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ABSTRACT

In the present work, thin film§ of the following
materjals héve been explored as inorganic resists: (1) WQ3
as photo, electron and ion resist; (ii) obliquely deposited
amorphous P,Se,, &s photoresist and Ag/PASe1O as photo and ion
}g§ist; (11i) amorphous Si as ion resist; (iv) amorphous MoOy
205€70
as photoresist, and Bi,‘OGeZOS70 and Ag/BimGezOSe.?O as photo

as ion resist; and (v) obliquely deposited amorphous Bi,,Ge

and ion resist.

Thin films of amorphous and polycrystalline WO3 used
in these studies were prepared by thermal and e-beam evapora-
tion techniques. These films were found to change their colour
on irradiation to UV light, e-beam and glow discharge hydrogen
plasma and the coloured films showed insolubility in alkaline
solution. The effect of colouration on the change in solubility
has been studied by measuring the solubilities of electrolyti-
cally coloured and bleached films. This change in solubility
on irrédiation has been exploited for lithégraphic application,
The effects of substrate temperature (during deposition and H2
plasma exposure) and the exposure time on etching rate and
selectivity ratio have been studied. The lithographic para-
meters, sensitivity (S) and contrast (7"), have been estimated,
The contrast () ) values for a-W0; films exposed to photons,
electrons and H2 plasma are ~ 2.3, 4, and 2.3, respectively,
and for poly-‘WO3 exposed to H2 Plasma is'-3.3. The sensitivity
(s) values for photons and electrons are ~ 1020 photons/cm2 and

~1072 C/cn®, respectively. Various patterns on these £ilms



(i1)

have been replicated by exposing the films to photons, elecfrons
and H2 plasma through a mask and by subsequegt development in
alkaline solution. 1In addition to these studies, the optical
and electrical properties of the as-deposited and coloured
films have been correlated with their etching characteristics.
Thin films of a-Si deposited by Kaufman ion-beam source
and megnetron sputtering have been explored as ion and ion-beam
resist materials., It has been observed that the etching rate
of the éxposed region in CFh plasma decreases compared to the
unexposed region, thus giving rise to the negative tone behaviour,
The effects of exposure time, substrate temperature (during
plasma exposure), and H, (incorporated during deposition) concen-
tration in the films on etching rate and selectivity ratio have

been studied in detail. The sensitivity and contrast were found

18

to be ~10 ions/cm2 and 1.1, respectively. A grating pattern

of 20 ym pitch by lift off technique and various other patterns
have been replicated using this material as ion resist. The
possibility of mask fabrication for deep UV lithography has
been explored using a-Si as masking material, In addition to
these studies, the effect of plasma exposure on etching
characteristic of n-type single crystal Si has been studied and
different patterns have been replicated.

Thin films of amorphous phosphorous decaselenide
(Phse10) deposited at an angle of 80° have been explored as
photoresists. Depending upon the substrate temperature during
plasma etéhing in CFA gas, both positive and negative tone

behaviour of the photoresist have been observed. The effects



(111)

of substrate temperature, exposure time, and angle of deposi-
tion on etching rate and selectivity ratio have been studied.
To estimate the lithographic parameters, the photoh exposure
characteristics of this material as positive and negative
photoresists have been investigated. Contrast values of 2.5

N\

and 2.9 for positive and negative, respectively, have been

obtained with a sensitivity of 10°°

photons/cm2 for both the
photoresists. In addition to these studies on pure P, Se,q,
the thin films of Ag/PASe10 have been explored as photo and
ion resist. The etching characteristics of this bilayer as
photo and ion resist have been studied as a function of exposure
time. The etching rates of this material have been found to
decrease after photons and ions exposure, thus giving rise to
negative tone of the resist. The contrast values of 2.9 and *
for photon and ion irradiation, respectivély, have been . ~ued,
Thin films of amorphous MoO3 prepared by thermal evapora-
tion have been explored as ion resists.A It has been observed
that when the films of MoO3 are irradiated with hydrogen ions,
‘these change their colour from light blue to dark blue and the
solubility in alkaline solution decreases drastically. This
change in solubility on colouration has been exploited f
lithographic applications. The effects of substrate temperature
(during plasma exposure) and exposure time on etching rate and
selectivity ratio have been studied. The contrast value of 4,2
has been obtained. The optical properties of as-deposited and
plasma coloured filﬁs and their correlation with etching

characteristics have been studied.



(iv)

Obliquely debosited thin films of amorphous Bi,‘OGeZO_Se7O
(80°) as photoresists and Ag/Biwce'ZOSe?O (80°) and Bi,qGe,qSq,
(80°) as photo and ion resists have been explored for litho-
graphic applications. Thin films without Ag overlayer showed
a positive tone behaviour whereas a negative tone is observed
wigﬁ\Ag overlayer, The effects of exposure time and angle
of deposition on etching rate and selectivity ratio have been
studied. The contrast values were fourd to vary from 1.25 to

5.0 depending upon the type of resist and the exposure tool used.
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