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Abstract—In this paper, the gate oxide thickness, and the
channel length and width of low-temperature poly-Si thin-film
transistors (LTPS-TFTs) have been comprehensively studied. The
scaling down of gate oxide thickness from 50 to 20 nm significantly
improves the subthreshold swing (S.S.) of LTPS-TFTs from 1.797
V/decade to 0.780 V/decade and the threshold voltage Vg from
10.87 V to 5.00 V. Moreover, the threshold voltage Vg roll-off
is also improved with the scaling down of gate oxide thickness
due to gate capacitance density enhancement. The channel length
scaling down also shows significant subthreshold swing S.S. im-
provement due to a decreasing of the channel grain boundary
trap density IN;. However, the scaling down of channel length also
increases the series resistance effect, resulting in the degradation
of the field-effect mobility prg. Therefore, the channel length
dependence of field-effect mobility prg is slightly different with
different channel width due to the competition of channel grain
boundary trap density effect and series resistance effect.

Index Terms—Gate oxide thickness, low-temperature poly-Si
thin-film transistors (LTPS-TFTs), scaling down.

I. INTRODUCTION

OW-TEMPERATURE polycrystalline silicon (LTPS)
L thin-film transistors (TFTs) have been used for active-ma-
trix liquid crystal displays (AMLCDs) on glass substrates as
pixel and driving integrated circuits instead of amorphous
silicon [1]-[8]. This is because the field-effect mobility pgp
in polycrystalline silicon is significantly higher (by two or-
ders of magnitude) than that in amorphous silicon [6], so
that CMOS devices with reasonably high drive currents can
be achieved in polycrystalline silicon. Recently, the topic of
system-on-panel (SOP) is attracting much attention. Therefore,
high-performance TFTs with high driving current, low gate
leakage current, low threshold voltage Vi and subthreshold
swing S.S. are required urgently for high-speed display driving
circuits [9], [10]. Increasing the gate capacitance density is
a direct and simple method of improving the performance
and specifically the driving current of LTPS-TFTs. Therefore,
a comprehensive study of the effect of reducing gate oxide
thickness in LTPS-TFTs is important for further development.
Here, we investigate the gate oxide thickness scaling impacts
of LTPS-TFTs with different channel length L, and width W

Manuscript received April 26, 2011; revised July 09, 2011; accepted July 18,
2011. This work was supported by the National Science Council of the Republic
of China under Contract NSC 100-2221-E-009-012-MY 3. Date of publication
September 29, 2011; date of current version January 04, 2012.

The authors are with the Institute and Department of Electrophysics, National
Chiao Tung University, Hsinchu 300, Taiwan (e-mail: williammaa@ gmail.com;
tychiang0528 @ gmail.com; hpmax1981.ep96g@nctu.edu.tw; tschao@mail.
nctu.edu.tw).

Color versions of one or more of the figures are available online at http://
ieeexplore.ieee.org.

Digital Object Identifier 10.1109/JDT.2011.2162938

on the electrical behavior of threshold voltage Viry, field-effect
mobility urg, and subthreshold swing S.S.

II. EXPERIMENTAL PROCEDURE

The fabrication of devices was started by depositing an
undoped amorphous Si (a-Si) layer 55-nm at 550 °C in a
low-pressure chemical vapor deposition (LPCVD) system on
Si wafers capped with a 500-nm thick thermal oxide layer.
Then, the a-Si layer was recrystallized by a solid-phase-crys-
tallization (SPC) process in furnace at 600 °C for 24 h in
a Ny ambient. After the crystallization of the channel film,
the active region was patterned by dry etching. Then, three
thicknesses of gate oxide 20, 32, and 50 nm were deposited
by plasma-enhanced chemical vapor deposition (PECVD)
system at 300 °C. 250-nm in situ N* doped «-Si is deposited
by LPCVD at 550 °C as the gate electrode. After gate stack
patterning, the gate and source/drain regions are implanted with
phosphorus (15 keV at 5x 10" cm~2) and activated at 600 °C
for 24 h annealing in a Ny ambient. A 500-nm PECVD oxide
is deposited for the passivation layer. After the patterning of
contact holes, aluminum was deposited by thermal evaporation
system and patterned as the probe pads to complete the TFT
devices. The grain size of the polycrystalline Si channel is about
250-300 nm [9]. Generally, LTPS-TFT with SPC process has
many grain boundaries within the poly-Si channel, resulting in
many electrical traps exist. These traps would capture carriers
to create potential barriers, resulting in poor subthreshold
swing S.S., higher threshold voltage Viry, lower field-effect
mobility upg and poor performance. Therefore, hydrogenation
process is usually used to passivate these traps to improve the
electrical behavior of LTPS-TFTs [11]. In order to study the
intrinsic electrical property of LTPS-TFTs, there is no any
defect passivation process in our fabrication of LTPS-TFTs.

The threshold voltage Vry is defined as Vi at which Ip
reaches 100 nA x (W/L,) and Vp = 1 V. The field-effect
mobility prg is extracted from the maximum transconductance
G

III. RESULTS AND DISCUSSION

Fig. 1 shows the transfer curves (Ip—V¢) and field-effect
mobility ppgp of LTPS-TFTs with different gate oxide thick-
ness. The subthreshold swing S.S. is significantly improved
from 1.797 V/decade to 0.780 V/decade when the gate oxide
thickness is scaled from 50 to 20 nm. The subthreshold swing
S.S. should be strongly related to the gate capacitance density
Cox and interface states D;; according to the Dimitriadis model
[12]

N, KT
S.8. = [q it +1} 2 0. )
Cox q
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Fig. 1. Transfer curve ([ p—-V¢) and field-effect mobility gty of LTPS-TFTs
with three gate oxide thickness 50, 32, and 20 nm.

TABLE I
IMPORTANT DEVICE PARAMETERS OF LTPS-TFTS WITH DIFFERENT OXIDE
THICKNESS toyx, 55-NM CHANNEL FILM THICKNESS, W/L, = 10 pm/10 ppm

t,,x VTH S.S. UFE Dit
(nm) V) | (Videc.) | (em*/V-s) (em™)
20 | 5.00 [ 0.780 14.91 1.30x10"
32 7.35 1.180 14.54 1.27x10"
50 | 10.87 | 1.797 14.33 1.26x10"
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Fig. 2. Transfer curve (I V) and field-effect mobility prr, of LTPS-TFTs
with 50-nm gate oxide thickness, channel width W' = 10 ym and four channel
length L, = 10, 2, and 1 pum.

The extracted interface states D;; and other important pa-
rameters are listed in the Table I. It shows that the interface
states Dj; of LTPS-TFTs with different gate oxide thickness
are the same, indicating the subthreshold swing S.S. improve-
ment is completely attributed to the increase in the gate capaci-
tance density Cy. It also indicates the oxide/Si interface quality
of LTPS-TFTs with different gate oxide thickness is the same.
In addition, the field-effect mobility ppg of LTPS-TFTs with
different gate oxide thickness are comparable, indicating the
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Fig. 3. Threshold voltage Vru versus channel length L of LTPS-TFTs with
three gate oxide thickness 50, 32, and 20 nm.
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Fig.4. Threshold voltage Viriy versus gate oxide thickness of LTPS-TFTs with
four channel length L, = 10, 5, 2, and 1 pm.

field-effect mobility upg is less dependent on gate capacitance
density C,y if the oxide—Si interface and channel film quality is
the same.

Fig. 2 shows the transfer curves of LTPS-TFTs with different
channel length L. Significant threshold voltage Vg roll-off is
observed, as shown in Fig. 3, and reducing the gate oxide thick-
ness from 50 to 20 nm enhances the control afforded by the gate,
thereby improving the threshold voltage Vry roll-off. Fig. 4
shows the gate oxide thickness dependence of threshold voltage
V., indicating that the threshold voltage Viry is almost linearly
proportional to oxide thickness whether the channel length is
long or short.

In addition to threshold voltage Vry behavior, the channel
lengthL, dependence of field-effect mobility yrg and sub-
threshold swing S.S. are also shown in Fig. 5. The reduction in
subthreshold swing S.S. with decrease of the channel length L,
is due to the decreasing of channel grain boundary trap density
N, when the channel length L is decreasing, resulting in fewer
surface interface states Dj;. The channel grain boundary trap
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Fig. 5. Channel length L, dependence of field-effect mobility pty and sub-
threshold swing S.S of LTPS-TFTs with channel width W' = 10 gm and three
gate oxide thickness 50, 32, and 20 nm.
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Fig.6. Plotofln[Ips/(Vas—Vre)| versus1/(Vas —Vrg)? curves of LTPS-
TFTs at Vps = 1.0 V and high Vgs with channel width W = 10 pm and four
channel length L, = 10, 5, 2, and 1 gm.

density N, of LTPS-TFTs with different channel length L,
are extracted from the plot of In [Ips/(Vgs — Vep)] versus
1/(VGS — VFB>2 curves at Vps = 1 V and hlgh Vas [13], [14],
as shown in Fig. 6. When the channel length L, or width W
is much larger than the grain size, the average grain boundary
density is fairly constant, resulting in less device dimension
dependence of electrical behavior of LTPS-TFTs. As the device
dimension is reduced the number of grain boundaries in the
channel becomes small, and therefore the varying number
of grain boundaries between devices becomes significant,
resulting in greater variation in device characteristics. Fig. 5
also shows that the field-effect mobility pupg is reduced when
the channel length L, is decreased. With the reduction of
channel length L, the grain boundary trap density N; would
decrease, and the series resistance R, effect would be more
serious [15], [16]. A reduced grain boundary density could
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Fig. 7. Channel length L, dependence of field-effect mobility 1z of LTPS-
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Fig. 8. Transfer curve (I,-V¢) and field-effect mobility ptpr of LTPS-TFTs
with 50 nm gate oxide thickness, channel width W = 1 pm and four channel
length L, = 10, 5, 2, and 1 pm.

improve the field-effect mobility yrg and subthreshold swing
S.S. due to a reduced trap density and less carrier scattering in
the conduction channel. However, the series resistance R, ef-
fect would lead to less drain voltage drop in the conduction
channel, resulting in less drain current and lower field-effect
mobility prg. Therefore, the effect of the grain boundary trap
density N; decreasing and the series resistance effect are in
competition when the channel length L, is reduced. In the
subthreshold region, a small drain current would not lead to a
significant reduction in actual voltage across the channel due
to the series resistance, and the grain boundary trap density N,
decrease effect could improve the subthreshold swing S.S. as
the channel length L, is reduced. However, for a high driving
current, the series resistance R effect would significantly
degrade the field-effect mobility pupg as the scaling down of
channel length L, even the grain boundary trap density V;
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Fig. 10. Channel length L, dependence of field-effect mobility ¢ rr and sub-
threshold swing S.S of LTPS-TFTs with channel width W = 1 pm and three
gate oxide thickness 50, 32, and 20 nm.

decreased. In order to estimate the series resistance effect of
LTPS-TFTs, the modified field-effect mobility u'rg is defined
as follows [17]:

w
Ip = fcox//'eff(vg - Vru)Vp 2)
W 1 1
Ip = fcoxll/eﬂ'(‘/g —Vru)V'p 3)
V'p=Vp—-1Ip xR, @
— Vb
ueff—ﬂeﬂXVD_IDXRS (5)

where Vp is the total applied voltage. The voltage drop should
occur in the series resistance and conductive channel of TFTs.
V'p is thus the real applied voltage across the channel of TFTs.
About 6.1 k2 series resistance of device is extracted from drain
current relation of gate voltage V;; and channel length L, [17].
The modified field-effect mobility p'rr with and without se-
ries resistance R calibration is shown in Fig. 7. It shows that
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the modified field-effect mobility p'rg is increased with the re-
duction in channel length L, and the field-effect mobility pirg
without R, calibration shows the 6.1 k{2 series resistance would
result in series ppgr degradation. As for the narrower channel
width W = 1 pm, the transfer curves of LTPS-TFTs with dif-
ferent channel L, are shown in Fig. 8. Comparing to wide
channel width W = 10 pm, the grain boundary trap density NV,
decreasing effect is more significant as shown in Fig. 9, resulting
in that the field-effect mobility pupgr exhibiting a slight increase
first before it decreases with the reduction of channel length L,
as shown in Fig. 10. Moreover, the subthreshold swing improve-
ment AS.S. from channel length L, = 10 pm to 1 pm is also
enhanced from AS.S. = 0.4 V/decade to 0.8 V/decade with the
reduction of channel width from W = 10 ym to 1 um. Fig. 11
shows the transfer curves of LTPS-TFTs with different channel
width. The channel width dependence of field-effect mobility
prE 1s shown in Fig. 12. It shows that the field-effect mobility
prE is independent of gate oxide thickness and increases with
the reduction in the channel width. As mentioned above, the
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channel width reduction can decrease the grain boundary trap
density V; in the channel film, as shown in Fig. 13, resulting
in higher field-effect mobility ppg. Finally, the impacts of re-
ducing gate oxide thickness, channel length L, and width on
LTPS-TFTs are all extracted simultaneously.

IV. CONCLUSION

A comprehensive study of scaling down effects of
LTPS-TFTs with various gate oxide thicknesses, channel
length L, and width W are studied simultaneously. Gate
oxide thickness strongly affects the electrical performance of
LTPS-TFTs, including threshold voltage Vry, subthreshold
swing S.S., channel length L, dependence of field-effect mo-
bility prg and subthreshold swing S.S. The thin gate oxide
thickness of LTPS-TFTs results in the most stable and superior
electrical behavior. In addition, the competition of channel
grain boundary trap density effect and series resistance effect
is also observed; the different channel width of LTPS-TFTs
exhibit slightly different channel length dependence of field-ef-
fect mobility prg.
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