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!‘gy Various applications
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Plasma electronics,
Applications in Microelectronic Device Fabrication

= Capacitive coupled plasma are
used in plasma etching and
deposition process for
production of:

" Integrated circuits

= Sollar cells
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>0 Symmetric CCP discharge
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= The ion flux and the ion energies increase (decreases) I
T by increasing (decreasing) the dreving frequency. [
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&; Geometrically Asymmetric

The RF current is constant.
But the ground electroge

Area is greater then the powered
electrode area.

J, = I /A,
Jp = Li¢/A,
Jp > J,

The blocking capacitor blocks
DC currents:

grounded slectrode —

or wall \\ B
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‘5@; Electrically Asymmetric

The high frequency controls Gas
the ion plasma bulk (ion flux).

= The lower frequency controls
the plasma sheath. > EmEERE

Ar

" The phase shift between the . I!
two sources controls also the ||| O Matoning | |l \
sheath potential. st [ [

13.56 MHz

. . atchin [\(m)/]
= The independent control is '||_< } i Ly

not always perfect. 452 MHz




y Plasma Sheaths
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!’g) Plasma Sheaths

Wpe > WRF > Wpi
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&Particle and Potential distribution
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. Particle in Cell

Integration of equation of motion

P FZ—)’UZ—>£EZ

Weighting N Weighting
(E, B)j — Fz

(CE:’U)%' — (P, J)J

Integration of field equation
(EyB)j — (p7 J)j‘

= Kinetically self-consistent and no constraints.

= Simulate the whole discharge.
= Follow the time evolution until the system is converged,

g5 % i.e. the solution is periodic.
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. Fluid Models

=  Transport =free flights + collisions
= Look from a distance at the ensemble of particles : transport coeffecients

*  Fluid models: hydrodynamic transport

=  Open set of equations even with Maxwell equations.

=  Provide macroscopic description.

=  Transport coeffecients are functions of local (E/n) or on local mean free energy.

dE dE
— AN FE iy |
. 7 v <Ll
=  Transport coeffecients can be derived from cross-sections, however, such calculations a N
> zero-dimentional . { A
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!‘gy Plasma Chemistry |

= Dissociation of feedstock gas into active neutral free radicals:

e +CFs —>CF3+F +e

e +CFy — CFy +2F + e~

e +CF4y - CF . Fy+F+e”

= Dissociation of the free radicals

e +CF3 —-CFy+F +e
e +CFy - CF+F+e
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!‘gy Plasma Chemistry I

= Dissociative ionization and attachment:

e +CFy — CF5 +F +2e”

e_—I—CF4%CF3_—I—F
e_+CF3%CF3+F_

* Chlorine discharge

e +Cly — ClJ +2e”

e~ + Cly — CIT + Cl + 2~
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!‘g) Plasma Chemistry ll|

= Chemical reactions between neutrals in the presence of a third body
CFs+F+M— CFy+M
CFs+F+ M — CF3+M
CF+F+M— CFy +M

= At the substrate
= Removing

Cl(g) + Cl(ads) — Clx(g)
" Etching

Cl(g) + SiCls(s) — SiCly(g) 7}

* Deposition or growth

SiH(g) — Si(s) 4 +H(g) 1
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: Wet and Dry etching

= Carbon Floride (CF4) does not react with Silicin (Si).

= Dissociative ionization and attachment:

e~ +CFy — CFy +F 4+ 2e”
e_+CF4—>CF3_—I—F
€_+CF3%CF3‘|‘F_

*  Wet etching

Si(s) + 4F(g) — SiF4(g) 1

= Dry etching: Accelerate CF,;* toward the Silicon substrate
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>3 Why do we need an electrical model?
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!’g) Measured Current
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123503-2 Czarnetzki, Mussenbrock, and Brinkmann Phys. Plasmas 13, 123503 (2006)

*'E. Semmler and P. Awakowicz, private communication (2006). [.‘




y Measured Current
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: 2 RF discharge

V(t)

V()

D Ziegler et al
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-S.Q) 2 RF discharge
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Plasma Sources Sci. Technol. 17 (2008) 045011 D Ziegler et al
M
d>Q dgQ
Lp +vgLp— + Vi g Vep — Vi
de2 " dt Z Q

i +Vip cos(wppt + ¢pp) + Vyp cos(wypt + ¢dur) = 0. (31)
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- 2 RF discharge

Ohmic and
stochastic
heating

Ve
electron -
grounded wall inertia

023503-2 Ziegler, Mussenbrock, and Brinkmann Phys. Plasmas 16, 023503 (2009)
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lumped model circuit of CCPs at the intermediate radio-
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° Model equations
J
dQ(t)

——~ = —] —eng(t)Asus(t) + enp \/(Te/27Tme)As exp(—eVs(t)/Te)

Q*(t)
2epens(t) A2

S

N Veﬁfm) _ V(1) — Ve — Vin(t) + Vi (1)

Vi(t) =

meLB dI(t)
6271]3 AB dt
Te my

Vg = — In(

2€ 2TMe
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° Model equations

In order to include the 1on dynamics in the RF sheath selt-

consistently, the collisionless-sheath equations should be coupled
to the system of equations:

(URE OMNs dNslls
_|_

— 0, (12)
wpi Ot as
(WRg OU ou aV(t

RF S +“5_5 _ s ] [13]
(Wpj of das ds

Assuming a first order perturbation approach, ns =ns + éns, us =
Us+dug, and Vg = Vi +48Vs. Where ng, ug, Vs are the time averaged
1on density, 1on speed, and sheath potential, respectively. While dn,

M. Shihab / Physics Letters A 382 (2018) 1609-1614




ns(t) =ng + dns(t),

Us(f) = ug + dus(l).

The modulation of the 1on density and the 1on speed can be calcu-
lated approximately via

(URE 001 n UsONg + Nsdlls

= (), (14)
wpi Ot S
(ORF 0ol Usdl oV
RF 5 n solUs + S _ U, [15}
wpi Ot S

M. Shihab / Physics Letters A 382 (2018) 1609-1614
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Fig. 8. The phase-accumulated power when Vre = 300[cos(0.5 MHz ¢t + @) +
cos(13.56 MHz t)] V. Dashed-black, dotted-black represent the cases ¢ = 0 and
0 = —m /2, respectively. The solid-black line represents the results when the ion

modulation is ignored and 6 = 0.
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cos(13.56 MHz t)] V. Dashed-black, dotted-black represent the cases ¢ = 0 and
0 = —m /2, respectively.
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!’Q Open Discussion

» Can the ion modulation heat the plasma?







