

as(Vas—Vr)

Extended to the linear regime by replacing VGS-VT with VDSe

A
. . Vos\™ ] ™
Vhse =Vps x |1+ | —
1IIasnt




drain current /, (pA)
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AQOS TFT Drain Current Model

Distribution of acceptor type traps

Conduction band energy

/

E.—E E.—E
Ea = 8uo exp o +gad0 exp o
/ .
. . +2
T = (]/CZ-I-Z) T Tail acceptor density of Deep acceptor density T2 — (7/b)T
L ? states of states 2
The V variation in

The V variation above subthreshold modifies

threshold modifies the the population of the

population of the tail deep states.

states.



AQOS TFT Drain Current Model

Unified Model and Parameter Extraction Method (UMEM) where the
mobility is calculated by solving:

* Poisson’s equation assuming an exponential DOS and Qfree<<Qloc

* Free carrier transport in AOS TFTs

Multiple Trapping and Release



AQOS TFT Drain Current Model

ABOVE THRESHOLD

Channel length modulation

~

4 (VGS o VT )(1 A DS‘)VDS

L, (VGS’VDS): fCﬂuFET oN\Um
w Vs
1+R—C. V.=V )|l 1+
( I uUFET( GS T))( GS V)
, —7 Sharpness of the knee region
Saturation parameter
where VDSsat
||D |/\ i
Empirical parameters defining the linear | saturation
variation of mobility with Vgs above '
threshold \’
[VeslT
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AQOS TFT Drain Current Model

In [*] extraction procedure based on the properties of the integral function H(VGS). was
developed and applied, first, to a-Si:H devices model :

Veor Parameters extracted from
the transfer curve in linear
]DS (VGS)dVGS

1 (V ) regime, and with the slope
Is(Vs) 2 ‘W and the abscissa intercept of
the H function.

1

w ya
f CiVDl
slope 7" — Now we can model the field

dependent mobility p .,

Habove (VGS) - °

Vaa =

Subsequently, parameters R, m, A, a are extracted as indicated in:

-A. Cerdeira, M. Estrada, R. Garcia, A. Ortiz-Conde, and F.J.G. Sanchez, Solid-St. Electron, vol.45, no.
7, pp.1077-1080 (2001).



AQOS TFT Drain Current Model

SUBTHRESHOLD

To model the subthreshold region of devices, the drain current can be described as [*]:

Ly (Ves, Vpsy) = K V,,*? Vbs1

v, depends on the temperature T and on the characteristic - b = 2T2 2
temperature of the deep states distribution (T,) T

Vbb is obtained as indicated in [**]

[*] L. Resendiz, M. Estrada, and A. Cerdeira, Solid State Electron 2003;47:135-1358.
[**] A. Cerdeira, M. Estrada, B. S. Soto-Cruz, and B. liiguez, Microelectron Reliab vol. 52, pp.2532-2536
(2012).



AQOS TFT Drain Current Model

To join the subthreshold and the above threshold regions, an expression [, is
obtained where the tanh function is applied to sew lab(Vss, Vbs) and lbt(Ves,

Vbs) .
- L
[ | I | 1-tanh [I'-UGE_I*hE+UD}:|Qn]
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Typical non-stress transfer characteristic of a
HIZO TFT in linear regime.

W=160 pum. L=20 pm. V,=0.1V

Experimental data is compared with /;, which
is composed of the above threshold region
(Ves > V;), modeled by /ab, and the
subthreshold region, modeled by /bt.
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Conclusions

A physically-based compact modelling framework for Organic and
Amorphous Oxide TFTs has been presented

>

For both OTFTs and AOS TFTs our models predict /-7 characteristics above
and below threshold., with a smooth transition between both regimes The
extraction procedure (UMEM) is simple and well defined.

Mobility as function of both bias and temperature is also modeled.

DOS parameters (7o and g, ) in OTFTs and for deep states in AOS TFTs can be
determined.

Very good agreement is obtained with 1-V experimental data from OTFTs and
AOS TFTs fabricated with different technologies



