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Abstract

activation process. After the doping process, wane acti-

We propose excimer laser doping of low-temperature vate the dopants by annealing to obtain an n-typeicon-

poly-Si thin films for printable device fabrication. In this
method, solutions containing dopant atoms, are coadl on
the poly-Si surface, and dopant atom diffusion intathe
poly-Si film and activation are simultaneously acteved
by KrF excimer laser irradiation of the poly-Si films. This
method does not require the use of heavy manufacting
equipment such as ion implantation and furnace anrad-
ing systems. In addition, it is a very simple methab in
which dopant coating and laser annealing are perfaned
under atmospheric conditions. Therefore, we expethat
this method will be suitable for doping processesithin
film devices for printable electronics.

In our previous study, we reported that laser dopig
of phosphorus to poly-Si thin films can be achievedsing
excimer laser irradiation in phosphoric acid soluton.
However, cavitation bubbles were generated on thera-
diated area in the solution during laser irradiation; as a
result, laser irradiation damage to the poly-Si wasin-
duced by optical scattering of the laser light athe bub-
ble/solution interface.

By irradiation of the poly-Si coated with the soluton
instead of irradiation in the solution, poly-Si films with no
irradiation damage were obtained. When phosphoric eid
was used as the coating solution, high-quality n-pe poly-
Si thin films with no damage and low resistivity
(~0.14Q-cm) were fabricated.

1. Introduction

Low-temperature poly-Si (LTPS) is used as a chanael m

terial in thin film transistors (TFTs), which aredely used
as switching devices in flat panel displays sucloagd crys-
tal displays. LTPS can be used not only in switcliagices

ductor.

To use a plastic substrate, the process tempernatuse
be below 200 °C, but current fabrication methodgpuie a
dopant activation temperature of approximately 20@fter
the doping process [4]. We focused on achievingadbpn-
plantation and dopant activation simultaneousky latv tem-
perature using excimer laser irradiation in an aoidtion. If
successful, this process would be a powerful toofléxible
display fabrication [5].

In this paper, we report an investigation of phasph
doping of LTPS, which is fabricated by ELA, using exer
laser irradiation after thin films are coated wthosphoric
acid solution.

2. Experiments

We used a KrF excimer laser (Gigaphoton Inc., wave-

length: 248 nm, pulse duration: 80 nsec) on a saghsist-
ing of a-Si(50 nm)/Si®(100 nm)/SiN (50 nm)/ on a glass
substrate. The a-Si films were deposited by loveguee
chemical vapor deposition and crystallized by EL&xgghe
KrF excimer laser (20 shots, 380 mJfxm

After crystallization, the LTPS film was coated hvia
phosphoric acid solution. The coating process iasli{ute
hydrofluoric acid cleaning (10 s), (2) deionized)(vater
cleaning, (3) UV treatment (10 s), (4) dipping ipteosphoric
acid solution (10 s), and (5) DI-water cleaning§)0The UV
treatment in step (3) was performed by KrF excitaser ir-
radiation (20 shots, 150 mJ/@mThis UV laser treatment en-
hanced the hydrophilicity of the surface of the LTH®.
The DI water cleaning in step (5) removes surplusphoric
acid solution. After the coating process, approxatya

10* cn1? of phosphorus was adsorbed on the LTPS surface

as estimated by secondary ion mass spectrometSSI
The pulse repetition rate of the laser was 100 Hd,the

but also for integrating peripheral circuits onsgl@ubstrates |aser beam spot size on the sample surface was;2000

because it has a higher mobility than amorphousosil(a-
Si) [1], [2]. In the future, LTPS could be appligdthis way
in flexible displays on plastic substrates [3]. LTR%level-
oped using excimer laser annealing (ELA).

500um. The sample was scanned in the short axis directio

of the laser beam, and the number of laser shaidined at
20 per location.
We measured the sample’s resistivity, the deptfilpraf

We have focused on two steps in the TFT fabrication p the phosphorus concentration, the carrier condémrand

cess. The first is the dopant implantation prociesshich P

mobility, and the activation rate. The resistivitpsvdeter-

is implanted in poly-Si. The second focus areaésdbpant mined from the sheet resistance as measured byr @pdint

probe and from the film thickness (50 nm). The phosps
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depth profile was measured using SIMS, and we pése
formed Hall effect measurement of this sample aieate the
carrier concentration and mobility.

3. Results

Figure 1 shows the resistivity of the laser-irréeliare-
gion. The resistivity in the non-irradiated areaswi8Q-cm,
and that in the UV-treated area was(b®m. This result
shows that the UV treatment had little effect amrbsistivity.
In contrast, the resistivity decreased dramaticattgr laser
doping at laser fluences of 300 and 350 m3/crhe mini-
mum value of the resistivity, approximately 0Q®4cm, was
obtained at a laser fluence of 350 mJciherefore, we be-
lieve that it is possible to achieve phosphoruslamiation
and activation simultaneously.
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Fig. 1 Resistivity as a function of laser flueneehie laser-irradiated
region

Figure 2 shows the phosphorus depth profile meddwye

350 mJ/cri was 61 crfVs, which is consistent with those
obtained by the conventional doping methods ofinoplan-
tation and furnace annealing. Further, the phosshactiva-
tion rate was 14.6 %. This activation rate was la;think
the reason is that some of the P atoms implantéueipoly-
Si film were segregated at the poly-Si grain bouieda This
problem would be solved by hydrogen annealing, ivis¢he
last process in the fabrication of a poly-Si TFT.

4. Conclusions

We proposed a novel method for laser implantatioR o
atoms into poly-Si thin films by using KrF excimaser irra-
diation. After laser doping, the P concentratiothia poly-Si
film was approximately 9.9x1dcn3, and the concentration
profile was almost uniform. In addition, the reisigy of the
poly-Si films decreased dramatically from @8cm to
0.14Q-cm. Finally, the carrier mobility of the poly-Sinfi
was 61 crfVs, which is consistent with those obtained by the
conventional doping methods of ion implantation arrdace
annealing. Therefore, we conclude that implantatibR at-
oms and dopant activation can be simultaneousfippeed
at room temperature using this method.
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SIMS, of a sample after doping at a laser fluen€e o
350 mJ/ciy The poly-Si was uniformly doped to a depth of

50 nm. We estimated that the phosphorus concesiriatithe
poly-Si films at a fluence of 350 mJ/éwas approximately

9.9 x 188 cm?®. This result indicates that it is possible to

achieve uniform phosphorus doping.
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Fig. 2 Phosphorus depth profile

Additionally, from the Hall effect measurementsg ttarrier
mobility of the poly-Si film after laser doping atfluence of

-772 -



