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Fabrication of low temperature poly-Si thin film transistor using
field aided lateral crystallization process
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Polycrystalline silicon thin film transistors (poly-Si TFTs) for LCD application were fabricated on glass substrate using the field-aided late
crystallization (FALC) process. The crystallization of amorphous silicon (a-Si) was significantly enhanced when the electric field of 100V/c
was applied to selectively Ni-deposited a-Si film during thermal annealing &ti609. ambient for 5 hrs. The channel of the transistors
was directionally crystallized from the negatively biased electrode side. The field-effect mobility of the fabricated poly-Si TFTs was abc
200.5 cni/V-s. Therefore, the possibility of high-performance and low-temperataB®¢°) poly-Si TFTs was demonstrated by using the
Ni-FALC process.
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Se fabricaron transistores de silicio policristalino déqéh delgada (TFTs poli-Si) para aplicaciLCD en sustrato de vidrio mediante un
proceso de cristaliza@n lateral asistida por campo (FALC). La cristalizatide silicio amorfo (a-Si) se refdizsignificativamente cuando

se apli® un campo dlctrico de 100 V/cm a una pella a-Si con deposion selectiva de Ni durante recociderinico a 500 en ambiente

de N2 por 5 horas. El canal de los transistores se criétdliectamente del lado del electrodo con sesgo negativo. La movilidad del efecto
de campo del TFT poli-Si fabricado era de 200.5 cm2/V-s. Por consiguiente, se cangrmisibilidad de producir TFTs poli-Si de alto
rendimiento y baja temperatura$00°) por medio del proceso Ni-FALC.

Descriptores: Cristalizacon lateral asistido por campo; nanocatalizador de Ni; transistores trilpetielgada de silicio policristalino;
cristalizacon a baja temperatura.

PACS: 73.61.Jc; 81.10.Jt

1. Introduction properties in TFTs. Previously, this idea was implemented

in the fabrication of poly-Si TFT on a Si (100) wafer using

Until now presept, amorphous §|l|gon (a—S|)' has been rnalnlBf\li—FALC, and successfully demonstrated the transistor char-
used as an active layer for thin film transistors (TFTs), Ofacteri stics

which fabrication is a key technology for active matrix liquid In this present work, we have extended this idea to fabri-

crystal displays (AMLCDs) [1-4]. Recently, polycrystalline . .
It r . . cate the poly-Si TFTs on a glass substrate (corning 1737) at
silicon thin-film transistors (poly-Si TFTs) have been replac—5000 using Ni-FALC [10,11].

ing amorphous silicon thin-film transistors (a-Si TFTs) for .
their advantages in high field-effect mobility and response?- EXperiment
time [1,5,6]. In spite of the outstanding performance of poly-300 nm of silicon dioxide was deposited on corning glass
Si TFTs, lowering the crystallization temperature is a great1737 by atmospheric pressure chemical vapor deposition
concern because the amorphous silicon that has to be cry®APCVD) to passivate the glass substrate. 80 nm of amor-
tallized is deposited on the glass substrate. In addition, dgphous silicon film (a-Si) was deposited on the silicon diox-
creasing the leakage current density in the off-state mode igle by plasma enhanced chemical vapor deposition (PECVD)
another issue to be tackled for the practical application [7,8]at 280 using SiH, and H, as source gases. The speci-
Among various crystallization techniques for poly-Si at men was then annealed to dehydrogenate at 4&02 hrs
low temperature, field aided lateral crystallization (FALC) isin Ny ambient in a tube furnace. In order to effectively re-
a unigue process in the sense that the crystallization is inmove the unwanted impurities on a-Si films, an RCA clean-
duced by an influence of the electric field toward the speciing was conducted. The organic cleaning using a mixed solu-
fied direction. The electric field can enhance the migratiortion (NH;OH:H2O,: deionized (DI) water = 1:1:5) was car-
of the silicide crystallization mediator formed by the reactionried out in temperatures ranging from 70 t¢®#6r 10 min.
between metal catalyst and amorphous Si [8,9]. In this proThereafter, the diluted buffered oxide etchant (BOE) (10:1)
cess, it is not only possible to crystallize the a-Si at lowersolution dip followed immediately to remove the native ox-
temperatures but also to minimize the undesirable incorporaede on the exposed a-Si thin films.
tion of the crystallization mediator in the region of the chan-  After cleaning the specimen, active layer (source, drain,
nel, which is the crucial area for determining the electricaland channel region) photoresist (PR) patterns on a-Si were



2 HYUN-WOONG CHANG, HYUN-CHUL KIM, YOUNG-BAE KIM, YU-HANG WANG, AND DUCK-KYUN CHOI

| a-Si (80nm) |

Si02 (300nm)
MIC | d
Glass panel ] poly-=Si = % :
(a) - -« ©) S ()
ﬂ ﬂf,,-«*lﬂn shower . I
e PR R— r
s0c00 oor.:lr.:f’/ (@) 40 ) .40

a-5Si (B0nm)

FIGURE 2. SEM micrographs of partially crystallized films pro-
cessed at 500in N2 ambient without electric field (a), and with
electric field intensity of 180V/cm (b).
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SioZ (300nm) FIGURE 3. SEM images of crystallized microstructure using Ni-
FALC boundary between MIC poly-Si and FALC poly-Si and (b)
crystallization front of FALC processed poly-Si.
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(c) region was carried out at the temperature of 5@fth an
electric field intensity of 100V/cm in Nambient. The se-

il quence of the fabrication process described above is pre-
sented in Fig. 1. The electrical characteristics of transistors

the fabricated were measured by an HP 4140B system.

Heating

D ti 1 . .
Ch/etliston 3. Results and discussion

Figure 2 shows optical microscope images of the partially
crystallized a-Si films using a Ni catalyst without an elec-
tric field and with an electric field intensity of 180V/cm at

500°. In Fig. 2a, Ni was partially deposited on the outside
(d) of T-shaped pattern only. Therefore, the a-Si outside of T-

FIGURE 1. Process flow of poly-Si TFT by field-aided lateral crys- shaped patt_ern_was crystallized first due to _the Ni catalyst.
tallization process: (a) active area defined (b) selective deposition?rhe crystall|zat|.on ynder the metal cata!yst IS C‘,'i"e‘_j metal
of Ni and PH; doping on source and drain region (c) Mo contact induced crystallization(MIC). The crystallized region is then
formation and source and drain crystallization (d) crystallization of Propagated laterally into the inside of the T-shaped pattern
a-Si in the channel region by FALC. along the pattern boundary with the same speed. This crys-
tallization is known to metal induced lateral crystallization
formed by the photolithography process. 100 nm-thicksSiO (MILC), and this conformal crystallization is attributed to the
and 300 nm-thick Mo were sequentially deposited for gatediffusion of Ni-silicide [6]. On the contrary to MILC, the
oxide and gate metal, respectively. Then, the source ancrystallization in this experiment proceeded noticeably from
drain contact holes were etched after the photolithographyhe negative electrode side toward the positive electrode side
process using the second mask. On the patterned substratdth an aid of the applied electric field intensity of 180 V/cm.
2 nm-thick Ni crystallization catalyst was deposited using aAs shown in Fig. 2b, this directional crystallization enables
DC sputtering system, which was followed by phosphorusone to drive undesirable metal silicide out of the pattern. As
doping using an ion mass doping system at room tempera result of field aided lateral crystallization (FALC), we can
ture. For the practical application, the electric field was intro-minimize the metal residue in the pattern. In addition, it is
duced a through Mo metal line which was directly connectechot uneasy to get much faster crystallization speed than that
to source and drain. The crystallization of a-Si in the channebf MILC at the same annealing temperature.

SiO2 (300nrm)

Slass panel
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TaBLE |. Device parameters of poly-Si TFT fabricated by Ni-
FALC process.

N-channel, \}, = 0.1V,

500°C, 5 hrs
Width/Length (zm) 17/12
Threshold voltage (V) 9.4
Field effect mobility (cn3/Vs) 200.5
Maximum on/off current ratio 8.% 10
Leakage current (A) at y= -5V 4.7x107 1

Intensity(A.U)
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FIGURE 4. Comparison of Raman spectra from (a) crystallized
poly-Si and (b) uncrystallized a-Si using Ni-FALC.

FIGURE 5. Optical microscope image of the partially crystallized
transistor pattern prepared by Ni-FALC process at®500
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FIGURE 6. |-V characteristics of poly-Si TFT fabricated using Ni-
FALC at a drain voltage of 0.1 V.

Generally, it is known that the poly-Si films processed by
conventional MIC or MILC processes result in small grains
with a slightly elongated shape. The magnified micro mor-
phology of the crystallites at the boundary (Fig. 3b) between
poly-Si and a-Si shows the needle-like crystallites. Presum-
ably, mobility of the TFTs is closely related to the enhanced
field-effect in the long needle-like crystallites.

In order to investigate the degree of crystallization of
poly-Si by Ni-FALC process, a Raman beam was focused
on the crystallized region in Fig. 3b as shown in Fig. 4a.
Single crystalline silicon has a sharp peak around 521'cm
in Raman spectra. The intensity of Raman spectra measured
from the crystallized region by Ni-FALC shows the obvious
evidence of crystallization. On the other hand, the uncrystal-
lized a-Si region in Fig. 3b shows a rather broad peak around
481 cnr!, which is a typical characteristic of a-Si in Raman
spectra. From the above results, Ni- induced lateral crystal-
lization under the electric field was identified.

An optical image of partially crystallized a-Si in the chan-
nel of the transistor using Ni at 50@vith an electric field in-
tensity of 100 V/cm is shown in Fig. 5. In order to check the
directionality in crystallization, the specimen was not fully
crystallized but partially crystallized. The neck or bridge re-
gion of the H-shape pattern is a channel region covered by
the gate oxide and gate metal. Hence, the channel area is free
from Ni catalyst. During annealing, a-Si in the source and
drain area is crystallized first since the MIC process can oc-
cur, and the channel is laterally crystallized from the negative

Microstructures of the crystallized films are shown in electrode side to the positive electrode as shown by arrows
Fig. 3. The left-hand side microstructure shows clear demaiin the picture. This result confirms that the FALC process is
cation between the region crystallized by the Ni-FALC andpossible even though the area to be crystallized is covered by

MIC.

an oxide. Only the source and drain regions are originally the
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areas directly in contact with Ni. The low temperature crys-4. Conclusion
tallization initiates from this region and propagates into the

inside metal-free channel region by an electric fieId—assisteg,my_Si TFTs adopting the Ni-FALC process were fabricated
thermal diffusion of the nickel silicide crystallization media- ,, 5 glass substrate by applying an electric field of 100 V/cm
tor. at 500. Using the FALC process, the field-effect mobility in-

Figure 6 shows the drain curren[igate voltage (V9)  creased to 200.5 cHvs. Such high mobility is attributed to
characteristics of Ni-FALC TFT at ¥/(drain voltage)=0.1V. 14 needle-shaped grain, which helps the movement of the

FALC TFT using Ni shows relatively superior properties . rriers in the channel area. The leakage current and the
compared with the previously suggested characteristics gf,;ashold voltage were about 470-11A at Vg = -5 and

TFTs fabricated using Ni solution, as summarized in Table lg av respectively. Consequently, we demonstrated the pos-

It can be judged from the data that one possibility of suchyiyjjity of low temperature {500°) and enhanced character-
differences in transistor characteristics is associated with th@;tics of poly-Si TFTs by the using the Ni-FALC process.

gettering effect in the channel region in the transistor. It is
reported in the case of MILC processed TFTs that the leak-
age current at high drain voltage and the high negative gate
voltage might result in the field-enhanced tunneling of eIeC-A
trons in the valence band to the conduction band via grain
boundary traps. The field-effect mobility of FALC processed
TFTs could be relatively enhanced due to the minimizationThis work was financially supported by the Korea Institute of
of metal residues in the channel region and the properly oriScience and Technology Evaluation and Planning (KISTEP)
ented microstructure in the channel region. Especially, it ighrough the National Research Laboratory (NRL) program.
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