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ABSTRACT

Purpose of this work is to investigate the breakdown in
the output characteristics of short-channel (0.2-1.5 pm)
amorphous silicon (a-5i:H) thin-film transistors (TFTs).
Such effect which, in the case of a-Si:H devices, has
been detected for the first time by some of the au-
thors in TFTs fabricated by electron-beam lithography
(EBL), is temperature-dependent besides of being field
enhanced. Because of the concurrency of several field-
enhanced phenomena, it was necessary to supplement
the investigation with numerical simulation. Thanks to
the latter it was possible to rule out Poole-Frenkel, trap-
assisted tunneling, and band-to-band tunneling genera-
tion mechanisms, as well as the occurrence of punch-
through, which is expected at much higher source-drain
voltages than those at which the breakdown is observed.
On the other hand, avalanche generatior near the drain
o™ -intrinsic junction cannot be ruled out, and is in fact
amenable to explain the current increase at large drain
voltages. '
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Theory and implementation

In order to understand the current’s features it is nec-
essary to consider the influence of a continuous dis-
tribution of traps in the material along with a num-
ber of mechanisms for field-enhanced generation. The
model details were already described elsewhere 11j-[3].
In short, the large number of traps located within the
energy gap contributes to the total space charge, and
this effect is accounted for by adding their contribution
in Poisson’s equation. Further, a generalized expression
for the recombination rate is used in the continuity equa-
tioms, to account for their energy-distributed nature. In
particuiar, the energy distribution of traps is modeled
by a combination of exponentials as in [4]:
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where AEc = E—E¢ and AEy = Ey—E . The first su&
fix in the RES terms refers to the acceptor /donor states,
while the second refers to the tail/deep states.
The most important field-enhanced generation mecha-
nisms are accounted for. The mechanisms are thermionic
emission over the top of the barrier lowered by the Poole-
Frenkel effect (PF), which applies to Coulombic centers
{5], modeled as in [6], and thermally-assisted tunnel-
ing through the barrier, otherwise called trap assisted
tunneling (TAT), which applies to both Coulombic and
Dirac centers, modeled as in {7); such effects are known
to be relevant in a-Si:H because of the large concen-
tration of traps. In arder to account for Pr and TAT,
the SRH recombination rate was modified by redefin-
ing the emission probabilities, enhanced by a suitable
multiplication factor. In addition, band-to-band tun-
neling (BBT) was cousidered, also modeled as in [7], and
avalanche generation. The latter was modeled via the
well-known Chynoweth expression [8]
by
(-#)

where F is the electric field component parallel to the
current fiow. The impact-ionization parameters were
modified with respect to crystalline silicon, in order to
account for the scattering with defects that reduces the
mean free path of carriers. The above effects were im-
plemented within the device-analysis tool HFIELDS [9];
the parameters of the trap-energy distribution are deter-
mined by fitting the turn-on characteristics of the TFT
at low drain voltages; all the remaining model parame-
ters have been taken from the literature and no fitting
has been atiempted.
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Experimental

Inverted-staggered TFTs have been fabricated on Corn-
ing Glass 7059. First, 100 nm-thick, sputtered Cr has
been photolithographically defined to form gate con-
tacts. Together with the gates, alignment markers for
the EBL have also been defined. Then, 50 nm 2-Si0, 70
nm &-Si:H, and 30 nm n* a-Si:H have sequentially been
deposited in a radial-flow hot-wall Plasma Enhanced






