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Abstract 
 

We present the design of a thermal isolator, based on a 

simple gap in a standard rectangular waveguide with 

external circular profile. The proposed solution allows to 

achieve high return loss and low insertion loss by a 

suitable selection of the of the external radius of the 

waveguide circular profile, which determines the 

waveguide wall thickness. High robustness to 

misalignment is obtained, improving the performance of a 

recently published work in the same topic. 

 

1 Introduction 
 

Radio astronomy receivers can operate at cryogenic 

temperature to reduce thermal noise, thus increasing the 

system sensitivity [1, 2]. Since microwave devices used in 

the receiver chain are manufactured employing excellent 

electric conductors, they also provide a very low thermal 

resistance between the external environment, at room 

temperature, and the microwave devices cooled at 

cryogenic temperatures [3-6]. In this context, the metallic 

connection between components working at very different 

temperatures implies a high power consumption to 

maintain the operating temperature of the cooled devices. 

This drawback can be avoided by using thermal gaps in 

waveguide structures, as proposed in [7-10], which allow 

to increase the thermal resistance but requires an accurate 

electromagnetic and mechanical design. Specifically, it is 

necessary to ensure a strict alignment, especially at high 

frequencies, to avoid degradation of the electromagnetic 

performance of the receiver. Therefore, a waveguide 

thermal isolator must provide high return loss (RL) and 

low insertion loss (IL) over the whole bandwidth of the 

receiver. Moreover, since cryogenic components are 

housed inside a cryostat, they should be designed in order 

to reduce their dimension as much as possible, to 

minimize the thermal power required to maintain the 

cryogenic operating temperature. 

As a rule, a simple gap realized by facing two separate 

rectangular waveguide sections is not able to guarantee 

the required wideband performance, since the frequency 

response exhibits in-band resonances, which appear as 

undesired transmission minima. In [10] the authors found 

that these resonances, generated by the power radiated 

through the gap, depend on the thickness of the 

waveguide wall. Therefore, this thickness has been used 

as the design parameter aiming to move the undesired 

resonances outside the operating band. 

In this paper we propose a rectangular waveguide-based 

thermal isolator, which improves the configuration 

proposed in [10], using a circular external profile instead 

of a rectangular one (see Figure 1). The new design 

parameter is therefore the radius of the external 

waveguide profile. The proposed configuration allows a 

reduction of the transverse waveguide section compared 

to [10], and an improvement of the electromagnetic 

performance, mainly in case of misalignment between the 

waveguide flanges, while maintaining the same 

advantages of the configuration proposed in [10] over the 

available literature [7-9]. 

As in [10], the design has been made in order to meet the 

specifications of the Q band multi-feed receiver of the 

Sardinia Radio Telescope (SRT). The SRT is a fully 

steerable wheel-and-track 64-m dish, located near Cagliari 

(Sardinia, Italy), devoted to radio astronomy observations 

and Space Surveillance and Tracking (SST) [11, 12]. The 

Q band multi-feed receiver of the SRT will be composed 

of 19 separate receiver chains, each one including three 

channels. As a consequence, three thermal gaps are 

expected along each one of the 19 receiver chains. In 

order to save space and refrigerating power these three 

gaps have been integrated in a single module (see Fig. 2). 

Each channel of this module is realized using standard 

WR22 rectangular waveguides, and the thermal isolation 

is ensured using an air gap between two waveguide 

sections. Finally, G-10 fiberglass-epoxy [13] flat columns 

are used to sustain the waveguide gaps of each module 

(Figure 2). The thermal performance of the configuration 

proposed in this work is the same as in [10], since the 

same of structure is used to support the waveguide gaps 

(compare Figure 2 with Figure 1 of [10]).  

 

 
 

Figure 1. Waveguide section from rectangular external 

profile (as proposed in [10], with design parameter T) to 

circular external profile (design parameter R). 

 



The single channel configuration will be investigated in 

this paper, since the generalization to the case of the 

three-channel module (see Figure 2) can be made as in 

[10]. The simulations have been made using Ansys HFSS. 

 

 
Figure 2. 3D model of the three-channel thermal isolator.   

 

2 Design of the Thermal Isolator and Results 
 

A gap in a standard WR22 waveguide (a = 5.69 mm and b 

= 2.845 mm) has been used to achieve the thermal 

isolation over the Q band (33 GHz – 50 GHz). The 

waveguide has been modeled using Ansys HFSS, as 

shown in Figure 3, wherein the external radius R 

determines the waveguide wall thickness (Figure 1), and d 

is the gap between the two waveguide sections. The 

length L of each waveguide section is equal to 28.35 mm. 

 

 
 

Figure 3. Gap in a WR22 waveguide. 

 

In Fig. 4 the IL and the RL of the structure shown in 

Figure 3 are reported for different values of the external 

radius R, when the waveguide gap d is equal to 100 µm. It 

is worth noting that R, in our case, must be greater than 

3.3 mm since the distance between the center of the 

rectangular waveguide and the internal edge is equal to 

3.2 mm.  

As can be seen from the plots in Figure 4, all the values of 

R less or equal to 3.8 mm provide a RL better than 30 dB 

and an IL less than 0.1 dB over the operating bandwidth.  

However, the alignment of the two waveguide sections of 

the thermal isolator is a crucial point in the design of the 

structure, mainly at millimeter wavelengths, wherein a 

high manufacturing accuracy is mandatory to achieve a 

good performance. In Figs. 5 and 6, a substantial 

misalignment in the x and y directions (x = 300 µm and 

y = 300 µm, respectively) is considered for different 

values of the radius R (less or equal to 3.8 mm) for a gap 

d = 100 µm.     

 

 
 

Figure 4. Scattering parameters of the single-channel 

thermal isolator for d = 100 µm.  

 

 
 

Figure 5. Scattering parameters of the single channel 

thermal isolator for a misalignment x = 300 µm (d = 100 

µm). 



From the results reported in Fig. 4, 5, and 6, it follows 

that the optimal value of R is equal to 3.8 mm, which 

ensures RL > 30 dB and IL < 0.1 dB for aligned flanges, 

and RL > 26 dB and IL < 0.14 dB for misaligned flanges, 

showing a high robustness even to a strong misalignment 

of the waveguide flanges. 

 

 
 

Figure 6. Scattering parameters of the single channel 

thermal isolator for a misalignment y = 300 µm (d = 100 

µm). 

 

It is worth noting that in all the curves in Figures 4, 5, and 

6, the value of the gap is d = 100 µm, but the same 

optimal value of R is achieved for different values of d. 

Finally, in Figures 7 and 8 the comparison between the 

performance of the thermal isolator described in this 

paper and the one proposed in [10] is reported. An 

improvement of both the RL (see Figure 7) and IL (see 

Figure 8) is observed as summarized in Table 1. 

 

Table 1. Comparison between the simulated performance 

of the proposed thermal gap and the configuration of [10].  

 

 RL [dB] IL [dB] 

This 

work 

[10] This 

work 

[10] 

Aligned Flanges > 30 > 27 < 0.1 < 0.17 

x = 300 µm, y = 0 > 26 > 24 < 0.11  < 0.22 

x = 0, y = 300 µm > 30 > 25   < 0.14  < 0.22 

 

 
 

Figure 7. Comparison between the RL of the proposed 

waveguide gap and the RL of the thermal gap of [10] (see 

Figure 1): (a) aligned waveguide flanges; (b) 

misalignment along the x-direction x = 300 µm; (c) 

misalignment along the y-direction y = 300 µm; d = 100 

µm.   

 

3 Conclusion 
 

A rectangular waveguide thermal isolator for high 

performance cryogenic receivers has been designed and 

characterized. This configuration can be used as an 

alternative to a configuration proposed in a recent work 

from the same authors (which employs a rectangular 

external profile), providing improved performance both in 

terms of RL and IL. Moreover, the proposed solution can 

be proficiently used when the circular profile is preferable 

based on the available manufacturing technology. 



 
 

Figure 8. Comparison between the IL of the proposed 

waveguide gap and the IL of the thermal gap of [10] (see 

Figure 1): (a) aligned waveguide flanges; (b) 

misalignment along the x-direction x = 300 µm; (c) 

misalignment along the y-direction y = 300 µm; d = 100 

µm.   
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