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ABSTRACT

Nd,O; and LayO; have been used as gate insulator in CdS Thin-film Transistors(TFTs)
fabricated in staggered electrode structure by multiple pump down ( MPD) method of vacuum
evaporation. The characteristics of the devices are presented and electrical parameters like
trans conductance, output resistance, amplification factor and gain band-width product are
evaluated. Suitable theoretical model is employed to estimate the trap density, critical donor
density, grain size and mobility.
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INTRODUCTION

The TFT is said to be tailor-made for display aqgtions [1]. The choice of semiconductor-
insulator combination plays a key role in determgnit’'s ultimate properties [2]. A poor quality
dielectric can increase the leakage current [3]S @one of the first materials to be used in
TFTs. Vacuum evaporated b films [4] having chemical and mechanical stabijlitygh
breakdown field strength ( 1.5 x 19 cmi?), low dissipation factor (~.0045) and high dietict
constant (12.64) fulfills the requirements of goosulators [4,5]. LgO; is also recommended as
good insulator for TFTs due to it's high capacimrdensity (0.15 F/cfh high dielectric
constant (18), low loss (0.016) and high breakdéiwld strength (18V/cm) [6].

MATERIALS AND METHODS

TFTs have been fabricated by MPD method on chetyi@ld ultrasonically cleaned glass
substrates by vacuum deposition of different layerthe given sequence: aluminium source
drain electrode, CdS at elevated substrate temyergt200C), oxide layer and finally the

aluminium gate electrode. Various geometrical pastewere obtained with the help of
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mechanical masks. The channel was defined by andQvire grill fixed on the source drain
mask. All the depositions were made in vacuum ef dhder of 16 torr. Film thickness was
measured by multiple beam interference method.fabecated samples were annealed in air at
200°C for 3-4 hours and then stored in clean desicdato20-25 days to obtain stable and
saturated characteristics.

RESULTS AND DISCUSSION

The drain currentpl vs drain voltage ¥ characteristics for CdS- M@; and CdS- LgO; TFTs
are shown in figures land 2 respectively.
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Figurel: Source- drain characteristics of CdSLa,O3 TFTs.

1\1 CT::?:'.T

Crrain Current(] pf

Dralh Wolage (W Volh

Figure2: Source- drain characteristics of CdS- NgD;TFTs.
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The field effect characteristics of CdS-JdTFTs ( curve ‘a’ scale A) and CdS-4@ TFTs
(curve ‘b’ scale B) at ¥ = 8V are shown in figure 3. The pinch-off voltaige these two types
of TFTs are -1V and -1.8 V respectively.
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Figure3: Field effect characteristics of CdS- NgD,TFTs ( curve ‘a’ scale A) and CdS- LaO3; TFTs ( curve ‘b’ scale B)

Various transistor parameters like trans condu&dgigg), output resistance 4ft amplification
factor (1) and gain band-width product as calculated from ¢haracteristics are presented in
Table 1.

Table 1.
Device tvoe Trans conductance Output resis- | Amplification | Gain-bandwidth
yp Om (umho tance §(KOhm) factor () product ( KHz)
CdS- NdO; 40 444 16.7 6.24
CdS- LaO; 55 333 18.3 7.55

Due to the polycrystalline nature of the CdS filxiséence of traps in the devices is most
common. Hence the grain boundary trapping modehijd@} be used to characterize the TFTs.
According to this model the drain curreptdf a TFT with polycrystalline material is given by

d =Wy (Voll ) G Vg exp (-GN&t / 8KTC;) 1)

Where w and | are the channel width and lenggfis the mobility, Gis the insulator capacitance

per unit area, Ns the trap concentration per unit area andheshickness of the semiconductor
film.

It is evident from equation (1) that the plot bf ( Io/Vs) as a function of 1/¥is a straight line
from the slope of which \can be obtained. From the pre exponential padqgofation (1) the
value of mobility can be estimated.
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The departure from linearity of this graph occutsew
Mt = N*
Where Ns = (G /q ) Vg and N* is the critical donor density. The crystal sizedn be estimated

from N*p = N/ L. The value of different parameters obtainedtfe present devices are listed
in Table 2.

Table 2.
Device type Trap deznsit%/ C“t[')(g’ﬂs?g/nor Grain size Mobilitly )
Nt( X 101 cm ) N*D (Xlolscm-3) L (A) Ho (szv S )
CdS- NdOs 5.92 3.05 194 1.11
CdS- Lg0; 4.74 2.59 183 0.66

The low value of mobility may be due to increasediace scattering for the introduction of
surface states by atmospheric contamination dwkpgpsure of the semiconductor layer prior to
the deposition of the oxide film [8]. A high intade trap density at the semiconductor dielectric
interface can increase the threshold voltage o#isigi operation of the TFT at high voltage [9].
However, for some applications such as pixel sefactsistors a modest mobility of ~ 1 B
'stis also adequate [10].

Periodic record of |-V data revealed that devicelsath types deteriorated with time. Absorption
of water vapour is perhaps the prime cause of dadéterioration.

CONCLUSION

CdS- NdOs; and CdS- LgDs TFTs exhibit good channel modulation. But they lémkg term
stability and have low mobility. Improved fabriaati techniques might be needed remove
these discrepancies. The electrical parameteayO; TFTs are slightly better and sensitivity
of LaO3 towards humidity leads to it's faster deterioratio
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