
Abstract 
The new process for hybrid silicon thin film transistor 

(TFT) using DPSS laser has been developed for realizing 
both low-temperature poly-Si (LTPS) TFT and a-Si:H TFT 
on the same substrate as a backplane of active matrix liquid 
crystal display. LTPS TFTs are integrated on the peripheral 
area of the panel for gate driver integrated circuit and a-
Si:H TFTs are used as a switching device for pixel in the 
active area. The technology has been developed based on 
the current a-Si:H TFT fabrication process without 
introducing ion-doping and activation process and the field 
effect mobility of 4 ~ 5 cm2/V s and 0.5 cm2/V s for each 
TFT was obtained. The low power consumption, high 
reliability, and low photosensitivity are realized compared 
with amorphous silicon gate driver circuit and are 
demonstrated on the 14.1 inch WXGA+ (1440 900) LCD 
Panel. 

1. Introduction

Flat panel display industry has been rapidly 
expanded over the years and has been especially 
benefited from large area thin film process 
technologies on the cheap substrate as glass. One of 
the key elements as a backplane in the LCD is the a-
Si:H TFT for active matrix driving of the pixel 
switching of which electrical properties have good 
uniformity on the large substrate area. The a-Si:H TFT 
has low off-state current and high on/off current ratio, 
and sufficient field effect mobility for charging pixel 
electrode of about 1 cm2/V s. The a-Si:H TFTs are 
even used as an integration device of the panel for 
gate driving circuit [1]. But the instability of a-Si:H 
TFT against voltage-bias and temperature stress, 
namely threshold voltage shift [2], and low integration 
capability from the intrinsic low field effect mobility 
due to its amorphous nature are the main obstacles for 
the efforts to remove peripheral ICs such as gate and 
data driver IC in the panel and therefore save 

manufacturing cost and enhance production capability
by removing the IC bonding process into the panel. To
overcome the problems described above in the a-Si:H
TFT as an integration element of the peripheral device
on the substrate of LCD panel, we developed the new
process to produce both poly-Si TFT and a-Si:H TFT
on the same substrate. In this paper the new process
development is reported that both poly-Si TFTs and a-
Si:H TFTs are produced in the peripheral area and
pixel area of LCD panel, respectively by employing
laser crystallization method only in the local area. The
poly-Si TFT has larger field effect mobility and better
stability under voltage-bias and temperature stress
condition than a-Si:H TFT. It is expected that this new
process can be easily introduced without large
investment and modification in the current LCD
manufacturing process because cost-expensive and
are-limited instrumentation such as ion implantation
and activation process are not required in our new
poly-Si TFT process. 

2. Experimental  

Both poly-Si and a-Si:H TFTs are fabricated on 300
400 mm2 glass substrate based on bottom gate

backchannel etched TFT process and laser
crystallization in the peripheral area for making poly-
Si from a-Si:H precursor film which was plasma
enhanced chemical vapor deposited (PECVD) was
carried out after TFT channel definition by
photolithography as shown in Fig. 1 from second
harmonic output (532 nm) of diode pumped solid state 
(DPSS) Nd:YAG laser which has pulse duration of
about 60 ns full width at half maximum (FWHM). 
Although it is very well-known that the hydrogen
content in a-Si:H precursor film should be kept as low
as possible for making polycrystalline silicon from
laser crystallization process having good quality and
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preventing explosive out-diffusion of hydrogen which 
eventually results in peeling and agglomeration of the 
film[3], we used PECVD a-Si:H film as deposited 
without any extra dehydrogenation process such as 
thermal baking at high temperature or laser 
dehydrogenation[4]. Aluminum/Molybdenum (Al/M- 
o) double layer was deposited by sputtering as a gate 
electrode and Mo single layer was deposited by 
sputtering as source and drain electrode. SiNx films 
was deposited by PECVD as a gate insulator and 
passivation layer and its thickness was 3500 and 
2000  respectively. As a final step, pixel electrode 
was deposited by sputtering.  

3. Results and discussion 

Fig. 1 shows our new process architecture to make 
both poly Si TFT and a-Si:H TFT on the same 
substrate and the key technology in this process is that 
the only channel region of a-Si:H in the peripheral
area of the panel is directly exposed under laser 
irradiation from backchannel side and recrystallized 
into polycrystalline silicon through melt-crystal 
growth process by laser absorption. The a-Si:H 
beneath source/drain region maintains its amorphous 
nature and we surmise that its role in our new poly Si 
TFT is to suppress the leakage current under high 
drain bias which is very well-known to be notorious in 
the typical poly Si TFT without lightly doped drain
(LDD) or offset structure[5]. The large bandgap and 
high resistivity of a-Si:H will increase the activation 
energy to generate charge carrier from deep trap state 
and decrease the field around trap site such as grain 
boundary in the polycrystalline silicon. The a-Si:H
beneath source/drain in our new poly Si TFT plays a 
role as self-aligned lightly doped drain structure does 
in the LTPS TFT to decrease anomalous leakage 
current at high drain voltage bias.  

Fig. 1. Cross sectional view of our new poly Si TFT 
and a-Si:H TFT fabricated on the same glass 

substrate. 

Fig. 2. TEM micrographs showing crystallinity
depending on the channel area of our new
poly Si TFT.  

Fig. 2 shows transmission electron microscopy
(TEM) micrographs which displays the crystallinity
depending on the part of the channel region. As
described above, the region exposed by laser directly
is completely crystallized while the region around
source/drain electrodes maintains its amorphous
nature. Fig. 3 shows scanning electron microscopy
(SEM) micrograph from which the grain size is 
estimated to be about 200 ~ 300 nm. The transfer
characteristics of poly-Si TFT fabricated by our new
process which we call HyST (hybrid silicon
technology) TFT and a-Si:H TFT are shown together
in Fig. 4 for comparison. The channel width and
length were 100 um and 4 um respectively. In a single 
bottom gate HyST TFT, on-state current (Ids at Vgs =
20 V and Vds = 10 V) is enhanced about one order of
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(a)                  (b) 
Fig. 4. SEM micrographs which show grain 

boundary after laser crystallization of a-Si 
film in our process (a) near source/drain 
electrode (b) at the center of the channel 
(channel length 4 um)  

magnitude than a-Si:H TFT and off-state current 
(minimum Ids at Vds=10V) is very low 10-13A/um 
although no offset or LDD structure was used in our 
new poly-Si TFT. To increase the on-current more in 
HyST TFT under the same laser process and 
fabrication condition, we employed double gate 
structure in which top gate electrode (pixel electrode) 
was added above the channel which was overlapped 
with bottom metal gate electrode as shown in Fig. 6. 
The bottom and top gate electrodes are electrically
connected each other by via holes in passivation layer 
above which pixel electrode is deposited, and thus 
synchronized sweep mode is realized when gate bias 
is applied into one of both electrodes. As shown in Fig. 
5, on-state current in double gated HyST TFT is 
increased four times more than single gated HyST 
TFT without any sacrificing of off-state current. 
Furthermore, the threshold voltage of double gated 

Fig. 5. Transfer characteristics of poly-Si TFT and 
a-Si:H TFT fabricated simultaneously on 
the same substrate. (Vds = 10 V) 

Fig. 6. Double gate structure (Top pixel gate added
structure) 

HyST TFT increases by 3 ~ 4 V than single gated TFT
and sub-threshold slope decreases more. The field
effect mobility of a-Si:H TFT was about 0.5cm2/V·s
and that of double gated HyST TFT was about 33
cm2/V·s. In double gated HyST TFT, on-state current
is about 40 times enhanced compared with a-Si:H TFT. 

4. Summary

In this paper, it is demonstrated that the new
process to accommodate the poly Si TFT and a-Si:H
TFT on the same substrate can be easily implemented
into the current LCD manufacturing process without
large investment and heavy modification of current a-
Si:H TFT manufacturing process. 
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