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Plasma Module

* Low volume, high price product.
REE. aft0ORA
* Requires a high degree of expertise to operate.
BREITD-OOBREGEMAMBIGE
* Even the simplest plasma models are rather complex.
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* The first version was released with V4.0a in July 2010.
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News In V5.3a

* New interface: Plasma, Time Periodic 735X<. Efé /AL

* Special interface for modeling capacitively coupled plasmas.
BREREIIATEETIELT S-ODFER(E—T1—X
* Revolutionary method not available in any academic or commercial code.

e New models T AULD A AT —FICHEE LRV EEFT AR X
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Types of Plasma

TS5XTEH

* The following are the most common types of plasmas:
RHL— MG TS X iESE

* Inductively coupled plasmas (ICP). FEESBTSXT

* Direct Current (DC) discharges. DCIRE Increasing
 Capacitively coupled plasmas (CCP). BEHERISXT difficulty to

¢ Microwave plasmas. RAYAKT AT model

* Magnetized DC discharges. Bibsnt-DCE y ETIMET DL SE M
¢ Combined ICP/CCP reactor. BEEEUNELAERSEREDHES

* Electrical breakdown. BRI IRIR

* In each of the above, the mechanism of energy transfer from the
electromagnetic fields to the electrons is different.
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Problem Statement
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One of the main challenges of CCP modeling is the overwhelming number

of RF cycles required before the plasma evolves to a time-periodic steady-

state solution. CCPETULIDEHZREBEDIDIL, T5XAIHEHREFIREEIZZET HETIC
ZHORFAVILHME,

At pressures on the order of 1 torr, it can take 50-100,000 cycles before the

plasma reaches its periodic steady-state solution.
1MLREEOEAIZHLT, T5RXAIH BN EERREIZES HF TICT50~100,000
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The following test problem roughly describes the evolution of a metastable
species in a CCP: LT DTANEIREIL., CCPIZB TR ERTENILERBORES

RENTKREIT D,

1\d
<7> d—ltt = asin?(wt) — bu — cu?

The right-hand side of the equation represents
the periodic production and loses of the
metastable in the plasma, with applied
frequency w.
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Solution
figix
* Reformulate the test problem as a boundary value problem:
1\du TANAEEHEREREELTHERT 5,

(f) o asin?(wx) — bu — cu?

and immediately compute the periodic steady state solution by

imposing periodic boundary conditions: géﬁg:ﬁ@%{i?%#l:%’XﬁﬁﬂE@fﬁﬁﬁ%fﬁ
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 There are many advantages to this approach:

— Direct power input from electrodes. 5/-,<7—%@EiEA #
— Natural formulation for the self DC bias.
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— Easy to explore parametric spaces.
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— All the high order harmonics are still resolved.

ETOERSHRELKRDHOND
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— Highly scalable on multicore machines and clusters. BT EREEENIZRDS

RIVFAT IV ETSAZTOE ELGHRRME

Periodic steady state is

— Multiple frequencies can be used. computed immediately!



Integration with the Plasma Module
TSARED2—ILEDIE
e COMSOL allows extra dimensions to be attached to a given geometry. We can use
this and solve the plasma equations in the product space formed between the base
geometry and extra dimension.

COMSOLDREIRTTI, FEESNI=DA AN ICFIAFRE, BRI AN ERFIRTOMEICH RSN IR RERADTS
AXHRRRZEHEL,
Base geometry Product space

* A dramatic speedup in computation time is obtained with this new method:
COFLWAEL, ST EOKRBLESERENFELOND

Dimension Approx. Time (Version 5.3) Approx. Time (Version 5.3a)
1D 10 hours 20 seconds

20 2 weeks 1 hour



New Model: GEC Reference Cell

GECSHEEtIL

This model investigates the GEC
(Gaseous Electronics Conference)
reference cell in two dimensions.
CDETIVIE. GECEREILEZ2RITTTEET 5,
The cell is driven with a fixed power,
and results show good agreement
with those published in the

literature.
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New Model: Alpha to Gamma Transition

FILIT7INLHIIANDBIT

Capacitively coupled RF discharges

can operate in two distinct regimes

depending on the discharge power.

AERARFNEIX. HE/NT—ITHLT2 DDOELGIREE—F1H 5.

This model investigates the alpha and

gamma regimes and the transition

between them in a capacitively

coupled RF discharge at atmospheric

pressure. CZOETILIE, RKRETOBRERERFREIZEITETIL

T7RUOAVIBRERVEN DB DBITERET S,
Results agree well with the literature.
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New Model: Computing Plasma Impedance
TSRRAVE—F O REE
e This tutorial model demonstrates how

to compute the plasma impedance.

CDF1—RM)TLVETIVIE. TIARAVE—FVREHET S
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 The impedance value is very useful
when designing matching networks.
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New Model: Impedance Matching
AVE—F IR -IIFYT

* This tutorial drives a capacitively coupled plasma
with an L-type matching network at high and low
powers.

CDFa—rITILIE L BEIYFUTRINT—IFERANTEN
J—LBENT—ICHLTRERETIATERETT S,
Sweeps over power, frequency and pressure are
performed, and their effect on the match power
transfer ratio and efficiency are examined.
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New Model: Computing the IEDF
IEDFEFETE
Flagship model showcasing the new
interface! g (v 8—r—207595 vy TEFL
This model computes the ion energy
distribution function (IEDF) for a commercial

capacitively coupled plasma reactor.
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* The results show good agreement with

Geometry characteristic length (m)

experimental data.
BRIEEBRT —HEI—HT D,

Conclusions: Non-equilibrium Discharges

V5.3 (local field approximation) ETEH(TSXT)ME

~
~
~
~
~
~
~
~
So
~

. ?
i P QueSt\OnS -

\N
~
~
\\
~

) . Semiconductor processing FEMAIMT

Dielectric Barrier Discharges SEEL N TS

. Vacuum arcs BEEE7—HRE
DC Discharges E&RNE

Sweet spot
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implementation
not valid
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