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Abstract

Bottom-gate microcrystalline silicon thin film transistors 

(µc-Si:H TFTs) were fabricated on glass and transparent 

polyimide substrates by conventional 13.56 MHz RF 

plasma enhanced chemical vapor deposition at 200 oC. The 

deposition rate of the µc-Si:H film is 24 nm/min and the 

amorphous incubation layer near the µc-Si:H/silicon nitride 

interface is unobvious. The threshold voltage of µc-Si:H 

TFTs can be improved by H2 or NH3 plasma pretreatment

silicon nitride film.

1. Introduction

In active matrix organic light emitting diode 

(AMOLED) displays, the thin film transistor (TFT) 

are required to supply a stable driving current to the 

OLED at each pixel. Hydrogenated amorphous silicon 

thin-film transistors (a-Si:H TFTs) is a low cost 

technology for large area fabrication, but it suffers 

from threshold voltage instability under prolonged 

gate voltage [1-3]. The µc-Si:H is very attractive due

to a high mobility and stability compared to the a-Si:H. 

Therefore, it is receiving considerable attention as the 

TFT active layer in flat panel AMOLED displays 

[4-5]. The µc-Si:H TFT can be implemented in

bottom-gate and top-gate configurations. Although the 

advantage of the bottom-gate configuration is a 

standard for a-Si:H TFT process in an industry, a 

lower mobility and poor stability should be found due 

to the presence of amorphous incubation layer near the 

channel/dielectric interface. Therefore, a thinner 

incubation or non-incubation layers are required in 

bottom-gate µc-Si:H TFTs structure. Among several 

fabrication technologies, deposition of µc-Si:H film in 

a standard 13.56 MHz RF plasma enhanced chemical 

vapor deposition (PECVD) makes it a very attractive 

alternative to be used in TFTs for AMOLEDs.

2. Experimental

Bottom gate back-channel-etch (BCE) µc-Si:H 

TFT structure were fabricated both on glass and on PI 

substrates. The cross section view of µc-Si:H TFT was 

showed in Fig. 1. The structure is same as a-Si TFTs

except for the active layer being replaced by 

microcrystalline silicon. The channel length and width 
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Fig. 1. Schematic cross section view of bottom gate 

µc-Si:H TFT.

steps were as follows. First, a Ti/Al/Ti tri-metal layer 

with a total thickness of 200 nm was deposited by RF 

sputtering and then patterned by dry etching to form 

the gate electrodes. The opposite stresses of Ti and Al 

can compensate their internal stress, thus preventing 

the cracking of the PI substrate. Then, silicon nitride, 

microcrystalline silicon, and n+ a-Si:H were deposited 

sequentially by 13.56 MHz RF PECVD at 200 oC. The 

thicknesses of the SiNx:H, µc-Si:H, and n+ a-Si:H

layers were 300, 200, and 50 nm, respectively. The 

deposition rate of the µc-Si:H layer is about 24 

nm/min from a mixture of SiH4/H2/inert gases. Then, 

an active island was formed by the island etching 

process. The source/drain metals were deposited and 

then defined by dry etching to form the source/drain 

electrodes. Finally, the n+ layer region between the 

source and drain electrodes was etched away. 

Following fabrication, the devices were annealed at 

150oC for two hours to improve the source and drain 

contact interface. Under the whole processes 

mentioned the above, the effective mobility of the 

TFTs exhibited on glass and PI substrate were about 

0.08 cm2/Vs and 0.07 cm2/Vs, respectively.

The crystalline fraction of the µc-Si:H film was 

calculated using Raman spectroscopy. The laser 

wavelength used for the Raman spectroscopy is 488 

cm-1. The surface morphology and roughness of the 

films were measured by field emission scanning 

electron microscope (FE-SEM). The cross section 

view of the films was measured by high resolution 

transmission electron microscope (TEM). An 

HP-4156C semiconductor parameter analyzer was 

used for current-voltage (I-V) characterization at room 

temperature.

3. Results and discussion

Figure 2 shows the Raman spectrum of the 

µc-Si film. The Raman peak is very sharp at ~514 cm-1

which indicating high crystallinity. The Raman peak was 

deconvoluted using a Lorenztian multi peak function. 

The crystal fraction was calculated using the formula 

(Ib+Ic)/(Ia+Ib+Ic). Ia, Ib, and Ic are the area of each 

decomposed peak (Ib and Ic: nano or micro crystalline Si, 

Ia: a-Si), and the crystalline fraction of the film is about 

70%.

Fig. 2 Raman spectrum of the µc-Si:H film.

Figure 3 shows cross-sectional bright field (BF) 

image TEM micrographs of the microcrystalline 

silicon and selected area diffraction (SAD) patterns 

which inset in the BF image. The amorphous 
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incubation layer near the µc-Si:H/SiNx:H interface is 

unobvious. Moreover, the structure of µc-Si:H film

has a granular structure appearance and the grain size 

grows with thickness increasing. Diffraction rings in 

the SAD pattern indicates that the film is 

polycrystalline structure consisting of diamond phase. 

It is also identified by the d-spacing values consistent 

with (111), (220), and (311) plane of the SAD pattern 

compared with those reported by the International 

Centre for Diffraction data (ASTM JCPDS File No. 

89-5012). Figure 4 shows the cross-sectional high 

resolution TEM images of the µc-Si:H/SiNx:H

interface. The appearance of the white contrast near 

silicon nitride is attributed to the amorphous structure, 

in which some lattice images exhibits here. The lattice 

parameter was measured to be 3.1 Å near the 

amorphous structure reflecting that the lattice plane 

has a (111) direction. The surface morphologies of µc-Si 

film are studied by SEM as shown in Fig. 5. The dense and 

uniform grain size µc-Si:H film can be obtained.

Fig. 3 TEM cross section image of the 

µc-Si:H/SiNx:H film on glass substrate.

Fig. 4 High resolution TEM cross section image of 

the µc-Si:H/SiNx:H interface.

Fig. 5 SEM image of the µc-Si:H film. The grain 

shows a column structure.

Figure 6 shows the transfer characteristics of the 

µc-Si:H bottom-gate TFTs on glass with different 

plasma treated SiNx film. The threshold voltage of 

µc-Si:H TFT can be improved by H2 and NH3 plasma 

treatment for a short time on the surface of SiNx

before µc-Si:H film deposition. The on/off drain 

current ratio at Vd=10 V is greater than 105. Figure 7

shows the stability comparison of a-Si:H TFT, µc-Si:H 

TFT on glass and PI, respectively. The electrical stress 

were performed when Vgs=20 V and Ids=1 µA, for TFT 

used as the pixel in AMOLED display. It is clearly that 

the µc-Si:H TFT is much more stable than the a-Si:H 

counterparts. After 1×104 sec electrical stress, the 
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threshold voltage shifts are 7.02 V and 5.59 V for the 

a-Si:H TFT on glass and PI, respectively. But for the 

µc-Si:H TFTs on glass and PI substrates, the threshold 

voltage shifts are 1.10 V and 1.28 V, respectively. 

After 1×103 sec electrical stress, the Vth of the µc-Si:H 

TFTs show stable performance or negligible shift of Vth.

Fig. 6. Transfer characteristics of the µc-Si:H TFTs 

on glass with different plasma treatment.

Fig. 7. Stability comparison of a-Si:H TFTs and 

µc-Si:H TFTs on glass and PI substrate, respectively.

4. Summary

Microcrystalline silicon (µc-Si:H) TFTs were 

fabricated on glass and transparent PI substrates by a 

standard 13.56 MHz RF PECVD at 200 oC. The 

deposition rate of the µc-Si:H layer can reach 24 

nm/min with the crystalline fraction of 70%. From 

TEM observation, the amorphous incubation layer 

near the µc-Si:H/SiNx interface is unobvious. The 

prefer orientation of the µc-Si:H film is (111). The 

µc-Si:H TFT is more stable than the a-Si:H counterparts 

under the constant current stress of Vgs=20 V and Ids=1 

µA. Both on glass and PI substrates, the Vth of 

µc-Si:H TFTs are within 1×103 sec. The variation of 

Vth can be negligible beyond 1×103 sec. This better 

electrical stability will be suitable for AMOLED display 

application.
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