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AbstractThis paper is focused on the stability of n-
channel laser-crystallized polysilicon thin-plm transis-
tors (TFTs) submitted to a hydrogenation process during
the fabrication and with small grains dimension.With
the aid of numerical simulations, we investigate the ef-
fects of static stress using two types of procedures: the
on stress and the hot carrier stress. Results show that the
variations of trap state density into the whole polysilicon
layer and not only near the drain junction are responsi-
ble for the degradation of TFTs performances in both the
two types of stress and that the interface trap states play
anegligible role compared to the bulk trap states.

Index TermsifiDensity-of-states (DoS), pxed charge, nu-
merical simulation, reliability, thin-pIm transistor (TFTs).

I. Introduction

LASER-CRYSTALLIZED polycrystalline silicon thin-
pIm transistors (TFTs), processed at a low temperature
(below 600 °C), are devices of great importance in the mi-
croelectronics industry since they are currently widely
used in active-matrix liquid crystal displays and are suit-
able for the emerging activematrix organic light emitting
displays (AMOLED) [1].

By using low laser energy densities up to 200 ml/cm?,
we have fabricated devices with small grains dimension
with a mobility of up to about 3 cm?/V - s. These n-TFTs
are suitable not only to drive an OLED diode [1], [2] but
also to realize the row drivers [3]; moreover, the increased
uniformity of electrical parameters, compared to large
grains size TFTs, gives rise to a reduction, for instance, of
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the threshold voltage spreading [4], avoiding more com-
plicated pixel circuit to overcome this problem [5], [6] and
obtaining brightness uniformity over large areas.

Their drawback is the instability after electrical stress [7],
[8], due to a high density of in-grain and grain boundary
defects, to poor properties of the gate insulator and to
poor polysilicon/ oxide interface [9].

The purpose of this paper is to understand which are the
main mechanisms originating from device degradation
under a bias stress. This is accomplished by comparing
the computer simulation of device characteristics with
the experimental data.

Il. Fabrication Details

Polysilicon TFTs were fabricated on 1737 Corning glass
substrate by low temperature processes. An amorphous
silicon plm, 100-nm thick, was deposited by plasma
enhanced chemical vapor deposition (PECVD) at 200 “C
and 0.75 torr using pure SiH, (20 sccm).

The source and drain regions were obtained by the
PECVD deposition of an n-type layer, 23-nm thick (T -
120 °C, p = 0.75 torr, with a SiH,/PH, 98/2 gas ratio, and
20 sccm). For the patterning of the drain and source elec-
trode areas, the lift-off method were used, with silicon
oxide as the sacripcial layer. The a-Si:H, the sacripcial
oxide, and the resist layers are deposited in sequence;
after resist development and curing, the sacripcial
layer is over etched by a buffered HF (a solution of HF
and NH,F). This step determines, for the subsequently
deposited n layer, a discontinuity which helps the resist
lift off performed by acetone. In this way, the undesired
n layer is removed as well. Next, the buffered HF bath
completely removes the sacripcial oxide.

The dehydrogenation before laser crystallization was per-
formed, keeping the material for 8 h in vacuum at 450°C.

After the PECVD growth, the doped and undoped amor-
phous plms were crystallized by XeCl excimer laser irra-
diation at ! =308 nm, with a 130 x 13 mm beam diameter
with a 200-mJ/cm? energy density on the sample.

The active regions of TFTs were patterned by CF, plasma
etching (CF, 40 sccm, 0.35 torr, and rf power = 15 W).
Then, a hydrogen plasma passivation was performed on
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