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Abstract 

 

This paper presents design of millimeter-wave transition from waveguide to Microstrip. Transition designed is an aperture 

coupled transition where energy coupling from Microstrip line is done through slot in its ground plane to metal patch element 

placed on other side of substrate. Critical parameters of design are optimized by using a 3-D solver ANSOFT HFFS software 

tool and return loss better than 15 dB and its minimum insertion loss is 0.37dB over 34.5GHz–36GHz frequency range for back-

back structure. The small aperture design offers low radiation loss, miniaturized design and is reasonably insensitive to 

mechanical misalignment between waveguide and Microstrip circuit.         
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

In Millimeter wave circuits transition is required to provide connection between two different transmission structure and also for 

impedance transform between transmission with different characteristics impedance. Aperture coupling has been widely utilized 

in microwave circuits within multi-layered media as vertical transition as well as directional coupler also used in Duplexers, high 

power combining devices; low loss antenna feed structure, high Q microwave filters. An EM transition between rectangular 

waveguide and planar transmission line involves two major aspects i.e. Field matching and Impedance matching. 

Transition fall into the following 3 groups [1]: 

1) Transition that are along the propagation direction of the waveguide [2]. 

2) Transition which couple energy via apertures that are cut in the broad wall or end wall of the waveguide [3]. 

3) Transition that utilizes probes transverse to the propagation direction of the waveguide [4].  

There are various types of Millimeter wave transitions from waveguide to Microstrip line. The ridge waveguide type [5], 

Quasi–Yagi type [6] and planar waveguide type [7] have been studied as longitudinal connection of waveguide with Microstrip 

line. With regard to vertical transition, a conventional type of probe feeding has wideband characteristics, but it needs a metal 

back short with a quarter wavelengths on substrate [8]. The replacement of metal short block is a patch element in the waveguide 

to achieve sufficient coupling between waveguide and Microstrip line [9]. The slot coupling achieve coupling between 

Microstrip lines and patch element in waveguide by means of a slot, it is composed of two dielectric substrates without a metal 

short block [10]. 

Aperture coupled transition offers several advantages like no waveguide back-sort required, compact and most important 

advantage for space applications is that it is inherently hermetically sealed which simplifies design and size of circuits .A 

wideband characteristic improves the assembly tolerances, considering shifts in the resonant frequency that are mainly caused by 

assembly errors, but sideband deign for a transition having a patch element in the waveguide is a drawback of aperture coupled 

transition and it can be found in literature [11]. 

In this paper, a millimeter wave waveguide transition to Microstrip line on waveguide narrow wall using rectangular patch 

element is proposed. The transition is composed on a single dielectric substrate attached to waveguide. The design of transition is 

presented. The design methodology includes two important aspects. These are maximum bandwidth and low insertion losses. 

II. DESIGN APPROACH 

In designing the transition, a field matching and impedance matching is major concern in order to ensure an efficient field 

transition. Generally, fields are matched by shaping the structure. Therefore, mechanical design (by optimizing location, depth 

and width of probe) provides the field match and keeps reactance due to transition discontinuity small, whereas electrical design 

(impedance matching solution) provides impedance match. 

Field matching is achieved through mechanical design (depends on location, depth and width of probe) and matching elements 

like inductive line and transformer provides impedance match. 

Critical parameters affecting the performance of transition are as below 
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 Location of Probe with Respect to Short: 

The probe (Microstrip patch) is inserted in waveguide where reflected EM energy combines in phase with the incident wave. 

 Depth of Probe: 

The probe depth is adjusted to have minimum reactance. Depth is so adjusted that reactance just changes from inductive to 

capacitive. 

 Width of Probe: 

The change in strip width has little effect on input reactance. A probe of narrow width is chosen to have lesser effect on filed 

distribution inside the waveguide, but not narrow enough to cause excessive conductor loss. The width of patch is kept less than 

patch length. The substrate fits the full height to facilitate precise misalignment during assembly. 

 Selection of Waveguide [12] 

WR-28 waveguide  

Frequency range: 34.5 GHz to 36GHz 

Dimension: 7.1mm × 3.56mm 

Length of waveguide: 25 mm 

III. TRANSITION REALIZATION 

This paper proposes a transition from waveguide to Microstrip line which employs the method of proximity coupling. The 

waveguide to Microstrip line transition connects a perpendicular rectangular waveguide and Microstrip line. A probe at one end 

of Microstrip line is inserted into the waveguide whose one end is short circuited.  RT-Duroid (relative dielectric constant 2.2, 

thickness 0.254mm) with conductor pattern on its both sides is placed on open ended waveguide (WR-28). The rectangular patch 

element and ground are etched on the backside. Via holes are placed along the circumference of waveguide short to connect 

electrically to ground.  The aperture of dielectric substrate is covered with an upper waveguide. The electric current on the probe 

couples to magnetic field 〖TE〗_10 dominant mode of waveguide. Via holes surround the waveguide in the substrate in order to 

reduce leakage of parallel plate mode transmitting into the substrate. 

The waveguide used here is WR-28 that as dimensions of 7.56 mm × 3.56mm. Port numbers are defined as #1 for waveguide 

and #2 and #3for Microstrip lines. The parameters of transition from waveguide to Microstrip lines are shown in TABLE 1. 

 
Fig. 1: Upper pattern of waveguide to Microstrip transition 
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Fig. 2: Lower pattern of waveguide to Microstrip transition 

 
Fig. 3: Side view of waveguide to Microstrip transition 

 
Fig. 4: Back-back Configuration of waveguide to Microstrip transition 
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The design frequency ranges from 34.5 GHz to 36 GHz. 
Table - 1 

Parameters of transition 

Parameters Values 

Width W of patch element 5.889 mm 

Length L of patch element 2.45 mm 

Length ρ of inserted Microstrip lines 1.8mm 

Width g of gaps 0.1 mm 

Loss tangent of substrate 0.0009 

Thickness of substrate h 0.254 mm 

Relative permittivity ε 2.2 

Broad wall length a of waveguide 7.1 mm 

Narrow wall length b of waveguide 3.56 mm 

Diameter φ of via holes 0.2 mm 

Space S between via holes 0.4 mm 

The mode conversion from waveguide to Microstrip line is achieved using the resonance of patch element. The dominant 

〖TE〗_10 mode of waveguide is converted to Quasi-TEM mode of Microstrip lines, using dominant 〖TM〗_10 mode of patch 

element. The bandwidth of transition is limited by the resonance. Thus, the wideband design is led by analysis of resonance of 

patch element in the waveguide. 

IV. SIMULATED RESULTS 

The entire structure is designed using FEM based HFSS simulator. Transition structure was analyzed over the wide frequency 

band 34.5 to 36GHz. Simulated results for transition which are shown in figure. 

 
Fig. 6: Reflection characteristics |S11| for single waveguide to Microstrip transition 

 
Fig. 7: Insertion loss |S21| for single waveguide to Microstrip transition 
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Fig. 8: Reflection characteristics |S11| for back-back configuration 

 
Fig. 9: Insertion loss |S21| for back-back configuration 

V. CONCLUSION 

In this paper, an aperture coupled waveguide to Microstrip transition is presented which is hermetically sealed which is basic 

advantage of using aperture coupled transition for space applications. Simulated results show that designed transition has 

minimum insertion loss of 0.37dB and return loss better than 15dB for back-back configuration over a frequency range of 

34.5GHz to 36GHz. 
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