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(in the flat temperature region of
about 15cm long), and heated by an
external resistive heater through the
tub e wal l.

PRESSURE GAUGE

1. Introduction

Low yield and low throughPut are
the most serious renaining problems in
mass-production of amorphous-silicon
thin-fitm transistor (a-Si TFT)
matrices. These problens are caused by
inherent properties of the plasma-CVD
method, such as (1) generation of dense
flakes in the chamber due to plasma-
polymerization et &1., and (2)
diff iculty in batch Process for
depositing the active f ilms
simultaneously on many substrates due
to plasma potentiat. Thus, they can be
solved only by using an alternative
method which does not use Plasma.

RecentIy, we have rePorted high
performance a-Si TFTs produced by low-
temperature CVD nethod using higher
silanesl-2) such as Si2H6 or Si3Hg. The
highest field-effect nobilities were
i.i"^2/vt for electrons and 0.1cm21vs
for hoIes, resPectiveIY. In these
studies, w€ had used the cold-wall CVD

system, and the samples were heated by
a ceramic heater placed at the center
of the chamber. Based on these results,
we have developed batch process using a
hot-wall reactor. High performance TFTs
have been successfullY Produced.

2. Experimental

A hot-wall tYPe CVD sYsten used in
this wo rk is shown in Fig.1. Di-silane
(Si2H6) gas with (or without) hvdrogen
gas was introduced from the top of a
quartz tube with 3.6crn in diameter, and
evacuated by a pump. A batch of samples
was placed near the center of the tube
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Hot-waI l- type Iow- tenperature CVD method has been
investigated aiming at batch process for anorphous-silicon thin-
filn transistors (a-Si TFTs). HiSh performance TFTs (nobility
=I.Tcm2Ns, threshold voltage =9V, and subthreshotd voltage-swing
=0.8V,/decade) have been fabricated with good reproducibility and
uniformity.
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Fig.l Schematics of hot-waIl CVD
system.

Table 1 Process flow of TFTs

1) Therrnal oxidation Dry 02, 1000oC

2) Pre-annealing H2: 50sccm, 500Torr

3) a-Si deposition Si2H6: 2.5sccm,
HZ: 0- Ssccm
1.0Torr, 440-550oC
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Table I shows the process flow for
the inverted staggered TFT structure.
The TFT characteristics were
investigated in the deposition
temperature range from 440oC to 540oC.
FIow rate of Si2H6 and pressure were
kept constant at 2.Ssccm and 1.0Torr,
respectively. Thickness of the
deposited a-Si f ilm was 35nn*5nm for
alI samples. After the deposition, the
samples were annealed in the H2 ambient
at pressure of 500Torr without breaking
the vacuum. Aluninum was then deposited
and patterned to form the ambipolar TFT
structure. After delineating the active
a-Si island, the samples were post-
hydrogenated in the phqpo-generated
hydrogen- radical anbient.rr.

The channel length and width were
100pm and 200pm, respectively.

3. Results and Discussion

Deposition rate is shown in FiS.2
as a f unction of reciprocal wal I
temperature. The rate was as high as
7nm/min at 5000C. The a-Si filn had
uniform thickness since it was
deposited under surface reaction-
limited conditions with an activation
energy of 2,4eY,

Figure 3 shows the Iogarithrnic
drain current ID, as a function of the
gate voltage VG, at a drain voltage Vpg
of IOV. Broken curves represent the
results before hydrog en radical
annealing (HRA). The characteristics
were drastically improved by HRA as
shown by continuous curves in the

Deposition Temp. (oC)
500

figure. This reason could be clearly
explained by the f act shown in Fig.4
that hydrogen content in the a-Si layer
evaluated by SIMS was increased
drastieally after HRA. Hydrogen atoms
introduced by HRA wiII effectively
terminate dangling bonds which generate
deep trap states in the a-Si bandgap.

Due to the absence of blocking
contacts, the TFT could be operated in
both n-channel and p-channel modes by
changing the gate voltage polarity. The
typ ical on/of f cu rrent ratio was as
hish as 106 at Vpg=lOV.
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Fig.3 Logarithmic drain-current versusgate voltage for TFTs before HRA(broken curve) and after HRA
(continuous curve).
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FiS.2 Deposition rate as a function
walI tenperature.

Fig.4 Hydrogen distribution in the a-Si
filn before and after HRA.
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The electron and hole field-effect
mob i I it ies are shown in F iS.5 as a
function of the wall temperature during
the a-Si depositlon. The mobilities
depend slishtly on the wall
temperature. It will be worthy to note
that the TFT characteristics are the
same even for samples in different lots
fabricated under the same process
condition.

Effects of carrier gas have been
investigated, and hydrogen was the most
effective. TFT characteristics are
shown in Fig.6 as a function of the gas
flow rate ratio R (=[HZl/lH2l+[Si2H6J).
The Si2H6 f Iow rate and wall
temperature were kept at 2.5sccm and
500oC, respectively. With increasing R,
TFT characte ristics were inp roved
steadily. For R>0.5, however, the
deposition rate was decreased rapidly
and thus the TFT characteristics were
deteriorated. The best values for the
thresho Id vo ltage and subthresho ld
voltage-swing were 9V and O.8V/decade
respectively for the n-channel
operation and -8V and l.2V/decade
respeetively for the p-channel
operation. The highest mobility was
1.6cm2/Vs for electrons (it was
increased to I.7em2/Vs by elirninating
paras^itic resistance effects), and
0.L2cmz/Ys for hoIes.

4. Concluslons

We have succeeded in producing a
high perf ornance a-Si TFT using ho t-
walI CVD systen. There are important
features in this nethod, r€rmely,
(1) high throughput due to batch
processing, (2) hish yield due to
plasma-polymerization-free CVD, and
(3) good TFT characteristics with high
reproducibility and uniformity. Process
tenperature can be reduced by tri-
silane or tetra-silane.
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