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Abgract : Polycrystalline slicon (poly-3) films conssting of super-large disk-like domains

were obtained with sol ution-based metal-induced crystallization (SMIC) of amorphous silicon.

The prepared disk-like domain SMIC poly-S has an average domain size of up to 504 m,
highest hole Hall mohility of 30. 8 cm?/V - s, and highest electron Hall mobility of 45. 6
cm?’/V - s. Ptype poly-S TFT based on disk-like domain SMIC poly-S has high field effect
mobility of 70 80cm?/ V™ '. s !, sub-threshold dopeof 1.5 V/ decade, on/ off state current
ratio of 1.01 x 10" and threshold voltage of - 8.3 V. Al®, Ptype disk-like domain SMIC poly-9
TFTs exhibited excellent reliability under high gate bias stress and hot carrier bias stress.
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1 Introduction

While most active matrix liquid crystal dis
plays (LCD) are made of amorphous silicon (a
S) thinfilm transistors (TFT) , thereis aways
a demand for polycrystalline slicon (poly-9)
based active matrix displays because the latter
can provide much higher resolution and smaller
pixels. Aswell , some of the driver circuitry can
be integrated onto the glass substrate in the case
of poly-S TFT. Additionaly, poly-S TFT is
more stable than &S TFT in terms of driving
organic light emitting diode (OL ED) displays.
Thus low cost, high performance and reliable
low temperature poly-S (L TPS) processing
technologies are greatly required*? .

Poly-S films with large crystalline grains
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have been obtained using the techniques of exci-
mer laser annealing (ELA) ™ and metal-i nduced
crystallization (MIC) .
tionsof MIC such as metal induced lateral crys
tallization (MILC) and metal induced unilateral
crystallization (MIUC). We refer to al of them
as MICin thefollowing. ELA is capable of pro-

There are severd varia

ducing poly-S films with low defect densty and
high mobility. However , it suffers from inho-
mogeneity of film, high initial equipment cost ,
high maintenance cost, and high process conr
plexity. MIUC poly-S TFTs employing anneea
ling at 550 has been studied '®'. Although
capable of high performance and good uniformity,
MIUC TFT needs an additional mask to define
the crystallizatiorrinducing windows, which

makes the process more complicated and higher
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cost. Additionaly ,
channel afects the long-term stability of the
TFT. Sopoly-S TFTs with reduced fabrication
complexity , high performance,

resdual nickel in the poly-S

reliability and
uniformity isthe key factor of itspracticality .

There have been several attempts to reduce
the Ni content in MIC based TFT. Disk-like
poly-S dlicon has been obtained by Ni-mediated
crystallization of ad9 with a dliconrnitride
(SIN.) capping layer "), Inthisprocess, Ni was
sputtered onto the SN«/ aS layer and then an-
nealed at around 600

controlled the Ni content insgde the MIC layer to

. The capping SN« layer

acceptable limit , however , that processis quite

complicated. It costs more because of the vacu-
um process involved and the requirement to re-
move the capping layer afterwards.

In this paper, we discuss a solution-based
MIC (SMIC) processfor the fabrication of poly-
S TFT. The disk-like poly-S film with low Ni
content isobtained by controlling the Ni adsorp-
tion processin the Ni (NOs) 2/ NHsOH mixed so-
lution. Therefore, poly-S TFT with good per-

formance and high reliability can be obtained.

2 Results and Discusson

2.1 SMIC Poly-Si Film

The fabrication process began with 101. 6
mm (4 in ) ¢3S wafers covered with 500 nm
thermally-oxided layer. Then 50 nm a S was de-
posited by low-pressure chemical vapor depos-
tion (L PCVD) at 550

hydrogen fluoride (HF) solutionfor 1 minto re-

. After dippinginto 1 %

move the native oxide, the sample was immersed
1 x 10" ° (quality ratio of nickel nitrate
crystalline to deionized water) nickel nitrate (Ni
(NOs)2) solution withapH valueof 8. ThepH
value was adjusted by adding a small amount of

inaw=

ammonia (NH,sOH) . The samples were then an-
nealed at 590
were fully crystallized. When the immersion

for 6 hin nitrogen ambience and

time was 2 min, a disk-like doman structure

with a typical diameter of 30 50 W m was

When the
immerson time wasincreased to 10 min, the do-

obtained, as shown in Fig. 1 (a).

main structure became floclike, as shown in
Fig. 1(b).
for 5 min, two types of domains were found in

Between 2 10 min, for example,
the poly-S film.

It was observed that the reproducibility and
the uniformity of the crystallized poly-S were
sengtive to the pH value of the mixed solution.
The pH value of the Ni (NOs)2 solution, which
is approximately 6 under normal conditions, can
be increased to 10 by adding NH:OH. Thecrys
tallization of &S was more reproduciblein terms
of average domain sizeif immersedin Ni(NOs)2/
N HsOH mixed solution with pH valuefrom 7 to
9, but random and non-uniform if immersed in
unmodified Ni (NOs) .
damaged if the pH value was higher than 9 .
S the pH value of the Ni (NOs)2/ NHsOH
mixed solution was always kept at 8 in our ex-

The surface of &S was

periments.

Because of the etching sdectivity of tetrame
thyl ammonium hydroxide ( TMAH) etchant
between different crystalline orientations, the
etched poly-S by TMAH at room temperature
showed the insde structure of the films. The
morphologies of SMIC poly-S were studied
using this technique. Two digtinctly different kinds
of structureswere observed and shownin Fig.1.

Fig.1 Optical microscopy images of the full crystallized
SMIC poly-9 etched by TMA H. (a) Disk-like do-

main and (b) Floc-like domain.
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They correspond to immersion times of 2 min
and 10 min, respectively. Fig. 1(a) shows the
di sk-like domains and the obvious colliding grain
boundaries. The average domain size was about
30 50U m. The floclike domains and ambi-
guous grain boundaries were shown in Fig. 1
(b) , where the average domain size was about
3 5um.
2.2 Hall Mobility Measurement

In order to measure Hall mohility , the fully
crystallized SMIC poly-S films were implanted
with phosphorus and boron at different dosage of
8x10°,2.0x10", 5x10" atoms cn'’ for various
samples. Then the samples were post-annealed
at 590

Asshownin Fig. 2, the highest Hall mobi-
lity of P-type poly-S which was obtained at an

for 3 hfor activation.

implantation dosage of 1 x 10" atoms/ cm’ (corre-
gonding to 2 x 10° atoms/ cm®) was 30. 8 cm?®/
V - sof disk-like domains and 22.5 cm?/V - s
for floclike domains, respectively. With theim-
plantation dose increasing up to 2. 5 x 10"
atoms/ cm® (corresponding to 5 x 10 atoms/
cm’) , the hole Hall mobility decreased to 27. 1
cnt/ V - sfor dsklike domainsand 2.3 enf/V - s
for floclike domains. From these results, it can
be seen that the Hall mobhility of disk-like P-type
poly-S was much higher than that of floclike
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Fig.2 Hal mobility of the disk-like domain and floc-like
domain SMIC poly-S, which were implanted sepa
rately with phosphorus and boron at different
regions at dose of 8 x 10, 2. 0 x 10", 5 x 10"

atoms/ cm?® respectively.

domain poly-S , and it decreased a little as the
impurity concentration was increased. It can be
confirmed that the disk-like domain poly-S has
better crystalization quality, lower defect densty
and less grain boundaries compared to floclike
domain poly-S .

For N-type SMIC poly-S , its Hall mobility
increased with the increasng of the impurity
concentration until the impurity concentration
reached 5 x 10*° atoms/cm’. The Hall mobility
of disk-like domain and floclike domain poly-S
was 46.5 cm’/V - sand 25.2 cm’/V - s respec
tively when the impurity concentration was 5 x
10" atomsg cm®. The Hall mohility of phogphorus
doped SMIC poly-S does not have the same
trend as that for the borondoped material.
There might be two posshilities. Frst, phogphorus
and boron were doped at the same dosage, due to
the difference of atom mass, the SMIC poly-S
films finally got different carrier concentration
ater the same activation process. Second, the
defects and grain boundariesor the resdua nickd in
the SMIC poly-S have more effect on the motion
of electrons than that of holes " .

2.3 SMIC Paly-Si TFT

The SMIC poly-S films with two different
kinds of structure, disk-like domain and floc-like
domain, were patterned into active idands, and
unwanted poly-S was etched away usng Freckle
etchant. 100 nm low temperature oxide (L TO)
was subsequently deposited usng L PCVD at 425

as gateinsulator after the native oxide was re-
moved by 1% HF. Later 280 nm L PCVD poly-S
was deposted and patterned into gate elec
trodes. Boron with the dose of 4 x 10**/ cm® were
implanted into the source, drain and gate regions
of Ptype TFTs. 500 nm L TO isolation layer
was deposited and the dopants were activated at
the same time. Contact holes were opened before
700 nm m(Al) m(9) =1 100film was sputtered
and patterned. Contact sintering was performed
Fig. 3
shows the schematic cross section of a P-channel

in forming gas at 420 for 30 min.
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Al-S/D electrode

500 nm LTO

500 nm Si0,

Substrate SMIC poly-Si

FHg.3 Schematic cross section of a P-channel SMIC poly-

S TFT

SMIC poly-S TFT.

Electrical characteristics of P-channel TFTs
fabricated with SMIC poly-S films as active layer
were measured with HP4156 semiconductor pa
rameter analyzer. Trander characteristic curves
were measured for TFTs with W/ L =304 m/ 10
M m. W and L denote the width and length of the
trandstor respectively. The threshold voltage
(V) are defined as the V, required to induce an
laof W/Lx10"® A at Vas= - 0.1 V. Thefield
effect mobility (Ure) at low drain voltage (Vs =

_lgm
WCodes

and L are the €ffective channel width and

-0.1V) isgiven byPde = ,where W

length, gm is the transconductance, Co is the
gate insulator capacitance per unit area, Vs is
the voltage between drain and source. The re-
ported field-effect mohility i sthe maximum value
measured.

Fig. 4 shows the trander characteristics of
disk-like domain and floclike domain SMIC
poly-S TFTsand their field-effect mobility. The
P-channel TFTs with disk-like domain SMIC
poly-S exhibited a field effect mobility of 73.8
cn’/V - s, sub-threshold dope of 1.5 V/ decade,
on/ off state current ratio of 1. 01 x 10’ and
threshold voltage of - 8.3 V. At the sametime,
the P-channel floclike domain SMIC poly-S
TFTs showed afield effect mobility of 46.9 cnt/
V - s, sub-threshold dope of 1.86 V/ decade, on/ off
state current ratio of 0. 82 x 10" and threshold

voltageof - 10.1 V. Therefore, from the per-
formance comparison, we can see that , the per-
formance of SMIC poly-S TFTsis mainly deter-
mined by the domain structure of the poly-S

films.
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Fig.4 Dran current and field-effect mobility vs. gate
voltage of p-type TFTs fabricated with of disk-
like domain and floc-like domain SMIC poly-S

2.4 Bias Sability of SMIC TFT

Fig.5 (a) and (b) show the gate bias stress
effects on field effect mobility and threshold
voltage of P-channd disk-like doman SMIC poly-S
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Fig.5 Podtive and negative gate-bias stress (at Vgs = *

20 V) effectson the field-effect mobility variation
and the threshold voltage shift for P-channel disk-
like domain SMIC poly-S TFT
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TFTsunder the biasof Vg =20V , V4s =0V and
Vgs=-20V, Vas =0 V respectively. In poly-S
TFT, gate stress induces electron (hole) trap-
pings for positive (negative) gate bias stressinto
the SO:. From Fig.5, we can see that , for the
P-channel disk-like domain SMIC poly-S TFT,
there is no change in the threshold voltage and
field-effect mobility , which means that there is
neither weak bond breaking such as 9 —S,
S —O nor carrier trapping into the oxide at the
S/ S0: interface by gate bias stress. We can say
that the P-channel disk-like SMIC poly-S TFTs
exhibited excellent reliability undergoing the
gate-bias stress.

FHg. 6 shows the comparion of the shiftsin
the field efect mohility and threshold voltage as a
function of hot carrier bias stresstime at Vg = - 15
V and Vg = - 30 V for Pchannd dsk-like domain
SMIC poly-S TFTs. The performance of a poly-
S TFT can be degraded by hot carrier-induced
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Fg.6 Hot carrier biasstress effect on the fieldeffect

mobility variation and the threshold voltage shift
for the P-channd disk-like domain SMIC poly- S

TFT versus bias stress time

References:

defect creation within the channel. The biasin-
duced change can be seenin &S H and poly-S
devices, where carriers are believed to break
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3 Concluson

Disk-like domain poly-S films were ob-
tained with sol ution-based metal-induced crystal-
lization (SMIC) of amorphous sdlicon. The
SMIC poly-S has an average domain size of up to
50U m, highest hole Hall mohility of 30.8cnf/V - s,
and highest eectron Hall mohility of 45.6 cnt/ V - s,
P-channel poly-S TFT based on disk-like do-
main SMIC poly-S has high field effect mohility
of 70 80 cm’/V - s, sub-threshold sope of
1.5 V/ decade, on/off state current ratio of
1.01x10" and threshold voltage of - 8.3 V.
The P-channel MIC poly-S TFTs had very
stable performance against gate bias stress as
well as hot carrier-bias stress. Therefore, with
the disk-like domain poly-S film as active layer ,
P-channel TFTs have good performance, and
high reliability , which is the promisng technology
to realize the low cost, smple process poly-S
circuit and flat-panel displays.
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