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Abstract—This paper gives recommendations for specifying sizes of rectangular waveguides 

for use at submillimeter wavelengths (i.e. at frequencies above 300 GHz).  The proposed 

sizes are compatible with both existing waveguide sizes used at millimeter-wave frequencies 

(to 300 GHz) and the International System of units (SI).  Waveguide sizes are developed in 

detail to 1.1 THz, then these are extended to cover the entire submillimeter-wave band 

(to 3.3 THz).     
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I. BACKGROUND 

There currently exist two international document standards [1, 2] for specifying the aperture 

size of rectangular waveguides for use at frequencies up to 325 GHz.  A recently formed IEEE 

Working Group (P1785 [3]) is currently developing a standard for rectangular waveguides for use 

from 110 GHz to 1.1 THz.  This will include defining new sizes for waveguides used above 

325 GHz.2  The P1785 Working Group has recognized the advantage in using SI units – namely, 

the SI base unit of length (the meter) [4] – to specify the dimensions of the aperture of 

waveguides to be used above 325 GHz.  The Working Group also recognises the advantage of 

any new waveguide sizes being simple extensions of, and fitting in with, the existing standards 

for millimeter-wave waveguides (as given in [1, 2]) to 325 GHz.  Finally, a new waveguide 

naming convention is also under consideration, to indicate the use of metric units for these new 

waveguide sizes. 

To date, there have been two published proposals for dealing with this matter – one by Hesler 

et al [5] and one by Ward [6].  The Hesler et al approach [5] produces a series of waveguide sizes 

that are simple extensions of, and fit in with, the sizes used at millimeter wavelengths [1, 2], but 

the dimensions are not based fundamentally on SI units (i.e. the meter).  Rather, the dimensions 

are defined in terms of mil (thousandths of an inch): the dimensions in mm (millimetres) are 

derived from these defined values and so are often rounded or appear as irregular numbers.  In 

addition, the Hesler et al waveguide names are still derived from the dimensions of the 

waveguides, expressed in mil.  For example, waveguide with an aperture width of 28 mil is called 

WR-2.8, waveguide with an aperture width of 22 mil is called WR-2.2, and so on, extending the 

naming convention used in [1].       
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 The standard will also be specifying waveguide flanges for use on waveguides operating from 110 GHz.  

Hence, the frequency range of interest for the standard, to include waveguide flanges and apertures, is from 

110 GHz to 1.1 THz. 



The Ward approach [6], on the other hand, uses series of preferred numbers [7] to produce a 

series of waveguide sizes that are based fundamentally on SI units, being defined in terms of µm.  

However, the sizes of the resulting waveguides are not simple extensions of, and do not fit in 

with, the existing waveguide sizes used at millimeter wavelengths [1, 2].   

In summary, both these approaches have advantages, but also disadvantages.  An alternative 

approach is proposed in this paper, this being a compromise between the above two approaches.  

This new approach follows that used by Hesler et al [5], except the emphasis is on defining the 

waveguide dimensions in SI units (µm), following Ward [6].  The outcome is a series of 

waveguide sizes that are very close to those given in [5] but which are defined in terms of SI 

units.  A suitable waveguide naming convention is also proposed that is based on the SI size of 

each waveguide. 

II. PROPOSED APPROACH 

The approach used by Hesler et al [5] takes the sizes for millimeter-wave waveguide 

(i.e. WR-28 to WR-10), expressed in mil, as given in the existing MIL and IEC standards [1, 2], 

and divides by 10 to establish sizes for submillimeter-wave waveguides (in mil).  These sizes 

(in mil) are then rounded and expressed to two significant figures to prevent any lengthening in 

the number of digits obtained.  This can be seen in Table 1.  The data given in columns 1, 2 and 3 

of this table is as given in [1, 2] for the millimeter-wave waveguides.  The data in columns 4 

and 5 is an exact metric conversion of the data in columns 2 and 3, respectively (using the defined 

multiplying factor of 25.4 to convert from inches to millimeters [4]). 

The data given in columns 6, 7 and 8 are as given by Helser et al [5].  The number used in the 

waveguide name (column 6) follows the convention used at millimeter wavelengths, i.e. it is a 

tenth of the broad wall dimension, expressed in mil. The data given in column 7 is derived from 

the data given in column 2 (by dividing by 10 and expressing the resulting number to two 

significant figures).  The data given in column 8 (the b dimension) is then derived from column 7 

(the a dimension) using the usual convention of dividing by two. 

The approach proposed here is to take the sizes for millimeter-wave waveguide (WR-28 to 

WR-10), expressed in millimeters (as exact metric conversions from the specified value in mil), 

and then divide by 10 to establish sizes for the submillimeter-wave waveguides (in µm).  The 

sizes (in µm) are then rounded and expressed to two significant figures to prevent any lengthening 

in the number of digits obtained.  This can be seen in column 9 of Table 1.  The data given in 

column 9 is derived directly from column 4 (by dividing by 10 and expressing the resulting 

number to two significant figures).  The data given in column 10 (the b dimension) is then 

derived from column 9 (the a dimension) using the usual convention of dividing by two. 

 
TABLE 1: Broad wall, a, and narrow wall, b, dimensions of waveguides 

1 2 3 4 5 6 7 8 9 10 

MIL [1] and 
IEC [2] 

standards 
(mil) 

MIL [1] and 
IEC [2] 

standards 
(mm) 

Hesler 
et al [4] 

(mil) 

Ridler 
(µm) WR 

a b a b 

Hesler 
et al [4] 

WR 
 

a b a b 

28 280 140 7.112 0 3.556 0 2.8 28 14 710 355 

22 224 112 5.689 6 2.844 8 2.2 22 11 570 285 

19 188 94 4.775 2 2.387 6 1.9 19 9.5 480 240 

15 148 74 3.759 2 1.879 6 1.5 15 7.5 380 190 

12 122 61 3.098 8 1.549 4 1.2 12 6 310 155 

10 100 50 2.540 0 1.270 0 1.0 10 5 250 125 

 

 



III. WAVEGUIDE BANDWIDTHS 

The cut-off frequency, f0, and recommended lower and upper operating frequencies, fmin and 

fmax, for these new waveguide sizes (columns 9 and 10 of Table 1) are shown in Table 2.  

Columns 3 and 4 of Table 2 give fmin and fmax calculated using the standard multiplying factors, 

1.25 and 1.90, applied to the waveguide cut-off frequency (i.e. following the approach used in 

[2]).  Columns 5 and 6 show adjusted, and rounded, versions of these frequencies to enable the 

values of fmin and fmax for one waveguide size to link with values of fmin and fmax for other 

waveguide sizes in the series (i.e. following the approach used in [1]).  For information, columns 

7 and 8 show the cut-off frequency multiplying factors, k1 and k2, resulting from these adjusted 

values of fmin and fmax (i.e. k1 should be close to 1.25 and k2 should be close to 1.90).  

 
TABLE 2: Specification frequencies for the new waveguide sizes 

1 2 3 4 5 6 7 8 

Ridler 
a 

(µm) 

f0 
(GHz) 

fmin 

= 1.25 * f0 
(GHz) 

fmax 

= 1.90 * f0 
(GHz) 

fmin 
(adjusted) 

(GHz) 

fmax 
(adjusted) 

(GHz) 
k1 k2 

710 211.1 264 401 260 400 1.23 1.89 

570 263.0 329 500 325 500 1.24 1.90 

480 312.3 390 593 400 600 1.28 1.92 

380 394.5 493 750 500 750 1.27 1.90 

310 483.5 604 919 600 900 1.24 1.86 

250 599.6 750 1139 750 1100 1.25 1.83 

IV. DIMENSIONAL DIFFERENCES 

The bandwidths for these new waveguide sizes, shown in Table 2, are essentially the same as 

those given by Hesler et al in [5].  It is therefore useful to examine the difference in dimensional 

size for the waveguides given in [5] and the new sizes proposed here.  This information is given 

in Table 3 (for the broad wall dimension) and Table 4 (for the narrow wall dimension), in both 

mil and µm.  These tables show that the dimensional differences are generally 5 µm (0.2 mil) or 

less – the exception being for the WR-2.2 size, where the difference is 11 µm (0.4 mil) in the 

broad wall dimension. 

It has been shown in [8] that, to a first order approximation, an abrupt change, δa, in 

the broad wall dimension, a, of a waveguide gives rise to a reflection coefficient 

magnitude, |Γ|, of: 
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where c is the defined speed of electromagnetic radiation in vacuo, f is the frequency and 

εr is the relative permittivity of the medium inside the waveguide. 

Reference [8] also shows that, to a first order approximation, an abrupt change, δb, in 

the narrow wall dimension, b, of a waveguide gives rise to a |Γ| of: 
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Equations (1) and (2) can be used to estimate typical values of reflection caused by the 

dimensional differences shown in Tables 3 and 4.  These values of reflection are shown in 

column 8 of both these Tables, in terms of return loss.  It is clear that all values of return loss 

caused by these dimensional differences are significantly better than -30 dB.  It is considered that 

this amount of reflection is insignificant when compared with the likely reflection caused by 

misalignment errors due to the tolerances of the waveguide flanges at these high frequencies.  For 

example, reference [9] includes an investigation into reflections caused by flange misalignment 

errors that can occur at millimeter wavelengths (i.e. in waveguide sizes down to WR-03).  This 

investigation shows return losses ranging from -20 dB to -10 dB for certain types of misalignment 

in WR-03. 

 
TABLE 3: Differences between the Hesler et al [5] waveguide dimensions and the new proposed 
waveguide dimensions – broad wall dimension, a 

1 2 3 4 5 6 7 8 

Hesler et al Ridler Difference Return loss 

WR (mil) (µm) (mil) (µm) (mil) (µm) (dB) 

2.8 28 711.2 27.95 710 -0.05 -1.2 -56 

2.2 22 558.8 22.44 570 +0.44 +11.2 -33 

1.9 19 482.6 18.90 480 -0.10 -2.6 -48 

1.5 15 381.0 14.96 380 -0.04 -1.0 -53 

1.2 12 304.8 12.20 310 +0.20 +5.2 -35 

1.0 10 254.0 9.84 250 -0.16 -4.0 -38 

 
TABLE 4: Differences between the Hesler et al [5] waveguide dimensions and the new proposed 
waveguide dimensions – narrow wall dimension, b 

1 2 3 4 5 6 7 8 

Hesler et al Ridler Difference Return loss 

WR (mil) (µm) (mil) (µm) mil (µm) (dB) 

2.8 14 355.6 13.98 355 -0.02 -0.6 -61 

2.2 11 279.4 11.22 285 +0.22 +5.6 -40 

1.9 9.5 241.3 9.45 240 -0.05 -1.3 -51 

1.5 7.5 190.5 7.48 190 -0.02 -0.5 -58 

1.2 6 152.4 6.10 155 +0.10 +2.6 -41 

1.0 5 127.0 4.92 125 -0.08 -2.0 -42 

 



V. EXTENSION TO HIGHER FREQUENCIES 

In principle, the new approach can be extended upwards in frequency to cover the entire 

submillimeter-wave band, if required.  This is shown in Tables 5 and 6, where Table 5 follows on 

from Table 1, and Table 6 follows on from Table 2. 

 
TABLE 5: Broad wall, a, and narrow wall, b, dimensions of waveguides at higher submillimeter-
wave frequencies, derived from standard waveguide sizes at millimetre-wave frequencies 

1 2 3 4 5 6 7 8 

MIL [1] and 
IEC [2] 

standards 
(mil) 

MIL [1] and 
IEC [2] 

standards 
(mm) 

Ridler 
(µm) WR 

a b a b 

WR 
‘equivalent’ 

a b 

08 80.0 40.0 2.032 0 1.016 0 0.8 200 100 

06 65.0 32.5 1.651 0 0.825 5 0.6 170 85 

05 51.0 25.5 1.295 4 0.647 7 0.5 130 65 

04 43.0 21.5 1.092 2 0.546 1 0.4 110 55 

03 34.0 17.0 0.863 6 0.431 8 0.3 86 43 

 
TABLE 6: Specification frequencies for the new waveguide sizes extended to 3.3 THz 

1 2 3 4 5 6 7 8 

Ridler 
a 

(µm) 

f0 
(GHz) 

fmin 

= 1.25 * f0 
(GHz) 

fmax 

= 1.90 * f0 
(GHz) 

fmin 
(adjusted) 

(GHz) 

fmax 
(adjusted) 

(GHz) 
k1 k2 

200 749.5 937 1424 900 1400 1.20 1.87 

170 881.7 1102 1675 1100 1700 1.25 1.93 

130 1153.0 1441 2191 1400 2200 1.21 1.91 

110 1362.7 1703 2589 1700 2600 1.25 1.91 

86 1743.0 2179 3312 2200 3300 1.26 1.89 

VI. WAVEGUIDE NAMES 

The new waveguide sizes need to be identified with a new naming convention. Since the new 

sizes are based on metric (i.e. SI) units, it is proposed that the letters WM (Waveguide Metric) are 

used for this new series.  These letters are then followed by a number that shows the size of the 

waveguide broad wall dimension, expressed in µm.  So, the first waveguide size in the new series 

(with a recommended frequency range from 260 GHz to 400 GHz and a broad wall dimension of 

710 µm) will have the name WM-710.  The next size will be WM-570, followed by WM-480, and 

so on.  Table 7 gives a comparison of these new names with the names for the related waveguides 

given in Hesler et al [5]. 

This naming convention can easily accommodate ‘specialized’ (i.e. custom made) waveguide 

sizes, should they be needed, simply by giving the WM letters followed by the broad wall 

dimension of the custom made waveguide, expressed in µm. 
 
TABLE 7: Comparison of waveguide names  

1 2 

Hesler et al [5] 
waveguide name 

Nearest new 
waveguide name 

WR-2.8 WM-710 

WR-2.2 WM-570 

WR-1.9 WM-480 

WR-1.5 WM-380 

WR-1.2 WM-310 

WR-1.0 WM-250 



 

VII. SUMMARY 

This paper has presented an approach for specifying a new series of waveguide sizes for the 

submillimeter-wave band.  The resulting series of waveguides are shown in Table 8 (to 1.1 THz, 

this being the upper frequency of interest for the proposed IEEE standard [3]) and in Table 9 (for 

the remainder of the submillimeter-wave band, to 3.3 THz). 
TABLE 8: New waveguide sizes to 1.1 THz  

1 2 3 4 5 6 

Waveguide 
name 

a (µm) b (µm) f0 (GHz) fmin (GHz) fmax (GHz) 

WM-710 710 355 211.1 260 400 

WM-570 570 285 263.0 325 500 

WM-480 480 240 312.3 400 600 

WM-380 380 190 394.5 500 750 

WM-310 310 155 483.5 600 900 

WM-250 250 125 599.6 750 1100 

 
TABLE 9: New waveguide sizes to 3.3 THz 

1 2 3 4 5 6 

Waveguide 
name 

a (µm) b (µm) f0 (GHz) fmin (GHz) fmax (GHz) 

WM-200 200 100 749.5 900 1400 

WM-170 170 85 881.7 1100 1700 

WM-130 130 65 1153.0 1400 2200 

WM-110 110 55 1362.7 1700 2600 

WM-086 86 43 1743.0 2200 3300 

 

This waveguide series has the following advantages: 

1. The sizes are defined in terms of SI units; 

2. The sizes are simple extensions of, and fit in with, the existing standards for 

millimeter-wave waveguides [1, 2]; 

3. The sizes are very close to, and likely to be interchangeable with, the sizes proposed 

by Hesler et al [5] (some of which are already in use [10]); 

4. The new waveguide names show immediately the defining mechanical (broad wall) 

dimension of the waveguide, in SI units. 

These new waveguide sizes are currently under consideration by the IEEE P1785 Working 

Group that will be defining waveguide sizes for this frequency region.  Therefore, comments 

concerning these sizes, from the wider scientific community, are welcome and should be sent to 

the author, at nick.ridler@npl.co.uk. 
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