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Abstract
The confinement of the modern day semiconductor devicesiis fast propelling the growth of nanoparticles as an excellent constituent of
such device and the characteristics like quantum size confinement and coulomb blockade effect of the same is accelerating their
application in this field. But before the fabrication of devices with the nanoparticles, their morphological and electrical
characteristics needs to be studied in order to have a sense about the efficiency of such a device. In this experiment, Slicon
nanoparticles have been deposited on SO, substrate by thermal decomposition of silane using Low Pressure Chemical Vapor
Deposition (LPCVD) Method with varying deposition times. Then, the morphology of the sample, the size as well as distribution of the
nanoparticles is investigated using Atomic Force Microscopy (AFM) and the Scanning Probe Image Processor (SPIP). It shows that
all the characteristics of the nanoparticles like height, density and size of the nanoparticles change with the varying deposition time.
The size of the nanoparticles varied between 2-10nm whereas the height and density varied between 1-3nm and 2X10"/cn? -

3.5X10™/cn respectively.

Index Terms. Slicon Nanoparticles, Nucleation, Quantum Confinement, LPCVD, AFM etc.
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1. INTROUCTION

The dimensions of semiconductor devices are shvinkast
day by day which is actually propelling the advaneat of
modern day computers and gadgets. The confinemoknt
dimensions has already reached into nanoscale rande
attempts are going on to prepare such in ordeetovedse the
power consumption and dissipation when they ardiegpp a
device. When such a miniaturization is continuédieicomes
increasingly difficult to fabricate the device asqueeze out
its properties. It is the case where the quantua plays an
important role.

Quantum size confinement, Coulomb Blockade effect e
makes silicon nanocrystals a possible candidate tifer
fabrication of novel devices such as single electransistors
[1], vertical transistors [2], resonant tunnelingvites [3-4]
and floating gate memory devices [5-8]. The quantum
confinement effect is observed when the size ofpiiuticle is
too small to be comparable to the wavelength ofefleetron.
So as the size of a particle decreases till naategange, the
decrease in confining dimension makes the energglde
discrete and this increases or widens up the bamd apd
ultimately the band gap energy also increases.eSime band
gap and wavelength are inversely related to eabkrahe

wavelength decrease with decrease in size andrdoé is the
emission of blue radiation.

Nanoparticles can be produces by LPCVD, PECVD asérl
ablation. However, there is little research in thay of the

particle electrical characteristics. In generais thas involved
building a composite structure of nanoparticles edaed in
an insulating matrix [9] or measuring the electrigeoperties
of freestanding nanoparticles by making two direletctrical

contacts using Scanning Tunneling Microscopy [1D-&d

atomic force microscopy [3]. Due to the strong ieaurr
confinement in a silicon nanoparticle, it is rezasoe to

assume that the electrical properties of thesectstwill be

different from their thin film equivalents. For erale, the
current through a nanoparticle can vary by severdérs of
magnitude when the addition or removal of a sirgsctron

changes the charge on a nanoparticle. Since ttaidocof

nanoparticles is random, a critical step in nantgardevice

fabrication is the exploration of electrical protes of the
nanoparticles.

The silicon nanoparticles used in this study wezpasited on
SiO2 substrate by thermal decomposition of silasiagiLow
Pressure Chemical Vapor Deposition (LPCVD) [12-46{ is
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investigated under different time frames. Varyirg ttime,
temperature and partial pressure of silane gaschange the
average diameter and height of the hemispherical
nanoparticles formed. This route offers an exceél@mtrol
over particle size and size distribution and phatiensity.

In this paper, synthesis of silicon nanopartickegaing to be
described by low-pressure chemical vapor deposition
(LPCVD) [4] method and is investigated under diéigtr time
frames. Samples’ morphology, nanoparticles’ sized an
distribution have been studied by Atomic Force Msmope
(AFM) and image processing software Scanning Piotage
Processing Software(SPIP).

2. EXPERIMENTAL DETAILS OF SYNTHESS
OF NANOPARTICLES

The device fabrication process begins with the<100>
orientation n-type silicon wafer (9-1@cm) of 2" diameter
after various type of cleaning. Contaminants presenthe
surface of silicon wafers at the start of procegsior
accumulated during processing, have to be remotvepegific
processing steps in order to obtain high perforreaand
highly reliable semiconductor devices.

In the surface wafer cleaning process, silicon wafes boiled
in tri-ethylene for 5 minutes to remove glycerirdamax in the
wafer. Then the wafer was dipped in methanol for fieinutes
to remove dust and fragmented particles and rirfeedl-
minute in running DI water. The RCA cleaning isldaed by
Piranha cleaning.

The Piranha cleaning mixture is combined of sutfuaicid
(H,SO,) and hydrogen peroxide §B8,), usually 3:1 in volume
ratio to remove organic and metallic impuritiesislthe most
effective in cleaning silicon surface. Many cleapisteps
include an HF last step to remove native oxide afitel that,
the following procedure was maintained.

In the next dry thermal oxidation process, Sikas been
grown on Si substrata at 8@ for 5 minutes in the presence
of O,. THERMCO oxidation furnace has been used in this
process. Thus, 50 A SjQayer (tunneling oxide) was grown
by thermal oxidation on n type <100> silicon suatgr The
chemical formulation is as follows:

Si+ 0,— SiO,  (800C)
Next, the silicon nanoparticles have been depositsitig
LPCVD method. In LPCVD method, Silicon is depositegd
pyrolysing silane at 600°C in a low-pressure THERMC
CVD reactor. Here the chemical formulation goes likis:

SiH, — Si + 2H (60°C)

In this process, the deposition parameters likePescess
Temperature (600C), Chamber Pressure (100 mTord) an
Silane Flow Rate (50 sccm) and Time (varied betwdén
sec- 90 sec) have been considered exclusively far o
experiment.

3. AFM CHARACTERIZATION PROCEDURES

Nanodimensional structures are characterized bynscg
probe microscopy (SPM) techniques like AFM, scagnin
tunneling microscopy (STM). There are different medf
AFM imaging, namely contact, non-contact, interemtt
contact (or tapping), and lateral force microsco@pntact
mode is the most common mode of operation of thi1AlR
this mode, the tip and the sample remain in clasgact (in
the repulsive regime of the intermolecular forcevel. One of
the drawbacks of contact mode is that there eaigfel lateral
forces on the sample as the tip is dragged ovespleeimen
and may damage the sample of soft material likéobical or
polymer specimen. In non-contact mode, cantilewsillates
above the surface of the sample at such a disthaté is not
in the repulsive force regime. This is a very difft mode to
operate in ambient conditions. The water meniseusch
exists on the surface on the sample, invariablypnéoa small
capillary bridge between the tip and the sampleanbes the
tip to jump-to-contact. Tapping mode is the nextsmo
common mode used in AFM. When operated in air berot
gases, the cantilever is oscillated at its resofi@@guency
(hundreds of kHz) and is positioned above the serfo that
it only taps the surface for a very small duratiés.a result,
lateral forces are significantly reduced as thestians over the
surface. When imaging poorly immobilized or softngées,
tapping mode is a better choice than the contademeor this
study, (nanosilicon/SiO2/Si samples), the contactenAFM
imaging is employed as the sample material is lzaud had
gone through various high temperature cycles during
fabrication. Digital Instrument AFM was used withasner
size of 1 mm.

The AFM images have been analyzed using availaifte/are
namely SPIP. These software packages offer a vadety of
functions related to AFM image analysis includingss-
section profile analysis, roughness analysis, ¢paie
analysis, 3-D visualization, plane correction (gBaing)etc.
Line profiles were employed to estimate size anigjhteof
nanoparticles. Nanoparticle density has been cledl! by
counting particles in the window using the imagecgsssor.

4. CHARACTERIZATION OF SURFACE
MORPHOLOGY by ATOMIC FORCE
MICROSCOPE (DIGITAL INSTRUMENT) & SPIP

Si nanoparticles were deposited at temperature ®Q0@ at
chamber pressure~100mTorr. The variation of dejposiime
was between 30-120sec. The surface morphology
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characterization was done by Atomic Force Microgcop

(AFM). The AFM image of nanoparticles after 30 seds
deposition time has been shown below:

15

Z-range. 1.373 [nm]

Yerange: 501 nm

0
Hrange: 501 nm

Fig. 1: AFM image of nanoparticles deposited at 6@for
30sec

Images have been analyzed by SPIP (Scanning Proagel
Processor, SPIP, ©Image Metrology A/S) softwarecihias
provided the following result. Using SPIP, we haat the 3d
image window that elucidated the shape of the nartigtes

and the density of nanoparticles. The AFM image of

nanoparticles after deposition of 90 secs is shioglow:

Fig. 2. AFM image of nanoparticles deposited at 600°C for
90sec

The line profiles of the same sample of Fig. 2 haeen
shown below.

Fig3: Line Profile of nanoparticles deposited at 60003C
LPCVD process for 90sec

From this image, a small window of size 500*500 rtmave
been extracted for analyzing the particles sizenber and
distribution using SPIP (Scanning Probe Image Fsme
SPIP, ©Image Metrology) software. Using SPIP wethet3-
D image window that elucidated the size of the ipamticles
in the range of 2-10 nm and density: 2X1011 /cmBe T
following Fig. 3 is the 3D image of the window eadted:

Fig. 4: 3-D image of the same sample [window size =
500nmX500nm.] of Fig. 2

With the advancement of the time of deposition,dbasity as
well as the height increases steadily which canl voel
observed from our next AFM image of the depositimin
nanoparticles at 600C for 120 secs duration.
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Fig. 5. AFM image of nanoparticles deposited at 6@for
120sec

5. DISCUSSION

These nanopatrticles have been fabricated by ctingrahe
primary stages of nucleation and growth procesgoBited
nanoparticles depend on the pressure, temperahdethrae
deposition time. Nanoparticles may be depositediféérent
temperature. Here, the deposition temperature W88® and
the deposition time was also varied between 30s&20 sec.
Initially, for small deposition time, the formati@f nuclei just
starts. So the density was very low. As the dejpostime is
increased, new atoms will amalgamate on the tophef
existing nuclei resulting in enlarged particleseTrew nuclei
will also form simultaneously. As the depositiomé is
further raised, the density of nanoparticles wiktcobase
because of agglomeration of smaller particles tonftarger
clusters. Densities vary from 2X1011/cm2 to 3.5X1&g@m?2.
In Fig. 4, AFM image of silicon nanoparticles ellaie the
density of nanoparticles of about 2X1011 /cm2.Thigire
also shows the 3D image of window 500nmX500nm.al$ h
been proved that the density of nanoparticles dsasetheir
height change with deposition time. The enlargedigen
extracted from this window shows the shape and. Sihe
sizes of nanodots are in the range of 2-10 nm hadverage
height is in the range of 1-3 nm. In Fig. 4, theM\image of
nanoparticles deposited at 6000C for 120 sec shihes
average height of the nanoparticles as 1.6nm. #eed the
nanoparticles also varies with the deposition tewmtpee and
duration.

CONCLUSIONS

Silicon nanoparticles were synthesized using lowsgure
chemical vapour deposition (LPCVD) method. It haer
shown that the height varied between 1-3 nm whetkas
densities varied between 2X4@n? to 3.5X13%cn?. The
size of the nanoparticles also varied between 2nl0rhus, it
can be concluded that the height, density as \getha size of

the synthesized nanoparticles vary with changeejposdition
time.

ACKNOWLEDGEMENTS

We would like to thank Shri Anil Kumar (ScientisSEERI,
Pilani) and Shri Pankaj Bhooshan Agarwal (Scien@&ERI,
Pilani) for giving us the opportunity to carry ouhe
experiment in their laboratory and for their valleab
suggestions.

REFERENCES

[1]. Fu Y, Willander M, Dutta A and Oda S, Supetitz
Microstructures 28 (2000) 177

[2]. Nishiguchi K and Oda S, J. Appl. Phys. 88 (208186

[3]. Fakuda M, Nakagawa K,Miyazaki K, Hirose M,
Appl.Phys. Lett. 70 (1997) 2291

[4]. Takahashi Y, Fujiwara A, Yamazaki K, Namatsy H
Kurihara K, Murase K, Abs. Int. Conf. Solid States\ices
Materials (1998) 176

[5]. Tiwari S, Rana E, Hanafi H, Hartstein H. Crabl, Chan
E, Appl. Phys. Lett. 68 (1997) 1377

[6]. Banerjee S, Huang S, Yamanaka T and Oda Sad.
Sci. Technol. B 20 (2002) 1135

[7]. Ostraat M L, De Blauwe J W, Green M L, Bell D,
Brongersma M L, Casperson J, Flagan R C and Atwtar
Appl. Phys. Lett. 79 (2001) 433

[8]. Tiwari S, Rana F, Chan K, Shi L and Hanafi Appl.
Phys. Lett. 69 (1996) 1232

[9]. Rassel R M, Kim T, Shen Z, Campbell S A, McMuP
H, J. Vac. Sci. Techn. B, 21,6, (2003) 2441

[10]. Campbell S A, Kortshagen U, Bapat A, DongHilchie

S and Shen Z, J. of Mat. Oct (2004) 26

[11]. Furukawa S, Kagawa T and Matsumoto N, Solidtes
Commun. 44 (1982) 927

[12]. Gopireddy D, Takoudis C G, Gamota D, Zhangnd
Brazis P W, NSTI Nanotech 2005, NSTI Nanotechnology
Conference and Trade Show,2, (2005) 515.

[13]. Nakajima A, Sugita Y, Kawamura K, Tomita H,
Yokoyama N, Jpn. J. Appl. Phys. 35 (1996) L189.

[14]. Nakagawa K, Fukuda M, Miyazaki S, Hirose MRS
Symp. Proc. 452 (1997) 243.

[15]. Mayazaki S, Hamamoto Y, Yoshida E, Ikeda Mrode
M, Thin Solid Films (2000) 55

[16]. Mazen F, Baron T, Hartmann J M, Semeria M N,
Bremond G, MRS Symp. Proc. 737 (2003) F1.9.1

BIOGRAPHIES

-

Mr.M.B.Sarkar is currently assistant professor

in ECE department of NIT, Agartala. He has

Several publications in reputed journals. His area
of research interests is RF and Micro Wave
Engg., Wireless Communication, Nano

Electronics, Semiconductor and Opto Electronic cevi

Volume: 02 Issue: 08 | Aug-2013, Available @ http://www.ijret.org 403



IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

dept. at RCC Institute, Kolkata, West Ben¢
_ India. His research interest includes nanc
| i embedded semiconductor structures and de

’ Mr.Joydeep Datta is a B.Tech student in EC

Mr.Diptojyoti Mondal is a B.Tech student i
ECE dept. at RCC Institute, Kolkata, West Ben
India. His research interest includes semicondt
structures and devices.

Mr. Sabyasachi M ukhopadhyay currently is a
a Research  Fellow in Physical Science

. depatment of IISER, Kolkata. Hecompleted
' B.Tech in EE from College of Engineering
. Management, Kolaghat July,2012. Till now he
has 21 nurbers of International Journalsdnternational/
National Conference Proceedings withinning the bes
research papeward once. His areas of research ints are
Digital Signal & Image Processing, Renewable Ene,

Semiconductor Physics and Graph Theory.

Volume: 02 Issue: 08 | Aug-2013, Available @ http://www.ijret.org

404



