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High-Performance Short-Channel Double-Gate
Low-Temperature Polysilicon Thin-Film Transistors
Using Excimer Laser Crystallization
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Jyh-Liang Wang, I-Che Lee, and Huang-Chung Cheng

Abstract—In this letter, high-performance low-temperature
polysilicon thin-film transistors (TFTs) with double-gate (DG)
structure and controlled lateral grain growth have been demon-
strated by excimer laser crystallization. Via a proper excimer laser
condition, along with the a-Si step height beside the bottom gate,
a superlateral growth of Si was formed in the channel length
plateau. Therefore, the DG TFTs with lateral silicon grains in the
channel regions exhibited better current—voltage characteristics,
as compared with the conventional top-gate ones. The proposed
DG TFTs (W/L = 1/1 pm) had the field-effect mobility exceed-
ing 550 cm?/V - s, an ON/OFF current ratio that is higher than 103,
superior short-channel characteristics, and higher current
drivability. In addition, the device-to-device uniformity could be
improved since grain growth could be artificially controlled by the
spatial plateau structure.

Index Terms—Double gate (DG), excimer laser crystallization
(ELC), lateral grain growth, thin-film transistor (TFT).

I. INTRODUCTION

A DOUBLE-GATE (DG) structure is expected to be
the alternative device structure for the ultimate high-
performance ideal MOSFETs. These devices possess the
potential advantages of excellent control of short-channel
effects (SCEs) and drain-induced barrier lowering (DIBL),
larger ON/OFF current ratio, and higher channel conductivity
[1]-[7]. If this advanced structure is applied to polycrystalline-
Si (poly-Si) and amorphous-Si (a-Si) thin-film transistors
(TFTs), the performance of TFTs will also be improved. Poly-
Si TFTs suffer from worse electrical characteristics, however,
than bulk Si MOSFETs, owing to the presence of numerous
intragrain and intergrain defects in the polysilicon films. There-
fore, a variety of a-Si crystallization techniques have been
proposed to produce low-temperature polysilicon (LTPS) TFTs
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with silicon-on-insulator-like performance [8]-[10]. Excimer
laser crystallization (ELC) seems to be the most promising
method at the moment for its great potential in mass production
and high-quality silicon grains without damage to glass sub-
strates. Although large grains can be attained in the superlateral
growth (SLG) regime by ELC, many fine grains still spread
between these large grains due to the narrow process window
for producing large-grain poly-Si [11], [12]. Consequently,
nonuniform and randomly distributed poly-Si grains will result
in large variation of TFT performance when the laser energy
density is controlled in the SLG regime, particularly, for small-
dimension TFTs [13], [14]. Thus, many laser crystallization
methods have been proposed to produce large grains with
uniform grain size distribution, including sequential lateral
solidification [15], the grain filters method [16], capping the re-
flective or antireflective layer [17], phase-modulated ELC [18],
dual-beam excimer laser annealing (ELA) [19], double-pulsed
laser annealing [20], selectively floating a-Si active layer [21],
continuous-wave laser lateral crystallization [22], selectively
enlarging laser crystallization [23], and so on. However, some
of them are not readily attached to existing ELA systems or are
problematic for circuit layout due to the anisotropy of the grain
boundary spacing.

In this letter, high-performance DG LTPS TFTs with a
simple ELC method have been demonstrated. Because of the
DG operation mode and lateral silicon grains formed in the
channel region, the devices have a high driving current, steeper
subthreshold slope, superior SCE immunity, and suppression of
the floating-body effect. Moreover, not only are the fabrication
process steps highly compatible with the conventional commer-
cial a-Si TFTs but the uniformity of device performance can
also be further improved.

II. DEVICE FABRICATION

Fig. 1 displays the key fabrication steps for the proposed DG
short-channel LTPS TFTs structure crystallized with ELA. At
first, a 1000-A-thick phosphorus-doped polysilicon layer was
deposited by low-pressure chemical vapor deposition (LPCVD)
at 550 °C on silicon wafer with an oxide thickness of 1 pm.
After defining the bottom-gate region, a 1000-A-thick tetraethyl
orthosilicate (TEOS) bottom-gate oxide layer was deposited
by plasma-enhanced chemical vapor deposition (PECVD) at
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Fig. 1. Key process procedures for fabricating the proposed short-channel DG
LTPS TFTs with lateral silicon grains.

385 °C, following a 1000-A-thick a-Si layer that was deposited
by LPCVD at 550 °C. Then, the samples were performed by
a semi-Gaussian-shaped KrF ELC (A = 248 nm) in a vacuum
chamber pumped down to 103 torr at room temperature. The
number of laser shots per area was 20 (i.e., 95% overlap-
ping), and the laser energy density was varied. After laser
crystallization, the poly-Si active layers were etched to define
the active channel region, and a 1000-A-thick TEOS top-gate
(TG) oxide was subsequently deposited. The poly-Si layer was
deposited by LPCVD for the formation of the TG electrode.
Then, the poly-Si thin films were etched by reactive ion etching
to form TG electrodes, and a phosphorous ion implantation
with a dose of 5 x 10® cm~2 was carried out to form source
and drain regions. Next, a TEOS passivation oxide layer was
deposited by PECVD, and the implanted dopants were activated
by thermal annealing at 600 °C for 12 h. Contact hole opening
and metallization were carried out to complete the fabrication
of DG TFTs. Then, a 30-min sintering process was performed at
400 °C to reduce the contact series resistance of the source
and drain electrodes. Finally, LTPS TFTs were passivated by
a 2-h NHj3 plasma treatment to further improve the device
performance. For comparison, the conventional ELC TG LTPS
TFTs with a channel thickness of 1000 A were also fabricated
using the SLG laser annealing condition in the same run.
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Fig. 2. Focus-ion-beam-prepared cross-sectional TEM photograph of
excimer-laser-crystallized DG LTPS TFT with a gate length of 1.2 um. The
inset of Fig. 2 is the plane-view SEM image of excimer-laser-crystallized
poly-Si thin films.

III. RESULT AND DISCUSSION

Fig. 2 displays the cross-sectional transmission electron mi-
croscopy (TEM) photograph to analyze the microstructure of
excimer-laser-crystallized poly-Si films and the gate-stacked
structure of DG TFT with a gate length of 1.2 pum. It is observed
that a spatially controlled silicon grain with a length of 0.60 ym
formed in the channel region via the SLG phenomenon using
excimer laser irradiation with the plateau structure, as shown in
the insetted plane-view scanning electron microscopy (SEM)
image of Fig. 2. Moreover, the originally thicker a-Si films
around the edges of the step height caused by the bottom gate
become thinner and smoother. This phenomenon is attributed
to two mechanisms, which are the reflow of molten silicon
into the sunken regions during ELA and the capillary waves
that were excited by the volume change at the silicon melt
transition [24]. This thinner poly film around the edges of
the step height may exhibit larger series resistance, which in
turn reduces the driving current of the DG TFT. Fig. 3 shows
the typical transfer and output characteristics of DG LTPS
TFTs and conventional TG ones for W = L = 1 ym. Owing
to the uniformly large transverse grains grown in the device
channel region and DG operation mode, these proposed DG
TFTs exhibit better electrical characteristics than the TG ones.
The threshold voltage was defined as the gate voltage that
is required to achieve a normalized drain—current of Igs =
(W/L) x 1078 A at Vg, = 0.1 V. The field-effect mobility and
subthreshold swing (SS) were extracted at Vg = 0.1 V, and the
Ion/Iog current ratio was defined at Vs = 3 V. The nominal
mobility of the DG TFT was calculated from g,,,, which we
defined as a TG TFT of the same gate length and gate width
with a 100-nm gate-SiO, layer. Obvious improvement in device
characteristics is obtained for DG TFTs, instead of TG TFTs:
The threshold voltage decreases from —1.60 to —1.55 V, SS
decreases from 0.258 to 0.172 V/dec, the field-effect mobility
increases from 186 to 550 ¢cm? /V -8, Iy /Iog increases from
4.37 x 107 to 4.35 x 10®, and DIBL decreases from 0.241 to
0.075. In order to avoid the threshold voltage difference, the
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Fig. 3. Current—voltage curves of DG TFT and the conventional TG one.

(a) Transfer characteristics. (b) Output characteristics.

applied gate driving voltages in Fig. 3(b) are kept at constant
values of |V, — V;y|. It is demonstrated that poly-Si TFTs with
location-controlled silicon grain structure and DG operation
mode provide higher driving current than conventional TG
TFTs under the same bias condition. The superior short-channel
characteristics and driving capability imply that the proposed
DG TFT is more suitable for scaled-down device applications.

The grain boundary trap state densities Nt of the conven-
tional TG and proposed DG poly-Si TFTs are estimated accord-
ing to the Levinsons analysis [25], [26]. Nt is extracted from
the slopes of In(Ip /Vs) versus 1/(Vgs) at Vpg = 0.1 V and
high V. It can be found that a DG poly-Si TFT exhibits an
Nt of 2.35 x 10" cm™2, which is two times smaller than that
of the conventional TG one. This result implies that DG TFTs
with lateral silicon grains possess better crystallinity and fewer
microstructure defects, which are also confirmed by the cross-
sectional TEM image shown in Fig. 2.

Fig. 4 displays the dependence of field-effect mobility on
laser energy densities for DG TFTs and conventional ones,
whose channel length is 1 ym. Twenty TFTs were measured
for each laser irradiation condition to investigate the device-to-
device uniformity. Compared with the conventional TG-TFTs,

IEEE ELECTRON DEVICE LETTERS, VOL. 28, NO. 11, NOVEMBER 2007

600
—O— Conventional TG TFTs
G [—A— Proposed DG TFTs
NE S00F oo pm
£ r -
N2 L
:;‘ 400
S 300
= I
-
S 200 -
=
= L
Z 100 -
i I 1 L
0 1 1 1 1
350 400 450 500

Laser Energy Density (mJ/cm?)

Fig. 4. Dependence of field-effect mobility on applied laser energy density
for DG TFTs with lateral silicon grains and conventional TG ones.

it was found that DG TFTs with lateral silicon grains exhibited
smaller electrical deviation since the similar grain structures
were formed when the applied laser energy densities were be-
tween the threshold value of completely melting 1000-A-thick
silicon films in the channel region and that of partially melting
thicker ones near the edges of bottom-gate electrode. Therefore,
a broadened process window and improved uniformity of the
TFTs’ performance are attained due to artificially lateral grains.

IV. CONCLUSION

Novel high-performance DG LTPS TFTs have been fabri-
cated by ELC. Such TFTs exhibit a high field-effect mobility
of 550 cm?/V -s and excellent short-channel characteristics
because of the large transverse grains artificially grown in the
channel region and DG structure for better gate controllability.
In addition, the experimental results reveal a steeper subthresh-
old value, higher driving current, suppressed kink current, and
excellent device uniformity in proposed TFTs. The DG TFTs
are therefore ideally suitable for future active-matrix organic
light-emitting diode and 3-D integrated circuit applications.
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