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Outline of talk

* Review: RF antenna diagnostics

* Inductively-coupled plasma (ICP)

 Planar resonant RF antenna "new" device

e Partial inductance “new” concept L new to plasma

« Complex image method "new" theory

—

* RF antenna ICP diagnostic
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Brief review: RF antenna diagnostics

wave cutoff method | microwave interferometer
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Inductively-coupled plasma diagnostic?

transformer coupling model
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measure the change in primary impedance
to deduce plasma conductivity
(electron density and collision frequency) @ .(Pﬂ-
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Planar resonant network Cylindrical (birdcage)

Ph. Guittienne et al, PI. Sources, Sci. Technol. 23, 015006 (2014)
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How to model inductive coupling with plasma? 5‘“%D-(pﬂ-
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Planar resonant network, N legs, (N-1) resonances

top view
(2) top metal frame
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single LC parallel
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How to model inductive coupling with screen & plasma?‘@D (Wl
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Mode impedance spectrum
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Planar resonant netwo(r:k
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Loop and partial inductance — basic concepts
"Inductance: Loop and Partial" by Clayton Paul (2010)

What is the self inductance L of a metal leg?
Conventionally, (loop) inductance is only defined for a closed circuit

Consider a rectangular circuit:

c——————— -~ " xple-ds
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Alternative view of inductance...
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contribution to each segment of the closed loop

partial inductance

w:lB-ds

surface integrals

(VxA) ds
Stokes' theorem

c

A-dl line integral

L =

$A-dl
I

[ A -dl
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p, = JaAicdl self partial mductance
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Mutual partial inductance between parallel wires

< | >
#
wire 1| partial mmmmm) loop inductance
2h
|| wire 2 loop [@j} partial inductance
—
wire wire ~_ /"{_0 | ‘2_( 1
o Lp | P Q'IT(H{G]
\ L\F',V"e T or h
|
—— 00000 —— / OK! ©
wire/wire wire wire IV ire /wire o 2h
L = 3 2 i [ <4 H(P




Mutual partial inductances between antenna elements
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Mutual inductance with the baseplate screen
In vacuum (no plasma)

side view

dielectric

antenna assembly I
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frame

grounded metal baseplate screen
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Method of images:
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Method of Images
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Planar resonant network — no plasma

mode frequencies calculated by a
matrix impedance model

using partial inductances
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good agreement for mode frequencies in vacuum
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Planar resonant network — with plasma

glass cover A
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Induced current in a plasma
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Induced current in a resistive ground return

Field Gradients as Overall Earth
Current Flows Along Fower Line

[
| \Cur‘rﬁ“‘b flowing through the sarth.

Wave Propagation in Overhead Wires
with Ground Return

By JOHN R. CARSON
Bell Syst. Techn. J. 5, 539 (1926)

Mutual inductance: infinite converging Fourier integrals

VAP =4wf (\/p2+£-—p)e_(h'+m')” cos x'u dp.
0
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Dubanton at Electricité de France (1976), & co.:
Complex image theory = real image current at a complex depth

Complex depth p = complex skin depth. Complex wavenumber = 1/p
. 1 - o -
H = Hge */Pet — = m 0 = (7 f o) 1/2

complex mutual inductance also includes ohmic dissipation:

wire/plasma ~ /“{_0 l - )
et B0 (sl 1) e P
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Complex image theory = real image current at complex depth...
...the magnetic field above the plasma is the same for both cases

current: I,

p : complex skin depth

Induced current

distribution in T \
Mirroring plane

the plasma h+p

v

Image current : -l,¢
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Complex image theory Is used in several domains
(but not plasma)

e power transmission
 telecommunications
* geophysics =

e microelectronics / ,
Port 1, Y Lﬁ Metal

Vial |/I

" /Port 2

Insulator

Insulator

Semiconductor Substrate

Metal Ground Plane
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The impedance matrix
accounts for all coupling to
the antenna
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mag ( Zin ) €]

mag ( Zin )€

Complex image method fits all 5 modes
using only 3 physical quantities:
1) distance; 2) electron density; 3) collisionality
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Inductively-coupled antenna used as a diagnostic
for plasma conductivity
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A hybrid resonant network antenna probe
on a printed circuit board

4cm
-+

o
I
a Tlffliflifliflifliflifl_ (:S
C Increases sensitivity to

L inductive coupling

4cm

<+—— 2mm strips

... and a large area 15 kW antenna (1.2 m?) for large
area deposition, etching, packaging applications, etc %
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The computed relation between the
electron density and Af (complex image
method and mutual inductance matrix).

Measurement of probe Af as a function of
the RF power of the plasma source.
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Inductive probe measurements using different gases
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Conclusions

* Planar resonant antenna used as a plasma source
 Partial inductance method
e Complex image method

» Planar resonant antenna used as a plasma sensor
¢ for plasma conductivity
¢ general method for ICP
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