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Fabrication and Characterization of L ow-Temperature Polysilicon Thin Film
Transistorswith Novel Self-Aligned Sub-Gate Structures
NSC89-2215-E009-104
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Characteristics of poly-Si  thin-film

transistors with source/drain extensions

induced by a bottom sub-gate were explored.

Nevertheless, the performance is
significantly degraded by a drastic increase
of off-state leakage current when the
length is scded below 1 nm.
subthreshold

current-voltage regime is observed. After

channel
Moreover, a hump in
careful analysis, it is found that the leakage
current is strongly dependent on the field
strength and is not a thermally activated
process. A leakage path along the bottom
interface of the poly-Si channel layer is
proposed to explain these results.
Polycrystaline  silicon (poly-Si)
thin-film transistors (TFTs) have been used
in awide variety of applications. However, a

large off-state leakage current normally
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encountered in poly-Si TFTs fabricated with
self-aligned source/drain structure represents
one of the key limitations for many practical
applications.”) We have recently proposed a
new FID structure with a bottom sub-gate.”
Such a new structure would make the
manufacturing process more flexible.
Nevertheless, detailed characterization on
the bottom sub-gate devices, especialy the
leakage characteristics and their dependence
on the channel length, are still lacking. This
study was therefore carried out to explore
by  fabricating
characterizing both n- and p-channel TFTs

these  issues and

with bottom sub-gate.

Figurel shows cross-sectional and top
views of a FID TFT with bottom sub-gate.
The device's channel length, L, is thus
defined by the spacing between the two
branches of the sub-gate. First, a 100-nm
n*-poly-Si layer was patterned to form the
fork-shaped bottom sub-gate. Next, a
100-nm CVD nitride layer was deposited,

followed by the deposition of a LPTEOS



(550 nm) oxide layer. Chemical mechanical
polishing (CMP) was then applied to
planarize the wafer surface and to expose
the nitride layer on top of the sub-gate.
Afterwards, a 50-nm CVD amorphous Si
film was deposited a 550 , and

subsequently transformed into
polycrystalline phase by a solid-phase
crystalization (SPC) treatment at 600

for 24 hours to serve as the active device
layer. A 20-nm CVD oxide layer was then
deposited to form the gate insulator. An n*
poly-Si film was deposited and patterned to
form the top main-gate. Next, the offset
source/drain  regions were defined by a
photoresist step that was used for masking
the source/drain ion implantation. Wafers
then followed

processing to form the contact pads, and

a standard back-end

received a plasma treatment at 250 in

NHs3 before

measurements.

ambient for 3 hours

Figures 2 (a) and (b) show the effect of
sub-gate bias on the n- and p-channel device
operations, respectively. It can be seen that,
even with a proper main-gate voltage, the
new TFT cannot be effectively turned on
when the sub-gate bias is zero. This is
simply because the field-induced drain and
source extensions are not formed. When a
high sub-gate bias with proper polarity is
applied, both on and off currents could be

improved, resulting in
good transfer behavior.

Figures 3 (a) and (b) show the effect of
the subthreshold

characteristics of n-channel and p-channel

channel length on
devices, respectively, with a drain voltage of
10.1V. One interesting phenomenon shown
in Figs. 3 (@) and (b) is the appearance of a
“hump” in the subthreshold region as L is
scaled down or as drain bias increases. This
finding implies that some kind of leakage
path with a lower turn-on threshold is
formed during device operation. In order to
clarify the leakage current mechanism, the
temperature dependence of the drain current
was investigated. Figures 4(a) ~ (d) show
the extracted activation energy, Ea, as a
function of gate bias for n-channel devices
with L of 4, 2, 1.5, and 0.8 nm, respectively.
Though the results for p-channel operation
are not shown, similar trend was observed.
When L islong (e.g., 4 nm), Ea is roughly
equal to 1/2 bandgap (Eg) of Si (0.56 eV),
and shows only very weak dependence on
both the gate and drain biases in the off-state
This indicates that
generation-recombination of carriers via the

region.

mid-gap grain boundary traps is probably
the dominant |eakage mechanism, similar to
that observed in previous report .?

When L becomes shorter, however, Ea
becomes more sensitive to both gate and

drain voltages. Thisis seenin Figs. 4(b) ~ (d)



where Ea decreases with increasing drain
bias or decreasing gate bias (in the negative
Vg regime). When L is scaled to 0.8 mm, Ea
could even be lower than 0.1 eV at Vd of
10.1 V and Vg <-5V. This indicates that the
involved leakage mechanism is not a
thermally activated process, and is strongly
dependent on the field strength.

Based on the above anayss, the
additional leakage path for the short-channel
devices is believed to be through the bottom
interface of the active layer, as is
schematically illustrated in Fig.5. In this
figure, the main-gate voltage is much
smaller than the threshold voltage, thus
essentialy no free carriers (i.e., electrons in
the n-channel case) are induced in the
channel underneath the main-gate. However,
the carriers in the induced source extension
region would be attracted by the drain field
and thus contribute to the leakage if the
channel length is short enough or if the drain
voltage is high enough. As a result, a hump

in subthreshold I-V regime would occur.

In this work, TFT devices with
electrical source/drain extensions induced by
a bottom sub-gate were characterized.
Nevertheless, an anomalously high off-state
leakage current is observed in devices with
shorter channel, which results in a hump in
the subthreshold I-V regime. The leakage is
very sensitive to the drain bias with a low

thermal activation energy. It is believed that

the leakage path is mainly through the

bottom interface of the poly-Si active layer.
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Off-set length = 1 mm
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Fig. 2 Effects of sub-gate

bias on the transfer

characteristics for () n-channel and (b)

p-channel devices.

Fig. 5 lllustration of an additional leakage path along the bottom interface of the poly-Si

active layer.
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