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Abstract

It has been reported that nanocrystalline and microcrystalline devices show an anomalous behavior in the transcon-

ductance where several rates of increase of the transconductance with applied gate voltage, not present in amorphous

TFTs are observed. In this paper we show that the anomalous effect of the transconductance is observed for an acceptor

tail states activation energy similar to the normal values for hydrogenated silicon amorphous devices, (a-Si:H), provided

that some conditions are met regarding the density of trapped charge in tail and deep states and the density of free

charge in the material, which does not necessarily suggest a behavior in between amorphous and polycrystalline.

The effect appears if the density of deep tail states, is smaller (higher) than the typical values in a-Si:H. The localized

state distribution present in a nanocrystalline TFT prepared by hot wire deposition technique is estimated by compar-

ison of experimental and simulated transconductance curves. In our case a lower density of deep states is obtained,

which corresponds with their better light and bias stability.
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1. Introduction

Amorphous silicon hydrogenated (a-Si:H) and poly-

silicon (poly-Si) thin film transistors (TFTs) have been

widely studied because of their applications in LCD

[1]. a-Si:H TFTs can be deposited on large areas at tem-

peratures below 300 �C, but have low mobility, in the

order of 1 cm2/Vs and suffer from bias stress instability

[1]. In comparison, poly-Si TFTs, where field effect

mobility between 10 and 300 cm2/Vs can be achieved re-

quire a low temperature crystallization process [2],

which increases the production cost and has still some

difficulties when applied to large areas. During the past

years, nanocrystalline hydrogenated silicon layers (nc-

Si:H) have been deposited at temperatures below

150 �C [3] using the hot wire technique. Fabricated

nanocrystalline TFTs (nc-TFTs) show an on/off ratio

and field effect mobility similar to the a-Si:H TFTs,

0026-2714/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.

doi:10.1016/j.microrel.2004.12.005

* Corresponding author.

E-mail addresses: mestrada@cinvestav.mx (M. Estrada),

binyigue@etse.urv.es (B. Iñiguez).
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but do not show bias stress nor light instability [3,4]. An-

other significant difference has been observed in the

shape of the transconductance curve gm. In nanocrystal-

line devices, gm starts increasing at some rate until a gi-

ven value of gate voltage VGS. It continues increasing at

a much lower rate until, at another value of gate voltage

(Region II in Fig. 1), it increases again with a higher rate

toward saturation. This shape shown in Fig. 1 has been

observed repeatedly in experimental devices [5–7]. A first

approach to understand this behavior was given in [6],

where it was obtained from simulations, that the anom-

alous effect was observed for tail and deep states densi-

ties of 1 · 1021 cm�3 eV�1, and 1.5 · 1015 cm�3 eV�1

respectively, if the tail states activation energy was in

the range between 0.03 and 0.02 eV. These values are

smaller than those usually reported for amorphous de-

vices. As the acceptor tail states activation energy was

increased above 0.03 eV or below 0.02 eV the effect dis-

appeared. From these simulations, it seemed that the ef-

fect appears for devices showing a behavior in between

amorphous and polycrystalline. This analysis, however,

was done considering an optical gap of 1.91 eV which

is not a normal value neither for amorphous nor for

nanocrystalline devices.

In this work, we demonstrate that for devices with a

gap of 1.72 eV, the anomalous effect of the transconduc-

tance is related to the trapped charge concentration

characteristics and can also be observed for acceptor tail

states activation energy similar to the normal values for

amorphous devices of 0.035 eV, provided that some con-

ditions are met regarded the concentration of trapped

charge in tail and deep states (Ntail,Ndeep) and the free

charge concentration in the material, (nfree).

In order to analyze the influence of the localized state

distribution on the anomalous effect of the transconduc-

tance curve, nfree,Ndeep and Ntail, as well as the sheet free

charge density in the channel (qns), and the sheet charge

induced by deep and tail states, (Qdeep, Qtail) were calcu-

lated for different distributions of localized states, where

the density and energy of acceptor and donor deep and

tail states was varied. The optical gap was taken as

1.72 eV, which was the measured value for experimental

nanocrystalline devices analyzed in this paper. This mea-

surement was performed on nanocrystalline layer of

150 nm, the same thickness used for the fabricated de-

vices. This value obtained for optical gap of nanocryst-

aline devices, was the same as for amorphous devices.

The following parameters were also calculated for differ-

ent localized states distributions: (1) the transition volt-

age when the Fermi level crosses from deep to tail states,

Vtran; (2) the gate voltage at which the Fermi level

reaches conduction band, Vsa; (3) the density of charged

deep states at Fermi level, GF0. Transfer and transcon-

ductance characteristics were obtained using ATLAS 1

simulator. The structure shown in Fig. 2 with a channel

length of 50 lm and oxide thickness of 200 nm was used

in all simulations for different distributions of localized

states.

In order to compare simulated transconductance

curves with measured, a work function difference corre-

sponding to an Al gate contact is considered.

At the same time, nanocrystalline TFTs were fabri-

cated by hot wire technique, having the same cross sec-

tion shown in Fig. 2. The oxide thickness was 220 nm,

the intrinsic film thickness was 150 nm. Bottom gate me-

tal as well as source and drain contacts were aluminum.

For simplicity, the gate contact was common for all de-

vices. Although because of this, gate capacitance in-

creases, it has no effect on the behavior of the

transconductance curve we are analyzing. Devices have

channel length between 10 and 55 lm and width from

22 to 220 lm.

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
0.0

1.0x10-8

2.0x10-8

3.0x10-8

4.0x10-8

re
gi

on
 II

I

re
gi

on
 II

re
gi

on
 I

Region of anomalous
behavior of the 
transconductance

g m
   

[A
/V

]

VGS [V]

Fig. 1. Anomalous behavior of the transconductance charac-

teristic observed in nanocrystalline TFTs. 1 ATLAS is a product of SILVACO International.

Fig. 2. Cross section of the nanocrystalline TFTs simulated and

fabricated by hot wire technique.
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