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Abstract  —  This paper describes an on-going activity to 

develop an international documentary standard for defining 

rectangular metallic waveguides for use in the submillimeter-

wave to terahertz frequency range. The IEEE’s Microwave 

Theory & Techniques Society (MTT-S) is sponsoring the 

development of this standard. The MTT-S Standards Committee 

has set up a Working Group (P1785) that is tasked with writing 

the standard.1 Work completed to date by the Working Group 

and the future activities that will be necessary to complete the 

standard are described.  

Index Terms — millimeter-wave, rectangular waveguides, 
submillimeter-wave, waveguides, waveguide apertures, 
waveguide interfaces. 

I. INTRODUCTION 

Many applications are presently being researched in the 

submillimeter-wave to low-terahertz frequency range. These 

applications are supporting many areas including: astronomy, 

remote sensing, communications, radar systems, and homeland 

security. However, no international documentary standards 

currently exist for defining the rectangular metallic 

waveguides that are used at these frequencies.
2
 The situation 

has been recognized by the IEEE Standards Association, and 

has led to the development of an IEEE standard to address this 

need (started in 2008).  The standard will ensure that all 

applications will have a commonality and can interface easily 

with other technologies under development. 

The IEEE standard is being developed in three separate 

parts: 

• P1785.1: “Frequency Bands and Waveguide 

Dimensions”; 

• P1785.2: “Waveguide Interfaces”; 

• P1785.3: “Recommendations for Performance and 

Uncertainty Specification”. 

This paper describes the progress made to date with each part 

of the standard. 

 

 

                                                           
1
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the IEEE P1785 Working Group.   
2
 Existing international standards [1, 2] specify such waveguide only 

to a maximum frequency of 330 GHz. 

II. FREQUENCY BANDS AND WAVEGUIDE DIMENSIONS 

 

To date, much of the work of the P1785 Working Group 

has concentrated on establishing the frequency bands and 

waveguide dimensions (i.e., Part 1 of the standard). It was 

agreed early on that, for the waveguide aperture, the ratio of 

the width to height of the waveguide would be 2:1. The 

waveguide sizes and frequency bands, for submillimeter-wave 

frequencies, that have been chosen to be included in the 

standard are shown in Table 1 (see [3], for more details). Note 

that the waveguide dimensions are specified using metric units 

(i.e., micrometers, rather than mils, that were used, for 

example, in [1]). However, these dimensions provide a logical, 

compatible extension to the series of waveguides used 

traditionally at millimeter-wave frequencies [1, 2]. The 

waveguides are also named according to their metric size: the 

letters WM indicate that the size refers to Waveguide using 

Metric dimensions, followed by a number indicating the size 

(in micrometers) of the broad wall dimension of the 

waveguide. For example, WM-710 refers to waveguide with a 

broad wall dimension of 710 µm. The IEEE standard also uses 

tighter tolerances (when compared with [1, 2]) for specifying 

the critical dimensions of the waveguide (i.e., those 

dimensions that directly affect electrical performance). 

 

Table 1. Frequency bands and waveguide dimensions. 

Waveguide 

Name 

Aperture 

Width 

(µm) 

Aperture 

Height 

(µm) 

Minimum 

Frequency 

(THz) 

Maximum 

Frequency 

(THz) 

WM-710 710 355 0.26 0.40 

WM-570 570 285 0.33 0.50 

WM-470 470 235 0.40 0.60 

WM-380 380 190 0.50 0.75 

WM-310 310 155 0.60 0.90 

WM-250 250 125 0.75 1.10 

WM-200 200 100 0.90 1.40 

WM-164 164 82 1.10 1.70 

WM-130 130 65 1.40 2.20 

WM-106 106 53 1.70 2.60 

WM-86 86 43 2.20 3.30 

 



 

 

The series of waveguides shown in Table 1 has been 

chosen so that it can be extended easily, when necessary, to 

cover higher frequencies. The following procedure should be 

followed to extend the waveguide series: 

1. Select a waveguide size from Table 1; 

2. Divide the mechanical dimensions by 10; 

3. Multiple the frequency values by 10; 

4. Rename the waveguide accordingly. 

For example, the next two sizes in this series (derived from 

WM-710 and WM-570) are shown in Table 2. 

Part 1 of the standard, covering frequency bands and 

waveguide dimensions [3], has now been drafted and has been 

circulated recently for public comment.  

 

Table 2. Extended frequency bands and waveguide 

dimensions. 

Waveguide 

Name 

Aperture 

Width 

(µm) 

Aperture 

Height 

(µm) 

Minimum 

Frequency 

(THz) 

Maximum 

Frequency 

(THz) 

WM-71 71 35.5 2.60 4.00 

WM-57 57 28.5 3.30 5.00 

III. WAVEGUIDE INTERFACES 

The attention of the P1785 Working Group is now 

focusing on defining waveguide interfaces, often called 

“flanges” (i.e., Part 2 of the standard). The plan is that the 

standard, when published, will contain appropriate flange 

versions that will be used routinely in the frequency region 

covered by the standard.  For example, the standard will 

include a high precision version of the MIL-F-3922-67D 

flange (often called UG-387), as shown in Fig. 1. Compared to 

the conventional UG-387 flange, this precision version 

contains two additional alignment dowel holes immediately 

above and below the waveguide aperture. The additional holes 

(and the associated dowels) will be specified to a very small 

dimensional tolerance. This will lead to better mechanical 

alignment of the waveguide interfaces and hence lower 

electrical reflection from a mated pair of flanges.  In addition, 

use of the same general design as earlier versions of UG-387 

will ensure backward compatibility with existing interfaces.  

 

 

 

 

 

 

 

 

 

Fig. 1. A precision flange, showing two additional dowel holes 

immediately above and below the waveguide aperture. 

It is expected that the IEEE P1785 standard, when 

published, will contain several flange designs, allowing end-

users (e.g., customers, suppliers, etc.) to choose a design that 

best meets their given requirements. The role of the standard, 

in this context, is to provide the information needed for the 

choice to be made reliably. 

IV. RECOMMENDATIONS FOR PERFORMANCE AND 

UNCERTAINTY SPECIFICATION 

Part 3 of the P1785 standard will give recommendations on 

the performance of realized waveguide sections, along with the 

associated realized interfaces. This will include accounting for 

the tolerances in the waveguide aperture (height, width, corner 

radii) and effects due to linear and angular interface 

misalignments [4].    

Software will be developed to enable the above effects to 

be calculated and quantified in terms of a specified 

uncertainty, as a function of frequency, thus defining the 

expected performance of any given waveguide with interface.   

V. SUMMARY 

The IEEE is well on the way to producing an international 

documentary standard for defining rectangular metallic 

waveguides for use at submillimeter-wave to terahertz 

frequencies. A draft of Part 1 of the standard (covering 

frequency bands and waveguide dimensions) has already been 

circulated for public comment. Work continues on the other 

two parts of the standard, which cover the waveguide 

interfaces and the recommendations for performance and 

uncertainty specification.  
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