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Supplementary information

Importance of RF/UHF dual frequency PECVD

Our earlier experience shows that RF/UHF dual frequency sources can produce significantly high
plasma density even at low power. If we apply equal power by RF and UHF sources the plasma
density is much smaller than that of their combined effect. Plasma density is also radially uniform,

which favors the deposition of uniform film thickness up to larger area.
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Molecular based control for
nanostructured film

r_ Howito controland make pIaSma based thinfilms? —\

:Design of Advanced Plasma Source and plasma process

. Control of electron temperature and plasma density
. Advanced type of plasma sources (RF/UHF hybrid source)
: " control of plasma chemistry: :
-. Monitoring and controlling of plasma parameters and radicals ;
" Correlation of film formation mechanism in terms of plasma
' chemistry ' : : :

-. Modeling and integrated plasma diagnostics .
-. Film properties (depo. rate, microstructure, optical, electrical, etc))

Nanostructured thin film growth and control




Explorlng new plasmas and processes
Operatlon frequency -

Industrial
a ppliﬁtion

DC, Pulsed DC, MF

' RF (13.56 MHz, 27.12MHz)

Microwave (2.45 GHz)

Plasma etching

150 MHZ, 320 MHZ, 880 MHz

Oﬁe can lower reaction activation energy by increasing the pIaSma excitation frequency
from radiofrequency (RF) to very high frequency(VHF) andin the range of ultra hlgh

frequency (UHF) to microwave.

J. Appl. Phys. 116, 134903 (2014).

Importance and suitability of RF/UHF hybrid plasma 2
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Slgnlflcantly hlgher (at least

- one order) ionization efficiency:

_using RF/UHF hybrid plasmas .

1o (RF) < n, (UHF) << n, (RF/UHF)

“Plasma is quite uniform (up to ~ 6 »

8 cm) radially in hybrid plasma

Hybrid plasma 'h;ai'\ié foundto
produce a very high n, atlow 7,
and high energy tail in EEDF :

Better plasma uﬁ\iformity can
provide better film uniformity
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- Model ? _ : .
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¥ 3 : creation and loss of plasma : :
—- - species via various reactions : 3

Energy delivéred by these plaéma
species or Energy Flux

Process optimization: RF and UHF equal power has given the best QD feature.
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Raman spectra of the deposited films prepared at various operating powers. The figure

also depicts the change in the film microstructure represented by the change in the peak

positions at various applied powers.



