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1. Introduction

The use of low-temperature (LT) polycrystalline-silicon (poly-Si)
thin film is becoming wide spread in electronic and energy
engineering. We have previously reported the fabrication of lateral
large-grained (LLG)  polycrystalline  siliconggsgermanium gs
(poly-Sig95Geg os) films with a grain size of greater than 2 x 20 um*,
on a glass substrate by continuous wave (cw) laser lateral
crystallization, using amorphous Sig 9sGeg s as the precursor.” In this
study, we evaluated the performance of LLG LT poly-SigsGeg s
TFTs on a glass substrate and carrier scattering mechanism was
described. This Ge composition was selected for the following
reasons: first, the successful fabrication of poly-Si;,Ge, films with
grains larger than those of poly-Si has been confirmed at a
concentration of Ge = 5% and, second, when using silicon-dioxide
(S10,) as the gate dielectric, the same TFT fabrication processes used
for poly-Si TFTs are applicable due to the low Ge composition.

2. Experiments

An amorphous Si¢sGeg s layers with thicknesses of 100 nm
were deposited on fused quartz glass using PECVD at a substrate
temperature of 300°C. The crystallization was carried out at room
temperature using a diode-pumped solid-state (DPSS) cw laser
(wavelength = 532 nm) in an air atmosphere after dehydrogenation
annealing at 450°C for 60 min. The power instability of the DPSS
cw laser was less than 1%, which is superior to that of XeCl excimer
and Ar lasers. The glass substrate was transparent to this wavelength.
Thus, the laser irradiation did not directly increase the temperature of
the glass substrate. The crystallization method described above was
developed by one of the authors (A.H.) and 1s referred to as
continuous-wave laser-lateral crystalhzatlon (CLC).** The laser spot
size was modulated to a 400 x 20 pm? ellipsoidal beam using two
cylindrical lenses, exhibiting a Gaussian intensity profile. The laser
scanning speed was 40 cm/s. An evaluation of the poly-Sij¢sGeg s
crystalline quality was performed by micro-Raman scattering using
as-grown films and FE-SEM using Secco etching.
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3. Experimental Results
Figure 2(a) presents the micro-Raman scattering spectra of the

LLG poly-Si0_95GeO_05 film.
This figure illustrates the
typical optical phonon mode
caused by Si-Si, Si-Ge, and
Ge-Ge. Figures 2(b) and (c)
show the grains of the poly-Si
and poly-SigesGegos  films.
Both were crystallized under
the same conditions. It can be
clearly observed that the grain
size of the poly-SigosGegos
film is considerably larger than
that of the poly-Si film. Grain
boundaries are clearly
observable at the S/D region in
Fig. 1(b). This means the LLG
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The transfer characteristics
and field-effect = mobility
calculated from the linear
region for both the LLG LT
poly-Si0_95Ge0_05 TFTs and LLG
LT poly-Si TFTs are shown in Fig. 3(a). For the n-ch and p-ch LLG
LT poly-Si TFTs the values achieved for field-effect mobility where
306 and 83 cm*/V. s, respectively. In contrast, the n-ch and p-ch LLG

Figure 2. (a) Micro-Raman scattering spectra of lateral
large-grained poly-Sij 9sGey o5 film. (b) SEM image of
lateral large-grained poly-Si film. (c) SEM image of
lateral large-grained poly-Si, 9sGey o5 film.
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Figure 3. (a) Transfer characteristics of LLG LT poly-
Sig95Geg os TFTs and LLG LT poly-Si TFTs. V4=1.0
and -1.0 (V) for n-ch and p-ch TFTs. The field-effect
mobility calculated from linear regions are also shown
in this figure. (b) Output characteristic of LLG LT
poly-Sip 9sGeg s TFTs.

Figure 4 shows the
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Table I. Performance of LLG LT poly-Sij gsGeg s TFTs and LLG LT poly-Si TFTs
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characteristics of the
field-effect mobility
for LLG LT
poly-Sig.osGeo.os
TFTs and ELC LT
poly-Si TFTs are clearly different. The field-effect mobility for LLG
LT poly-Sig¢sGegos TFTs decreases monotonically with increasing
temperature, similar to the field-effect mobility of LLG LT poly-Si
TFTs and LT SIMOX-MOSFET, while the field-effect mobility of
ELC LT poly-Si TFTs includes a temperature region exhibiting
reverse characteristics.

for n-ch LLG LT poly-Si 9sGeg o5 TFT, n-ch ELC LT poly-Si
TFTs, n-ch LLG LT poly-Si TFTs, and n-ch LT SIMOX-
MOSFET. The field-effect mobility of each TFTs at room
temperature is shown in this figure.

4. Discussion

Growth mechanisms of LLG poly-Sij¢sGeg s were described in
ref.1), thus we briefly summarize it. In order to explain the
mechanism for the enlargement of grains in poly-SiggsGeg s, it is
important to consider the segregation coefficient of the Ge in
molten-Si in addition to the temperature gradient at the solid-liquid
interface. It is well documented that 1n molten Si, the equilibrium
segregation coefficient of Ge is 0.33.'” Therefore, Ge is rejected at
the solid-liquid interface. The mechanism for the formation of
large-grained poly-Sig9sGey s is attributed to the aggregation of Ge
at special sites which are disposed periodically at the solid-liquid
interface according to the self-organization mechanism, i.e., the
construction of a cellular structure caused by constitutional
super-cooling. At low temperatures, the region of Ge aggregation in
molten Si;,Ge, remains in a molten phase. At this temperature,
Ge-lean molten Si;_,Ge, is transformed into a solid phase. As a result,
the solid-liquid interface is automatically stabilized, and the
formation of large-grained poly-Siy ¢5Geyg o5 is achieved.

According to our previous research, the dominant carrier
scattering mechanism of LT poly-Si TFTs, with a grain size larger
than 700 nm and with field-effect mobility larger than 300 cm?/Vs at
room temperature, is phonon scattering, rather than grain boundary
scattering. ~ As previously reported in ref. 3 and 4), the carrier
scattering mechanism of LLG LT poly-Si TFTs, which are made up
of grains much larger than 700 nm, is naturally phonon scattering.
The grain size of the LLG LT poly-Sig9sGeg s film was larger than
that of a LLG LT poly-Si film. Thus, it is thought that phonon
scattering, and not grain boundary scattering, is the dominant carrier
scattering mechanism in the LLG LT poly-Siy9sGegos TFTs. The
results presented in Fig. 4 support this view. Figure 4 shows the
temperature dependency of the field-effect mob111ty for LLG LT
poly-Sig9sGegos TFTs to be propomonal to T for n-ch. In Flg 4,
the thermally activated carrier transport region appears in the
temperature region below 400 K for ELC LT poly-Si TFTs. This
behavior is due to the fact that the ELC LT poly-Si TFTs are made up
of small grains, with grain sizes in the range of 200-400 nm, Wthh
it turn result in field-effect mobility values lower than 300 cm?/Vs.
While, LLG LT poly-Sig 9sGegos TFTs include very large grains, with
sizes greater than 2" x 20 pm?, grain boundary scattering is negligible.
Therefore, the temperature dependency of the field-effect mobility
indicates a phonon scattering mechanism.

To explain the degradation of the field-effect mobility for the
LLG LT poly-Sij¢5Geyos TFTs compared to that of LLG LT poly-Si
TFTs, another scattering mechanism is required. According to
previous Hall effect measurements, the mobility of bulk Si;.,Ge, is
lower than that of pure-Si and pure-Ge. This is thought to be caused
by alloy scattering.ls) Also in this research, alloy scattering will be
thought to be one of mechanism which explains why the field-effect

mobility values for the LLG LT poly-SigosGegos TFTs were lower
than those of the LLG LT poly-Si TFTs, in spite of the larger grains
in the poly-SipgsGeg s compared to those of poly-Si. Reference 16)
and17) showed that temperature dependency of field-effect mobility
due to alloy scattering is proportional to T . Since field- effect
mobility of n-ch LLG LT poly-SigesGegos “TFT shows T
temperature dependency, thus effect of alloy scattering is not
dominant. This is consistent with low Ge concentration of 5%.

In addition to weak effect of alloy scattering, the inferior quality
of poly-Sij 95Geg 05/Si0, interface is another effect for degradation of
field-effect mobility of LLG LT poly-Sig9sGegos TFTs. The s-values
of the LLG LT poly-Sig9sGeggs TFTs are larger than those of the
LLG LT poly-Si TFTs. This indicates that the quality of the
poly-Sig95Gey ¢s/Si0, interface is much poorer for the LLG LT
poly-Sig95Geg s TFTs than that for the LLG LT poly-Si TFTs. This is
also a degradation mechanism of the field-effect mobility for LLG
LT poly-SigosGegos TFTs. This may be caused by insufficient
hydrogenation of the Ge dangling bond at the poly-Si 95Geg 5/SiO,
interface. Therefore, it will be necessary to optimize the
hydrogenation of the Ge dangling bond to improve both the
field-effect mobility and s-values for LLG LT poly-Sig 9sGegos TFTs.

Although the field-effect mobility for the LLG LT
poly-Sig05Geg s TFTs was lower than that of the poly-Si TFTs, it was
sufficient to achieve a SOG when applied to an AMLCD’s and an
AMOLED’s peripheral circuit. Furthermore, the low melting
temperature of Si;Ge,, compared to that of Si, is a beneficial
characteristic that will make it possible to reduce the thermal damage
to a glass substrate during the crystallization process.

5. Summary

In summary, we fabricated LLG LT poly-SigsGegos TFTs on
glass substrates at a low process temperature of 550°C using a SiO,
gate d1electrlc and obtained field-effect mobility values of 145 and
42 cm*/Vs for n-ch and p-ch TFTs, respectively. These values are
better than the previously reported LT poly-Si;Ge, TFTs values
obtained using a SiO, gate dielectric. However, they are worse than
those of the LLG LT poly-Si TFTs. This result holds true, in spite the
fact that larger grain was formed in LLG poly-SiygsGeggs than in
LLG poly-Si. Temperature dependency of field-effect mobility of
LLG LT poly-Sig9sGeggs TFTs indicates phonon scattering
mechanism. This indicates effect of alloy scattering is weak. While,
according to inferior subthreshold values of LLG LT poly-Siy ¢sGeg s
TFTs, the quality of the poly-SigosGegos/gate-SiO, interface was
found to be poor. Thus, optimization of interface state, including
hydrogenation of Ge at poly-SijosGeg os/gate-SiO,, is necessary to
improve both field-effect mobility and subthreshold swing. Although
the field-effect mobility of the LLG LT poly-SiggsGegos TFTs is
lower than that of the poly-Si TFTs, it is sufficient to achieve SOG
when applied to AMLCD and AMOLED peripheral circuits.
Furthermore, the low melting temperature of poly-SijGe, is a
beneficial characteristic that is expected to reduce the damage to a
glass substrate during the crystallization process.
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