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A Novel High-Performance Poly-Silicon Thin Film
Transistor With a Self-Aligned Thicker Sub-Gate
Oxide Near the Drain/Source Regions

Kow Ming Chang, Yuan Hung Chung, Gin Ming Lin, Jian Hong Lin, and Chi Gun Deng

Abstract—In this letter, a novel high-performance poly-silicon VS VGS VDS
thin-film transistor (poly-Si TFT) with a self-aligned thicker
sub-gate oxide near the drain/source regions is proposed. Poly-Si Offset
TFTs with this new structure have been successfully fabricated
and the results demonstrate a higher on-off current ratio of
5.9 x 10° and also shows the off-state leakage current 100 times
lower than those of the conventional ones aVgs = —15V
and Vps = 10 V. Only four photo-masking steps are required
and fully compatible with the conventional TFT fabrication %% %
processes. This novel structure is a good candidate for the further /////é;///'//‘/////%é ///
high-performance large-area device applications. y,,,,,,,”é/ﬁ////////ﬂé,,,,,,,,,é/%
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Fig. 1. Schematic diagram of the proposed new TFT structure.
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Index Terms—On—off current ratio, photo-masking steps, poly-
silicon thin-film transistor, self-aligned thicker sub-gate oxide.

. INTRODUCTION

OLY-SILICON thin-film transistors (poly-Si TFTSs)
have received increasing attention for high-performandelly compatible with the conventional TFT processes. Poly-Si
large-area active matrix liquid crystal display (AMLCD)TFTs with the new structure are successfully demonstrated.
applications as compared to conventional amorphous-Si TFTs
[1], [2]. However, the undesired off-state leakage current for [I. EXPERIMENTS
a poly-Si TFT is much higher than that of an amorphous-Si _.

TFT. It has been reported that the conduction mechanism fqulg' 1 shows the_ schematic diagram of the propo_sed TFT
. ! oo . structure. The top view of the proposed TFT structure is shown
the off-state leakage current is the field emission via grain

! Con . —1n Fig. 2(a) and the cross-sectional view along the line AA
boundary traps due to high electric field in the drain depletl_olg shown in Fig. 2(b). A conventional top gate TET structure

region [3]. Thus, to reduce the drain electric field, suppressin : i Qi e i
the off-state leakage current is required. Several methods hgl\?/as formed with 200-nm poly-Si active layer, 50-nm plasma

been proposed to achieve this purpose, such as offset ga g%anced chemical vapor deposition (PECVD) gate oxide layer

structure [4], lightly doped drain structure [5] and field induce €posited at 350C, 400-nm poly-Si main gate electrode and

drain structure [6], [7]. The implant damage in the lightl O pum Channel length. The 200-nm pol)_/_S| gctwe layer is
; . ormed by silicon amorphous layer deposition in low pressure

doped offset drain structure can cause an undesired degradatjon . o . !
chemical vapor deposition (LPCVD) system usingt&i gas

in the drain junction, especially for low-temperature processe 460°C and then crystallized at 60C for 24 h. The average

poly-Si TFTs [8]. In the field induced drain structure, af 2o o .
rain size measured by transmission electron microscopy and

additional photo .ma.skmg step Is rgquwed and unavmdatﬂ_lee trap state density determined using Levinson’s method [9]
photo masking misalignment error will occur [6], [7].

In this letter, we propose a novel TFT structure with & - 1.1m and6 x 10 cm*, respectively. After main gate
. . Prop : . electrode patterning and blanket deposition of 100-nm PECVD
self-aligned thicker sub-gate oxide near the drain/source; . L :
) . oxide and 350-nm poly-Si layers, a reactive ion etching process
regions which has a much lower off-state leakage current . . . :
) . . Wwas used to anisotropically etch the poly-Si and PECVD oxide
and higher on-off current ratio than those of a conventlonral heref if-alianed off ; id
structure. Only four photo-masking steps are required and it T ereiore, sefi-alighed o set region (PE_CVD oxide)
' and self-aligned poly-Si spacers were formed [Fig. 2(b)]. The

self-aligned poly-Si spacers are also noted as the sub-gates of
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Fig. 3. Ips—Vgs transfer characteristics of the conventional and new TFTs.
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Fig. 2. (a) Top view of the proposed TFT structure. (b) Cross-sectional vie W
along the line AA. (c) Cross-sectional view along the line BB'. 0.0 T T " T
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is the cross-section BB'. Poly-Si TFTs with conventiona Drain Voltage , Vns (V)

structure, e.g., without the sub-gates, were also fabricated to . _
serve as a control. The channel length of the proposed TE 4 Ins—Vps characteristics of the conventional and proposed TFTs.
(L = 10.8 zm) is the summation of the main gate length (10
1m), the thickness of two self-align offset PECVD oxides (0.2ps— Vs characteristics of a short channel deviée= 5 m)
»m) and the length of the two sub-gate lengths (). are also shown in Fig. 3. It can be observed that the leakage cur-
It should be mentioned here that the current-voltége€) rent improvement in the short channel device is not as good as
characteristics of the proposed TFT have not been optimized bethe long channel device. This is because the electric field in
cause the electric characteristics are very sensitive to the lengtihort channel device is so high that it is not easy to reduce
of the sub-gate. The study of the optimization of the sub-gattee electric field and make the decreasing of leakage current ef-
length for the proposed TFT structure is still under investigéectively. In Fig. 4, less kink effect can be observed in the new
tion. TFT to further confirm that the drain electric field can be ef-
fectively reduced in the proposed TFT. Although the off-state
I1l. RESULTS AND DISCUSSION leakage current can be reduced, the turn-on current is slightly
degraded due to the higher source/drain series resistance caused
y the thicker sub-gate oxide and the self-aligned offset PECVD
oxide. The optimization of the sub-gate length is still under in-

The off state leakage current & = —15 V is 100 times N - .
. vestigation to have an acceptable series resistance for on-state
smaller than that of the conventional TFT conttbl-€ 10 um). o
nd off-state characteristics.

The on-off current ratios of the conventional and proposed TF‘?S
arel.1 x 10% and5.9 x 108, respectively. The on-off current
ratio is defined as that ratio of the maximum on state current V.- CoNnCLUSION

to the minimum off— state current. The main reason for muchIn this letter, a novel high-performance TFT with a
lower off-state leakage current of the new TFT is that the dragelf-aligned thicker sub-gate oxide near the drain/source
electric field is greatly reduced for the thicker gate oxide in theegions has been proposed and successfully demonstrated.
sub-gate regions and the self-aligned offset PECVD oxide. TNach lower off-state leakage currents and a higher on-off

As shown in Fig. 3, the off-state leakage current of the n
TFT is much lower than that of the conventional TFT contro
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