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ABstRACt

Vacuum windows are an essential part of any radio frequency (RF) system which launches/couples RF power 
from an atmospheric to a vacuum environment. This paper describes the RF design of a double barrier ceramic coaxial 
vacuum window. Alumina 99.5% pure is considered as ceramic barrier material while inner and outer conductors 
are oxygen-free copper. As the initial design approach the thickness, slope, depth of ceramic in the conductor is 
varied and the performance of the window is studied. The design is optimised to achieve the best insertion loss, 
return loss response for operating frequency range up to 65MHz.
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1. IntRoDuCtIon
In radio frequency (RF) systems having their interface 

with vacuum systems, for example, RF coupler in accelerators 
or RF launchers for plasma heating, vacuum windows are used 
to isolate the regions having atmospheric pressure and vacuum. 
Several Ion Cyclotron Resonance Heating (ICRH) systems 
in tokamaks worldwide have developed vacuum windows 
as per their requirement1-4. These windows or feed throughs 
utilise ceramic barriers in a cylindrical or conical shape. The 
choice of shape and material of the ceramic barrier depends 
on several factors, for example, ceramic material should have 
low loss tangent (less than 0.005)5, better thermal conductivity, 
minimum strength of electric field (E-field) line components 
parallel to ceramic surface4, minimum penetration of E-field 
lines within the ceramic volume, etc.

The double barrier type vacuum windows are used for 
enhanced protection against failure of primary vacuum facing 
barrier, where secondary barrier keeps the vacuum level and 
protects the chamber from contamination1-2. 

The ion cyclotron heating and current drive (ICH&CD) 
group at ITER-India is responsible for the development of RF 
sources for the ITER project6. Total 8+1(spare) RF sources will 
be delivered to coupler 20MW of power to ITER plasma in the 
frequency range of 36MHz to 60MHz7. The ICH&CD group 
is involved in the development of indigenous transmission 
line components and test stands of MW level power handling 
capability8-9. As a part of this development program, the 
ICH&CD group has initiated the development of a coaxial 
vacuum window for future application in indigenous ITER-
like machine. RF Power handling capability of such window 
will be a few MW for continuous wave (CW) pulse. As the first 

step of this development program, the design of a prototype 
double barrier vacuum window with line size 6-1/8inch EIA 
is initiated. The following paper discusses the RF design of 
this double barrier vacuum window. Currently, the material 
selection is aimed to improve the RF characteristics of the 
window; no thermal properties are taken into consideration. 

2. MoDellIng AnD sIMulAtIon
2.1 For Different Inclination of Ceramic Barrier 

Initial modelling of double barrier vacuum window 
was done as shown in Fig. 1 using CST microwave studio 
(CSTMWS)10. The outer conductor (OC) and the inner 
conductor (IC) were assigned properties of copper (pure) 
while the ceramic barrier was assigned properties of Alumina 
(99.5%). This model was simulated for different lengths of 
ceramic barrier (L) while the thickness of the barrier (10mm) 
was kept constant. 

Figure 1. Initial model of double barrier vacuum window.Received : 01 February 2021, Revised : 13 February 2021 
Accepted : 18 February 2021, Online published : 17 May 2021
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For 6-1/8inch EIA line size the outer diameter (OD) 
of IC is 66 mm while the inner diameter (ID) of OC is 152 
mm, which provides a line impedance of about 50Ω for air or 
vacuum dielectric between IC and OC from equation 1:
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where, Z0 is line impedance and rε  is the relative permittivity 
of the annulus region between IC and OC.  

Increasing the length parameter (L) of the barrier decreases 
its inclination angle (θ) with respect to the inner conductor, at 
the same time changing the inclination angle varies effective 
relative permittivity of annulus region at the particular cross-
section of the window. This further varies the s-parameter 
response of the window.      

The model was assigned a parametric sweep and the 
return loss/ insertion loss response was recorded as shown in  
Fig. 2(a) and Fig. 2(b). It can be observed from Fig. 2(a) that 
return loss response improves from -23 db to about -30 db 
while “L” is increased from 50 mm to 110 mm i.e. with the 
reduction in the inclination angle (θ) from 40° to about 21.5°. 
At the same time, the insertion loss response improves from 
-0.018 db to about -0.004db when “L” is increased from 50 
mm to 110 mm as shown in Fig. 2(b). 

2.2 Improving Performance by Providing step in 
Inner Conductor
After studying the initial response of the ceramic barrier 

with the inclination angle, it was further tuned by creating a 
step in the inner conductor with ceramic. The step in the inner 
conductor is used to improve the characteristic impedance 
of the window at the location where the two barriers touch 
the inner conductor as shown in Fig. 3. The width and outer 
diameter of the step are defined as parameter “W” and “D”. A 
parametric sweep was performed using the above parameters 
which are as defined in Table 1. 

  The total length of the window varied from 250 mm to 
130 mm for the value of parameter “L” changing from 110 
mm to 50 mm. The required length of the window was needed 
to be no greater than 200mm so the value of “L” chosen for 
further simulations was 90mm and 70mm. A parametric sweep 
was performed for above said values of “L” with the other 
two parameters “W” and “D” as defined in Table 1 and the 
Return loss/ Insertion loss values were recorded as shown in  
Figs. 4(a), 4(b) and 4(c). 

Figure 4(a) provides return loss response of window for 
two sets of parametric combination, in first set L and D is kept 
at values 90mm and 36mm respectively while W is varied from 
10 to 30mm, in second set L and D is kept at values 90mm and 
46mm while W is varied from 10 to 30 mm. It can be observed 

Figure 3. Window with step in inner conductor.

Figure 2. Initial model (a) Return loss (b) Insertion loss.  

table 1. Parametric sweep designation

sweep no.
Parameter

l (mm) W (mm) D (mm)
1 90 10 36
2 90 20 36
3 90 30 36
4 90 10 46
5 90 20 46
6 90 30 46
7 70 10 36
8 70 20 36
9 70 30 36
10 70 10 46
11 70 20 46
12 70 30 46

(b)

(a)
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from Fig. 4(a) that return loss improves for both higher width 
“W” and smaller diameter “D” of the step.    

Thus, the best return loss response is achieved for 
parametric combination (sweep no. 3) of L, W, and D i.e. 90 mm, 
30 mm, and 36 mm respectively, which is -67 db at 65 MHz. 
Similarly, Fig. 4(b) provides the best return loss for parametric 
combination (sweep no. 9) of L, W, and D i.e. 70 mm, 30 
mm, and 36mm respectively, which is -41.9 db at 65 MHz.  
The insertion loss of the window is better than -0.001db for 
both sweep no. 3 and 9   as shown in Fig. 4(c).

Therefore, the best-optimised results for the double 
barrier type vacuum windows are achieved from sweep no. 3 
and sweep no 9.

2.3 Field Distribution Inside Window
The simulation was performed to study the E-field 

distribution inside the window for a power level of 200kW. 
As a part of the case study, E-field distribution inside the 
window for parametric set corresponding to sweep no. 3 and 
9 are simulated, Fig. 5 shows the same for sweep no. 9. The 
maximum E-field strength is 0.35kV/mm and 0.31kV/mm 
corresponding to sweep no 9 and 3 respectively, at the surface 
of the inner conductor. Volume loss in the alumina ceramic 
is 1.56W and 1.14W corresponding to sweep no 9 and 3 
respectively. The surface loss over the copper conductor is 
about 20W. The plot of E-field strength along the surface of 
the barrier (curve “A to b” shown in Fig. 5) is plotted as 
shown in Fig. 6. The field strength varies from about 0.08kV/
mm for sweep no 9 and 0.06kV/mm for sweep no 3 at point 
A to 0.04kV/mm at point B. The field strength parallel to the 
barrier is about 20% of the field strength perpendicular to the 
inner conductor. 

2.4 Window Realistic Model
A realistic model of the window was developed for 

fabrication utilising parametric dimensions of sweep 3. The 
simulation was performed to study the E-field distribution 
inside the window for a power level of 200kW, Fig. 7 shows 
the same. The maximum E field strength is 0.42kV/mm and 
volume loss is 1.53W.  

Figure 5. e-field distribution for parameter combination 
corresponding to sweep no. 9.

Figure 6. E-field strength parallel to barrier surface for sweep 
no. 3 and 9.

Figure 4. Window return loss (a) sweep no. 1 to 6 (b) sweep no. 
7 to 12, (c) insertion loss sweep no. 3, 6, 9 and 12.

(a)

(b)

(c)
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3. sCoPe
The current paper discusses only the RF design part of 

the double barrier window. The stresses that occurred during 
manufacturing and operation affects the performance of 
the ceramic window. This needs to be studied through finite 
element solvers. Finally, the window will be manufactured and 
a high power test will be performed to check voltage stand-off 
capability and thermal stability.  

4. ConClusIon
RF Design of double barrier type vacuum window is 

discussed in detail. The initial model was built with two ceramic 
cones and the angle of inclination was varied to optimise the 
insertion and return loss. It was observed that the reduction of 
inclination angle improved the window characteristics. Further 
modification in the model was performed by introducing a step 
in the inner conductor. Parametric sweep provided optimised 
width and diameter of the step for improved return loss and 
insertion loss response. Sweep no. 3 having a length (L), width 
(W), and diameter (D) values 90 mm, 30 mm, and 36 mm 
respectively provided the best return loss and insertion loss 
response i.e. -67 dB and -0.001 dB at 65 MHz. Finally, field 
distribution inside the window was simulated at an operating 
power level of 200kW for both sweep 3 and 9 parameters. The 
maximum field strength and volume loss in ceramic were about 
0.31kV/mm and 1.14W respectively corresponding to sweep 
3 parameters and were best-optimised results. Finally, field 
distribution for a realistic model of the window was carried out 
which provided maximum field strength of 0.42kV/mm and 
volume loss of 1.53 W.  

The further scope was defined for future fabrication of 
ceramic window and its RF test.        

ReFeRenCes
1.  Walton, RC. A continuous wave RF vacuum window. 

JET-R, 2003, 99, 1999. (Available at http://www.
euro-fusionscipub.org/wp-content/ uploads/ 2014/11/
JETR99003.pdf) (Accessed on 03 December 2020).

2.  Hamlyn-Harris, C.; borthwick, A.; Fanthome, J.; Waldon, 
C.; Nightingale, M. & Richardson, N. Engineering design 
of an RF vacuum window for the ITER ICRH antenna. 
Fusion Eng.Design, 2009, 84, 887–894.

  doi: 10.1016/j.fusengdes.2008.12.124
3.  Wedler, H.; Wesner, F.; becker, W. & Fritsch, R.  Vacuum 

insulated antenna feeding lines for ICRH at ASDEX 
upgrade. Fusion Eng. Design, 1994, 24, 75-81.

  doi: 10.1016/0920-3796(94)90038-8

4.  Owens, TL.; Baity, FW.; Hoffman, DJ. & Whealton, JH. 
Radio frequency vacuum feedthroughs for high-power 
ICRF heating applications. Fusion Technology, 1985, 
8:1P2A, 381-386.

5. Mollh, J.; Heidinger, R. & Ibarra, A. Alumina ceramics for 
heating systems. J. Nuclear Mater., 1994, 212-215, 1029-
1034

  doi:  10.1016/0022-3115(94)90989-X 
6.  Mukherjee, A. Status of R&D activity for ITER ICRF 

power source system. Fusion Eng. Design, 2015, 96-97, 
542–546 

  doi: 10.1016/j.fusengdes.2015.05.007
7.  beaumonta, b. Status of the ITER Ion Cyclotron H&CD. 

EPJ Web of Conferences 2017, 157, 02002 
  doi: 10.1051/epjconf/201715702002
8.  Jha, A. Performance optimization of test facility for 

coaxial transmission line components based on traveling 
wave resonator. Rev. Sci. Instruments, 2020, 91, 074702 

  doi: 10.1063/5.0005939
9.  Jha, A. Development of high voltage and high current 

testbed for transmission line components. J. Phys.: Conf. 
Series, 2017, 823, 012018 

  doi: 10.1088/1742-6596/755/1/011001 
10.  Dassault systems SIMuLIA available at https://www.3ds.

com/productsservices/products/CST-studio-suite 
(Accessed on 03 December 2020).

ContRIButoRs

Mr Akhil Jha received his MSc in physics from the university 
of Rajasthan, Jaipur. He joined the ICH&CD group in ITER-
India, Institute for Plasma research in 2012 as a Scientist. 
His research experience includes the development of high 
power transmission line components and vacuum tube-based 
RF sources in the VHF range.
In the present paper, he has contributed to the analytical and 
simulation part.        

Mr Ajesh P. received his bE in mechanical from North 
Maharashtra university in 1999 and MTech in Mechanical design 
from Shankaracharya College of Engineering & Technology, 
bhilai in 2008. He joined the ICH&CD group in ITER-India, 
Institute for Plasma Research in 2009 as Mechanical Engineer. 
His area of research includes the mechanical design of high 
power RF source & co-axial transmission line components.  
In the present paper, he has contributed to model development 
for the simulation part. 

Mr Rohit Anand received his bTech in mechanical from 
CuSAT, Kerala in 2011. He joined the ICH&CD group in 
ITER-India, Institute for Plasma Research in 2012 as Mechanical 
Engineer. His area of research includes mechanical design and 
analysis of high power RF source & co-axial transmission 
line components.  
In the present paper, he has contributed to model development 
for the simulation part.
       
Mr Paresh Kumar Vasava received his Diploma in Mechanical 
Engineering from MSu Vadodara in 2011. He joined ITER-India, 
Institute for Plasma Research in 2013 as Technical Assistant 
- b (mechanical). Later he received his bE in Mechanical 

Figure 7. E-field distribution inside window for realistic model. 
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