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High-Performance Low-Temperature Poly-Si TFTs
Crystallized by Excimer Laser Irradiation with
Recessed-Channel Structure
Ching-Wei Lin, Li-Jing Cheng, Yin-Lung Lu, Yih-Shing Lee, and Huang-Chung Cheng, Member, IEEE

Abstract—High-performance low-temperature poly-Si (LTPS)
thin-film transistors (TFTs) have been fabricated by excimer laser
crystallization (ELC) with recessed-channel (RC) structure. The
TFTs made by this method possessed large longitudinal grains in
the channel regions, therefore, they exhibited better electrical characteristics as compared with the conventional ones. The average
field-effect mobility above 300 cm2 /V-s and on/off current ratio
higher than 109 were achieved in these RC-structure devices. In
addition, since grain growth could be artificially controlled by this
method, the device electrical characteristics were less sensitive to
laser energy density variation, and therefore the uniformity of device performance could be improved.
Index Terms—Excimer laser crystallization
cessed-channel (RC), thin-film transistor (TFT).

(ELC),

thickness exhibit large source/drain series resistance, which in
turn significantly reduces the current drive [14]. As a result,
thickness of thin film must be carefully determined in order to
optimize the device performance.
In this letter, we adopt the recessed-channel (RC) structure
for ELC. The process is simple and large grains can be formed
in the thin channel region with this structure. In addition, since
the thickness of source/drain region can be made thicker, the
series resistance of these devices will not increase significantly,
and device performance can be further improved.

re-

II. DEVICE FABRICATION

I. INTRODUCTION

L

OW-TEMPERATURE poly-Si (LTPS) thin-film transistors (TFTs) fabricated by excimer laser crystallization
(ELC) have been widely studied for AMLCD applications
[1]–[3]. Although high-performance LTPS TFTs with mobility
over 300 cm /V-s have been made by ELC, the laser annealing
conditions had to be precisely controlled near the super lateral
growth (SLG) region to acquire poly-Si thin film with large
grains [4]–[6]. As a result, narrow process window and poor
uniformity of device performance were exhibited in ELC LTPS
TFTs. Although many methods have been proposed to solve the
above problems by artificially controlling grain growth, such
as the SLS process [7], shaping the laser beam [8], and capping
reflective or anti-reflective layer [9], they always imposed some
complexities on device fabrication process or were not easy to
implement.
From the viewpoint of TFTs performance, devices with
thinner active layer exhibit better electrical characteristics
[10], [11]. However, for thin film crystallized by excimer
laser annealing, as film thickness is reduced, the average grain
size of the thin film crystallized at the optimal laser energy
density may become smaller due to faster quenching rate of the
thinner ones [12], [13]. Moreover, devices with thinner film
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The key processes for fabricating LTPS TFTs crystallized
with RC structure are illustrated in Fig. 1. At first, a 50-nm
amorphous silicon layer was deposited on an oxidized silicon
substrate by LPCVD at 550 C with SiH as gaseous source.
Then, the amorphous silicon layer in the channel parts was removed following by another 50-nm amorphous silicon layer deposition. Because it was not a self-aligned process, a margin of
0.2 m, limited by layer to layer registration, was given to both
sides of gate. Laser crystallization was performed by KrF exnm). During the irradiation, the samples
cimer laser (
were located on a substrate in a vacuum chamber pumped down
to 10 Torr and substrate was maintained at 400 C. After
defining the active islands, a 100-nm TEOS gate oxide was deposited by PECVD at 300 C. A 150-nm amorphous silicon film
was then deposited at 550 C by LPCVD for gate electrode. The
amorphous silicon and gate oxide were etched by RIE to form
gate electrodes. A self-aligned phosphorous implantation with
cm was carried out to form source and drain
dose of
regions. A passivation oxide layer was deposited and the implanted dopants were activated by thermal annealing at 600 C
for 20 h. Contact holes formation and metallization were carried out after dopants activation. Finally, TFTs were passivated
by 4-h NH plasma treatment to further improve device performance. For comparison, the conventional ELC LTPS TFTs with
a thickness of 50 nm were also fabricated. The laser energy densities were optimized for both kinds of device structures.
III. RESULTS AND DISCUSSION
Fig. 2 shows the SEM photograph of excimer laser crystallized poly-Si with RC structure. It is found that large longitudinal grains could be artificially grown in the channel region and
extend about 1.5 m. It has been reported that lateral thermal

0741–3106/01$10.00 © 2001 IEEE

270

IEEE ELECTRON DEVICE LETTERS, VOL. 22, NO. 6, JUNE 2001

TABLE I
MEASURED ELECTRICAL CHARACTERISTICS OF TFTS CRYSTALLIZED WITH
DIFFERENT STRUCTURES

(a)
Fig. 1. Key processes for fabricating LTPS TFTs crystallized with RC
structure.

(b)
Fig. 3. I –V curves of LTPS RC-TFT (solid curves) and conventional
TFT (dotted curves) crystallized by excimer laser annealing. (a) Transfer
characteristics. (b) Output characteristics.
Fig. 2. SEM photograph of excimer laser crystallized poly-Si with RC
structure after Secco etch.

gradient could arise as a result of the heat generated at moving
solid-melt interface [15], [16]. Similarly, when a proper laser
energy density irradiates the silicon thin film containing different thicknesses, the thin region is completely melted while
the thick region is only partially melted, leaving behind islands
of solid material. As a result, grain growth will come up from
the residual, un-melted silicon islands in the thick region, and
then stretch toward the completely melted thin channel until
small grains, which homogeneously grow in the channel region,

hinder the extending grains. In this experiment, with laser energy densities between completely melting 50-nm silicon thin
film but partially melting the 100-nm one, we got similar results, that is, the process window could be broadened. Since the
grain size was less sensitive to laser energy density variation,
the device performance exhibited more uniform.
Typical transfer characteristics and output characteristics
curves of TFTs crystallized with RC structure and conventional one are shown in Fig. 3(a) and (b), respectively. Some
important device characteristics are also listed in Table I.
Owing to large longitudinal grains growth in the channel
regions, TFTs crystallized with RC structure exhibited better
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electrical characteristics than the conventional ones, in which
the average grain size was about 300 nm. From the 30 TFTs
measured, the mobilities of the RC-TFTs ranged from 300
to 350 cm /V-s and on/off current ratios were all more than
10 , but for the conventional TFTs, the mobilities ranged from
70 to 190 cm /V-s. From Fig. 3(b), it is also found that the
conventional TFTs with thin channel film suffered current
pinching at low drain voltage due to large source/drain series
resistance, but the RC-TFTs didn’t encounter this problem.
Our measurement of sheet resistance showed that the sheet
resistances of 100-nm and 50-nm doped poly-Si thin films were
and 1.8 k
, respectively. Such slightly
about 880
high sheet resistance might be resulted from the low dopant
activation efficiency of low-temperature furnace annealing
in comparison with laser activation, and would degrade the
driving capability of short-channel, high-performance TFTs,
especially for the thinner one.

IV. CONCLUSION
High-performance LTPS RC-TFTs have been fabricated by
ELC. Because large longitudinal grains could be artificially
grown in the thin channel regions accompanying with thick
sources/drains for reducing series resistance, the RC-TFTs
exhibited better electrical characteristics and uniformity than
the conventional ones, and were very suitable for future
system-on-panel applications.
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