Investigation of Plasma-Polymer
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+ Patterned structures inherit roughening caused by

organic mask degradation in the plasma processing step

« Fundamental understanding of plasma-polymer
interaction regulred to tailor polymers for optimal

K properties under plasma conditions
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* RF Bias:
« Pressure :

« Total gas flow
rate:

* Source Power : 400-1000 W

« Gas chemistry: C,Fg/90% Ar

* Moving shutter
bi y

Experimental

Typical conditions
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100- 600 W
(0-125V Self bias,
13.56 MHz)

Induction

Source Power
1400 W, 13.56 MHz.

10 mTorr M

Quartz
coupling

Ar, O,

50 sccm
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Single Wavelength Ellipsometry

X-ray Photoelectron Spectroscopy
(XPS

Atomic Force Microscopy (AFM)

Bias Power
0-1000 W, 13.56 MHz

rm Infrared
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Model Polymers
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Polystyrene (PS) (PaMs) (PaMs)
Mn = 21000 Mn = 23000 Mn = 30000
DP =201 DP =195 DP =254
same Ohnishi parameter!
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@hmg Experiments: Direct and Remote Plasrrb
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- Gas species: 0, + Gas species: Ar, C,F/90%Ar H, - Gas species: 0,

+ Exposed to both ions + Exposed to both ions and « Exposed to only neutral
and neutrals. neutrals. species.

« Chemical etching.

- Self-bias ~10-30V due
to generated plasma

- Sputtering + chemical
etching.

* Self-bias -125V from
applying rf bias to substrate.

+ High energy ions bombard
the surface.

+ Sputtering + chemical
etching.

. s ~10-30V due
to generated plasma

* Low energy ions.
K bombard the surface.
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&DS Determination of FC/C and F/C Rat/h

1.4 I 90 deg

Gas: C,Fy / 90%Ar|
rf Power: 1000 W
-125 bi:

Direct plasma

Etch Rate and RMS Roughness After

Plasma Etch rs

p g Fourier-Transfor
Spectroscopy (FTIR)
RING PARAMETER
N Etch rate is proportional to
ER ocC— molecular weight of carbon atoms
N _ N contained in a ring structure in a
c o monomeric  unit  over total ’
‘molecular weight of monomeric unit
OHNISHI PARAMETER
Etch rate is proportional to number ER o CR 80
of atoms in a monomeric unit over 2
number of carbons minus number T0T © — 60
of oxygens in a monomeric unit o E
= 40
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* Many polymers deviate from these relationships. 0~ 20

KGives us no understanding of plasma-polymer interactions.)
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PaMs

~ 57 sof etching:
RMS roug =3.874 nm

~ 53 sof etching

RMS roug =6.126 nm.

- 57 s of etching;
RMS roug =3.628 nm

P4MS

greatest RMS roughness

lowest RMS roughness
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CC+CH Direct plasma

+ FIC ratio determined from integrated areas of C1s and F1s peaks
+ The extent of damage and thickness of damage layer can be determined
with angle-resolved measurements
+ PaMS has greater FC/C and F/C ratios
— consistent with etch rate, AFM, and ellipsometric studies
+ PS compared to P4MS: Higher F/C ratio, lower FC/C ratio

\ — P4MS has a higher proportion of C-CF carbons, while PS has a higher

proportion of C-F, carbons.
— P4MS has a greater FC/C difference in 90° and 20° cases (protective layer?)
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Cross-linking
Hydrogen Loss

/ Densification

Chain Scission

Expansion
Degradation \

chain scission under plasma etch

under plasma etch
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( Polymer Modification Mechanlsm

* Methyl group on polymer backbone i increases rate of

Pendant aromatic rings increase rate of cross-linking
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Ellipsometry Analysis

- Ir-

Ar/C,Fg Plasma in ICP Chamber
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Dissolution Studies in Fume Hood
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» Similar polymers can have significantly different

» Greater etch rate and rms roughness in PaMS

» Enhanced roughening and etch rate in PaMS and HAMA

» PaMS shows greater fluorocarbon damage compared to

» P4MS shows the largest change in FC/C ratio between
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Conclusions

modifications under same plasma conditions

corresponds to methyl group attached to polymer
backbone

points to a different mechanism of plasma interaction
compared to polymers lacking methyl group on
backbone

PS and P4AMS

20° and 90° cases (possible protective layer)
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