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Abstract 

A millimeter-wave rotary joint based on printed microstrip gap waveguide technology is presented. To this goal, a unit 

cell structure which its bandstop contains the desired frequency band was first designed. The rotary joint structure is 

proposed as a rectangular cavity surrounded by the designed periodic mushrooms realized on microstrip board and its top 

layer is a metallic disk placed with an air gap distance from microstrip board. The rectangular cavity is fed by two coaxial 

ports connected at its both sides. Simulation results show a narrow band insertion loss for designed rotary joint because 

the cavity is excited at its first mode. To widen its bandwidth, shorting patch and window are introduced in the cavity. 

The dimensions of the proposed rotary joint were optimized by time domain solver of CST software to obtain the best 

insertion loss behavior over the desired frequency band. Simulation results show the return loss is better than 10 dB and 

the insertion loss is less than 0.5 dB over about 21% relative bandwidth. Comparsion of the simulation results with those 

obtained by freqency domain solver of CST software confirms the accuracy of the design and simulations. 
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1. Introduction 

Rotary joints are key components in radar, satellite, and 

communication systems, enabling the transmission of 

microwave/millimeter wave signals between stationary 

and rotating parts [1]. This module plays a vital role in 

military, aerospace, and satellite applications, where low-

loss, high-stability power and data transfer during rotation 

are essential. In general, a rotary joint contains rotor, 

stator, and rotary choke. The stator is connected to the 

stationary transceiver while the rotating antenna is 

connected to the rotor part. The rotary choke provides the 

connection between the rotor and the stator during 

rotation. With the advancement of modern systems, the 

design of microwave rotary joints faces challenges such 

as minimizing insertion loss, improving power handelling 

capability and bandwidth and enhancing mechanical 

durability [2]. 

Rotary joints have been proposed in different planar 

technologies such as strip line [3] and substrate integrated 

waveguide technology [4-6]. The main advantages of 

PCB technologies are their low fabrication cost [7-8], low 

weight, ease of fabrication and integration with other 

components, but they suffer from dielectric losses and low 

power handling capability. 

Metallic waveguide rotary joints have the ability to 

transfer high electromagnetic power with no dielectric 

loss [9], but they suffer from fabrication complexity and 

costs.  

Recently Gap waveguide technology has been proposed 

[10-11] especially for millimeter-wave applications that 

offers low loss components with high power-handling 

capability and simplified manufacturing process 

compared to traditional waveguides. Unlike conventional 

waveguides, which rely on continuous metallic walls to 

confine electromagnetic waves, gap waveguides utilize 

periodic structures to create an effective electromagnetic 

bandgap (EBG) that prevents wave leakage. This unique 

property eliminates the need of electrical contact between 

their metal blocks, making them highly suitable for high-

frequency applications and multi-layer structurs where 

mechanical tolerances and assembly precision are critical 

[12-15]. 

Rotary joints have been designed in gap waveguide 

technology thanks to no electrical contact between 

stationary and rotating part [16-18]. Although GW 

technology removes complexity of the conventional 

waveguides, but it suffers from cost and time of CNC 

drilling process. In this paper, we propose a rotary joint in 

the printed microstrip gap waveguide technology which is 

more cost effective and has less time-consuming 

fabrication process. 

 

2. Printed Ridge Gap Waveguide   

 

2.1. Gap Waveguide Concept 

The concept of gap waveguide comes from preventing the 

propagation of electromagnetic waves in undesired 

directions and allowing them to propagate in the desired 

direction [10-11]. According to gap waveguide concept, 

if the distance of two PEC/PMC parallel plates is less than 

quarter wavelength, as is shown in Fig. 1,  using Maxwell 

equations and boundary conditions leads to no 

electromagnetic wave propagation between two parallel 

plates because all parallel plate modes are in cut off status. 

This frequency range is called stop band. It is obvious that 

there is no PMC in nature, therefore these surfaces can be 

fabricated artificially (Artificial Magnetic Conductor) 

using periodic pins [11]. By optimizing the period and 
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dimensions of the pins, the stop band can be designed for 

the desired frequency band [19]. 

 

2.2. Mushroom Type pins 

In the metallic gap waveguides the pins are fabricated by 

CNC machining which is time and cost consuming 

process. The printed ridge gap waveguide is an advanced 

transmission line technology that combines the benefits of 

conventional gap waveguides with the simplicity of 

printed circuit board (PCB) fabrication [20]. This 

structure consists of a metallic ridge printed on a dielectric 

substrate, surrounded by a periodic EBG surface, which 

consists of shorted square or circular patchs that are 

periodically spaced apart and a metal plate is placed with 

an air gap distance above them, that prevents wave 

leakage. In other words, using periodic cells, artificial 

magnetic conductor surface can be created, which can 

create a parallel-plate bandgap which suppresses parallel-

plate modes, ensuring efficient signal propagation along 

the ridge. Closed form empirical expressions were also 

provided for the effective dielectric constant, 

characteristic impedance, and the dispersion effect of 

microstrip ridge gap waveguides [21]. Compared to 

planar technologies, PRGW has the advantage of lower 

dielectric losses and higher power handling capacity. In 

comparsion with traditional waveguides, PRGW 

eliminates the need of electrical contact between top and 

bottom plate, reducing manufacturing complexity while 

maintaining excellent wave confinement at microwave 

and millimeter-wave frequencies and can be integrated 

with other planar circuits. Compared to metallic GW 

technologies, PRGW has less complexity and is more cost 

effective for fabrication and also can be integrated with 

other planar circuits. For these reasons, recently this 

technology has gained significant attention for design   
and manufacturing of microwave componenents and 

antennas especially at milimeterwave frequencies [22-27].  

 

 
Fig. 1. The concept of gap waveguide technology, 

green arrow means propagation is allowed, red 

crosses mean propagation is forbidden. 

 

2.3. Unit Cell 

The principal step to provide a stopband in a desired 

frequency range is first determining lower and upper 

limits of the operating frequency band. Then, the 

geometric parameters of the air gap and the periodic 

structure must be optimized to obtain a band gap which its 

lower and upper limit are defined.  

Unit cell which is a shorted metallic circular or 

rectangular patch like mushroom is a basic building block 

of the electromagnetic bandgap (EBG) structure in 

PRGWs, adopted for suppressing unwanted modes and 

creating a stopband at the desired frequency band.  

This paper presents the design of a PRGW unit cell 

optimized for a stopband centered at 30 GHz, targeting 

applications in 5G mm-wave systems, satellite 

communications, and radar. The proposed unit cell 

leverages a mushroom-type EBG structure printed on a 

dielectric substrate to achieve strong wave confinement 

and minimize leakage losses. 

Fig. 2 shows a unit cell of the periodic mushroom type 

EBG surface. A low-loss Rogers RT/Duroid 6002 

substrate (εr = 2.94, tan δ = 0.0012) with height 0.762 mm 

is chosen to minimize dielectric losses at 30 GHz. a 

circular patch with radius a and thickness t is printed on 

the substrate which is connected to the ground by a via 

with radius d. The top metal plate is placed at the height g 

from the substrate. The length of the unit cell is defined to 

be 2a+p which is the period of mushroom type EBG 

structure. To adapt the bandgap of periodic mushroom 

structure in Ka band, the parameters of the unit cell were 

optimized as is shown in Table I. These parameters were 

tunned using dispersion analysis of CST software 

ensuring the bandgap of periodic mushroom structure 

from 24 GHz to 39 GHz. the dispersion diagram of an 

infinite periodic structure is shown in Fig. 3. As is clear 

from Fig. 3, any mode can not propagate in the designed 

frequency range which is called stopband. 

 

3. Rotary joint design 

 

3.1. Proposed Structure 

Fig. 4 shows the proposed rotary joint structure which two 

coaxial lines are considered as its input (bottom) and 

output (top) ports. The coaxial ports are assumed , 50 ohm, 

RG 405U cables with Teflon dielectric which are 

compatible for using at Ka band. The microwave signal 

transfers from port 1 to 2 through a rectangular cavity 

which its bottom layer is RT/Duroid 6002 substrate, its 

top disk is PEC and the side walls are shorted mushrooms, 

which create a band stop to prevent leakage of 

electromagnetic waves in the desired frequency band. The 

bottom layer is the fixed part and the top layer is the 

rotating part and a distance (air gap) between them allows 

rotation of top disk. The position and height of coaxial 

probe are optimized by CST Studio software for the best 

insertion loss. The final dimensions of the proposed rotary 

joint are given in Table II. 

  

 
Fig. 2. 3D view of the unit cell. 
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Table I. Unit cell dimensions. 

Parameter Value (mm) 

  

a 1 

 d 0.37 

g 0.762 

h 0.762 

p 0.3 

t 0.017 

 

 
Fig. 3. Dispersion diagram of the periodic pin 

structure. 

 

 
Fig. 4. (a) 3D view (b) top view (c) side view of the 

proposed rotary joint. 

 
 

  

 

Figs. 5 (a) and (b) shows the return loss and insersion loss 

of the proposed rotary joint, respectively. As is clear from 

these figures, the designed rotary joint is a narrow band 

structure that is because of the resonating mode of the 

rectangular cavity which allow the cavity to resonate at 

certain frequency. Fig. 6 shows the magnitude of electric 

field distribution inside the rotary joint at resonating 

frequency. As is clear from Fig. 6, the cavity resonates at 

its first resonant mode. The other point is that the 

electromagnetic wave does not leak out of the cavity. 

 

Table II. Dimensions of the rotary joint. 

Parameter Value (mm) 

  

r1 0.255 

r2 0.825 

x1 1.93 

x2 1.8 

h1 0.608 

h2 0.82 

 

 
(a) 

 
                                     (b) 

 

Fig. 5. Magnitude of (a) Return loss and (b) insersion 

loss of the designed cavity. 

 

  

 
Fig. 6. Magnitude of electric field distribution on the 

bottom surface of metallic disk @ f =29.3 GHz. 

 
To  enhance the bandwidth, a short patch which has a 

capacitive impedance and a matching window which acts 

as an inductive impedance have been used [28], as is 

shown in Fig. 7. These patchs allow the cavity to resonate 

in wider frequency band. Consequently, a wideband 

impedance matching can be obtained by tuning the length 

and width (li and wi, i =1,2) and position ( (x3,0) and 

(x4,±y4) ) of the patchs and the position (xi , i=1,2) and 
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height (hi , i=1 to 4) of coaxial probes. These parameters 

were optimized to have a wide band insertion loss by time 

domain solver of CST Studio software. The Final 

dimensions of the structure are presented in Table III.  

 

3.2. Spacer Application 

A dielectric substrate of thickness g was used in order to 

hold the rotating disk on the top of the fixed substrate 

containing mushroom type pins, as is shown in Fig. 8.  

 

3.3. Moving the Top Plate 

In order for the rotating part to rotate during operation, the 

upper metal disk must rotate around the center of the 

coaxial probe attached to it. For this purpose, we consider 

the upper coaxial probe as the center of the upper metal 

disk and enlarge the radius of the disk to cover all the 

shorted mushrooms. The final geometry of the designed 

rotary joint is shown in Fig. 9. 

 

 

 
(a) 

 
          (b) 

 
                            (c) 

Fig. 7. (a) 3D view( b) top view (c) side view and 

enlarged side view of the proposed rotary joint. 

 

 
Table III. Final dimensions of the designed rotary joint. 

Parameter Value(mm) Parameter Value (mm) 

    

h1 1.514 w1 1.61 

h2 0.142 w2 1.59 

h3 0.642 x3 0.083 

h4 0.128 x4 0.393 

l1 0.85 y4 -3.27 

l2 1.25   

    

 

 
Fig. 8. Applying the spacer to hold the top disk. 

 

4. Simulation results 

Fig. 10 (a) shows the logarithmic distribution of 

magnitude of the electric field distribution in the air gap 

region between bottom mushroom type cavity and top 

metal disk when excited from bottom port. As is obvious 

from this figure, the electric field is concentrated at the 

middle of cavity and is attenuated sharply on the EBG 

surface.  Also as is shown in Fig. 10 (b) the 

electromagnetic energy is transferred to the top coaxial 

probe through the air gap, when the rotary joint is excited 

from bottom coaxial probe. 

The S-parameters of the optimized rotary joint are shown 

in Fig. 11. As is seen from this figure, the return loss is 

better than 10 dB in 26.2-32.6 GHz frequency band. 

According to Fig. 11(b), the magnitude of S21 is better 

than -0.5 dB over the desired frequency band which shows 

about 21% relative bandwidth. Simulations were 

performed by TD solver of CST software. To validate the 

results,  simulasion were repeated by FD solver of CST 

software. Comparsion of the simulation results, which 

obtained by both TD an FD solvers, confirms the accuracy 

of the simulations as is shown in Fig. 11 

Simulations were repeated considering 0.01 mm 

tolerance for important parameters of the rotary joint 

simutaneously. It was seen that the insersion loss was 

better than 0.5 dB over the desired frequency band  in all 

of the predicted scenarios. 

The comparsion between the proposed rotary joint and 

previous works is shown in table IV. As is clear from this 

table, the proposed rotary joint is cost effective for 

fabrication although its relative bandwidth is small due to 

the low pin height and low air gap thickness. 

 

 

 
                                    (a) 

 
(b) 

Fig. 9. (a) 3D view( b) top view of the rotary joint. 
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                                           (a) 

 
(b) 

Fig. 10.  Electric field distribution in the rotary joint 

(a) top view (b) side view. 

 

5. Conclusion 

In this work, a planar low loss rotary joint was designed 

in printed microstrip gap waveguide technology. For this 

purpose, a substrate containing mushroom-shaped pins, 

which designed to work at the desired frequency band, 

was considered as the fixed part and a rotating metal disk 

was placed at a small height above it. Two coaxial probes 

were considered as the ports of this structure. The 

dimensions of the proposed rotary joint were optimized to 

obtain widest bandwidth. 

The benefit of the PRGW vs. GW technology is that it 

does not need CNC drilling, therefore it is easy and cost 

effective to manufacture due to using PCB technology. 

But the bandwidth of the proposed rotary joint is confined 

because the height of pins can not be changed and the air 

gap thickness is limited. Further works can be bandwidth 

enhancement techniques using multilayer PCB boards or 

multi-cavity rotary joint structure realized in PRGW 

technology and using waveguide ports to increse power 

handling capability. 

 

 
(a) 

 
(b) 

Fig. 11. Magnitude of (a) Return loss and (b) insersion 

loss of the final optimized rotary joint. 

 
 

Table IV. Performance comparison among several 

rotary joints. 

Ref. BW/f0 

(%) 

I.L 

(dB) 

Power 

handling /loss 

Cost 

     

[3] N.A 0.3 Low/High Low 

[4] 9.1 ≤ 1.09 Low/High Low 

[9] 4.5 ≤ 0.8 High/Low High 

[16] 55 ≤ 0.28 High/Low Medium 

This 

work 

21 ≤ 0.5 High/Low Low 
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