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To the practical SET de.ice it is

siznificant to control size of islands and tunnel

junctions so that oafi single electron can confined

uithin a small volume ard localized on one side of
the junction and un tunnel vshen an external
applied voltage "Sill be greater than ec- The
sinzje-electron charging energy calculated '.\ithin

Si nano:hain arise the hope that s.'.stem
superiattice structure of quantum dots (Si core)

uith connecting insulating potential barriers ( SiO:)

can used as a MT J SET J.
In this uork- GeGeOx core-shell nanochain kind
of structures 'swas groun on P-type silicon (001)
wafer and also the possible mechanism for
fabrication of Ge GeOx Nanochain "as discussed.
EXPERIMENTAL:
The GeGeOx core-shell nanochain kind of
structures V'.as grown by a •sapor transport method
using three zone furnace. A mixture of commercial
Ge (99.999 Alfa Aesar) and C Alfa
Aesar) uere used to synthesize GeoeOv core-shell
nanochain kind of structures with a 2:3 ratio. The

The 2 eetd coated silicon m2tQrs vsere placed at
in tene-ll and zone-Ill. The samples were

to at a rate 20 I min the
rex-tien time min and a (25
tea) At through the tubes

RESULIS DISCISSIONS:

Figure la depicts a love-magnification SE\t image

ot- high density of Ge nano•hains kind of
tnetph•oleslv uniformly on the Si (001)
suöstrate.

Figure:l (a)SENl image of Ge nanochain kind of

morphology (b) SEM intage of Sinele Ge

Nanochain (c&d) TEM image and EDS pattern of

shell (neck) ofGe Nanochain (e&t) SEM itnage of

Single Ge Nanochain TEM itnage and EDS pattern

of core ofGe Nanochain
The length ofthe nanochains measured to be in

the range of 5-10 gnu The hieh-magnitication SEN I

image (Figure 1b) depict nanochain tuorphology
bulbs and neck of diameters ranging ti•otn 15-

20 nm and 5-S tun respectively. The S apor
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transport of mixture of solid sources (Ge02 + C)
under the appropriate and critical experimental

conditions such as substrate ternperature of 550 oc,
ambient pressure and the state of oxide of the outer

layer of Ge nanowires resulted in the growth of
high density of Ge nanochains kind of structure.
Though the required growth of uniform Ge
Nanochain structure could not obtained, it
increased the chances of it by optimizing the
experimental conditions. In order to investigate the
detailed structural and chenical data of the
obtained structure, transmission electron
microscopy (TEM) and energy dispersive X-ray
spectroscopy (EDS) were used. Figure 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
bulb part having dark contrast is shown by dotted
white lines. The EDS analysis (Figure I 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:

Figure 2. Schematic illustration of step by step
grov,th ofGe nanowires to nanochains

At elevated temperature (500 to 600 oc), a
spheroidization process may occur to develope the
Ge nanochaines from nanowires. Surface and
interface energy between Ge and GeOx may play
vital role in the growth of Ge nanochains. As
shown in Figure l, at substrate temperature of 500
oc Ge core with GeOx shell was observed. As the
substrate temperature increased the perturbation
along the nanowires was observed. So at higher
temperatures of 600-700 oc, 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 oc) 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.

oral Talks

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 there

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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