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]

An antenna impedance is different from a transmission line
impedance in the ICRF heating system. In the case of JT-60 ICRF system,
these are 0.3 v 68 and 508 respectively, and double stub tuners are
used for matching. If the matching is insufficient, reflected power
toward the generator decreases the gain of the amplifier and increases
the voltage at the output port of the cavity and in the tube of the
final stage amplifier. Tt is necessary to keep good matching and low
reflected power during the shot for high power injection. In this
report, impedance matching using double stub tuners on JT-60 ICRF
system is analyzed numerically and experimentally. The plan of
automatic matching, feed-back control of the stub tuners and the
frequency, is studied using the results of the analysis. Stub feed-
back centrol will be effective for large impedance change and frequency
feed-back contrel will bring a good results for immediate impedancer
change. Introduction of automatic impedance matching system with both
feed-back contrel will promiss high power injection and efficient

experiment.
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IC

Fig. 2 Relation between injection power and upper limit of allowable
power reflection coefficient. Curves indicate the levels of
the protection circuit for the amplifier. Plots indicate the
injected power versus set value of the reflection alarm 2
that cuts off the power before reaching the protecticn levels.
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STUB?
SECOND -
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_ X { r
¥ 2978m D.C.1 D.C.2
ANTENNA '
Dy =4.709m D, =0.5m

Fig. 4 A calculation model of the matching system.
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Fig. 5 Distribution of matching positions of the stub tuners for
vacuum load and plasma load in the experiments. L1, L2
indicate the lengths between T-junctions and short points
of the double stub tuners. L1 is for antenna side stub and
L2 is for generator side one., These matching positions are
distributed along a line for each phasing respectively.
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contour lines : Zr{(0to 50 Q)
D1 ;4709 mm
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Fig. 6(a) Real part of the antenna input impedance, Zg(f), matched to
transmission line impedance depending on the stub positions,

as contour lines.
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contour lines : Zi(-150 to 150 Q)
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Fig. 6(b) TImaginary part of the antenna input impedance, Z1(Q},
matched to transmission line impedance depending on
the stub positions, as contour lines.

[



JAERI-M 90—184

contour lines : transmission efficiency

D1

phasing

: 4709 mm
(n,0)

shot / line number : E3784 /1l
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Fig. 7(a)

1.0 140 15. 0 16. 0 .0 180
L2 M *10

Contour lines Indicate the calculated power transmission
efficiency for a certain antenna input impedance, at the
transmission line between the generator and the stub
tuners, on the stub position plane. This case, (a),

is in (r,0) phasing, to plasma load. The most inner
contour line indicates 95%, and the pitch is 5%.
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~contour lines - : transmission efficiency
D1 -1 4709 mm
phasing i (m,0)

shot / line number : vacuum load /i

0‘1 r.' | L L l_' T L) L] I Ll T T L] I T L L] 1 ' T h | L) L] l L] 1 L '_
0.6 | -
6.5 |- -
0.4 _
— - 1
W | - R
i |

0.3 F -
0.2 i
0-1 ’-l 1 L 1 l [ 1 1 1 l 1 1 i J | I 1 1 1 1 l L L 1 1 l 1 [ ] L l—
12.0 13. 0 14. 0 15. 0 16. 0 (1.0 18. 0

L2 (M ¥10

Fig. 7(b)} Calculated power transmission efficiency in (m,0) phasing,
to vacuum load on the stub position plane.
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contour lines : transmission efficiency
D+ : 4709 mm

phasing :(0,0)

shot / line number : E3857 /1l
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Fig. 7(¢) Calculated power transmission efficiency in (0,0) phasing,
to plasma load on the stub position plane.
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contour lines : transmission efficiency
D+ : 4709 mm
phasing : (0,0)

shot / line number : vacuum load /Il
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Fig. 7(d) Calculated power transmission efficiency in (0,0) phasing
to vacuum load on the stub position plane.
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Table 1 "Antenna input impedance, Zp, antenna coupling resistance,
Rc, stub matching position, L1, L2, in the typical phasing
modes for vacuum and plasma loads as shown in fig. 7(a)~(d).

phasing | load ZJQ) | Re(@) |L1/L2 (mm)| Shot/line
@ | (n,0) | plasma | 56+632| 22 |600/1336| E3784/1
0 | (n,0) | vacuum | 1.44j68.4 | 05  |629/1290| P1356/I
© | (0,0) | plasma |30.2+j102.6] 55  |454/1406 | E3857/Il
@ | (0,0) | vacuum |214j1306| 027 |520/1282| P4740/1




-contour lines .

D1

phasing
shot / line number :

(OHM)

Z1

Fig. 8(a)
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transmission efficiency
: 4709 mm

(n,0)
E3784 /I
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l"s 4 I/ / /’
¢ L A ] ? ’
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Contour lines indicate the calculated power transmission
efficiency for stub positions in Table 1, at the
transmission line between the generator and the stub
tuners, on the impedance plane. This case, (a), is in
{(r,0) phasing, to plasma lcad. The most inner comntour

line indicates 95%, and the pitch is 5%. This figure shows
allowable range of the impedance change depending on plasma
change in the experiment, with fixed stub positions.
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contour lines : transmission efficiency
D1 : 4709 mm
phasing :(n,0)
shot / line number : P1356 (vacuum) /Il
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Fig. 8(b) Calculated power transmission efficiency in (m,0) phasing,

to vacuum load on the impedance plane.
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transmission efficiency

contour lines

D1 » 4709 mm
phasing : (0,0)
shot / line number : E3857 /1l
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Fig. 8(c) Calculated power transmission efficiency in (0,0) phasing,
to plasma load on the impedance plane.
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Fig. 8(d) Calculated power transmission efficiency in (0,0) phasing,
to vacuum lcad on the impedance plane.
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Fig. 9 Contour lines indicate the calculated power transmission
efficiency for a certain antenna input impedance, at the
transmission line between the generator and the stub tuners,
depending on the U-link length, on the stub position plane.
{r,0) phasing, D1 = 5009 mm.
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Contour lines indicate the calculated power transmission
efficiency for a certain antenna input impedance, at the
transmission line between the generator and the stub tuners,
depending on the U-link length, on the stub position plane.
(r,0) phasing, D1 = 5109 mm.
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contour lines : Zr(0t0o 50 Q)
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Fig. 11(a) Real part of the antenna input impedance, Zg(f), matched to
transmission line impedance depending on the stub positions,
as contour lines. D1 = 5109 mm.
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Fig. 11(b) Imaginary part of the antenna input impedance, Z1(%),
matched to transmission line impedance depending on the
stub positions, as contour lines. D1 = 5109 mm.
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contour lines : Rc( Q)
regions : transmission efficiency > 0.95

region1 : D1 = 4709 mm
region2 : D1 = 5009 mm
region3 : D1 = 5109 mm
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Fig. 12 Contour lines indicate the antenna coupling resistance, Rg,
and matching regions where the transmission coefficient
larger than 95%, are also indicated with some U-link lengths,
D1 = 4709, 5009, 5109 mm respectively.
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system  (16ch) P, Py, 0, @ input impedance
. ZA
smoothing
PP
calculation of stub
matching position
smoothing L1.L2
P, Py, @, 0%
reflection coefficient . stub driving distance
P limit check
li=a/ = (i=1~4)
P
4 4
I'= ; wr / 12 @ |@i=10r0 stub driving distance
out put

Fig. 13 Flow chart of "the impedance calculation method" for stub
feed-back control.
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14 Flow chart of "the matching position search method" for stub
feed-back control.

Fig.
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FA initial position \

L1

Step 1 : Stub 2 is fixed. T is measured during scanning stub 1,
and L1 is selected where I' is the minimum.

Step 2 : Stub 1 is moved to selected position.

Step 3 : Both of the stubs are moved on the line with given
slope searching the position where I' is minimum.

Fig. 15 Procedure of "the matching position search method".
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A Model Calculation for FFC

26.8+j63.2 &

ZA =

11.1% (120.0 MHz)
5.6 % (119.7 MHz)

L1 = 526 mm
r
T=

L2 = 1380 mm
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(%) 1

121
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119

Frequency (MHz)

optimum

f

Frequency

16 Principle of the frequency feed-back control.

Fig.
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Fig. 17 Matching regions where the transmission coefficient larger
than 95%, enlarged by frequency feed-back control.
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Fig. Al-l1 A calculation model of a impedance matching circuit.
Lengths of the stubs to cobtain good matching are calculated
for load impedance, Za, and distances, dl, dZ.
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