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Abstract

We evaluated a-Si:H TFTs fabricated on polyimide
substrate (PI) at the highest temperature of 160 °C
with uniaxial and tensile strain to imitate flexible
display. With tensile strain, the threshold voltage of a-
Si:H TFTs have positive shift due to extra dangling
bond formation in a-Si:H layer. However, no
significant degradation of the subthreshold swing and
effective mobility with tensile strain of a-Si:H TFTs
indicates the similar level of band tail state. The metal
wire with the width of 10 um for connection on
flexible substrate can sustain with curvature radius
2.5 cm.

1. Introduction

Lightweight,  toughness, flexibility,  and
unrestrained design make the electronics on
plastic substrates attractive on many applications
like portable instruments, e-paper, RFID, and
PDA [1]. However, there are many challenges for
TFTs fabrication on flexible substrate due to
higher coefficient of thermal expansion (CTE)
and lower glass transition temperature (T,) as
compared with the electronics on glass substrate
[2]. To prevent plastic substrate from
deformation and damage, the TFTs fabrication

process is required as low temperature as possible.

Due to less period of crystal structure in
amorphous silicon, the carrier transport
mechanism with strain is dominated by trapping
and de-trapping in a-Si:H TFTs [3]. Unlike the
energy band deformation and effective mass
reduced in crystalline Si FETs of CMOS [4], the
performance of a-Si:H TFTs  exhibits
substantially less enhancement [5] with uniaxial
and tensile strain. In this study, we will apply the
strain smaller than 0.3% to ensure a-Si:H TFTs
not to fail [4]. The electrical characteristics of a-

Si:H TFTs on curved surface need to consider as
simulation and design for the flexible display.

2. Device Fabrication

An 18 cm x 18 cm polyimide (PI) substrate was
used as a flexible backplane with the thickness of
40 pum. A 200 nm SiOy layer was deposited as a
buffer layer to prevent the moisture and solvents
permeating into the film while increasing the
adhesion to the TFT layers [6]. An inverted
staggered back-channel etched (BCE) a-Si:H
TFT was fabricated on the PI substrate as shown
in Fig. 1 & 2. The gate metal line is Ti/Al/Ti with
the total thickness of 200 nm, and deposited by
DC sputtering system. The conventional structure
of BCE a-Si:H TFTs was used with 50 nm n'-a-
Si:H / 200 nm a-Si:H / 300 nm a-SiNx:H layers
deposited by PECVD at the substrate temperature
of 160°C. Island region and contact holes are
patterned and defined by photo-lithography and
following dry etching
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Fig. 1. The schematic diagram of The BCE a-Si:H
TFTs backplane. The structure of BCE a-Si:H TFTs
was used with 50nm n"-a-Si:H/200nm a-Si:H/300nm
a-SiN,:H layers deposited by PECVD at the substrate
temperature of 160°C.
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Fig. 2. The a-Si:H TFTs backplane are bonding on
camber chuck and vacuumed to fix for electrical
measurement. There are three camber chucks with
curvature radius 10 cm, 5 cm, and 2.5 cm were used
to apply the mechanical strain.

processes. Finally, 200 nm Ti/Al/Ti layer was
deposited by DC sputtering and then patterned
for the source/drain electrode by dry etching
process.

3. Results and Discussion

Three camber chucks with curvature radius 10
cm, 5 cm, and 2.5 cm were used to apply the
mechanical strain on the TFTs and the effective

strains were 0.05%, 0.1%, and 0.2%, respectively.

There were five kinds of metal wire layout with
the width of 10 wm, which can be the scan lines
or data lines in the TFT array, for the reliability
analysis of mechanical strain. The structures
included: (1) single metal layer: straight (Fig.
3(a)), saw (Fig. 3(b)) and step (Fig. 3(c)), and (2)
double metal layer: finite-segment connection
through contact holes (Fig. 3(d)) and double layer
connection through contact holes (Fig. 3(e)). No
resistance degradation was observed with tensile
strain ~0.2%, and no broken wires occurred after

over 5000 times bending stress as shown in Fig. 4.

This phenomenon indicated the electrical
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Fig. 3. Five kinds of metal wire layout with the width
10 pum: (a) straight, (b) saw, (c) step, (d) finite-
segment connection through contact holes, and (e)
double layer connection through contact holes.

characteristics of a-Si:H TFTs was independent
of the parasitic effect from the metal wire under
mechanical strain. The straight metal line can
sustain to flex more than 5000 times with
minimum curvature radius 2.5 cm (strain=0.2%).
The threshold voltage of a-Si:H TFTs shifted to
positive, which is observed from the transfer
characteristics while strain increasing as shown in
Fig. 5. The similar trend was obtained from the
shift of capacitance at 900 Hz, which is low
enough for carrier response in a-Si:H layer as
shown in Fig. 6. The shifts of threshold voltage
and capacitance showed the dangling bond
induced in a-Si:H layer while strain increasing,
and higher gate bias can compensate the traps for
channel formation. The longer duration time in
C-V and/or possible fix trap formation in SiNy
with strain increasing caused larger capacitance
shift. The effective mobility of a-Si:H TFTs with
strain had slightly higher than that of original
TFTs (w/o strain), and subthreshold swing had no
apparent variation. This presented the generation
of band tail state of a-Si:H layer was not
significant while strain increasing. Note that the
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Fig. 4. The variation of metal wire resistance under
mechanical strain and bending stress. No resistance
degradation was observed under mechanical strain
~1.5% and kept continuity after more than 5000 times
bending stress.
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Fig. 5. The transfer characteristics of a-Si:H TFTs
backplane on plastic substrate with different strain.
The W/L of all TFTs is 80 um/8 um. Note that
smaller devices have more random trend of threshold
voltage shift (not shown in the figure).
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induced dangling bond can not be recovered
“immediately” after the strain releasing (re-
flatten) to virgin devices (1% bending), and it
caused the threshold voltage and capacitance
shifts not return to original condition as shown in
Fig. 7.
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Fig. 6. The capacitance-voltage of a-Si:H TFTs
backplane on plastic substrate with different strain at
900 Hz. The MIS area is 46 um x 67 um.
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Fig. 7. The threshold and capacitance shifts of a-Si:H

TFTs backplane on plastic substrate with strain
increasing and releasing.

4. Summary

The BCE a-Si:H TFTs were fabricated on plastic
substrate with the highest process temperature of
160°C. The metal wire can sustain the strain up to
0.2% and over 5000 times mechanical stress. The
extra dangling bond, induced in a-Si:H layer
while strain increasing, caused the shifts of
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threshold voltage and capacitance. The electrical
characteristics of a-Si:H TFTs under mechanical
strain are useful for both simulation and design
for the flexible display.
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