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Abstract Polysilicon thin film transistors (poly-Si TFTs) with different channel dimensions were fabri

cated on low-temperature crystalized amorphous silicon films and on as-deposited polysilicon films. The

electrical characteristics of these TFTs were characterized and compared. The performance of the THTs

fabricated on the solid-phase crystalized amorphous silicon films was shown to be superior to that of the

TFTs fabricated on the as-deposited polysilicon films. [t was found that the performance of poly Si

TFTs depends strongly on the material characteristics of the polysilicon films used as the active layers,

but only weakly on the channel dimensions.

1. INTRODUCTION

Polysilicon thin film transistors (poly-Si
TFTs) are very attractive for large-area elec-
tronics applications such as image sensors and
active  martrix  liquid  crystal  displays
(AMLCDs), since they have higher mobility
and reliability and can be integrated into pe-
ripheral driving circuits with driving elements,
as compared to the amorphous silicon TFTs"*,
Recent research efforts in poly-Si TFTs have
focused on low-temperature process of build-
ing poly-Si TFTs on low-cost glass substrates.

Since the electrical properties of poly-Si TFTs
depend on the material characteristics of
polysilicon films used as active layers, the forma-
tion of high-quality polysilicon films is essential.

Crystallization techniques in formation of
polysilicon films at low temperature make use
of laser annealing”, rapid thermal annealing®’
and solid phase crystallization(SPC)™.
Although requiring a long annealing time, the
SPC method has the advantage of both higher
uniformity and reproducibility than the other
crystalization processes. In this paper, the elec-
trical properties of low-temperature poly-Si
TFTs with various channel dimensions using

SPC  polysilicon films and as-deposited

polysilicon films are discussed.
2. EXPERIMENTAL

N-channel polysilicon TFTs with various
channel dimensions (W/1.=12/16, 12/12, 12/
8,12/6, 12/3, 12/2) were fabricated using the
following process steps: A 150nm low-pres-
sure chemtcal-vapor-deposition (LIPCVD) sili
con films were deposited in amorphous phase
at 550°C and in polycrystalline phase at 625C
onto a 500nm SiQ:; layer, which was deposited
on a Si substrate by a atomspheric-pressure
chemical-vapor-deposition (APCVD)) method
at 480°C. The amorphous silicon films were
crystalized by thermal annealing at 600°C for
36hrs in the N, ambient. After delinition of
polysilicon islands, a 150nm thick SiO. films
deposited by APCVD was used as the gate die-
lectric layer. A 180nm thick layer of silicon
film used for gate electrode was deposited by
LPCVD at 550C. After gate patterning, phos-
phorous lons were implanted at a dose of 5 x
10"cm ¢ and at 40 KeV to form the drain,
source, and gate regions using the self-align-
ment technique. After deposition of 300nm
thick pure SiO,, activation annealing was per-
formed at 600°C for 24hrs in the N. ambient.

Al(+1% Si) was deposited to form contacts,
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and the substrate was annealed at 450°C for | SPC as—deposited

the 1hr in the forming gas. N,

3. RESULTS AND DISCUSSION

X-ray diffraction was used to study the de- J
gree of crystallinity and texture of the as-de-
posited and SPC polysilicon films. As shown in
Fig. 1, the LPCVD silicon films deposited at )
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Fig. 2. SEM photographs of as-deposited and SPC
polysilicon films.
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Fig. 1. X-ray diffraction patterns of as-deposited and
SPC polysilicon films.

625°C were mainly polycrystalline with the
dominant (110) orientation, which the same
type of films deposited at 550°C were mainly
amorphous. For the SPC polysilicon films, the
(111) component was greater than the (110) : ; 1
and (311) components. The (111) X-ray dif- ‘ lOnm
fraction intensity was used to monitor the '
amorphous to crystalline annealing kinetics.
Fig. 2 shows scanning electron microscope
(SEM) photographs of LPCVD silicon films.
Based on the surface texture, the SPC
polysilicon films are smoother than the as-de-
posited polysilicon films. The as-deposited
polysilicon films formed at 625°C have a co-
lumnar structure, while the SPC polysilicon
films have dendritic structure. The grain sizes

in the polysilicon films can be estimated from

the tunneling electron mij e (TEM) mi- o . ’ '
& icroscope ( ) m Fig. 3. TEM micrographs of (a) as-deposited and (b)

crographs as shown in Fig. 3. The SPC SPC polysilicon films.
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polysilicon film has an average grain size of
about 5000A. The as-deposited polysilicon
film, on the other hand, shows an average
grain size of about 1000 4.

Fig. 4 shows I~V curves with various chan-

Gate Voltage (V)

Fig. 4. In-Vg curves for polysilicon TFTs with various
channel lengths.

nel lengths. The leakage current (I;) in the n
-channel poly-Si TFTs increases when the
negative gate voltage (V) 1s increased, and
the minimum leakage current decreases line-
arly with respect to the inverse of the chan-
nel length. This indicates that the leakage
current is not limited by the reverse-biased p
-n* junction resistance but by the polysilicon
channel resistivity. That 1s, the leakage cur-
rent is mainly the field-assisted current via
trap states near the drain junction. As the
channel length is decreased (from L=16um to
L=2um), the V¢ (at the minimum [, condi-
tion) values decrease from +3.5V to —1.5V
for the poly-Si TFTs with SPC polysilicon
films and from +9.0V to +6.2V for the poly
-S1 TFTs with as-deposited polysilicon films.
Since the conduction and valence bands are
nearly flat at the minimum leakage current
condition, the reduction of Vy is likely due to

the decrease in grain boundary trap states as

205

a function of decreasing channel length. The
overall difference in Vi of the two respective

TFTs that the

higher in the as-deposited polysilicon films.

indicates trap states are
In the case of the n-channel poly-Si TFTs,
the trap states capture electrons near the sur-
face, and, as the result, the net effect is similar
to doping with p-type impurities. According to
the [,V curves at various drain voltages il-

lustrated in Fig. 5(a) and (b), the poly ~Si

W/L=12/6
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Fig. 5. I,V curves for polysilicon TFTs (W/L=12/6)
with at various drain voltages . (a) SPC and (b) as-
deposited polysilicon films.

TFTs with SPC polysilicon films have higher
drive currents, lower subthreshold slopes, the
lower leakage currents than the poly -Si TFTs

with as-deposited polysilicon films. This is be
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Fig. 6. /T, — V, curves for polysilicon TFTs (W/L=12
/6) with SPC(a) and as-deposited polysilicon films(b).

cause of the fact that the overall quality of the
polysilicon films, i.e, surface smoothness, grain
size, etc., is superior in the poly-Si TFTs made
of crystalized amorphous silicon films than in
those made of as-deposited polysilicon films.
At constant gate voltages, the leakage current
seems to Increase exponentially as a function
of the drain voltage (Vy), and the degree of in-
crease is greater in the case of the poly-Si
TFTs with as-deposited polysilicon films.
These results seem to indicate that the poly-Si
TFTs with as deposited polysilicon films have
higher trap states, since the trap states are
most likely acting as the generation sites for
the leakage current. It also shows that the
leakage current is strongly dependent on the
gate and drain voltages. Fig. 6 represents the
threshold voltage (V1)) derived form the slope
of the I}~V curve at 1,!?=14x A and 1,,)*=4
u# A. Since the threshold voltage is dependent
on the thickness of the gate oxide layer and
the trap states of the active polysilicon layer,
the poly-Si TFTs, because of the thick gate ox-
ides (150nm), have shown a high threshold
voltage. It also shows that the threshold volt-
age 1s higher in the case of the poly-Si TFTs
with as—-deposited polysilicon films than in the
case of the poly-Si TFTs with SPC polysilicon

films, because of higher trap states in the for-
mer. Fig. 7 illustrates Ip- and g.-Vg curves for
the poly-Si TFTs with as-deposited and SPC
polysilicon films. The transconductance (gw)
value of the poly-Si TFTs with SPC polysilicon
films is about ten times higher than that of the
poly-Si TFTs with as-deposited polysilicon
films. The field-effect mobility was calculated
from the transconductance values in the linear
region at V;,=0.2V.

Table 1 lists key electrical characteristics of
poly-Si TFTs with various channel dimensions.
Even without hydrogenation treatments, all of
the poly-Si TFTs tested have shown excellent
electrical properties, regardless of the channel
dimensions. The poly-Si TFTs with SPC
polysilicon films, of course, have better electri-
cal properties including the lower threshold
voltage, higher mobility and higher On/Off
current ratio than the poly~-Si TFTs with as-
deposited polysilicon films. Table 1 also shows
that the shorter the channel length, the lower
1s the threshold voltage and mobility. This can
be explained by the short-channel effects due
to increasing electric field intensity between
the drain and the source as a function of de-
creasing channel length. These results indicate

that the electrical properties of poly-Si TFTs

jos} GM
(UA) CURSOR ( 3B.600V , 2.292uA . 173E-09 )
ARKER . 2.292uA , 175€-09
2.800 j 212.0
/ 1 E-o9
a
2800 21.20
/div A / /div
£ 7
L1/ b
F
.0000
.0000 .00 0
VG 5.500/d3v {v)
GRAD 1/GRAD Xintercept| Yintercept]
LINE1| 4171E~08 $.83E+06| 25.2E+00 | -4, 33E~06
[LINE2] i4.7E-08| 67.BE+06| 38.7E+00 -~5%26E-09

[ ] { ) = aIn/ave

Fig. 7. Iy and g,-V;; curves for a polysilicon TFTs (W/
L=12/6) with SPC(a) and as-deposited polysilicon
films.
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Table 1. Electrical characteristics of poly-Si TFTs with various channel dimensions.

T - sec T as-deposited
S A S _as-deposited
ON/OFF T ON/OFF
W/L ME - (‘urre{rt ratlo Vi | o | c 1/1L rati
o e urre 10
% e \% 2\ g
7 W HlemAVes bl —a0v) /1, VI Tem AT v~ g0v)
12/6 182 | 228 8.5 10’ 31.1 4.48 28x10°
12/12 178 | 218 8.5% 10° " 302 2.54 3.0 x 10
12/8 16.3 20.3 15x10 29.1 1.88 3.3x 10
12/6 159 | 187 15x 10 260 | 163 | 3.3x 10"
12/3 13.9 160 | 13x10t | 242 | 104 | 48x10t
12/2 130 | 127 | 13x10' | 230 083 | 54x10°
are mainly governed by the material charac-
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teristics of the polysilicon thin films and not

significantly by the channel dimensions.
4. CONCLUSION

Using low-temperature crystalized amor-
phous silicon films and as-deposited polysilicon
films as the active layers, n—channel poly-Si
TFTs with various channel dimensions were
fabricated by a low-temperature process. With
respect to key electrical properties, the poly-Si
TETs with SPC polysilicon films are superior
to those with as-deposited polysilicon films.
This indicates that the surface smoothness,
crystal qualities and grain size strongly influ-
ence the poly-Si TFTs performance. Except
for the channel length less than 6um, the device
dimensions had little effect on electrical prop-
erties. In the case of a device with the dimen-
sion of W/1.=12/16, a mobility of 22.6em*/V -
sec was achleved with the poly-Si TFTs with
SPC  polysilicon  films  even  without
hydrogenation. With the poly-Si TFTs with as
~deposited polysilicon films, the mobility was 4.
5cm?/V-sec. These results indicate that high
performance poly-Si TFTs could indeed be fab-
ricated by optimizing device structure, improv-
ing polysilicon film quality and incorporating

hydrogenation.
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