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Abstract

We have studied the gate® controllability -of lightly-doped drain (LDD)
polycrystalline silicon thin-film transistors (poly-Si' TFTs) with multiple channels and
different widths. We deserve that devices with an LDD structure exhibit low leakage
current. Additionally, the poly-Si TFT (M10) with ten strips multiple nano-wire
channels exhibits the best and the most stable electrical characteristics than all other
structures we have studied, such as a higher ON/OFF current ratio (>10%), a steeper
subthreshold slope (SS, 110 mV/decade), an absence of drain-induced barrier lowering
(DIBL), and a improved suppressed kink-effect. Experiments results show the gate
controllability is increasing with channel number from single channel to ten strips

multiple channels. The M10 TFT also shows the best stress characteristics, as V and



SS of the M10 TFT remain constant before and after the stress. Devices with the

proposed TFTs are highly promising for use in active-matrix liquid-crystal-display

technologies without any additional processes.
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Table Lists
Chapter 3.
Table | Devices dimension of M10, M5, M2 and S1. All devices have the
same active channel thickness 50nm and gate oxide thickness 26nm.
Chapter 4.
Table 11 Device average and standard deviation parameters of M10, M5, M2

and S1. Number inside the bracket is parameter’s standard deviation.
All parameters were extracted at Vq = 2V, except for the field-effect

mobilities which were extracted«at V4 = 0.05V.

Table 111 Variation of experimental electronic parameters and corresponding possible

degradation mechanics.
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Figure Captions

Chapter 2.

Fig. 2-1 Sketch of the band diagram of the polycrystalline silicon films

Fig. 2-2 A schematic MOSFET cross section, showing the axes of coordinates and the
bias voltages at the four terminals for the drain-current model.

Fig. 2-3 Three possible mechanisms of leakage current in poly-Si TFTs, including
thermionic emission, thermionic field emission and pure tunneling

Fig. 2-4 The kink effect in the output characteristics of an n-channel SOl MOSFET

Fig. 2-5 Threshold voltage roll-off characteristi¢s.in a 0.15 jam complementary
metal-oxide-semiconductor (CMOS) field-efiect transistor technology.

Fig. 2-6 Calculated surface potential alongthe channel for n-channel MOSFETSs with
different channel lengths. The source-channel boundary is aty = 0. A low
(0.05V, dotted lines) and a high (1.5 V, sold lines) Vps are applied. Oxide
thickness d and substrate doping Na are 10 nm and 10'® cm™®, respectively.

The substrate bias is 0 V

Chapter 3.
Fig. 3-1 The top view of the multiple nano-wire channel

Fig. 3-2 Cross-section view of Fig. 3-1 AA’ direction.
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Fig. 3-3

One of channel cross-section view of Fig. 3-1

Chapter 4.

Fig. 4-1

Fig. 4-2

Fig. 4-3

Fig. 4-4

Fig. 4-5

Fig. 4-6

(a) Schematic diagram of M10 poly-Si TFT.

(b) Cross-section view of Fig. 1a AA’ direction.

(c) One of channel cross-section view of Fig. 1a BB’ direction.

(a) Scanning electron microscopy photography of active pattern with the

source, the drain and multiple nano-wire channels of M10 TFT. (b) Magnified

area of multiple nano-wirechannels. The each nano-wire width is 67 nm. (c)

Transmission electron‘microscopy photography of poly-Si grains by solid

phase crystallization. The averagepely-Si grain size is about 30 nm.

(@) 14-Vg characteristics of M10 (L/W = 0.5um/67nmx10) poly-Si TFT.

(b) 14-Vg. characteristics of M10 (L/W = 0.5um/67nmx10) poly-Si TFT.

(@) l4-Vg characteristics of M5 (L/W = 0.5um/0.18umx5) poly-Si TFT.

(b) 14-Vg. characteristics of M5 (L/W = 0.5um/0.18umx5) poly-Si TFT,

(@) 14-Vg characteristics of M2 (L/W = 0.5um/0.5umx2) poly-Si TFT.

(b) 14-Vg. characteristics of M2 (L/W = 0.5um/0.5umx2) poly-Si TFT.

(@) 14-Vg characteristics of S1 (L/W = 0.5um/1um) poly-Si TFT.
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(b) 14-Vq4 characteristics of S1 (L/W = 0.5um/1um) poly-Si TFT.

4-7 Field effect mobility (Mre) versus different channel number poly-Si TFTs. The
dots value present average value and error bars present standard deviation.

4-8 Drain current maximum ON/OFF ratio (R) versus different channel number
poly-Si TFTs.

4-9 Threshold voltage (V) versus different channel number poly-Si TFTs.

4-10 Subthreshold slope (SS) versus different channel number poly-Si TFTs.

4-11 Drain current maximum ON/OFF ratio (R) versus different channel number
poly-Si TFTs.

4-12 Energy-band diagram-oftop-gate single channel TFT.

4-13 Energy band diagram of top-gate M10 TET. According its tri-gate structure,
M10 TFT will include (a) top-gate, and (b) 2 side-gates energy-band diagram.

4-14 (a) 14-Vy4 characteristics of S1 (L/W = 0.5um/1um) poly-Si TFT, before stress.
(b) 1¢-Vg characteristics of S1 (L/W = 0.5um/1um) poly-Si TFT, after stress
time 40 min. with stress condition Vq= 3V and V4= 6V. (C) I4-Vyq
characteristics of S1 (L/W = 0.5um/1um) poly-Si TFT, after stress time 100
min. with stress condition Vq = 3V and V4= 6V. (d) 14-V4 characteristics of S1
(L/W = 0.5um/1um) poly-Si TFT, after stress time 160 min. with stress

condition Vg= 3V and V4= 6V.



Fig. 4-15 (a) l4-Vy characteristics of M10 (L/W = 0.5um/67nm*10) poly-Si TFT, before
stress with stress condition Vg = 3V and Vq = 6V. (b) I4-Vy characteristics of
M10 (L/W = 0.5um/67nm*10) poly-Si TFT, after stress time 40 min. with
stress condition Vy= 3V and V4= 6V. (c) 13-V characteristics of M10 (L/W =
0.5um/67nm*10) poly-Si TFT, after stress time 100 min. with stress condition
Vg =3V and Vq4= 6V.(d) I4-V4 characteristics of M10 (L/W = 0.5um/67nm*10)
poly-Si TFT, after stress time 160 min. with stress condition Vg= 3V and V=

6V.

Fig. 4-16 Field effect mobility (Jeg) of all poly-Si-TFTs devices versus different Stress
time.
Fig. 4-17 lon/loff ratio of all poly-Si. TFTs devices versus different stress time.
Fig. 4-18 Threshold voltage of all poly-Si TFTs devices versus different stress time.
Fig. 4-19 Subthreshold swing (SS) of all poly-Si TFTs devices versus different stress

time.
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