
166 IEEE ELECTRON DEVICE LETTERS, VOL. 27, NO. 3, MARCH 2006
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Abstract—We fabricated the first bottom-gate amorphous silicon
(a-Si:H) thin-film transistors (TFTs) on a clear plastic substrate
with source and drain self-aligned to the gate. The top source and
drain are self-aligned to the bottom gate by backside exposure pho-
tolithography through the plastic substrate and the TFT tri-layer.
The a-Si:H channel in the tri-layer is made only 30 nm thick to
ensure high optical transparency at the exposure wavelength of
405 nm. The TFTs have a threshold voltage of 3 V, subthreshold
slope of 0 5 V/dec, linear mobility of 1 cm2V 1 s 1, satu-
ration mobility of 0 8 cm2V 1s 1, and on/off current ratio of
10

6. These results show that self-alignment by backside expo-
sure provides a solution to the fundamental challenge of making
electronics on plastics: overlay misalignment.

Index Terms—Amorphous-silicon (a-Si:H), plastic substrates,
thin-film transistors (TFTs), self-aligned process.

I. INTRODUCTION

E LECTRONICS on plastic substrates are attracting much
attention, because they are lightweight, rugged, flex-

ible and even deformable [1], [2], and possibly transparent
and inexpensive. However, plastic substrates have lower
process temperatures, higher coefficients of thermal expansion,
lower elastic moduli, and lower dimensional stability than
conventional glass substrates. These characteristics pose chal-
lenges during the fabrication of amorphous-silicon (a-Si:H)
thin-film transistors (TFTs). A particularly serious challenge
for large-area fabrication is poor overlay registration [3].

When the stiff a-Si:H TFT device layers are deposited se-
quentially on a compliant plastic substrate, the dimensions of
the substrate change from step to step. This change in size pro-
duces errors in overlay registration between consecutive mask
levels. The misalignment can be reduced by stress compensa-
tion in the device layers [3], by laminating or electrostatically
bonding the substrate to a stiff carrier plate [4], by clamping the
substrate into a rigid frame [5], or by digitally compensating the
masks for substrate distortion [6], [7]. More desirable would be
a universally applicable technique that automatically compen-
sates for local or large-area misalignment. A fundamental ap-
proach to eliminating overlay misalignment on plastic substrates
would be self-alignment, most importantly of source and drain
to the gate.
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Fig. 1. Optical transmission in the violet and near-UV region of (a) bare
75-�m-thick clear plastic foil, and of clear plastic coated only with (b) 10-nm,
(c) 30-nm, (d) 50-nm, and (e) 100-nm-thick i a-Si:H layers. The transmission
values at � = 405-nm are (a) 30%, (b) 7.7%, (c) 3.9%, (d) 1.6%, and (e) 0.2%,
respectively.

Self-aligned a-Si:H TFTs have been previously demon-
strated on glass substrates [8]–[10]. Self-alignment of source
and drain to the gate minimizes feedthrough capacitance and
facilitates the fabrication of the short-channel TFTs needed for
high circuit performance. The self-alignment technique is not
widely adopted at present in the display industry, which uses
plate glass substrate, because self-alignment needs more steps
than the standard back-channel etch process. However, overlay
registration will become an important issue in the processing of
free-standing substrates of sheets and rolls of plastic. Here we
demonstrate that self-alignment is possible on plastic substrates
as well. We fabricated conventional inverted a-Si:H TFTs on a
clear plastic substrate foil, with the top n a-Si:H source and
drains self-aligned to the bottom gate metal.

II. EXPERIMENTS

The TFTs are fabricated on a 75- m thick experimental clear
plastic foil. As shown in Fig. 1, the substrate has an optical
transmission T of % in the visible region and an optical
absorption edge at nm. The backside exposure pho-
tolithography in step 6 of the process sequence of Fig. 2 re-
quires sufficient optical transmission through the substrate and
the SiN /a-Si:H/SiN tri-layer stack at a wavelength available
for photoresist exposure. We selected the mercury line at

nm, which is widely used in photolithography. Fig. 1 shows
that the clear plastic substrate transmits adequately at
nm. Because the a-Si:H channel layer absorbs strongly, we ex-
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Fig. 2. Process sequence for bottom-gate, back-channel passivated a-Si:H
TFTs on clear plastic substrate, with the n a-Si:H S/D self-aligned to the gate.
“PR” in steps 6 and 7 denotes “photoresist.”

perimented with a range of a-Si:H thickness, as shown in Fig. 1.
To keep the exposure time short, ensure adequate layer uni-
formity, and prevent interaction with back-channel defects, we
made the i a-Si:H layer 30 nm thick. The optical absorption at
405 nm by SiN is negligibly small. The exposure time in step
6 of the process sequence of Fig. 2 is 7 min at a UV-light in-
tensity of 2 mW/cm . By using commercially available high-in-
tensity UV sources, this time can be reduced to a few seconds.

The 70 mm 70 mm substrate is kept free-standing
throughout the entire process, except that is precisely flat-
tened for photolithography by temporary bonding to a glass
plate. We start by coating both sides of substrate with -nm
SiN passivation layers by plasma-enhanced chemical vapor
deposition (PECVD) from a mixture of SiH , NH , and H
at a substrate temperature of 150 C [11]. The SiN coats
seal the substrate against process chemicals and against con-
taminating the vacuum, and they provide reliable adhesion
of the subsequent device layers to the plastic. An 80-nm Cr
film is sputtered and patterned into the bottom gate elec-
trode (first mask level). Next, a blanket tri-layer of 300-nm
SiN /30-nm i a-Si:H/150-nm SiN is deposited for gate di-
electric/channel/back-channel protection by PECVD as well,
at substrate temperatures of 150 C/180 C/150 C. The i
a-Si:H was deposited from a mixture of SiH and H [11].
By backside exposure photolithography using the bottom gate

Fig. 3. (a) Arrays of bottom-gate a-Si:H TFTs with self-aligned S/D on a
70 mm � 70 mm clear plastic substrate. (b) Optical micrograph of one of the
TFTs, with S/D-gate overlap of �1:5 �m and an effective channel length of
L � 32 �m. The asymmetric S/D contacts result from overlay misalignment
in the second mask level. This misalignment can be eliminated by additional
back-side photolithography [9].

electrode as the mask, self-aligned source/drain (S/D) openings
are patterned into the photoresist and then wet etched into the
top SiN layer. A piranha clean (H SO H O ) and buffered
HF (H O NH F HF) dip ensure clean interfaces between
the i a-Si:H channel layer and the subsequently deposited S/D
layer. Next, 50-nm n a-Si:H and 100-nm Cr film are deposited
and patterned for S/D contacts (second mask level). By slightly
overetching the back-channel SiN protection layer during the
n patterning, the thin blanket i a-Si:H layer outside the TFT
region is dry etched as well, to form islands. Finally, holes are
opened to contact the bottom gate (third mask level). Fig. 3(a)
demonstrates the flexibility of the self-aligned a-Si:H TFT
arrays on a 70 mm 70 mm clear plastic foil. Because the
substrate and the device layers are thin, they do not break when
bent [12].

The extent of S/D-gate overlap is determined by the com-
bined effects of; 1) overexposure of the photoresist in process
step 6; 2) overdevelopment of the photoresist in step 6; and 3)
overetch of the back-channel SiN protection layer in step 7.
Among these techniques, overexposure of the photoresist pro-
vides best control of the degree of overlap on a large surface
area. We intentionally overetched the SiN protection layer, to
create a large overlap for easier study. As illustrated by Fig. 3(b),
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Fig. 4. (a) Transfer and (b) output characteristics of a self-aligned a-Si:H TFT
on the clear plastic substrate. The off and gate leakage currents are apparent
values set by the sensitivity of the parameter analyzer.

an overetch for 1 min in 10:1 buffered HF produces approxi-
mately 1.5- m overlap.

III. RESULTS AND DISCUSSION

Transfer and output characteristics of a TFT, evaluated with
an HP4155A parameter analyzer, are shown in Fig. 4(a) and
(b). The electron field-effect mobilities in the linear and sat-
urated regimes are calculated from the transfer characteristics
at V and 10 V, respectively. We obtain a threshold
voltage of V, subthreshold slope of V/dec, linear mo-
bility of cm V s , and saturation mobility of cm
V s . Both the off current and the gate leakage current are
less than the sensitivity of the parameter analyzer of 10 A.
This satisfactory performance shows that self-aligned a-Si:H
TFTs can be successfully integrated with plastic substrates.

While gate/S/D self-alignment represents an important step
toward a-Si:H TFTs backplanes on free-standing plastic sub-
strates, we view it as only one of several techniques that will
be needed to align the critical levels of a large-area flexible dis-
play. The gate/(n /Cr) S/D contact alignment in the TFT can

be made precisely by additional back-side photolithography [9].
However, the precise overlay registration of the (n /Cr) layers
when used for interconnects remains a challenge.

IV. CONCLUSION

Self-alignment is a very attractive approach to compensating
changes in local and large-area dimensions during TFT fabrica-
tion on plastic substrates. Self-alignment by backside exposure
requires that the plastic substrate plus silicon tri-layer stack be
sufficiently transparent at the photoresist exposure wavelength.
This requirement can be met if a clear plastic substrate is com-
bined with a very thin a-Si:H channel layer. The performance of
the self-aligned TFTs on plastic is equal to the typical TFT per-
formance obtained on glass substrates. a-Si:H TFTs with very
thin channel layers perform as well on a plastic substrate as on
glass. Our experiments are an important step toward the drop-in
replacement of glass plates by plastic foil substrates for a-Si:H
TFT based active-matrix backplanes.
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