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Quickly Now, Where Does
Waveguide Cutoff Occur?

Key in the dimensions and take a stab at the cutoff frequency to

simplify ridged- and finned-waveguide designs. The calculator
provides the cutoff wavelength and characteristic impedance.

he programs presented here use a

standard Hewlett-Packard Pac rou-
tine called “Calculus and Roots of f(x),” to compute the
cutoff wavelengths of all TE, , modes in single- and double-
ridged waveguides. They also determine the fundamental
mode characteristic impedances of the guides at an infinite
frequency. The standard routine to calculate the roots of
the transverse resonance conditions occupies the first 112
steps in both programs.

These programs have the features described in the stand-
ard Pac manual. That is, the designer can opt for the pause
function to see the routine converge. The value of the
resonance condition, as well as the first derivative, can be
obtained for any input value of A, the cutoff frequency.
This latter feature is helpful in the search for roots and
their identification. Typically, the accuracy of these pro-

Dr. Wolfgang J. R. Hoefer, Associate Professor and
Chairman, University of Ottawa, Department of Electrical
Engineering, Ottawa, Ontario, Canada K1N 6N5.

grams is +2 percent if certain restrictions, that will be
outlined later, are followed.

Understand the key equations in waveguide design

All dimensions of the cross section of ridged waveguides
are defined in Fig. 1. And, since in most applications the
ridges are situated on the broad walls of the waveguide,
the two lowest order modes are normally the TE,, and
TE:, modes.

The cutoff wavelength of these modes satisfies what can
be called the transverse resonance condition. This condition
describes the standing-wave pattern in the transverse direc-
tion of the guide, and accounts for the capacitive step
discontinuities introduced by the ridges as well as the
presence of the sidewalls. The equivalent transverse
network of the structure is shown in Fig. 2.

If the m of a given TE,,, mode is odd, the electric field
is at its maximum value in the center of the cross section;
thus the transverse resonance condition is:

(b/d) tan2sx/A, + B./Y, — cotm(2a—2s)/\, = 0 (1)
Conversely, for an even m, the electric field is zero at the

ftext continued on p. 72)
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STEP KEY  code |STEP Kev  ‘oas|:

113 =LBLI 21 81 | 169 2 82

14 1 _ 011178 x ~35

116 RCL8 3680 | 172 R4 36 M

Tt A 24 | 173 Pi 1624

118  STOS 35085 | 174 X -3 |

19 x2 53| 175 Rl 36 6 |

1200 < 45 | 176 = -24

121 X 54 | 177 STO6 35 66

122 12 52 | 178 TAN 43

123 1 61 | 179 RCL2 36 82

124 I -45 | 188 X -35

125 ST06 35 66 | 181 RCL3 36 63 |

126 RCL3 36 63 | 182 : -24 |

127 RCL2 3682 | 183+ -5 |

128 = -24 | 184 RCLI 36 01

120 Pi  16-24 | 185 RCL4 36 84 |

138 x =35 | 186 . 43 |

/3| ant 02 | 187 Pi  16-24 |

132 2 =24 | 188 x =35 |

133 STO7 35 67 | 189 RCLB 36 00 |

134  COS 42 | 198 2 -24

2% Ly 53 | 191 sto8 3508 |

136 STO8 3508 | 192 TAN 43 |

137 Xe B3y 193 178 52 B

138 X =35 | 194 > -45 |

139 RCL7 36 87 | 195 RTN 24 |

148 SIN 41 | 196 #LBL2 21 82 |

141 ST07 35 67 | 197 PRTX -14 |

142 xe 53 | 198 RCLE 3686 |

4z %2 53| 199 SIN 4|

144 RCL6 36 06 | 208 RCL2 36 62

- T -3 | 201 x =35 |

146 1 e1 | 282 RCL3 36 83

<L ke 55 | 203 = -24

e 3 -24 | 204 RCL? 3667 |

148 RCL7 36 67 | 285 RCLE 36 88 |

156 1% 52 | 286 2 8z |

151 LN 32 | 207 - -24

152+ 55 | 288 Taw 3

153 RCL? 3667 | 209 + -55

154 X2 53 | 218 RCLé 36 86

155 3 83 | 211 cos 42

156 X -35'| 212 X -35

157 1 81 | 213 + -55

198, -1 % 45 | 214 RCLS 36 65

!” ms 36 ” zls $ -a‘ CARD 1- CUTOFF WAVELENGTM AND TERISTIC
166 X =35 | 216 3 83 RIDGED WAVEGUIDE =i
161 RCL8 36 88 | 217 7 67 Pt Ae¥lhe) _ Agst fhe) nlathos®
162 X =35 | 218 7 67

162 4 84 | 218 ¥ -24

164 & -24 | 2206 Pi  16-24

165 Xz 53 al = -24 CARD 3- CUTOF? WAWELENGTH OF EVEN HiGHER OHDER MODES
166+ -55 | 222 1/ 52 e 4 .
l‘? RCLS 36 ” m PRT” _“ Ae—t'(Agl  Aeg=t lhe) nlalb-=f Aeg -=root
168 X -35 | 22¢ RTN 24
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SIMPLIFY RIDGED- AND FINNED-WAVEGUIDE DESIGNS

| b=

2n
a) 1B}

Y

|-|-= s >

1. Sections of double-ridged (a) and single-ridged
waveguide (b) define dimensions to calculate cutoff
wavelength and impedance at infinite frequency.

(text continued from p. 70)

center, and the transverse resonance condition is:
{ (tan2sw/A.)/[b/d—(B,/Y,) tan2sw/\.] } (2)

+ tanw(2a-2s)/A. = 0
where A. is the cutoff wavelength and B./Y, is the nor-
malized step susceptance. It's important to note that these
expressions apply to both the double- and single-ridged
waveguides, provided that the a, b, d, and s dimensions are
defined according to Fig. 1.
The susceptance B,/Y, in these equations is given hy:!

B./Y, = 2(2b/A.) { In cse(xd/2b) + Q cos'(xd/2b)
1+Q sin*(xd/2b)

+ 1/16(2b/A.f* [1-3 sin*(wd/2b)Jcos!(rd/2b) }

with:

Q = [1 - @b/A)]*- 1 (4)
The cutoff wavelength of the fundamental TE,, mode is the
first root of the condition (Eq. 1) while the next higher mode,
TE.,, starts propagating at a wavelength that corresponds
to the first root of the condition set forth in Eq. 2.

Determine cutoff wavelength; then proceed

The characteristic impedance of a ridged waveguide is
defined as the ratio of the voltage across the center to the
guide and the total longitudinal current flowing in its top
wall.?* As soon as the cutoff wavelength of the TE,, mode
is known, the expression for the characteristic impedance
at an infinite frequency can be evaluated.

Zog (ohms) = 1207%2b/A)/ | (b/d)sin2s/A.
+ [BJ/Y, + tann(2a—2s)/2). ] cos2sw/A. | (5)

The guided wavelength and the characteristic impedance
at an arbitrary frequency, f, are related to \; and Z,_, by
the following simple expression:

NN = 2o /70 = 1= (UN) (6)

where A is the free-space wavelength corresponding to the
frequency f, A, is the guided wavelength, and Z, is the
characteristic impedance at this frequency.

While the guided wavelength is the same in single- and
double-ridged waveguides, the expression for the character-
istic impedance applies only to the double-ridged trans-
mission medium. However, to obtain the characteristic
impedance value for a single-ridged guide, simply divide the
double-ridged value by two. Also, note that the bandwidth

72

2. The capacitive-step discontinuities introduced by the
ridges and the presence of sidewalls are considered in
this equivalent transverse network of a ridged waveguide.

of the fundamental mode is the frequency range between
the cutoff frequencies of the TE,, and TE,, modes.

As mentioned earlier, there are certain restrictions as-
sociated with the programs. The equivalent transverse
network depicted in Fig. 2 is valid only for 2b/A. <1. The
expression for B,/Y, (Eq. 3) is accurate to within 6 percent
and has a natural tendency to improve as s/b approaches
zero. Additionally, a-s must be larger than b in order to
avoid significant higher-order mode interaction between the
ridge and the narrow walls of the guide. Within these
restrictions, the cutoff wavelength is usually obtained with
an accuracy of +2 percent.

An example to ease the pain

Suppose you're told to design a single-ridged waveguide
with the following dimensions (refer to Fig. 2):
2a = 2.840 in.,

b = 0.5 in;
2s = 0.25 in., and
d = 0.10 in.

Find the guided wavelength and characteristic impedance
at 2 GHz for the fundamental TE,, mode, and the recom-
mended operating range for this mode of propagation.
First, the cutoff wavelength (A.) and the characteristic
impedance at an infinite frequency (Z,_, ) must be evaluated.
To do this, the data must be input. After entering or loading
program number 1 (card 1: cutoff wavelength and character-
istic impedance of ridged waveguide), including the “RAD”
and “DSP” mode, and selecting function number 1 ([1],
‘E ), the following values are loaded into the storage

registers:
2a = 2.84 into R, 2d = 0.20 into R,
2b = 1.00 into R, 2s = 0.25 into R,

Now, a guess at the cutoff wavelength must be entered.
This guess must be an educated one, close enough to the
true value to insure that the program converges toward the
correct value. A value of A, = 5a = 7.1 is close, and then
pushing [E ] prompts the caleulator to search for the root.
After about 50 seconds, the result is displayed as A, = 8.645.
If there is any doubt about the order of the root obtained,
a graphical solution of the transverse resonance condition
can be made by drawing all three terms of Eq. 1 versus
2r/A., and taking:

B./Y, ~ (4b/A)ln 2P .
wd

The next higher-order roots are 2.337 and 1.263, which
correspond to the cutoff wavelength of the TE,, and TE,,
modes, respectively. The cutoff wavelengths of these higher-
order modes are obtained with less accuraey than that of

feoncluded on p. 74)

MICROWAVES ® December 1979



——SIMPLIFY WAVEGUIDE DESIGNS —

mm waves

feontinued from p. 72)

Hz the fundamental mode.
o Now, to obtain the characteristic impedance at an infinite

frequency, press [GSB][2]. The calculator immediately
prints A, = 8.645, and Z, _, = 111.187 five seconds later.
And, since a single-ridged waveguide is under investigation,
the impedance value must be divided by two. Therefore:
A, = 8.645 in. = 21.959 em, and

Zo,, = 55.594 ohms,

The cutoff frequeney, f., = 1.366 GHz.

According to Eq. 6, the guided wavelength and the
characteristic impedance at 2 GHz are A, = 20.539 em, and
Z, = 76.121 ohms.

The recommended operating range of a waveguide usually
starts at 1.25 f., and ends at 0.95 f., (with f., and f., being
the cutoff frequencies of the fundamental and second order
modes, respectively); f., is calculated by finding the root
of Eq. 2. To this end, load program 2 (card 2: cutoff
wavelength of even higher order modes [TE,,] in ridged

figgle to get 5 db noise figure at 18 GHz; SpaceKor
pIXEr/preamps can do it up to 75 GHz. (On a custom basis,
“we're working at 100.) Look at the typical -

narrow and full W.G. bandwidth units;
sorry, there ISN'T ANYTHING

for comparison

e | IREM | waveguide) and enter a guess of the cutoff wavelength
BHz | Figurs. db (about 2a); after about 40 seconds, the calculator will display
- Band [FK /Ky - ' Ae = 2.645 in., which corresponds to a cutoff frequency of
M| Fgwe. a0 | o :"é"' e BT 4.466 GHz for the TE,, mode. The recommended operating
Koo | Fozu | 218 15 || ABana | FAU | 3350 | 6 range, therefore, lies between 1.7 GHz and 4.2 GHz, which
KaBand | F32U [318323] 35 OBang | FOW 4060 | 75 | exceeds one octave.es
0-Band FABU | 43-46 LR V-Band Fv 50- 7% BD

Al unfts IF oul: 10-500MHz . AF-to-IF gain: 25 db

SpaceKom — Honeywell

SPACEKOM MICROWAVE CENTER, HONEYWELL, INC

51, » Santa Barbara. CA 93101 » {§ 065-1013
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Gutie

READER SERVICE NUMBER 53

Where can you find high accuracy,
quality attenuators
at competitive prices?

*  Somewhere between pages 1 and 14.

If you're looking for an attenuator in the DC to 4 GHz range, be sure to consult

our 14-page specification-filled catalog.
It describes and illustrates six attenuator types and 31 models.

You can choose from a wide selection of attenuators—
from rotary step, programmable, and fixed pad versions

for inclusion in your own systems—to fixed value and
bench types for laboratory use. We've got just the
model to fit your need.

Plus, we'll custom build special orders.

To get your attenuator catalog, just circle the
reader service number below, or call or write:
Telonic Berkeley, 2825 Laguna Canyon Road,
Box 277, Laguna Beach, CA 92652,

714/ 494-9401. Outside California, call toll free:
800/854-2436.

r'-"f')TELONIC BERKELEY INC.

A SUBSIDIARY OF BERKELEY INDUSTRIES

READER SERVICE NUMBER 47
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