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The energy transferred to the electrons is
given by the amplitude of the in-phase rf
field integrated over the “width” of the
electron-cyclotron resonance zone.
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The width of the ECR zone is given by the rf
bandwidth (Af) divided by the field gradient
(dB).

Af
Y -VB

v Isthe cyclotron frequency (~2.79 GHz/kGauss)
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Given a constant magnetic field profile,
which is more efficient:

« Narrow-band rf with higher peak rf power?
e Wide-band rf with lower peak rf power?
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SSolutions modified a software-defined
radio to investigate this question.

The system was designed to acquire and analyze resonant
spectra between 100 and 1000 MHz.

Modified to produce user-selectable spectra in the 1-2 GHz
band.

These spectra are frequency-multiplied into the common
ECR bands.
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Operational Modes:

1. Simultaneous “Comb” Spectrum.
2. Up-Chirp or Down-Chirp.

3. Combination of 1 and 2.
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Output spectra would not pass FCC
requirements (aliased modes and
spurious power in sidebands), but
are acceptable for ECR
applications.
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Approach
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TAMU 14.5 GHz Source
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TAMU 6.4 GHz Source
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TAMU 14.5 GHz Source

45 ] 1 1.00 ;
a——=o 6-Mode ; : L} 16-Modes H
#——= 5-Mode ! ! 1-Mode '
i U .
= 5 :
o O - :
= S 050 [ e
+_ L-E E
2 “o i
¥ : P ;
i .
| L
25 o
0.8 10 12 14 0.50 0.75 1.00 1.25
RF Power RE B Ve
(kW)

(kW)

Kr19+ Agz5+



A

Scientific Solutions Results

\/

LBNL AECR-U

400

————— 2-Mode Data

1-Mode Data
A+

et

300

200

lon Current
(uA)

100

0 200 400 600 800 1000 1200

RF Power
(Watts)

O~ Of O™



[\

P

Scientific Solutions
\/

LBNL AECR-U

o MNKR 14307.8 Whz
SEF .0 dBm ATTEN 10 dB =30.30 déa
PEAK . o . 5 . : : . .

LO6 : : : : : : © NEAS UNCAL

;a _______‘.:,“......:.........:.........:....... y . s 4 -
38/

SMEEPTINE:  : @  :  :
LU LT S T

42 SB

SPAN 100.0 MHz
#SHP 500 msec

P T o PRSIy 9

CENTER 14299 MHz

SRES BW 10 kHz VBN 10 kHz

Log Scale

= NKR 14304.0 Muz
7.8744 oV

SEF 3.333 aV  WATTEN 10 dB
LRk . . . .

Haékéi""""""""u“““““uuu"
14304.0 MHz

7.8744 aV

WA SB

TENTER 14304 MH2

SRES BMW 30 kHz VBN 30 kMz

Linear Scale

SPAN 100.0 MHz

#SNP 1.0 sec



A

Scientific Solutions
\/

LBNL AECR-U

28 AKR 14304.5 muz
SEF .2 dBa ATTEN 10 dB -36.10 dia

L

14304.5 MMz
-350;. ‘..

TIMTEE 14239 MHZ SPAN 100.0 NNz
55 BW 10 kM2 VBN 10 kN2 OSHP 500 asec

Forward Power

= NKR 14304.5 NNz
REF .2 dEa ATTEN 10 dB -89.54 déa

. WEAS UNEAL

3H&§kéi“““““"“_u““"nuu.
14304.5 MHz

J-S!.EQ dBa

ENTER 14299 MHZ SPAN 100.0 Nhz
#FES BH 10 kHz SVBN 10 kWz #SNP 1.0 sec

Reflected Power



A

Scientific Solutions

LBNL AECR-U

NKR 14286.3 WHz

= KR 14286.3 NNz =
ZF .2 dBa  OATTEN 10 48 -§0.12 dhs EF .3 dBa  #ATTEN 10 dB €8.96 dBa
E peeseeemeeseermenstt BEaK e : F————
L0 : -ag
L Loeelm mernilimet 19
4 48/
1 SR NG, .S SRR SRR, ORI A BEERTY oo ot compritessroonsi
-2 | mARKER e -2 | MARKER
3 |14286.3 MMz : : 5 = € |14286.3 MHz
-50.12 dBa ST : : : -68.96 dBa

TENTER 14297 MMz SPAN 200.0 MHz
$FES BW 30 kMz VEH 30 kHz #SHP 1.0 sec

TENTER 14297 MHz SPAN 200.0 NNz
SFES BU 30 kM2 VBN 30 kN2 SuP 1.0 sec

Forward Power Reflected Power



J

o
]
2
=
=
)
)
y —
-
e,
[
8

>

LBNL AECR-U

5 + 10 GHz)

2-Frequency Heating (14

q
E
[
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
B

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

e Ny L g e g e g i i

Tt i o o e
i
m H
o !
e i
= 1
o ]
T+ !
o4 =t !
0 — !
i
FA [ 2 2b

i T
s :
i

7] =] [Te] o

- -

fwria)

juaung uo|

40

35

30

23

20

Charge-State (210

209B;j



o
]
2
=
=
)
)
y —
-
e,
[
8

LBNL AECR-U

5 + 10 GHz)

ing (14.

Frequency Heati

-

H
'
i
o
1oy — b
oo o
et T
EeEiE sE
i S R
o ed &2y
Mo LMo
q
@@@EWH

+—— {-Mode 14+10 GHz

40

Charge State
@)

209B

20
=]

fyvia)

JUsIINg uo|



40

(14.5 + 10 GHz)

i
O 2 & .
] Za &

c -~ 2% 28 ot
<< = ees By 5

> R

M_ daggdas
z ]
1

Frequency Heat

{wria)
=L Loy

-

>

o
]
2
=
=
)
)
y —
-
e,
[
8




o
]
2
=
=
)
)
y —
-
e,
[
8

LBNL AECR-U

(14.5 + 10 GHz)

ing

Frequency Heati

2

hode Chirp #2

B
B
F2-
32-
16-
1-

B
B
B
&

hode Chirp #1

Mode Chirp #2

hade Chirp #1
hode Chirp

M ode #2

M ode #1

1-

45

30

{yma)

waIng 18,

Charge-State

(@)

2098



A

Scientific Solutions Results

\/

LBNL AECR-U

al

I32-Modes

Multiple M odes in 21.8 MHz
- odesin 21.8 MHz
7-Modesin 21.8 MHz
7-modesin 10 MHZ
-l odesin 10 MHz
a-M odesin 10 MHz
1-h ode

1-h ode

1-M ode

1-M ode

DNENEEEZBED

lon Current
[euA)

24

Charge State
(=)

Xe



A

Scientific Solutions Conclusions

\/

 Significant improvement in ion current when
operating at lower rf power levels.

 Modest improvement in the highest charge-
states under certain circumstances.

* Improved operational stability.
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Clearly more testing Is needed.
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US DoE supported this project under
contract Number DE-FG02-04ER84166.

Units can be made available for further
testing at DoE-funded facilities.
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14.5 GHz RID



