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Abstract—In this paper, a novel field replaceable waveguide 

connector, which is similar to a field replaceable coaxial connector, 
is described. For three popular frequency bands, Ka, Q and U, 
waveguide connectors are simulated, designed, and fabricated for 
component integration. The concept is applicable to a wide range 
of waveguide frequency bands where glass beads are available for 
standard RF feedthroughs, reaching as high as 110 GHz in WR-
10. Prototypes and initial production data have shown full 
waveguide band coverage, with RF performance comparable to 
that of coaxial connectors. The waveguide connectors can be used 
as drop-in replacements for coaxial connectors found in many 
existing RF component packages where the waveguide interface is 
desired. 
Keywords— waveguide, RF connector, waveguide connector, 

coaxial connector, full band, insertion loss, return loss. 

I. INTRODUCTION 
Connectorized microwave and millimeter-wave 

components and sub-assemblies are widely used in test 
instruments, scientific apparatuses, and in communication and 
Radar systems. The most common RF interface formats for 
component or sub-assembly packages include coaxial 
connectors and rectangular waveguides. Coaxial connectors 
were introduced many decades ago and are very mature and 
standardized. Currently, the dominant RF interfaces are field 
replaceable coaxial connectors in conjunction with standard RF 
feedthroughs (glass beads). They offer convenient and reliable 
RF interfaces for microwave and millimeter-wave component 
and module packages. Recent progress on the coaxial connector 
has pushed its frequency up to 110 GHz. In addition, progress 
is also made introducing the 1.35 mm connector [1] for 
automotive radar and E-band communication links. When field 
replaceable coaxial connectors are implemented, they offer 
simplicity and flexibility for a wide range of microwave and 
millimeter-wave packages. Figure 1a shows a typical 2.92 mm 
(K) field replaceable coaxial connector. An RF feed-through 
(glass bead) is used to bring the RF signal in and out of the 
package. Currently the smallest pin diameter available for the 
RF feed-through is 9 mil for 1.85 mm connector applications 
up to 67 GHz [2]. Some experiments have suggested that the 
1.85 mm feed-through may be used up to 110 GHz without 
exciting higher order modes if it is implemented carefully. The 
drawbacks of the coaxial line system, in many cases, are high 
signal loss and limited power handling. As a result, utilizing 
waveguide as the RF interface is often a valid and attractive 
alternative when lower loss and higher power handling are 
essential. Most waveguide interfaced packages have built-in 
waveguide ports. Due to the implementation of microwave 
circuits inside of the housing, an integrated waveguide-to-

microstrip transition is often focused and studied to satisfy both 
electrical and mechanical requirements. 

Many publications describe broadband transitions from 
waveguide to microstrip line [3], [4] and to other transmission 
line formats such as finline [5], [6] and coplanar waveguide [7]. 
From these publications, circuit-to-waveguide interfaces are 
often considered as one unified element. Therefore, many 
waveguide interfaced packages are custom designs that require 
non-recurring engineering (NRE) efforts including EM 
simulations, mechanical designs, and prototyping. These efforts 
cause increased product development costs, longer design 
cycles and greater inventory management burdens. In addition, 
custom designed housings have no flexibility in terms of port 
designations, such as waveguide input and coaxial output 
connectors, or in terms of port orientations such as vertical or 
horizontal waveguide ports. Furthermore, to hermetically seal 
such a waveguide port is always challenging and expensive. It 
would be desirable therefore if a waveguide connector, much 
like the field replaceable coaxial connector, could work with 
standard glass-bead pins. Such a connector would utilize 
standard housings designed for field replaceable coaxial 
connectors and eliminate the effort of designing custom 
transitions from waveguide to other transmission media. Based 
on this, the concept of the field replaceable waveguide 
connector is proposed as shown in Fig. 1. 

 
Fig. 1. Field replaceable coaxial and waveguide connectors. 

To demonstrate the concept, Ka, Q and U band field 
replaceable waveguide connectors were simulated, designed, 
and fabricated to cover the frequency range of 26.5 to 60 GHz. 
Measured insertion loss and return loss are consistent with EM 
simulations. Many units fabricated in a production environment 
demonstrate repeatable performance. The typical insertion loss 
for Ka, Q and U Band waveguide connectors is 0.5 to 0.7 dB 
with return loss around 20 dB. These results are comparable to 
their counterparts, the 2.92 mm, 2.4 mm and 1.85 mm coaxial 
connectors. Therefore, waveguide connectors with electrical 
performance similar to that of coaxial connectors are realized. 
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Additionally, the waveguide connectors are mechanically 
interchangeable with their coaxial alternatives. These results 
have the potential to revolutionarily change and improve 
waveguide interfaced component packaging technologies. 

II. WAVEGUIDE CONNECTOR DESIGN DETAILS 
The detailed configuration of the waveguide connector and 

its EM simulation models are shown in Fig. 2 (a) and Fig. 2 (b), 
respectively. The concept is adapted from the ridged waveguide 
to coaxial transition [8], [9] The waveguide connector consists 
of three parts: the connector body, the back-short, and the 
receptacle. The connector body is a standard rectangular 
waveguide with an integrated ridged waveguide impedance 
transformer to reduce the in-band impedance so that the 
waveguide can match with the 50 Ω impedance of the coaxial 
glass bead. 
 

 
(a) 

 
(b) 

Fig. 2. (a) The configuration of the waveguide connector; (b) The CST model 
of the waveguide connector. 

 
As shown in the Fig. 2 (b), a three-step single ridged 

waveguide transformer is adapted for the connector body 
design. The CST EM simulator is used to optimize the in-band 
return loss and insertion loss to achieve the best performance 
within the mechanical and manufacturing boundaries. The 
performance of the connector versus various mechanical 
tolerances is simulated to determine the critical dimensions so 
that the best performance and highest production yield can be 
achieved. It is found that height of the last stage of the ridge, 
the back-short position, and the concentricity of the coaxial line 
are the most critical dimensions. The optimal performance of 
simulated waveguide to coaxial transitions is shown in Fig. 3. 
The key considerations of the mechanical design include the 
receptacle dimensions, the receptacle material, and its 
implementation. Once the receptacle dimensions are chosen, 
the ridged waveguide thickness can be determined. The number 
of mounting holes, as well as their size and locations, are 
considered carefully to achieve interchangeability with 
industry-standard field replaceable coaxial connectors. 

 
(a) 

 
(b) 

 
(c) 

Fig. 3. Simulated insertion loss and return loss of (a) WR-28, (b) WR-22, and 
(c) WR-19. 
 

The connector receptacle is a key component to ensure a 
reliable RF and mechanical connection between the impedance 
transformer and the glass-bead pin. By studying the receptacles 
for industry-standard 2.92 mm, 2.4 mm, and 1.85 mm coaxial 
connectors, the receptacle hole is decided for receiving 0.012 
mil diameter pins. The durable and spring-action-friendly 
material, beryllium copper, is selected for the receptacle. To 
ensure a successful manufacturing process and high yield, the 
mechanical design is based on press-fit assembly technology. It 
is implemented to ensure accurate, reliable, and consistent 
production. Mounting holes are sized for 2-56 screws with 
0.480-inch separation. Considering the flexibility of the 
waveguide orientation, the 90-degree rotation option is 
supported by the inclusion of two additional mounting holes. 

Final implementations for two waveguide connectors are 
shown in Fig. 4 (a). The text notations in Fig. 4 (b) indicate the 
port configurations. WG(V)–WG(V) represents waveguide 
ports with vertical orientation for both the input and output. 
Similarly, K(F) – WG(H) indicates a female K connector as the 
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input port with waveguide having horizontal orientation as the 
output port, etc. 
 

 
(a) 

 
(b) 

Fig. 4. (a) Mechanical illustration of the waveguide connectors; (b) Device 
illustration by using the waveguide connectors. 
 

Many devices with standard RF feedthroughs (glass beads) 
for coaxial connectors, such as attenuators, switches, mixers, 
TX/RX modules, etc. can be configured with the waveguide 
interfaces without any additional efforts. The benefits of using 
the waveguide connectors include: 

 Provides flexibility to configure the package with various 
RF interfaces using housings with standard coaxial 
(glass-bead) feedthroughs. 

 Maintains a sealed package while avoiding expensive 
hermetically sealed waveguide windows. 

 Avoids custom packaging NRE and reduces the cycle 
time by using standard coaxial feedthrough (glass-bead) 
housings. 

 Improves inventory efficiency by stocking only a few 
standard coaxial feedthrough (glass-bead) housings. 

 Eliminates various adapters or waveguide 
interconnecting components and their insertion losses 
when integrating various devices into sub-assemblies for 
radar, communication, instrumentation, etc. 

Waveguide connectors for other common waveguide bands, 
are also developed. 

III. MEASURED RF PERFORMANCE OF THE CONNECTORS 
Ka, Q and U band waveguide connectors are fabricated. The 

production runs show consistent RF performance unit to unit. 
The typical measured performance is shown in Fig. 5. The plots 
in Fig. 5 were taken on a VNA with two back-to-back 
connectors. The added 4 dB to obtain the return loss of the 
single connector is based on an analysis of identical cascaded 
two-port devices [10]. From Fig. 5, good performance 
correlations are observed between the simulated and measured 
results. The small deviation and inconsistency between the 
simulated and measured are mainly due to the back-to-back 

measurement and the data post-process. In addition, the 
machining tolerance and manufacturing process also 
contributed the hardware performance shifting. From the 
measured performance, these waveguide connectors are 
comparable to their counterparts, K (2.92 mm), 2.4 mm, and V 
(1.85 mm) coaxial connectors. 

 
(a) 

 
(b) 

 
(c) 

Fig. 5. Measured insertion loss and return loss of (a) WR-28, (b) WR-22 and (c) 
WR-19. 

IV. CONCLUSION 
In this paper, a novel waveguide connector similar to a field 

replaceable coaxial connector is proposed. Connectors are 
designed and fabricated for three popular frequency bands, Ka, 
Q and U band waveguide. The measured results agree with the 
simulation data. The concept is applicable to lower microwave 
frequency bands and higher millimeter-wave bands up to WR-
10 waveguide. The prototype and initial production data have 
shown RF performance for full waveguide band coverage 
comparable to their counterparts, coaxial connectors. The 
waveguide connector offers a convenient alternative to the 
coaxial connector when a waveguide interface is needed for 
microwave and millimeter-wave components and multi-
function modules. The waveguide connector can improve and 
revolutionize microwave and millimeter-wave packaging 
technologies when waveguide interface ports are required. 
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