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Fast crystallization of Ge nanodot array on Si substrate by local pressure method

Ting-Wei Liao, Hung-Ming Chen, and Chieh-Hsiung Kéa

Graduate Institute of Electronics Engineering, D&pant of Electrical Engineering,

National Taiwan University, Taiwan
No. 1, Sec. 4, Roosevelt Road,
Taipei, 10617, Taiwan, Republic of China (R.O.C)
Phone:+886-2-3366356%:-mail: kuan@cc.ee.ntu.edu.tw

Abstract- The poly-crystalline germanium (poly-Ge)
nanodots (~60 nm) have potential for easier and faster
to fabricate on Si substrate. Utilizing the laser annealing
to improve the quality of evaporated germanium (Ge)
nanodot array on Si substrate, and a method of using
local pressure for sandwich structure is developed to
affects the treated Ge nanodot. Therefore, the amor ph-
ous Ge can be faster crystallized and tranforms into
poly-crystalline Ge nanodot. In addition, selective depo-
sition of Ge material is developed to obtain regular dot
arrays. To evaluate the crystal quality of the Ge nano-
dot array was investigated by Raman signal measure-
ment. Finally, the Raman spectrums are well fitted,
whose narrow FWHM of the Ge nanodot array is 5.29
cm™ and peak position at 302.745 cm™is approach the
Ge bulk. Those results show that the processed Ge na-
nodot is poly-crysalline. The Ge nanodot arrays may be
promising for use in nonvolatile memories (NVM).

1. Introduction

There has been a lot of interest to growing thehhig
quality hetero-epitaxial semiconductor on the ¢attimis-
matched substrates.r@ving Ge nanocrystals (NCs) or
guantum dots (QDs) on Si substrates is one of lfte u
mate goals ohetero-epitaxial semiconductdBecause of

Germanium (Ge) -based devices have both high perfor

mances on the electronic and optical propeftles?] and
the compatibility with the existing CMOS technolodyy
addition, to reduce the cost of the material required, poly-
crystalline Ge (poly-Ge) has attracted researcérést in
recent years. Therefore, laser crystallization (b@3 also
been applied to crystallize (or re-crystallize)amorphous
film on a crystalline (c) substrate.

In this paperthe fabrication of uniformly sized and
well arranged high quality Ge nanodot array stmesu
formed onthe lattice mismatche®i substratés demon-

strated First, as to the Ge quality, the laser energy density
E (mJ/cnd) and the sandwich structure (Si substrate/Ge

nanodot /SiO2 layer) are also two important factoraf-
fect the crystallinity of the nanodot array. Theotimpor-
tant factors would make the amorphous @€5¢) faster
transform to the polycrystalline Ge (poly-Ge). Thie LC
of Ge nanodot arrays is formed on Si substrated, the
quality of processed nanodot array would be prgtigd
and cost is relatively down.
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2. Experiments

Through the process by the Electron Beam Lithogyaph
system to define the resist and form the two-diriterzs
array of the nanohole. Figure 1(b) show the SEMgenaf
the resist is defined on the si substrate. Thetigiss of the
resist is about 300 nm, and the pitch is 100nm,thacen-
tire nanohole diameter is about 100 nm. Then, tedager
of 200 nm thick is deposited by E-Gun evaporattre Ge
atoms is filled the nanohole array. To follow, etble Si
substrate and lift off the resist. Finally, cappthg SiQ to
protect the Ge and avoid vanished during laser anne
process. The size of the nanorod is 100 nm andhibk-
ness is about 200 nm. Finally, the Ge nanodot aisay
formed on the Si hole substrate. Then, the threerléSi
substrate/Ge nanodot/SiO2 layer) of sandwich siracis
finished. Figure 1(a) depicts the cross sectiorictkef the
sample.

Fig.1 (a) is schematic cross section of the samgbgs
Top view and (c) tilt 52° of the SEM image to crivof the
final structure. All of nanodot arrays are ordewgdange-
ment.

Then, the samples were crystallized with singlesgsil
from a excimer laser. A Gaussian-like laser beaofilpr
with a diameter ¢)= 4 mm ) was obtained by using a va-
cuum spatial filter. The laser pulse energy witthia crys-
tallized spot was estimated from the measured prisegy
by assuming a Gaussian profile for the distributidright
intensity on the irradiated area. Then annealethbgr an-



nealing in a dry B ambient at about 100 (mJ/enfor ten
spots. The structure of the crystallized Ge nanadays
was routinely investigated by Raman spectroscopynah
spectra of the samples were measured at room tatoper
with a micro-Raman spectroscope Spatially reso(\ezer-
al and energy resolutions ofun and 1 crl, respectively)
in backscattering configuration, with a 50x opticaicro-
scope objective and using an Nd:YAG diode LASERhwit
wavelength of 532nm as the excitation source. Tlea-m
surement mode was static while 3 times accumulatias
used to improve the signal to noise ratio. Befoeasure-
ment of the Ge nanodot array, a single crystal Fi&Ser,
which had a narrow peak at around 520*cmwas used to
calibrate the Raman system regarding wavenumbeainA
gle crystal Ge bulk was measured as a reference.

3. Results

The sample was also analyzed by SEM to cerfithe
final structure. The result of the SEM picture ®wn in
Figure 1(b) top view and (c) tilt 52°. The Ge naobdrray
is formed obviously, and shows the Ge nanodot aisay
uniform without void during lithography process.

After laser crystallization, a micro-Raman specteter
was used to characterize the Ge nanodot arraytyjubili
provides the information about the crystallizatidime Ge
nanodot array structure of the laser crystallizegeshds
strongly on the laser fluency. Usually, the coextise of
two phases occurs at low laser energy, leadingppear-
ance of amorphous portion on the lower wave nursluks.
Therefore, we develop a method of using local presfor
sandwich structure to affects the treated Ge naraidiow
laser energy. The results are shown in Figure & ,sdnd-
wich structure and compare with only Ge nanodotsSon
plane substrate after laser annealing 100 (nf)/often
laser spots. The sandwich structure shows the Rape
trum intensity was obviously enhanced and the ahmrp
phase vanishes and a sharper symmetrical peak rapgea
compares with only Ge nanodots on Si plane sulesttat
addition, the Raman spectra of the sandwich streatan
fit well with Lorentz distribution.

30000

—=— sandwich structure
—e— Ge dots on Si plane sub

25000 -

u.)

;20000 [ o

30274473

52935

Intensity (a
g B
8 8

3]
8

0
240 260 280 300 320

Raman shift (cm™)
Fig. 2 is show the measurement result of Raman
spectrum distribution of the sample after lasereafing
treatment (E = 100 (mJ/cof ten laser spots).
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The resultant of Lorentz fitted exhibits a sharmlpe
centered at 302.75 ¢hand the FWHM is further reduced
to 5.29 crit, suggesting the Ge nanodot array was crystal-
lized. Although a shift in peak position can alse due to
stress and local pressure in the nanodot, thestisetear-
ly indicate increasing laser spot quantity and gissand-
wich structure to trend Ge nanodot arrays thatRhenan
signal peaks shift toward 303.79 Ctrfreference Ge wafer
position). The poly-Ge nanodot arrays were prepdngd
laser annealing of evaporator a-Ge nanorod. Uiijzihe
sandwich structure and increasing laser spot cyacdn
induce the Ge nanodot array faster transform from
amorphous phase into polycrystalline phase.

Finally, the Ge nanodot arrays are clearly obvipusl
ordered arrangement andiformly sized The result of the
Ge nanodot arrays were confirmed that final stmectoy
cross section SEM image is shown in Figure 3. AlGe
nanodot arrays are ordered arrangement and eiggeiss
about 60nm. The SEM image shows the Ge nanodotsarra
is uniformly without void during lithography procesnd
laser annealing process.

"

Si

Fig. 3 is showed the cross section SEM images of Ge
nanodot arrays. The nanodots size is about 60nm.

4. Conclusion

To fabrication uniformly sized and well arrangedhi
quality Ge nanodot array structures is formed anldttice
mismatched Si substrate, a new method of usingl loca
pressure of sandwich structure by laser annealegjrhent
is developed. Utilizing the sandwich structure &owl laser
energy can induce the a-Ge nanorod faster transform
poly-Ge nanodot, further improve crystalline prdjger and
enhance the Raman spectrum intensity. The heteteriala
LC of poly-Ge nanodot arrays on the lattice misthattSi
substrates is demonstrated. Finally, all of polys@@odot
arrays are ordered arranged and entire size is &6om.
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