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 A very low power (~ μW) ECE radiation of wide band frequency (70 to 1000 GHz)   

is needed to transmit  a long distance

 Low loss Transmission line is required

 A circular corrugated waveguide in HE11 mode gives low transmission in wide     

band

 HE11 mode can be very efficiently coupled with other optical components.

 The closed waveguides help  to avoid atmospheric line absorption.
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 we propose a possible scheme for the transmission line 

 It includes many components like wire grid polarisers, straight jointed sections  

of waveguide, mitre bends and other optical components

 Each components has transmission loss 

 The total loss of the transmission line can be determined
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Components

 List of required components for proposed transmission line

Components Name               Qnt./line                       Total

1.Corrugated waveguide        34 miter                    136 miter

2.Mitre bends                          6/5 No. 21 No.

3.Polarizer splitter box             1 No.                          2 No.

4.Vacuum windows                  2 No.      8 No.

5.Pump out units                      2/1 No.                        6 No.
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Table 1 Experimental measurements of the insertion loss of the 

corrugated waveguide 

Corrugated

waveguide dimension

Frequency

(GHz)

insertion loss 

(dB/meter)

Reference

number

Remark

Diameter

(mm)

Corrugati

on period

(mm)

63.5 0.254 60/140 0.08/<<0.035 5

88.9 1.7 84 0.002 6

63.5 0.45 100 to 300 0.0002 7 For 24 m

W/G

63.5 0.66 50 to 220 30% for 80meter 8 Include

mitre

bends

31.75 110 0.003 9



9

Table 2. The mitre bend insertion losses calculatedand measured for HE11 mode

Waveguide

diameter

(mm)

Frequency

(GHz)

Calculated loss

(dB)

Measured loss

(dB)

Reference

s

12.7 140 0.17 0.22 /0.3 ±0.1 11

63.5 170 0.011 0.05±0.02 11

63.5 100 - 300 0.025 – 0.0047 0.06 7

63.5 100 to 350 0.025 – 0.0038 0.25 12

 Theoretical insertion loss in the mitre bend can be calculated  by following 

equation
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 Estimated transmissionline loss

Component name Quantities Loss (dB)

Corrugated waveguide

(φ = 88.9 mm)

34 meter 0.068

Mitre bend 5/6 1.1/1.32

Pump out unit 1 0.22

Polarizer splitter unit 1 0.175

Total loss 1.783 ( ~ 33%)

 It seems that the insertion loss of the mitre bend is higher than   

all other components 
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Study of the waveguide gap and mitre bend through gap 

theory and simulation

 The loss in the mitre bend can be determined by using mode matching   

technique[11]

 The numerical simulation can  also be used 

 The mitre bend loss is consider as the insertion loss due to gap in the waveguide
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Modeling of the smooth waveguide gap and mitre bend with TE01 mode

 The numerical solver HFSS does not able to solve hybrid HE11 mode

 A smooth waveguide propagating TE01 mode is used instead

 Since the gap theory is equally valid for TE01 mode   

Model used to simulate TE01 mode in smooth waveguide gap 
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The model used to simulate the TE10 mode in mitre bend
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Comparison of the loss in waveguide gap and the mitre bend



15

Power losses (%) for Waveguide gap for the radius of 8.56mm
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Summary

We proposed a transmission line for ITER ECE radiation 

 Indentified required components 

We estimated insertion loss on basis of past measurements

We deduced that the mitre bend has higher loss than other components

We studied the mitre bend in more detail by numerical simulation

We inferred that the insertion loss in the mitre bend is half of the loss in 

the waveguide gap

 The W/G gap theory can be used to determine the loss in the mitre bend and 

the pump-out unit or other gap in the transmission line    
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