Chapter IT

Theory
2.1 Resists
Resists are PO Lym :,;\:r ) / i used for resistance to et.ching
in lithographic steps & thogt#bh® Las been associated with the
-d
printing industr ioseve aitacture of printed circuit
boards, microelge e photofabricated products

also involves mers to form images.

Each industrial @pndigs ~. rés @ specific set of polymers,
sensit.izers, ‘ undamental concepts of
image formation = imaga (Lrangfer remAin the same.

2.2 Classification l

an important.
_ ‘ the surface of the
substrate durmg he ht.hogmphm steps. The resists are divided
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Usually, positive resists become more soluble in
the irradiated area relative to the unexposed area. By the other

material

method, polymers with being less soluble in appropriate solvent
become more soluble in appropriate solvent. after irradiation,
due to the changing of the functional group on polymer chain
into the different. one. Positive resists, which require



facile chain scission, are frequently vinyl polymer such as
poly(methyl methacrylate) (23)

2.2.2

e less soluble in the

irradiated area. By the other

met.hod, pulm 5 2re p, either pendant or

admixed with,beige Jfmiore ropriate solvent become

less soluble in appFopriste \ er irradiation, because of
changing in polari ‘ al groups. Negative resists,

which requi e ed

.‘“-5*:. BTS tm'iﬂg lim.lhlﬂ
bonds or othe®

1) (24), episulfide (25)
— o~

and epoxide :i' ps (26 : . ]

i

AULINENINYINT
RN IUNRIININE



23

Figure 2.1 Schematic outline of photoresist use.
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2.3 Characteristic Parameter of Resists

Since this research is focussed on the negative
resists, only characteristic parameter of negative resists will
be mentioned. There are three main functional characteristics
that polymeric resist s 5teq must possess in order to be useful

the aptitude of a resist
to undergo strugfud AcfiiFicat 10n unie rradiation. In order to
define this paragetérf 4t s o introduce the incident
dose " D ". cam exposure " D " is
expressed as

c/em?

\Z
;I he _ A e ,,, » "t" is the exposure

time in secm,jsnand g 15- the :rea m:::ur:n dﬂ::umi:
:mmﬂyy ?cﬁgm .Vt'?grﬂa exposures  in J/em®
ARTENTIWANMITNY MR

The sensitivity of a polymer is determined by plotting

where "I"

the normalized thickness of resist layers after development
(€r/Co= crosslinked thickness/ initial thickness), as a function
of dose, (Figure 2.2)
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For a negative resist, the ratio ¢, /¢,increases with the

dose up to a value of i = 1, for which the total thickness of the
1

layer is refered to as the gel dose D_'. The sensitivity of a

o.7
B

required to crosslink the film so that respectively 50% or 70%

negative resist is usually taken as the dose Diu" or D

of the initial thic]meas‘r ains after development..

attainable with a given
ast. (). For negat.ive

the mﬁﬂm %’ mﬁ.ﬂﬂuimt for high

resoluti@h that is erized by the minimum of the lines

Mﬂm}m:ﬁﬂﬂﬁﬂr millimeter



= Resist
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log4g (dose)

9.3.3 Etch

. resists must possess is
the resistance
into the inorganie ghbEt

0 kransfer the resist. image
, crucial process step in

device manufacturg QNG - ausfer processes include both

wet, and plasma etci@ it .:"? plantal.ion. Polymer properties,
fﬂl* s a2

such as adhesion t&. the surface, glass transition

temperature, . so 11ty res 0 various plasmas, etc.,
determine ; : Yarious application.

|

| {
For ph:ituaans:tt.:we n ive resists, they are polymers

L e S —

t.hat. mtﬁn.tm-eircmt. m.alcers are Ionkmg at. inc:luda those based
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irfadiation. Until now, - uv region has bp.-ﬂn

satisfactory, such as at 436-, 40d-, and 366- nm 1lines of

mercury sources. So the resists used have t.o be sensitive.
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2.4 Suitable Conditions for a Good Resist

2.4.1 Spin coating

It. is generally accepted that a thiciness of the

1.5 pm shows a few defects. But a

// er thickness.actually, the
: ®lar weight. of the polymers.

resist layers between ﬂ.
resolution of 0. :
sensitivity is depe
The higher the er the sensitivity will
be. | found because a high
molecular veight ifidtéd a foo high Viselsity prejudicial to the
formation of . and uniform thickness.

(Figure 2.3)
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the
surface skin
F1,g 2.3 Spin coating environmental and physical factors
that affect final film thickness on the wafer.

2.4.2 Adhesion

The resist should have adequate adhesion during
spin coating, development. and wet et.ching of Si0,. Usually it
seems Lo be beneficial to add an adhesion promot.er.



28

Poor adhesion leads to marked undercutting of the
patterns and loss of resolution. If wet etching is replaced by a
dry etching technique, less adhesion is required to maintain
perfect. image transfer.

2.4.3 Sensitivity

A high ens i vit@ reduction in the time of

irradiation. The Eadden in.‘ vah e .o be reached, in order

to reduce the t, /7 ‘\\\\1\\

.ene minute

-:arﬁ-mw-‘ contrast of the

resist. t necessary to obtain a

0
0.5 pm rasnlut.u?

ﬂuﬂquW§wswnﬁ
3 " IAAMIANERY, . ...

of the lines developed in the resist layer. It is measured by
the number of lines per millimeter after irradiation and
development..
The parameters which affe?t. the contrast and also
the resolution are :
- swelling during the development.

- diffusion in the case of an electron-beam irradiation
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during an X-ray exposure (A< 50 A ) the diffraction and
diffusion phenomena may be neglected and the resolution may be
better. The present aim is to obtain features as fine as 0.1
um. The swelling of an organic polymer in a solvent proceeds in
two steps :

- the swelling of the polymer when the solvent diffuse

\

in the matrix | y=
- the tinsfomat i ﬁilﬂﬂ polymer into a real
solution. The imporiamee of the lling is determined by : the

molecular weighis

transition tempe / 1]

2.4.8

"‘*x e polymer, the glass

v mer depended on whether
wet. or dry etching précesses = employed. The most. common

method by far is webk ehe ing . Buf fered hydrof luoric

acid solu v"::ff*-f"—1f ﬁﬁr—f ‘ etch Si0,. Since

lateral penetratiec j t. can be significant
4

for thick

't.rat.e films, nm.r more unidirectional etching

ﬂ‘ﬁm wﬂ‘ﬁﬁﬁw"ﬂﬁﬁﬂﬁ milling plasma

etching,q)and sputter et.t:hmg Each of these na't.hnds places its

AN SR A e =

be completely unacceptable for another. As will also be shown,
high radiation sensitivity, especially in the case of positive
resists, is often coupled with low dry etch resistance, due to
the fact that upon absorption of both high and low energy
particles the same chemical reactions are initiated. Aromatic
compounds being only weakly damaged by radiation exhibit high dry

etch resistance.



2.4.7 Other properties

The synthesis of the polymers must be easy and
reproducible and the monomers must. have low toxicity.

‘ . is irradiated by an
electron-bean, #€roésdifking occurs . causing the formation of a
three-dimension

S luhle in the solvent. for
T nimum incident dose D “
WClons) re produce, G 2hwc k is given by the

the original

relation.

ﬂ‘UEI’J‘VIEWI‘ﬁWEI']ﬂ‘i

in whicHik

amwnmgwmaﬂ

z : thickness of the film

N :  Avogadro’s number

E : energy absorbed in the resist laver per
incident. electron

E... : weight average molecular weight. of the polymer

Gi(x) ¢ number of crosslinks produced per 100 eV of

absorbed
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Thus, a resist having a high molecular weight and Gix) will need
energy, a lower incident dose and therefore will be more
sensitive. The contrast of a negative resist will be better
described by the two following parameters:

1) The molecular weight distribution

21 The effect. of sci

thahiiit.y.
The rat fﬂl‘&mﬂﬂﬂﬂ as the molecular

weight. distribu [idsswdll induce a decrease of the
contrast. There#fors {6 cont.rast 'demands a narrow molecular

weight distrik

Actually, igh a‘?‘ \ and degradation occur
simultaneously. I (e \ gative resist providing
the ratio of 8s]i "~""’ z is greater than a

G _--:
3 - el

k= 1\. -

eritical value.
will reduce, the *- ease the contrast.
Compared td She-number—of -studies-madesii the field of positive
resists, much| less | 7 in rg. field of negative

gnificant scission probability

resists. The iﬂnsxt.ivit.lea Gf a crosslinkable polymer is

o] ] TS G s v

crosslinking upon an elect.ron-hem 1rrnrllat.1nn Thr::se groups are

AR TN NRINAE

- CH - CH
'\.Q;’x
- CH - CH
‘\.sfz
- carbon-halogen bond : -C-Cl1 , -C-Br

- epoxide group

wE

- epithio group
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2.5.2 X-ray resists

The use of X - ray (A< 50 "A) allows a decrease in
the diffusion and diffraction phenomena. Indeed these phenomena
limit the resolut.ion in photo - and electron microlithography.

It is generally SUppOoset that. organic polymers (those

containing carbon, hye T@gen and/or nitrogen) have the
same sensitivity wtlete ay.and™€lectron irradiation. A
correlation be ', se 1sitivitye s been made evident. by
Thompson [35 s rprising "Since the fundament.al
| by organic
materials is hose energy has values
between 1 and 3gKe¥ e Uelength of the X-rays.
These electrons ig dent.ical reactions to the
ones observed wherg electron-beam. The same

chemical intermediates

- &

B>

1-::&11'; exgited species

FHM&% FERINENAT: m e ot

used for electron-beam girradiati op are sur. e for X-ray

QRGN I UV AR = =

beam, crosslinking occurs causing the formation of a

three-diment.ional network, which is insoluble in the solvent for
the original linear chain polymer. The minimum absorbed dose
& abs)  required to produce this network is given by the

relation :

lé.;,_li = aoEu

Glx)Im,,



where P

The density of the polymer
Gix)

number of crosslinks produced per 100 eV of
ahbsorbed energy
N : Avogadro’s number
Mw : Weight. average molecular weight. of the polymer.
incident irradiation

Where }U_Pt m ,»‘E*J‘ B tiat a given wavelength.

Thus, a resist ; eight. and G(X) will need
ﬁ’

a lower incident ;,?- T or@ will be more sensitive.

Moreover, r"' oA gsist.,, high contrast demands a

Y]
Ay lithédraphy have been less
extensively than e@those of photolithography or

e B BETS Tl WA s e

derived ?rm this progess make it.a very progising field of
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2.5.3 Photoresists

Negative photoresists were used to make images as
early as 1826 when camera images were made by exposing Syrian
asphalt. coated on a metal plate. Light caused the resin to
crosslink and  harden, and solvent dissolution of the
uncrosslinked, unexposed polymer produced a negative image, which
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could be etched into the metal substrate. This technology was
refined for making deep-et.ched printing masters and printed
circuit boards. The physical chemistry of crosslinking react.ions
is expressed by

where : as the amount. of energy
needed to p - sity

sumolecular weight.

may be =a select.ive
dimerization, ) . cir ._,‘,J select.ive react.ion

such as the "'r'":—'i ion of ‘ itrene with an olefin

|

containing namate esbérs undergo as 242

phot.odim 1zat.1&n to rm @truxinate or truxillate (27)

esters %LQ u ﬂmiﬂﬂ ) 3 cortoutng.

The dimerization of cinnamate esters attached to separate polymer
chains crosslinks the two chains. Later dimerizstions create ﬁ
net. work that can not be dissolved by developing s?lvent.. Some
2+2 photoadditions of small bifunctional monomers are reversible

by exposure to shorter wavelengths.
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