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.ﬂ The LBL ECR then and now
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W LBL ECR “Cavity”
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W Cavity Modes in the LBL ECR

Mode Frequency in GHz D/L =2

TMj 1 16 6.236

TEy ) 6.317 Approximate mode
TM,5 S spacing 10 MHz
TE, 5, 6.330

TE; ; 13 6.339

8556 6.353

TEq 1 14 6.362

™, | 14 6.362

TEL , 6.374

TM5.6 6.496

TE, 110 6.507
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W ECR Plasma Properties

« Partially or fully ionized gas consisting of
free electrons and free ions as well as
neutral atoms and molecules

BERKELEY LAaB

« Plasma frequency scales as the square root
of density

. o,=sqrt {n.e?/e,m} where

[ o, plasma frequency

p

. Pplasma density

e electron charge
— m  electron mass

2 2 = |2R2
W — =K

ECR plasma ®p C

o is resonant frequency

k is the wave number (1/wavelength)
c speed of light

Critical density when o ~o,

Claude Lyneis ECRIS 2010 Grenoble 6



S ECR as a single port microwave cavity
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Q, =f/56f where 5f is full width at half max

« For an ideal network and a single mode the ratio of reflected to

be used to determine the parameters of the cavity and coupling system.

For the steady-state case the power reflected as a function of fequency

incident power should be a Lorentzian line shape

The steady-state frequency response of a cavity resonator can also

17

Pr(Ai) is given by

P_(Af)

1

1 +p) (EQLAf>2) , (2.20) .
P\ Ideal Loretzians

where f0 is the resonant frequency, f 1is the incident frequency and

N = £ - f
o

and thereby determine Q > fo

chapter.

. The details of the procedure used to invert Eq. (2.20)

, and P are discussed later in this
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.ﬂ Low power reflected power measurements
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/ﬁ m Normalized beam currents for argon charge states
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Figure 3: Normalized beam currents of argon at 250 W. The ion source tuned for Ar’~ at 6.343 GHz.
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:% m B vs time

BERKELEY LAB

beta
5 | | | Q
Coupling Coeficient Beta vs Time 270 W incident ﬁ _ 0
4 Overcoupled Qexr
E
3
m
k]
m
2
Undercoupled
1 B =4 unity coupling
N
e e e e e e et e et et
i
i 3] 10 15 20 25 30

Time in ms

Claude Lyneis ECRIS 2010 Grenoble 13



rererfererer

.ﬂ Relative electromagnetic stored energy vs time
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At low plasma densities the mode spacing in the LBL ECR is wide
enough to study individual modes.

* Forthe 6.347 GHz mode, it moves to higher frequency and lower
Q’s as the plasma density increases.

« The ECR loading is strong enough to reduce the natural Q of the
cavity by a factor of 10 even for this relatively low density plasma

« We expect in higher frequency, high density ECR sources to see
much stronger loading, lower Q’s and hence relatively low RF
electric fields—(Beware of electron heating models requiring high
RF electromagnetic fields)

 The RF coupling and ECR performance of the LBL ECR could be
improved by using coupling similar to the AECR-U (waveguide
inserted directly)
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W Possible Extensions
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« Use cavity bead measurements to identify the modes

« Use “Microwave Studio” for more accurately calculation of the mode
structure

« Use a second RF coupling port to directly measure the stored
energy

« Search for other frequencies where high charge states are
produced well

* Rebuild the RF coupling system of the LBL ECR to improve source
performance
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