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The properties of a-Si:H films and u -crystalline Si films.

oootddo O ;
ph Crystal structure a-Si:H U -crystalline Si M;Z:ﬁggg
oodode 00
PECVD
booodood Deposition method Eﬁgzg LPCVD
0000phOO Cat.-CVD
O00000n Deposition Temperature 200~250°C 300°C~500°C
Oo0ogoogoo.t Properties Symbol (unit)
0 0.5evVO OO Optical band gap E; (eV) 1.7~19 1.6~2.1
O0000o 10 Photoconductivity Tpn (S/em) 5%105~10* 104~103
S/em0 0000 Dark-conductivity o4 (S/em) 5x101~101° 107~10°
gbobodibpd Photosensitivity O/ Ta 10°~10° 10'~10°
O0dpnO0O0O0O Activation energy E, (eV) 0.7~0.9 0.3~0.5
O0o0oooood Defect density Ny (cm?) 5% 10M~10'6 10'6~10"7 ESR,CPM
gooood Eg U Urbach energy E, (meV) 45~60 CPM
oooboaoad Hydrogen contents | H, (cm™®) 4~8x 10 1~4x 10" FT-IR
oooodaoad Crystallinity Isao/lsso - ~10 Raman
bobooood Grain size D (nm) - 10~30 TEM, XRD
O0oooooo
Crystal orientation - - <111> XRD
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Chapter 2

Study of A-Si:H Deposition Process in Modulated
RF Silane Plasma

The influences of plasma parameters on the deposition of a-Si:H film and particle
growth have been studied with silane discharge using pulse amplitude-modulated RF
(PM) methods. Plasma parameters have been measured with the Langmuir probe
system and optical emission spectrometer. Behaviors and generation processes of
particles have been observed by the laser scattering method. The deposited thin film
has been characterized by various techniques such as Fourier-transform infrared (FT-
IR) spectrometry, ESR and the constant photocurrent method (CPM). High deposi-
tion rate with low particle density as well as high film quality has been realized for a-
Si:H film by amplitude-modulated RF methods.

— CW-mode
I Pxl=mode
{1kHz, 68kHz)

units]

LLLLLL

P pe e

Mlie Scatterimg Ing, (arb

EF-electinde Giround

Pozation imm

Pulse amplitude-modulated RF (PM) wave-form and spatial particle profile
of scattering intensity in CW-mode and PM(1kHz, 68kHz)-mode cases.
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FIG. 2-3
PECVD experimental apparatus equipped with parallel-plate electrodes

(360 mm X 360 mm) and plasma diagnostics systems.
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Deposition rate of a-Si films (M) and detected current
of scattering light (@) as function of RF Voltage V|
in CW-mode case.
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Scattering intensity ratio 0 required from the scattering
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Detected current of scattering light as function of the
Modulation frequency in PM-mode case.
Detected current of CW-mode is also shown (a dotted line).
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A parameter of laser scattering intensity / deposition rate
as function of the modulation frequency in PM-mode case.
Value of CW-mode is also shown (a dotted line).
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Spatial profile of scattering intensity in CW-mode

and PM(1kHz, 68kHz)-mode cases.
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An infrared absorption spectrum by FT-IR method
in CW-mode case (deposition rate: 22nm/min).
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An infrared absorption spectrum by FT-IR method
in PM-mode (68kHz) case (deposition rate: 52nm/min).
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Chapter 3

Low-Temperature Microcrystalline Silicon Film Deposited by

Plasma Technique Using Hydrogen Radicals

As anovel direct deposition method of microcrystalline silicon, we have developed
the high-density and low-potential plasma-enhanced silane generating chemical vapor
deposition ( CVD ) system. We have studied a 2-step deposition process which
consists of the silicon nucleation step using atomic hydrogen ( radicals ) and the
microcrystalline growth step using silane plasmas at low temperature. Transmission
electron microscopy ( TEM ) and micro-ultraviolet Raman spectrometry (UV-Raman
)analyses reveal that silicon films crystallize with a low defect density starting from the
interface between the SiO, substrate and the film. Furthermore, the electron mobility
determined on the basis of the TFT characteristics indicates that this method is highly

effective for the direct deposition of microcrystalline silicon.

50nm

SEM image and nano-electron diffraction pattern of p-crystalline Si
films fabricated with nucleation-step (2-step deposition method).
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Silane plasma characteristics of Side-wall type PECVD.

Table. 3-1 Silane plasma characteristics measured with
Langmuir probe.
SiH,/H, 10/ 150 sccm 25/150 scem
v, 62.0 (V) 61.5 (V)
T, 1.8 (eV) 2.0 (eV)
N, 1.3 X101 (cm?) 1.4 %10 (cm)
N, 8.2 % 10° (cm?) 7.5%10° (cm™?)
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Glass FIG. 3-16

Raman spectra of U -crystalline Si films
as function of nucleation-step process time.
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p-Si

FIG. 3-18  (yoss-sectional TEM images of U -crystalline Si films
fabricated without nucleation-step.

FIG. 3-19 Electron diffraction pattern of u -crystalline Si films
fabricated without nucleation-step.
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FIG.3-20  Nano-electron diffraction pattern of 4 -crystalline Si films fabricated
without nucleation-step.

FIG. 3-21  Cross-sectional TEM images of ( -crystalline Si films
fabricated with nucleation-step (2-step method).
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FIG. 3-22  Electron diffraction pattern of u -crystalline Si films
fabricated with nucleation-step (2-step method).

FIG. 3-23 Nano-electron diffraction pattern of f -crystalline Si films fabricated
with nucleation-step (2-step method).
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Nucleation

FIG. 3-24  Cross-section TEM images of Si nucleation laver formed
with only nucleation-step.
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FIG. 3-27 The wide angle x-ray diffraction (8 -2 6 ) [vertical component for substrate].
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Table 3-4 Results of defect density with ESR method.
. surface -spin-density ~ Bulk-spin-density
Sample Condition . ) . . g-value
(spins/cm?® ) (spins/cm? )
{ -c-Si[A] wio Nucleation-step 9.0 x 101 1.1 x 107 2.0051
it -c-51[B] w/ Nucleation-step 6.0 x 101 13x 107 2.0051
1t -c-51[C] w/ Nucleation-step 9.0 x 101! 8.5 x 106 2.0048
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Chapter 4

Study of Low-Temperature Crystallization of Amorphous Si

Films Obtained Using Ferritin with Ni Nanoparticles

We propose a new technique for fabricating poly-Si thin film with high crystallinity
utilizing bio-technology. The poly-Si thin film with a high crystallinity was obtained
using ferritin with a Ni core ( 7 nm ), which enabled us to precisely control the density
and position of the nucleus for crystal growth. The core density of ferritin adsorbed on
the amorphous silicon ( a-Si ) surface was controlled in the range from 10°cm? to
10" cm™. Crystal growth was performed at 5500 in N,,. Crystallinity evaluation of
poly-Si film was performed with XRD, Raman and EBSD method. Crystallinity or
grain size strongly depended on Ni core density. Poly-Si film with the average grain
size of 3 im and a high crystallinity was obtained at a low Ni atom density of 10" cm-
* This work will open up the new field to obtain the high quality thin film for realizing

next generation electronic devices.

.-

I<—>I

Diameter of cavity 7nm

Schematic of ferritin-formed nickel core in cavity. The core is approximately 7nm in diameter
and is dependent by the cavity size. Crystalline orientations and grain (EBSD) images of poly-

Si films after annealing for 25 h at 550°C.
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FIG.4-2  SEM image (a) and AFM image (b) of poly-crystalline Si films
using ELA method.
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FIG. 4-3 Ferritin molecules with formed nickel core.
(a) The schematic drawing of a ferritin molecule storing nickel ions.
(b) Formation nickel core in a cavity.
(c) TEM image of ferritin molecules with formed nickel core in the cavity.
The size of cores is about 7nm in diameter and is regulated by the cavity size.
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FIG. 4-4 The schematic illustration of silicon crystallization using the novel BN-process.

(a) Adsorption of Ni-ferritin to a-Si films (50 nm) on the glass.

(b) Formation of nickel silicide nuclei after elimination protein
with UV/Oj treatment at 110°C.

(c) Crystallization of silicon films by RTA in N, ambient at 550°C.
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FIG. 4-5 SEM images of Ni-ferritin cores
adsorbed on a-Si films for various
concentrations of Ni-ferritin.
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FIG.4-6  Relationship between concentration of ferritin solution [Cr/l
and density of Ni cores [D,,].
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FIG. 4-7 SEM images of nickel silicide
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FIG. 4-8 A formation temperature map of thin film Ni silicide

on a-Si and crystalline-Si , which shows the sequence
of phases against their formation temperature.
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FIG.4-9  Annealing pattern and starting time for a solid phase crystallization.
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FIG. 4-10 The results of XRD method for poly-crystalline Si films.
Ni-core density [A] : 2.5 X 101 ¢m2, [B] : 2.8 X 1019cm2,
[C]:2.6 X 10°cm2, [D] : without Ni-core.
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FIG. 4-11 Relationship between intensity of XRD <111> peak
and density of Ni-cores.
[A]2.5% 10" ¢cm2, [B] 2.8 X 1010 ¢cm™2
[C] 2.6 X 10° cm™2, [D] without Ni-core
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FIG. 4-12  The results of Raman spectrometry method for poly-crystalline Si films.
Ni-core density [A] : 2.5 X 10! cm2, [B] : 2.8 X 1010 ¢m™2,
[C]:2.6 X 10°cm2, [D] : without Ni-core.
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FIG. 4-13 Relationship between Raman shift, FWHM and density of Ni-cores.
Ni-core density [A] : 2.5 X 10" cm2, [B] : 2.8 X 100 cm™2,
[C]:2.6%10%cm?2, [D] : without Ni-core.
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FIG.4-14 EBSD grain images of poly-crystalline Si films after annealing for 25 h
at 550°C as function of density of nickel cores.
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FIG. 4-17 Distribution of grain size by EBSD analysis of the poly-Si films
as function of a density of ferritin-Ni cores.
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