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The Fabrication and Investigation of A Novel Gate-Overlapped

Lightly Doped Drain (GOLDD) Polycrystalline Silicon TFTs

Student: Zhong Liang Wang Advisors: Dr. Hsiao Wen Zan

Institute of Electro-Optical Engineering National Chiao Tung University

Abstract

In this thesis, we had demonstrated a novel gate-overlapped lightly doped drain
(GOLD) poly-Si TFT. Without any spacer fabrication, additional mask definition or
RIE etch back processing, an effective GOLD TFT can be fabricated successfully and
easily. The LDD length ranging from 100nm to 600nm can be controlled by simply
arranging different wet etching time. Compared to control standard samples, the
proposed devices have larger turth-on current, smallér leakage current and better short
channel effect immunity such as: suppressed threshold voltage roll-off effect. These
improved performances prove that the ptoposed strueture had effectively reduced the
drain side electric field. The enhancedturn-on curtent of proposed devices is found to
be caused by reduced parasitic ‘resistance. A plausible reason is that the
gate-overlapped lightly doped region enhances the carrier density and therefore

increases the driving current.

To obviously compare the parasitic resistance effect, we extract the parasitic
resistance of standard devices and proposed devices by analyzing the linear region
turn-on resistance for devices with various channel length. It is found that the parasitic
resistance of standard devices is indeed 5 times larger than that of the proposed
GOLD devices.

Finally, we also examine the reliability of the proposed devices. With typical hot
carrier stress for 3000 sec. The standard devices exhibit serious degradation such as
increased leakage current, larger subthreshold swing and lower turn-on current. The
proposed devices, comparing with the standard device under the same stress condition,
have much superior immunity for this hot carrier degradation. As a conclusion, the
proposed GOLD devices have not only simply fabrication process but also good

output performance for channel length ranging from 10 um to 3um.
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Table captions

Table I.  Extracted Parasitic Resistance of Standard Devices and Proposed GOLDD
Devices with Channel Width = 3um.

Table II. Extracted Parasitic Resistance of Standard Devices and Proposed GOLDD
Devices with Channel Width = 10 um.

Table III. Extracted trap density of Proposed GOLDD Devices with Channel Width

= 3um.
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Figure captions

The electron mobility for a-Si and poly-Si TFT.

The aperture ratio for a-Si and poly-Si TFT.

All kinds defect well. (a) is the Dirac well. (b) is the
repulsive Columbic well. (¢) is the Columbic well.
Schematic illustration of the leakage current mechanisms. (a)
thermionic emission. (TE) (b) thermionic field emission.
(TFE) (c) pure field emission. (FE)

The devices operate in the saturation.

Cross section of the multiple-gated TFT.

I-V transfer characteristics:as Vps = 10 V for TFT’s with one,
two, three, five,.and six, gates.

Cross section of the offset-gate TFT.

Ip versus Vg :characteristics of a offset structure TFT and
conventional TET (L7/W=350 gm / 10 um) for various value
of Vp.

Schematic cross-section of the offset gated poly-Si TFT
without as additional offset mask.

Schematic cross-section of the self-aligned offset gated
poly-Si TFT.

The offset lengths of symmetrical device are 1.1 pm and
those the asymmetric poly-Si TFT are 1.5 um and 0.3 um.
Under forward bias the asymmetric poly-Si TFT’s offset
length at the drain region is 1.5 pm and that at the source
region is 0.3 pm.

Schematic cross-section of top gate, coplanar poly-Si TFT
with lightly doped drain region.

The channel area is defined in (a) and is not affected by
subsequent processes. The LDD regions are well defined in
(b) by the spacers, and are self-aligned to the channel and the
source/drain regions.

Schematic cross-section of GOLDD TFT.
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Chapter 3

Fig. 3-1-1 The top view of the T-gate poly-Si TFTs.

Fig. 3-1-2  Schematic cross sectional view of devices with conventional
top-gate structure.

Fig. 3-1-3 The fabrication process (a) deposited to the second TEOS
layer. (b) used gate mask to define this TEOS layer. (¢) side
etch the TEOS. (d) formed the raised structure (e) remove
oxide about the source and drain. (f) implant to form the n"
source and drain regions and n” regions.

Fig. 3-1-4 In-line SEM picture (a) short LDD length, (b) long LDD
length.

Fig. 3-2-1 The Ip-Vp characteristics of the ploy-Si TFTs.

Fig. 3-2-2  An example of ON resistance measurement in the linear
regions of the ploy-Si TFT output characteristics.

Fig. 3-2-3  Width -normalized ON resistance as a function of channel
length at different gateivoltages. The solid lines represent the
linear least squate fit of the data .The channel width of these
devices 1s fixed at 3pm:.

Chapter 4

Fig. 4-1-1 Ip versus Vg characteristic.of non-LDD TFT and GOLDD
TFT.

Fig. 4-1-2  Width -normalized ON resistance as a function of channel
length at different gate voltages. The solid lines represent the
linear least square fit of the data.: (a) conventional TFT, (b)
LDD length 1s 0.158 pum, (c) LDD length is 0.594 um.

Fig. 4-1-3 The dopant redistribution for (a) conventional TFTs, (b)
GOLDD TFTs.

Fig. 4-1-4 The current path for (a) conventional TFTs, (b) GOLDD
TFTs.

Fig. 4-1-5 I versus Vp characteristic of non-LDD TFT and GOLDD
TFT.

Fig. 4-2-1 Ip versus Vp characteristic of conventional TFT and
GOLDD TFT.

Fig. 4-2-2  The electron current path.

Fig. 4-2-3 The Vy-L characteristics for conventional and GOLDD
TFTs: (a) Vp=0.1V, (b) Vp=5V.
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4-3-1
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4-3-3
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4-3-5

4-3-6

4-3-7

4-3-8

4-3-9

The charge share characteristics for (a) conventional TFTs,
(b) GOLDD TFTs.

The AVy-L' characteristics for conventional TFTs.

The Ip-V characteristics for different LDD length in the
GOLDD TFTs.

Plotting of In ( ID/ ( VG - VFB )VD ] versus ( VG - VFB )_2.

The Ip-V characteristics for different LDD length in the
GOLDD TFTs.

The energy band for channel and LDD region at Vp = 0.1 V
and Vg=-10 V.

The average Ip-V characteristics for different LDD length
in the GOLDD TFTs.

The average Ip-V characteristics for different LDD length
in the GOLDD TFTs.

The typical characteristics for conventional TFTs : (a) Ip-Vp,
(b) Ip-Vg (¢) Ip-Vp,

The typical characteristics-for.conventional TFTs stressed :
(a) Ip-Vp, (b) Ip-Vg (¢) Iiy-Vp:

The typical charaecteristics for conventional TFTs stressed
and reversed Drain/Source contact : (a) Ip-Vp, (b) Ip-Vg (¢)
Ip-Vp.

The typical characteristics for GOLDD TFTs which LDD
length =0.158 um : (a) Ip-Vp, (b) Ip-Vg (¢) Ip-Vp.

The typical characteristics for GOLDD TFTs which LDD
length =0.158 um and stressed : (a) Ip-Vp, (b) Ip-Vg (¢)
Ip-Vp.

The typical characteristics for GOLDD TFTs which LDD
length =0.158 pum, stressed and Drain/source reversed : (a)
Ip-Vp, (b) In-Vg (¢) Ip-Vp.

The typical characteristics for GOLDD TFTs which LDD
length =0.594 um : (a) Ip-Vp, (b) Ip-Vg (¢) Ip-Vp.

The typical characteristics for GOLDD TFTs which LDD
length =0.594 um and streed : (a) Ip-Vp, (b) Ip-Vg (¢) Ip-Vp.
The typical characteristics for GOLDD TFTs which LDD
length =0.594 um, streed and Drain/source reversed : (a)
Ip-Vp, (b) In-Vg (¢) Ip-Vp.
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