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Abstract ANALYTICAL DESIGN

~ This article describes analytical design, HFSS \atching transformer was designed using theory of
simulation optimization and experimental results"R-  smg|| reflections as outlined in ref. [1]. In ouaseZ =
284 double ridged waveguide used in the high ctiress3 7 o (impedance of WR-284 waveguide) adg=
microwave ion source to efficiently couple the misave 1100, This valueZ, is chosen best on the experimental

power to the high density plasma. measurement of plasma impedance at different
laboratories which is typically in the range of 1080Q.
INTRODUCTION We have calculated characteristic impedance of four

The microwave coupling to high current microwawve ioridges using equation (1), where N and are number of
source is very much vital since these ion sourgesate sections and binomial coefficients respectively, b bs,
in over dense regime and microwave energy can bg were calculated using equations (2) to (5) where,
coupled only at the plasma surface. For high ctiri@m A =cut-off wavelengthd=spacing between the ridge and
production it is necessary to design the coupliygjesn to s=width of the ridgea andb are the longer and smaller
produce the electric field intensity maximum at tester sides of the WR-284 waveguide
of the plasma chamber. The earlier ridged waveguide
impedance transformer from WR284 to the plasmanén t [:-lenfz—‘r-xc
microwave ion source, did not work properly. Theras Ipsr™~ipXe e
lots of reflected power and heating in the ridged
waveguide even at 200W and negligible coupling of - —
power to plasma. We, therefore, decided to desigm n 4~ —
water cooled ridged guide. The initial design wamel 1 [1_,_1(1 +02 |12 )Llncscf 24
analytically and finally the ridge spacing and edgngths 2x{a—z} = R a—s .
were optimized using computer code HFSS to maximize
electric field in the centre of the plasma chambenrder 245 + 0.2 x E) b ]
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to transform 663.7 ohm (impedance of WR-284) to 11V dla—z)

ohm (typical plasma impedance) we have used an 2)

impedance transformation ratio of six which givestiue

value of characteristic impedances of four quaware B, b

ridges. It has been designed for 25% bandwidth at a iy Incscm @)

central frequency of 2.45 GHz and maximum reflettio
coefficient of 0.05. HFSS driven modal simulatioh o

binomial transformer has been carried out for the Z, — 7——F— N 4)
optimization of ridge width and length to achieve EB”‘”m‘*[ﬁ“m:zch}]“”Z
minimum VSWR in the frequency band of 2.2-2.8 GHz.

To study various coupling structures like waveguide

120%n° xf%}

single ridge waveguide, feed horn and multi-section 7 — 7z, -1 _ L)T (5)
transformer, the HFSS eigen mode solver has besh us =1 Acr
oA Pons 2 Table 1: Calculated parameters of binomial tramséot
e, e = I Section | Z, (Q) c (mm) [ b (mm)
7y oo
byl [P 1 591.796 | 55.3 31
P 2 |378112 | 476 | 225
e [ 3 | 19416 | 405 | 138
¢ -
U - e 4 124.05 | 37.7 9.8

SIMULATION

Figure 1: Sketch of four section matching transfer The analytical parameter of binomial transformed ha
been used to develop a model in HE$$2] for the



optimization of k-b,, & and g-c, for minimum VSWR ridged guide. It was fabricated in-house and itestaln
and maximum electric field in the centre of thespt@a the microwave ion source as shown in Fig 5. Dutimg
chamber. HFSS driven modal and eigen mode solviér woperation of the source we found that maximum céfhe

20 adaptive passes has been used, optimizatioilgéds is within 5% under different operating conditioi$is is

is done with the help of OPTIMETRICS module buiit i very close to the results of simulation, indicatengyood
computer code HFSS. matching of the waveguide impedance to plasma

Using HFSS we have optimized the S11 parameter infpedance.
two different matching transformers with al2 and 24

mm .The S11 plot for s=24 mm transformer (optim)zied E

shown in Fig. 3, it is evident from Fig. 3 thatleetion 10X 10 ELECTROMAGNETIC FIELD
coefficient is -30 dB in the frequency band of 2.5-GHz -~ @ 2.45 GHz,
which is much better than our design goal. The seco ® \\ 500w
part of the simulation deals with the optimizatiof 5

binomial transformer to get maximum electric fiéhdthe

centre of plasma chamber at 2.45 GHz, the maximurmr
electric field of 913 V/m was obtained with,a=24 mm
and its double to that of simple WR-284 waveguidd a
10% higher as compared tg@ & 12mm design. The
comparison of electric field obtained in the sintigia for

i i i i i i 0 20 40 60 80 100
various ridged width is as shown in Fig. 4. ) Plasma chamber axis [nm]
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Figure 4: Electric Field in the centre of plasmarcier of
different designs.

Figure 2: HFSS model of binomial transformer.
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Figure 5: Installed ridged waveguide in microwawgs
source.

CONCLUSIONS

The four section ridged waveguide has improved the
efficiency of microwave ion source significantlycamwe
are able to produce ~8.4mA beam current as medsure
v, DCCT , 60cm away from the extraction electrode with
400W of microwave power. The analytical and simedat
values of transfer impedance are 124 and X45
respectively, which are in close agreement to ypécal
plasma impedance of 100-130

Figure 3: Variation of the reflection coefficientitiv
frequency for the ridged waveguide.

EXPERIMENTAL RESULTS
During the operation of ion source we observed ddts REFERENCES

reflected power and heating in the ridged wavegeigen [1] D. M. Pozar, “Microwave Engineering’, John Wiley
at 200W and negligible coupling of power to plasie and Sons Inc.

beam current extracted was much below the expentafh; ansoft HFSS website, http:/www.ansoft.com
(~ 200pA). We, therefore, designed a new water cooIeA



