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Introduction 

This introduction is not part of IEEE Std 1785.1-2012, IEEE Standard for Rectangular Metallic Waveguides and Their 
Interfaces for Frequencies of 110 GHz and Above—Part 1: Frequency Bands and Waveguide Dimensions. 

IEEE Std 1785.1-2012 is the first standard in a series of three IEEE standards that will provide the agreed 
reference for all organizations using rectangular metallic waveguides at frequencies of 110 GHz and above. 
This series of standards will enable efficient trade between customers and suppliers, and common design 
criteria and practices for component, systems, and design engineers.  The three IEEE 1785 standards (Parts 
1, 2, and 3) are described briefly as follows:     

⎯ IEEE Std 1785.1 (i.e., this publication) describes the frequency bands and aperture dimensions of 
the waveguides. 

⎯ IEEE P1785.2 (to be published separately) will describe the waveguide interfaces. 

⎯ IEEE P1785.3 (to be published separately) will give recommendations for performance and 
uncertainty specifications for the combined waveguide apertures and interfaces. 

Notice to users 

Laws and regulations 

Users of these documents should consult all applicable laws and regulations. Compliance with the 
provisions of this standard does not imply compliance to any applicable regulatory requirements. 
Implementers of the standard are responsible for observing or referring to the applicable regulatory 
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in 
compliance with applicable laws, and these documents may not be construed as doing so.  

Copyrights 

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and 
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this 
document available for use and adoption by public authorities and private users, the IEEE does not waive 
any rights in copyright to this document. 

Updating of IEEE documents 

Users of IEEE Standards documents should be aware that these documents may be superseded at any time 
by the issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether 
a given document is the current edition and whether it has been amended through the issuance of 
amendments, corrigenda, or errata, visit the IEEE-SA Website at http://standards.ieee.org/index.html or 
contact the IEEE at the address listed previously.  

For more information about the IEEE Standards Association or the IEEE standards development process, 
visit IEEE-SA Website at http://standards.ieee.org/index.html. 

http://standards.ieee.org/index.html
http://standards.ieee.org/index.html
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Errata 

Errata, if any, for this and all other standards can be accessed at the following URL: 
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata 
periodically. 

Patents 

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to 
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant 
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the 
IEEE-SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may 
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without 
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of 
any unfair discrimination to applicants desiring to obtain such licenses. 

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting 
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or 
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing 
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that 
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely 
their own responsibility. Further information may be obtained from the IEEE Standards Association. 

 

http://standards.ieee.org/findstds/errata/index.html
http://standards.ieee.org/about/sasb/patcom/patents.html
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IEEE Standard for Rectangular 
Metallic Waveguides and Their 
Interfaces for Frequencies  
of 110 GHz and Above— 

Part 1: Frequency Bands and 
Waveguide Dimensions  

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or 
environmental protection, or ensure against interference with or from other devices or networks. 
Implementers of IEEE Standards documents are responsible for determining and complying with all 
appropriate safety, security, environmental, health, and interference protection practices and all 
applicable laws and regulations. 

This IEEE document is made available for use subject to important notices and legal disclaimers.  
These notices and disclaimers appear in all publications containing this document and may  
be found under the heading “Important Notice” or “Important Notices and Disclaimers  
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at 
http://standards.ieee.org/IPR/disclaimers.html. 

 Overview 1.

 Scope 1.1

This standard gives specifications for the waveguide (including aperture dimensions, frequency range, 
cut-off frequency, etc.). This standard considers the tolerances of the waveguide aperture dimensions and 
the effect these have on the electrical properties (in terms of return loss, transmission loss, etc.) of the 
waveguide.  

 Purpose 1.2

The purpose of this standard is to provide the agreed reference for all organizations using rectangular 
waveguides at these frequencies. This will enable efficient trade between customers and suppliers, and 
common design criteria and practices for component, systems, and design engineers.  

http://standards.ieee.org/IPR/disclaimers.html
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 Normative references 2.

The following referenced documents are indispensable for the application of this document (i.e., they must 
be understood and used, so each referenced document is cited in text and its relationship to this document is 
explained). For dated references, only the edition cited applies. For undated references, the latest edition of 
the referenced document (including any amendments or corrigenda) applies. 

IEC 60153-2, Hollow metallic waveguides. Part 2: relevant specifications for ordinary rectangular 
waveguides, Second edition, 1974-01.1 

MIL-DTL-85/3C, Waveguides, rigid, rectangular (millimeter wavelength), 17 October 2005.2 

 Definitions 3.

The IEEE Standards Dictionary: Glossary of Terms & Definitions should be consulted for terms not 
defined in this clause.3 

 General requirements and definitions 4.

 Standardized types 4.1

The series of rectangular metallic waveguides covered by this standard shall be as defined in Table 1. The 
series of waveguides can be extended to derive waveguides sizes for use at frequencies above those given 
in Table 1 (i.e., for waveguides with smaller dimensions). The process to achieve this is described in 5.3 of 
this standard. 

The ratio of the broad wall dimension (width) to the narrow wall dimension (height) for all waveguides 
covered by this standard shall be 2:1. 

                                                 
1 IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue 
de Varembé, CH-1211, Genève 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States 
from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA 
(http:// www.ansi.org/). 
2 MIL publications are available from Customer Service, Defense Printing Service, 700 Robbins Ave., Bldg. 4D, Philadelphia, PA 
19111-5094. 
3
 The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/. 

http://shop.ieee.org


IEEE Std 1785.1-2012 
IEEE Standard for Rectangular Metallic Waveguides and Their Interfaces for Frequencies of 110 GHz and Above—Part 1: 

Frequency Bands and Waveguide Dimensions 
 
 

3 
Copyright © 2013 IEEE. All rights reserved. 

 

 Type designation 4.2

For waveguides in this standard, the type designation shall be comprised of 

a) The label WM. The letter ‘W’ indicates that the label refers to Waveguide. The letter ‘M’ indicates 
that the waveguide is specified using Metric dimensions.  

b) A number characterizing the particular size of the waveguide. This number corresponds to the 
width of the waveguide, specified in micrometers (i.e., μm). 

For example, WM-570 refers to rectangular metallic waveguide of width 570 μm. Since the ratio of the 
waveguide width to height is 2:1, the height is (570 ÷ 2) μm = 285 μm. 

 Equivalence to waveguides in other standards 4.3

Waveguides shown in the unshaded region of Table 1 have a direct equivalence to waveguides given in 
other standards (IEC 60153-2, 1974, and MIL-DTL-85/3C, 2005). The dimensions of these waveguides are 
essentially the same as those given in these other standards, but their specified recommended frequency 
ranges can be slightly different. These differences are due to different methods used in each standard to 
determine the recommended frequency ranges for the waveguides.  

Table 2 shows the equivalence between the type designations used in this standard and the other 
standards (IEC 60153-2, 1974, and MIL-DTL-85/3C, 2005).  

 Frequencies  5.

 Cut-off frequency 5.1

The cut-off frequency, fc, for the dominant mode for each waveguide listed in Table 1 is calculated using  

a

c
f

2

1

ε r
c ×=  

where 

c = speed of electromagnetic waves in vacuum (defined as 299 792 458 m/s) 

εr = relative permittivity, assumed equal to unity in this standard4 

a = waveguide broad wall dimension (m)5 

                                                 
4 For a given application, more precise values of cut-off frequency can be calculated using values of εr appropriate for the dielectric 
filling the waveguide (see, for example, Liebe [B4] and Wagner and Pruss [B5]). For example, a value of εr ≈ 1.000 65 corresponds to 
the dielectric being air at a temperature of 23 ºC, 50 % relative humidity, and 1013.25 mb atmospheric pressure. 
5
 If the conductivity σ of the waveguide material is small enough to make the electromagnetic skin-depth δ significant compared with 

the physical waveguide width a, then a in this equation is replaced by the effective width (a + 2δ). That this correction is usually 
unnecessary, when compared with fabrication tolerances, and other surface effects, can be seen from typical values of δ for coin silver. 
Calculated from the classical skin depth formula δ = (2/ωσμ)½, with σ = 4.9 × 107 S/m, at 100 GHz δ = 0.23 μm and at 1 THz 
δ = 0.07 μm. 
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 Frequency range 5.2

The minimum and maximum frequencies given in Table 1 are suggested frequencies over which these 
waveguides are considered suitable for use. These frequencies do not define hard limits for the useable 
range of the waveguide bands. However, significant departures from these frequency ranges are not 
recommended due to the rapidly increasing dispersion and loss at lower frequencies, and the propagation of 
higher-order modes at higher frequencies. 

In rectangular waveguides with a 2:1 aspect ratio the cut-off frequency for the next two higher-order modes 
(TE01 and TE20) is twice the cut-off frequency for the dominant mode (i.e., 2 fc). For example, for 
WM-2540 waveguide, the cut-off frequency for these modes is (2 × 59.014) GHz = 118.028 GHz. 

 Extension to frequencies above 3.3 THz 5.3

The series of waveguides listed in Table 1 may be extended to produce waveguides for use at frequencies 
above those given in Table 1. This shall be achieved by 

a) Selecting waveguides from the shaded region in Table 1 

b) Dividing the mechanical dimensions by 10 

c) Multiplying the frequencies by 10 

d) Re-naming the waveguide accordingly 

For example, the next two sizes in the series (derived from WM-710 and WM-570) are shown in Table 3.  

 Dimensional tolerances and electrical performance 6.

This standard defines different grades of waveguide based on given values of tolerance for the height and 
width of the waveguide aperture. Grades are established based on the tolerances being less than a certain 
percentage of the width, a, of the waveguide and thus achieving a maximum (i.e., worst-case) reflection 
coefficient (expressed in dB) between two perfectly aligned waveguides—see Table 4.  For example, if a 
waveguide is graded as 0.2, then its dimensional tolerances shall be less than ±0.2%, as shown in Table 4. 
 
Table 4 is used to determine the dimensional tolerances (in μm), for each grade of waveguide given in this 
standard. This information is shown in Table 5. The method used to relate dimensional tolerances to 
reflection coefficient has been described in Kerr [B3].6 Annex A (A.2) gives an extract from Kerr [B3] that 
contains this information.  
 
For the rectangular waveguide apertures described in this standard, the reflection coefficient due to 
non-zero corner radii is considered to be a second-order effect. Annex A (A.3) gives an extract from Kerr 
[B3] that demonstrates this. For example, maximum corner radii of 5 percent of the waveguide aperture 
width will result in a maximum (i.e., worst-case) reflection coefficient of approximately –48 dB. This is 
considerably better than all the reflection coefficient values due to aperture height and width tolerances in 
this standard. 
 
Another mechanism that affects the electrical performance of waveguide is attenuation due to the walls of 
the waveguide conductor. Annex B gives calculated values of attenuation constant due to assumed loss in 
the waveguide conductor.  

                                                 
6 The numbers in brackets correspond to those of the bibliography in Annex C. 
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 —Waveguide sizes and frequency ranges Table 1

 
 

 —Equivalent waveguides given in other standards  Table 2
(IEC 60153, 1974 and MIL-DTL-85/3C, 2005) 

IEEE Std 1785.1 MIL-DTL-85/3C IEC 60153-2 
WM-2540 WR-10 R 900 
WM-2032 WR-08 R 1200 
WM-1651 WR-06 R 1400 
WM-1295 WR-05 R 1800 
WM-1092 WR-04 R 2200 
WM-864 WR-03 R 2600 

 

 —Extending the waveguide series to frequencies above 3.3 THz Table 3

Name 
Width  
(μm) 

Height 
(μm) 

Cut-off frequency
(GHz) 

Suggested minimum 
frequency 

(GHz) 

Suggested maximum 
frequency 

(GHz) 

WM-2540 2540 1270 59.014 75 110 

WM-2032 2032 1016 73.768 90 140 

WM-1651 1651 825.5 90.791 110 170 

WM-1295 1295 647.5 115.75 140 220 

WM-1092 1092 546 137.27 170 260 

WM-864 864 432 173.49 220 330 

WM-710 710 355 211.12 260 400 

WM-570 570 285 262.98 330 500 

WM-470 470 235 318.93 400 600 

WM-380 380 190 394.46 500 750 

WM-310 310 155 483.54 600 900 

WM-250 250 125 599.58 750 1100 

WM-200 200 100 749.48 900 1400 

WM-164 164 82 914.00 1100 1700 

WM-130 130 65 1153.0 1400 2200 

WM-106 106 53 1414.1 1700 2600 

WM-86 86 43 1743.0 2200 3300 

Name 
Width 
(μm) 

Height 
(μm) 

Cut-off frequency 
(GHz) 

Suggested minimum 
frequency (GHz) 

Suggested maximum 
frequency (GHz) 

WM-71 71 35.5 2111.2 2600 4000 

WM-57 57 28.5 2629.8 3300 5000 
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 —Waveguide grades based on aperture height and width tolerances Table 4

 

Grade % of a 
Maximum reflection coefficient 

(dB) 
0.2 ± 0.2 –42 
0.5 ± 0.5 –34 
1.0 ± 1.0 –28 
2.0 ± 2.0 –22 

 

 —Dimensional tolerances needed to achieve a specified maximum voltage reflection Table 5
coefficient (VRC) between perfectly aligned waveguides 

 

Name7 
Nominal 

width 
(μm) 

Nominal 
height 
(μm) 

Height and width tolerances 
 (μm) 

Grade 0.2 
(–42 dB VRC)
± 0.2 % of a 

 
Grade 0.5 

(–34 dB VRC)
± 0.5 % of a 

 

 
Grade 1.0 

(–28 dB VRC) 
± 1.0 % of a 

 

 
Grade 2.0 

(–22 dB VRC)
± 2.0 % of a 

 

WM-2540 2540 1270 5.1 13 25 51 

WM-2032 2032 1016 4.1 10 20 41 

WM-1651 1651 825.5 3.3 8.3 17 33 

WM-1295 1295 647.5 2.6 6.5 13 26 

WM-1092 1092 546 2.2 5.5 11 22 

WM-864 864 432 1.7 4.3 8.6 17 

WM-710 710 355 1.4 3.6 7.1 14 

WM-570 570 285 1.1 2.9 5.7 11 

WM-470 470 235 0.94 2.4 4.7 9.4 

WM-380 380 190 0.76 1.9 3.8 7.6 

WM-310 310 155 0.62 1.6 3.1 6.2 

WM-250 250 125 0.50 1.3 2.5 5.0 

WM-200 200 100 0.40 1.0 2.0 4.0 

WM-164 164 82 0.33 0.82 1.6 3.3 

WM-130 130 65 0.26 0.65 1.3 2.6 

WM-106 106 53 0.21 0.53 1.1 2.1 

WM-86 86 43 0.17 0.43 0.86 1.7 

                                                 
7 The minimum and maximum frequencies are defined in Table 1. 
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  Annex B

(informative) 
 
Attenuation constant due to waveguide conductor losses  
 

 Introduction B.1

This annex gives calculated values of attenuation constant (dB/cm) due to loss in the waveguide conductor, 
assuming classical skin effect. It is assumed that the waveguide walls are perfectly smooth and the aperture 
is of nominal dimensions.   

 Calculation method B.2

The attenuation constant, α, is calculated using the following formula (given in IEC 60153-2, 1974): 

1

2

1
273023.0

2

cc

2

c

0

−







×

+








××=

f

f

f

f

a

b

f

f

abρ
ρα  dB/cm 

where 
ρ = resistivity of the waveguide conductor  
ρ0 = reference resistivity = 17.241 nΩ·m 
a = waveguide width (mm) 
b = waveguide height (mm) 
fc = cut-off frequency (GHz) 
f = frequency at which attenuation constant is calculated (GHz) 

 
This formula is not applicable for thinly plated surfaces for which the plating thickness is less than 
approximately twice the skin depth. The formula also neglects any effects due the surface roughness of the 
waveguide. 

 Example calculations B.3

Calculated values of attenuation constant are given for three materials: gold, coin silver, and copper. The 
assumed resistivity of these materials is shown in Table B.1. 

The attenuation constant is a function of frequency. For example, Figure B.1 shows the calculated 
attenuation constant for WM-380 waveguide constructed from gold. 
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Figure B.1—Calculated attenuation constant for WM-380 waveguide made from gold 

 
The curves of attenuation constant versus frequency for waveguides made of other materials and used at 
other frequencies is of the same shape as Figure B.1 but with different start and stop coordinates. These 
values (i.e., at the minimum and maximum frequencies for each material) are given in Table B.2. 
 

Table B.1—Assumed resistivity of waveguide conductor 

 
Waveguide material Resistivity (nΩ·m) 

Gold 22.0 
Coin Silver 20.3 

Copper 17.1 
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Table B.2—Calculated values of attenuation constant for waveguides made from different 
materials 

Name8 

Calculated attenuation constant 
(dB/cm) 

Gold Coin Silver Copper 

At 
minimum 
frequency 

At 
maximum 
frequency 

At 
minimum 
frequency 

At 
maximum 
frequency 

At 
minimum 
frequency 

At 
maximum 
frequency 

WM-2540 0.039 0.027 0.037 0.026 0.034 0.024 

WM-2032 0.059 0.038 0.057 0.037 0.051 0.033 

WM-1651 0.081 0.052 0.079 0.050 0.071 0.045 

WM-1295 0.12 0.074 0.11 0.072 0.10 0.064 

WM-1092 0.14 0.10 0.14 0.09 0.13 0.08 

WM-864 0.20 0.14 0.19 0.13 0.17 0.12 

WM-710 0.28 0.18 0.27 0.18 0.24 0.16 

WM-570 0.37 0.25 0.36 0.25 0.32 0.22 

WM-470 0.50 0.34 0.48 0.33 0.43 0.30 

WM-380 0.67 0.47 0.65 0.45 0.58 0.41 

WM-310 0.95 0.64 0.92 0.62 0.83 0.56 

WM-250 1.3 0.88 1.3 0.86 1.1 0.77 

WM-200 2.0 1.2 1.9 1.2 1.7 1.1 

WM-164 2.6 1.7 2.6 1.6 2.3 1.4 

WM-130 3.7 2.3 3.6 2.3 3.2 2.0 

WM-106 5.1 3.2 5.0 3.1 4.4 2.8 

WM-86 6.3 4.3 6.1 4.2 5.5 3.8 

 

                                                 
8 The minimum and maximum frequencies are defined in Table 1. 
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  Annex C

(informative)  
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