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INTRODUCTION:

in 2 reoom fow yewrs the size of conventional
amsstors hes shrunkl incradidly 10 Renomr
scale, winch males modemm lectonks rpd
efficient and portable || | During 1980°s the singke
ciecron tmmciing and  Coulombd blockade

phenomens Were mamor Jiscoverks im modem
23] As the SETs have advanteges ke

physics [23]. -
uirs-low power comsumption and high dessiy

hcgm:heSE’daic:hstemm\esn\md
extensively from fast two decades [4]. Usually 2
simple SET device consist \t:mm&ale
istands isolated by tunnel barriers with sufficiently
larse resistance (R>he’). Untll now vaneties of
SETdt\ia:swcwthxszTksb:mdmnmed
with differest matenials 3]. But its physical
implementation s ver) dxtﬁ:uhm:has:mdestm
and fabricate SET device with optimum junction
capacitances and resistances with which thermal
scattering effect on the tunnel junctions cannot be
avoidable.

To develop the practical SET device it s
significant to control the size of islands and tunnel
junctions so that oaly single electron can confined
within 2 small volume and localized on one side of
the junction and can tunnel when an external
applied voitage will be greater than e'C. The
single-electron charging energy calculated within
S:m:odmmmscduhopcdm:ssmlike
superiattice structure of quantum dots (Si core)
with connecting insulating potential barriers (SiO;)
canusedasa MTJ SET [i1].

In this work, Ge'GeOy, core-shell nanochain kind
of structures was grown on P-type silicon (001)
wafer and also the possible mechanism for
fabrication of Ge'GeOy Nanochain was discussed.
EXPERIMENTAL:

The Ge'GeOyx core-shell nanochain kind of
structures was grown by a vapor transport method
using three zone furnace. A mixture of commercial
Ge (99.999 %, Alfa Aesar) and C (99.999 %, Alfa
Aesar) were used to synthesize Ge'GeOy core-shell
nanochain Kind of structures with a 2:3 ratio. The
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mizure was placed in an alumina boat, which w b
heated to a peak temperature of 10O "C in zopep.
The 2 nm gold coated silicon wafers were placed gt
530 °C n z\\nc\Il and zone-lll. The samples wepe
hea&'d to 1100 °C at a rate of 20 "C ‘min with the
reaction time of 60 min and with a 300 scom (2.5
torr) Ar flowing through the tube.
RESULTS AND DISCUSSIONS:
Figure la depiets a low-magnitication SEN{ j image
of the high demsity of Ge nanochains Kind of
morphology grown uniformiy on the Si (001)

Figure:1 (2)SEM image of Ge nanochain Kind of
morphology (b) SEM image of Single Ge
Nanochain (c&d) TEM image and EDS pattern of
shell (neck) of Ge Nanochain (e&1) SEM image of
Single Ge Nanochain TEM image and EDS pattern
of core of Ge Nanochain

The length of the nanochains was measured to be in
the range of 3-10 um. The high-magnification SEM
image (Figure 1b) depict nanochain morphology
with bulbs and neck of diameters ranging from 15-
20 nm and 5-8 nm respectively. The vapor
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ransport of mi.\'tur‘c of solid sources (GeO, + C)
under the appropriate and critical cxpcrimcn‘lal
conditions such as substrate temperature of 550 6
ambient pressure nnfi the state of oxide of the outer
jayer of Ge nanowires resul.ted in the growth of
pigh density of Ge nanochains kind of structure.
Tl;ou‘.—’h the required growth of uniform Ge
Nanochain  structure  could not  obtained, it
increased the chqn‘ces of it by optimizing the
experimental conditions. In order to investigate the
detailed structural and chemical data of the
obtained structure, transmission electron
microscopy (TEM) and energy dispersive X-ray
4pectroscopy (EI?S) were used. F‘igure lc & e
depicts a TEM image of nanochain morphology
which contains a number of bulb-like structures
connected with thin narrow necks. The core of the
pulb part having dark contrast is shown by dotted
white lines. The EDS analysis (Figure 1 d&f)
confirmed that, the core part is of Ge quantum dots
and the outer shell of the Ge QDs and the narrow
neck which connect Ge QDs consist of germanium

oxide.

THE PROPOSED  MECHANISM  TO
SYNTHESIS OF GE NANOCHAIN:
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Figure 2. Schematic illustration of step by step
growth of Ge nanowires to nanochains

At elevated temperature (500 to 600 °C), a
spheroidization process may occur to develope the
Ge nanochaines from nanowires. Surface and
interface energy between Ge and GeOy may play
vital role in the growth of Ge nanochains. As
shown in Figure I, at substrate temperature of 500
°C Ge core with GeOy shell was observed. As the
substrate temperature increased the perturbation
along the nanowires was observed. So at higher
temperatures of 600-700 °C, during the
spheroidization of the Ge core, Ge may diffuse
towards the spheres and GeOx may diffuse
opposite to that of Ge to form thin barrier between
Ge nanospheres. There is high possibility to grow
expected proper Ge nanochain by optimizing the
experimental conditions. The morphology (size and
shape) of the Ge nanochains (grown at temperature
of 550 °C) raised the possibility of growth of
Proper  Ge nanochains.Thus the proposed
mechanism is supporting the highest possibilities of
synthesis of Germanium nanochain and fabrication
of SET device. It would be very interesting to
check the working of Ge nanochain device at room
temperature, '
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CONCLUSIONS:

Thus, using a simple vapor transport method the
nanochain kind of structure was synthesized. In this
project, the first priority was to optimize the
experimental conditions to synthesize proper and
nice nanochain structure, so that it can be used for
further device fabrication. It was shown that lhc.:rc
are high amount of possibilities to synthesize
uniform  Ge  Nanochains by  optimizing
experimental conditions. The investigation ‘of
electrical property of uniform Ge Nanochain device
would be interesting in future.
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