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Abstract: We have investigated the effects of local Ge-insertion in a-Si films on solid-phase crys-
tallization (SPC). Experiments were performed by using three types of stacked structures, i.e.,
(a) a-Si/a-Ge/a-Si/SiOq, (b) a-Si/a-Ge/SiO3, and (c) SiO2/a-Ge/a-Si/SiO,. These samples were
annealed at 600°C. The results for the structure (a) with Ge films of 5 nm, Ge atoms were com-
pletely diffused into a-Si regions, and no-enhanced SPC was detected. However, if Ge thickness
was increased to 15 nm, Ge atoms were localized. Such phenomena became significant by (b) and-
(c) structures even for samples with Ge films of 5 nm. In addition, significant enhancement of
SPC of a-Si was found. These results indicated that crystal nucleation was initiated at Ge layers,
and then propagated into a-Si layer. Therefore, interface nucleation driven SPC becomes possible
by using the structures (b) and (c). It is expected that this process can be used to grow oriented

Si crystals on SiO;.
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1. Introduction

In recent years, low-temperature formation of
high-quality poly-Si on SiO; has been widely inves-
tigated for the fabrication of high-performance thin
film transistors (TFTs) for advanced active-matrix
liquid-crystal displays (AMLCDs) and Si-based op-
toelectronic integrated circuits (OEICs)V2®. A
melt-grown process such as laser annealing is widely
used for this purpose. However, this method does
not ensure sufficient reliability, due to the en-
ergy fluctuation of laser. Consequently, a low-
temperature growth method such as solid-phase
crystallization (SPC) is strongly required.

The SPC of amorphous Si (a-Si) on SiOz con-
sists of two processes, i.e., crystal nucleation and
subsequent nuclei growth. Activation energies nec-
essary for these processes are 3.7 and 2.7 eV,
respectively®'®. Due to the large activation energy
of nucleation (3.7 eV), a practical technique for SPC
at a low temperature has not been established so
far. In addition, it is known that the nucleation oc-
curred randomly in the whole region of a-Si films
and at the a-Si/SiO; interface. Such a situation
makes oriented crystal growth impossible. There-
fore, the position control of nucleation becomes es-
sential to realize oriented crystal growth®.

Our main idea in this paper to solve this problem
is the local doping of Ge atoms into a-Si films in

* Department of Electronics, Graduate Student
*x% Department of Electronics

order to stimulate crystal nucleation. The present
paper describes the annealing characteristics of a-
Si/SiO; structure, in which a thin Ge film is inserted
in the various positions.

2. Experimental Procedures

In the present study, CZ-Si(100) substrates were
covered with thermally grown SiOs films (thickness:
160 nm). Subsequently, amorphous Ge and Si films
(Ge thickness: 5-15 nm, total thickness: 50 nm)
were deposited on the SiO, films by using a solid-
source molecular beam epitaxy (MBE) system (base
pressure: 5 x 107! Torr) at room temperature.

Figure 1 shows the cross-sectional views of three
types of stacked structures, ie., (a) a-Si/a-Ge/a-~
Si/SiOq, (b) a-Si/a-Ge/SiOs, and (c) SiO2/a-Ge/a-
Si/Si0;. The top SiO, layer shown in (¢) was de-
posited by using a TEOS-CVD system at 300°C. In
addition, a-Si;—,Ge, single alloy layer (0 <z <1,
thickness: 90 nm) were also deposited on SiO; for
the reference sample. The Ge fraction (r) was de-
fined by using Auger Electron Spectroscopy (AES).
These samples shown in Fig. 1 were annealed at
600°C in a dry nitrogen ambient. The growth
characteristics were evaluated by using the spec-
troscopic ellipsometry, AES, and X-ray diffraction
(XRD) method. All measurements were carried out
at room temperature.
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Fig.1 The cross-sectional views of sample structures:
(a) a-Si/a-Ge/a-Si/SiO2, (b) a-Si/a-Ge/SiO2,
and (c) SiOz/a-Ge/a-Si/SiOa.

3. Results and Discussion

First, effects of Ge fraction on the SPC of a-
Si;..Ge, (0 < z < 1) on SiOy were examined.
Isochronal annealing (20 min) characteristics of
the crystallinity for a-Si;_,Ge, alloy are shown in
Fig. 2(a). The crystallinity (normalized to 100%
for crystal Si and 0% for a-Si) was evaluated on the
basis of the imaginary part of refractive index (k)
value corresponding to E; peak (4.3 eV) from the
spectroscopic ellipsometry measurement”®9_ It is
clearly observed the SPC of a-Si;_,Ge,; on SiO,
was significantly enhanced with increasing Ge frac-
tion. The nucleation temperature was estimated as
the temperature where SPC initiated, and they are
summarized in Fig. 2(b). This clearly indicates
that the nucleation temperature was significantly
decreased with increasing Ge fraction. As a result,
nucleation at 500°C becomes possible by using a-Ge
films. Crystal orientations of grown layer evaluated
by using XRD method are shown in Fig. 2(c). The
diffraction peaks corresponding to Sig 7Gep 3 (111),
(220), and (311) are observed at around 26 = 28°,
47°, and 56°, respectively. The other diffraction
peaks originates from the SiO, substrate. Such
multi peaks due to Sig.7Geg 3 are attributed to the
random nucleation in the whole region of a-Si films
and at a-Si/SiO, interface. Therefore, control of
nucleation position is necessary to obtain oriented
growth.

The result shown in Fig. 2(b) triggers the fol-
lowing idea of the nucleation-positioning: When we
insert thin Ge layers into a-Si on SiO; structures,
crystal nucleation should be initiated in the Ge re-
gion due to the low activation energy of nucleation
in Ge compared with that in Si. This will enable
the position control of the nucleation.

To examine this idea, experiments were per-
formed by using the stacked structures (a), (b) and
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Fig.2 Isochronal annealing (20 min) characteristics of
crystallinity of a-Sij—;Gez (0 < x < 1) on SiOz
(a), nucleation temperature as a function of Ge
fraction (b), and XRD spectra of poly-Sip.7Geo.3
on SiO2 after annealing at 600°C for 20 min (c).

(c) shown in Fig. 1. Figure 3 shows the atomic
concentration profiles of Si and Ge (thickness: 5,
10 and 15 nm) before and after annealing, which
were measured by using AES. For the sample (a)
with thin-Ge films (5 nm), Ge distribution is re-
markable, which indicates that Ge atoms were com-
pletely diffused into both sides of a-Si regions be-
cause of the high diffusion coefficient of Ge in a-Si
(6.3 x 10720 m? /s at 600°C)*?,

This fact suggests that it is difficult to realize our
idea by using the structure (a). However, when Ge
thickness is increased to 15 nm, abnormal localiza-
tion of Ge atoms is obtained. Such phenomena be-
come significant by using the samples (b) and (c),
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Fig.3 Concentration profiles of Si and Ge before and after annealing at 600°C measured by AES for the samples (a), (b),
and (c) with different Ge layer thickness. The sample structures are shown in Fig. 1. X-axis is sputtering time
{min), corresponding to the depth from the sample surface, and Y-axis is atomic concentration (%).

where Ge localized even for samples with thin Ge
films (5, 10 nm).

To understand such phenomena, isothermal an-
nealing characteristics of the crystallinity for the
samples. (a) and (b) was examined. These results
were summarized in Fig. 4. Annealing character-
istics of a-Si/SiO2 and a-Sig 9Geg.1/SiO; were also
shown for comparison. For the sample (a) with thin
Ge thickness (5 nm), crystallization occurred after
long time annealing (~1000 min). Such characteris-
tics are very close to those for the a-Sip 9Geg.1/SiO2
structure. This indicates that SPC of the sample (a)
with thin Ge thickness is caused after diffusion of
Ge atoms. On the other hand, for all samples which
showed abnormal Ge localization, SPC was signifi-
cantly enhanced compared with that for a-Si/SiOs.
This resulted in the short incubation time for crys-
tallization, i.e., about 50 min. Consequently, the
inserted Ge layers successfully acted as preferential
nucleation sites.

These results suggest that two-dimensional nucle-
ation at a-Si/SiO; interface can be possible by us-
ing the sample structures (b) and (c) with thin Ge
films (5 nm). Preliminary experiments using XRD
method indicated the preferential nuclei growth
along the [111] direction. Such a SPC driven by
interface nucleation will be a useful tool to achieve
high quality poly-Si on SiOs.

4. Conclusion

Local insertion effects of thin Ge layers into a-
Si/SiOy structures were examined from the view
point of SPC control. Abnormal retardation of
Ge diffusion during SPC was found for all sam-
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Fig4 Isothermal annealing (600°) characteristics of
crystallinity for the samples (a) and (b). The
results obtained for a-Si/SiO2 (x) and a-
Sio.9Geg.1/Si02 (+) are also shown for reference.

ples where Ge layers were inserted between a-Si and
SiO5. This enabled the positioning of nucleation by
preferential nucleation in the Ge regions. In addi-
tion, possibility of oriented crystal growth driven by
the interface nucleation was presented.
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