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Improving Reliability Characteristics of Thin Film Transistors by
T-gate Structure and NH; Plasma Passivation
Student: Chen-Wei Chiang Advisor: Dr. Ching-Fa Yeh
Department of Electronics Engineering &
Institute of Electronics
National Chiao Tung Unversity

Abstract

Application of polycrystalline silicon thin-film transistors (poly-Si TFTs) in large area
active-matrix liquid-crystal displays (AMLCDs):-can effectively improve resolution and
reduce the export area, and poly-Si TETsthave higher:field effect mobility than a-Si. That the
poly-Si can integrate the peripheral circuit in glass substrate and reduce cost. Currently, the
anomalous leakage current was major ‘problem for poly-Si TFTs then increase the power
consumption. The leakage current of poly-Si TFTs is owing to the high drain electric field and
large trap state density at drain junction. In this thesis, we found the silicon nitride film as the
diffusion barrier prevents the hydrogen atoms downward diffusion and accumulated at the
channel to further reduce the trap state density. We developed the buffer nitride layer poly-Si
thin film transistor to increase the passivation efficiency. We also compare the device
characteristics of conventional TFTs and buffer nitride layer TFTs for long time plasma
passivation.

The conventional poly-Si thin film transistors have large leakage current and poor hot
carrier endurance at high drain electric field. So we using the selective liquid phase deposition
technique to fabricate the self-align T-gate poly-Si thin film transistors. The T-gate structure
can reduce the drain side lateral electric field and decrease the off-state leakage current. It also

release the impact ionization effect so that the kink effect to been suppressed and improve the

il



hot carrier endurance. Finally, we compare the conventional thin film transistors and T-gate

thin film transistor characteristic for plasma passivation effect.
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Table Captions

Table 2.1 The electrical characteristics of bottom-gated poly-Si TFTs before and after NHj3
plasma hydrogenation.

Table 2.2 The electrical characteristics of Top-gate poly-Si TFTs before and after NH3 plasma
hydrogenation.

Table 3.1 The electrical characteristics of CTFTs and TGTFTs before plasma treatment.

Table 3.2 The electrical characteristics of CTFTs and TGTFTs after plasma treatment.
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Figure Captions

Chapter 2

Figure 2.1 Process flows of p-type bottom-gated poly-Si TFTs.

Figure 2.2 Process flows of n-type buffer nitride layer poly-Si TFTs.

Figure 2.3 Process flows of SIMS analysis sample.

Figure 2.4 Schematic illustration of the leakage current model in poly-Si TFTs.

Figure 2.5 (a) Transfer characteristics for comparison of p-type bottom-gated TFTs before and
after hydrogenation at Vpg= -0.1 V. Sample A (gate oxide), and B (gate nitride)
treat 360 min, and 300min NHj3 plasma passivation.

Figure 2.5 (b) Transfer characteristics for comparison of p-type bottom-gated TFTs before and
after hydrogenation at Vps= -5 V. Sample A (gate oxide), and B (gate nitride)
treat 360 min, and 300min NHj; plasma passivation.

Figure 2.6 (a) The SIMS profilesi'of SiN for Si0, and SizNs with 480 min NH;3 plasma
treatment.

Figure 2.6 (b) The SIMS profiles of hydrogen concentration for SiO, and Si3N4 with 480 min
NH; plasma treatment

Figure 2.7 (a) Transfer characteristics for comparison of BNTFTs with and Without SiO layer
at Vps= 0.1V and 5V, respectively.

Figure 2.7 (b) Transfer characteristics for comparison of BNTFTs and CTFT pretreatment
effect.

Figure 2.8 (a) Transfer characteristics for comparison of BNTFTs and CTFT before and after
hydrogenation at Vps= 0.1 V.

Figure 2.8 (b) Transfer characteristics for comparison of BNTFTs and CTFT before and after
hydrogenation at Vpg=5 V.

Figure 2.9 Transfer characteristics for comparison of NBTFTs and CTFT before
hydrogenation at Vpg= 0.1 V.

Figure 2.10 (a) Threshold voltage as function of NH3 plasma passivation time for W =20 um

and L = 8 um BNTFTs.
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Figure 2.10 (b) Subthreshold swing as function of NH3 plasma passivation time for W = 20
um and L =8 pm BNTFTs.

Figure 2.11 (a) Field effect mobility as function of NH3 plasma passivation time for W = 20
um and L = 8 um NBTFTs.

Figure 2.11 (b) ON-state current as function of NH3 plasma passivation time for W = 20 um
and L =8 um NBTFTs.

Figure 2.12 (a) Subthreshold swing as function of NH3 plasma passivation time for W = 20
um and L = 2,5 um p-type bottom-gate TFTs.

Figure 2.12 (b) Threshold voltage as function of NH3 plasma passivation time for W = 20 pm
and L = 2,5 um p-type bottom-gate TFTs.

Figure 2.13  Field effect mobility as function of NH3 plasma passivation time for W = 20
um and L = 2 um p-type bottom-gate TFTs.

Figure 2.14 (a) The pathway for hydrogen migration from a gaseous source to the active
channel region of'a bottom-gate TFT

Figure 2.14 (b) The pathway for hydrogen migration from a gaseous source to the active
channel region of a top-gate BNTFT:

Figure 2.15 (a) Cumulative distribution of Field effect mobility before and after plasma
treatment for CTFTs and NBTFTs.

Figure 2.15 (b) Cumulative distribution of ON-state current before and after plasma treatment
for CTFTs and NBTFTs..

Figure 2.16 cumulative distribution of Threshold voltage before and after plasma treatment

for CTFTs and BNTFTs.
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Chapter 3
Figure 3.1 Possible pathways for hydrogen migration from a gaseous source to the active
channel region of a top-gated poly-Si TFT structure.

Figure 3.2 Key process flows of the bottom-gated poly-Si TFTs using SPC processes.

Figure 3.3 Key process flows of the top-gated poly-Si TFTs using SPC/ELA processes.

Figure 3.4 Subthreshold Swing determined at Vps= -0.1V as function of NHj plasma

passivation time for W= 10pum and L= 2 um p-type bottom-gated poly-TFTs

Figure 3.5 (a) Threshold voltage determined at Vps= -0.1V as function of NH; plasma
passivation time for W= 20um and L= 5 pm p-type bottom-gated poly-TFTs.

Figure 3.5 (b) Threshold voltage determined at Vps= -0.1V as function of NH; plasma
passivation time for W= 20um and L= 5 pm p-type top-gated poly-TFTs.

Figure 3.5 (c) Threshold voltage determined at Vps= -0.1V as function of NH; plasma
passivation time for W= 20um and L= 10um n-type poly-TFTs.

Figure 3.6 (a) Mobility determined at Vps= -0.1V as function of NH; plasma passivation time

for W= 10pm and L= 2-um p-type bottom-gated poly-TFTs.
Figure 3.6 (b) Mobility determined’at Vps= -0.1V as function of NH; plasma passivation time
for W= 20pm and L= 10 um p-type top-gated poly-TFTs.

Figure 3.6 (c) Mobility determined at Vps= 0.1V as function of NHj3 plasma passivation time
for W= 20um and L= 5 um n-type poly-TFTs.

Figure 3.7 (a) The leakage currrent determined at Vps= -5V as function of NHj3 plasma
passivation time for W= 10um and L= 2 um p-type bottom-gated poly-TFTs.

Figure 3.7 (b) The leakage currrent determined at Vpg= -5V as function of NHj3 plasma
passivation time for W= 20um and L= 10 um p-type top-gated poly-TFTs.

Figure 3.8 (a) Effective trap density determined at Vps= -0.1V as function of NH3 plasma

passivation time for W= 20um and L= 5 um p-type bottom-gated poly-TFTs.
Figure 3.8 (b) Effective trap density determined at Vps= -0.1V as function of NHj3 plasma

passivation time for W= 20um and L= 2 um p-type top-gated poly-TFTs.



Chapter 4
Figure 4.1 A new structure of combine the buffer nitride layer and the T-gate structure poly-Si

TFTs
Figure 4.2 A new structure of T-gate poly-Si TFTs with lightly doped drain.
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