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"1) INTRODUCTION

Fin line ié an attractive transmission medium at millimeter
wavelengths.for its ease of fabrication and its'compatibility with
semiconductor devices. Its wide bandwidth, low dispersion and
moderate attenuation (when compared with microstrip in that fre-
quency range) would make it ‘a favorite candidate for many designers, .
were it not for the cumbersome design procedures available to date.

Treatment of the fin line as a ridged waveguide of identical
dimensions yields only poor accuracy, 15% at best for the effective
permiftivity and characteristic impedance.

Meier's [92] expressions for these parameters are certainly
adequate for most applications, particularly at frequencies well
Ol—mode, but unfortunately, thé

determination of the effective dielectric constant of the line

requires a sample measurement, which is expensive and time consuming.

On the other hand, the exact solution of Maxwell's equations.

in fin line, as presented by Hofmann [2], tends to dissuade many

designers by its involved mathematics, even though it is the ultimate

approach.
The objective of the present study is to present an easier
but nevertheless accurate method to theoretically predict the guided

wavelength and characteristic impedance in fin lines.
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To this end, the transverse resonance condition in a
fin line resonator is solved u;ing either a graphical method
(very cheap but quite accurate) or a computer routine, .either
on a programmable pocket éalculatof or on a large computer.
The equation for the transverse resonance cénditiOn contains an
expression for the discontinuity susceptance of the fins and the
substrate. It is this susceptance that will be presented in
mathematically closed form, following the style of Marcuvitz!'[6]
Wavéguide Handbook. fhis approéch is familiar to all microwave
circuit designers and combines the advantages of easy mathematical
formalism and the accuracy of the exact solution from which it
has been derived. | |
The exact solution presented in the pfeséht‘repoft'is
based on Cohn's [7] treatment of the unshielded slot line. Taking
into account the transverse impedance of the fin line enclosure
acting as a rectangular short-circuited wavegu;de below cutoff,
the susceptance of the combined substrate-fin discontinuity is
deriﬁed from Cohn's expressions which have already‘been conceived
for fast convergence on a computer.
In conclusion, the fin line designer will benefit from
the present approach because he will
a. save time by using the computer programs presented in
this»report -
b. apply the resuits of an exact solution without having
to solve the boundary ﬁalue problem himself, and
c. have at his disposal a flexible method to evaluate
geometries of arbitrary dimensions. He can therefore

deviate from published_daté for very special geometries.
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2) BASIC PROPERTIES OF FIN LINES

In a fin line structure, metal fins are printed on a

- dielectric. substrate which bridges the broad side of a.rectan-

gular waveguide. Several different arrangements are possible,

such as' the examples shown in figure 2.1.
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Figure 2.1 Cross-section of several fin lines

a) Bilateral or earthed fins; b) Unilateral fins
c) Central or insulated fins; d) Antipodal fins
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In all cases, the thickness of the metal fins is

negligeably small compared with the thickness of the dielectric

'substrate. The metal walls of the guide have a thickness of

xs/4, wbefe Aé is'the wavelength in the substrate, so that a RF
short-circuit appears in the plane of the inner broad walls.

Even though the fin-line is basically a loaded wave-
guide, its propagation properties are essentially determined by
the reiative £fin spacing d4/b and, té a lesser extent, by the
dielectric constant of the substrate. Thus, the transmission
line properties depend on the central planar structure rather'
than on the size of the metal encloéﬁre.

An alternate way of descri?ing a fin line is to céll
it a slotline (as analyzed by Cohnf1]), which has been placed
into a rectangular waveguide.

A first understanding of the effect of the fins on
the propagation in the guide can be gained by considering the
fins and the dielectricAas a capacitive loading which lowers
the cut off frequency of the fundamental TE15 mode and reduces

its guided wavelength. The same applies to the higher TE o~

modes with odd m, while all modes with even m are only slightly

affected. This explains the larger bandwidth of the fundamental
fin line mode, when compared with the TE15 mode in rectangular
waveguide.

By the same consideration, it can be seen thaf with
decreasing d/b—ratio/ the characteristic impedance of the fin

line decreases. Characteristic impedances ranging from about
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400 @ to 100 @ can be achieved with all types shown in figuré 2.1.
The antipodal line however can provide even lower impedanceé
(down to 109) by overlapping of the fins (d/b. < O) I[21.
If éctive devices are to be added to the fin line, at
least one of the fins must be insulated from the ground at dc
to permit the application of bias, without disrupting the RF
grounding of the fins. This can be done by inserting thin die-.. o ;
lectric gaskets between the fins and the waveguide walls.
Figure 2.2 shows hbw the properties of fin line can be
changed in longitudihal direction by varying the d/b-ratio, and

how semiconductor devices can be addéd in series and in parallel.

. Shunt mounted element

_Metal Fins

Step in fin hight

Series mounted element

Fig. 2.2 Longitudinal view of fin line with impedance
steps and mounted active elements.



In the following, expressions for the electrdmagnetié

parameters of fin lines are derived. These parameters depend .

on the cross—sectionalygeométry énd on the substrate permittivity.

3) DETERMINATION OF GUIDED WAVELENGTH AND CHARACTERISTIC IMPEDANCE .

OF FIN LINES

3.1) Guided Wavelength in Ridged Waveguide

A first glance at fin line geometries shows their simi-

larities with.ridged waveguide. In fact, if the permittivity

of the substrate is low and the thickness of the substrate is
small compared with the dimensions of the waveguide, the formalism
for ridged waveguide may be applied to the fin line. Considerablé
design information for ridged waveguide is available in the
literatufe [3]1[4]1[5116], and detailed derivations for such struc-
tures will therefore not be given here. However, with the advent
of small programmable calculators, it is easy to calculate the
parameters of ridged waveguides of arbitrary geometry. The
designer has thus more freedom in the choice of dimensions and
can deviate from tabulated and charted data. For this reason,
the method for evaluating the parameters of ridged waveguide will
be outlined briefly.

As an example, the geometry shown in figuré 2.1c will
be chosen. When the influence of the dielectric is neglected,

a waveguide with a central ridge of zero thickness results (see

figure 3.la)

If a wave travels in longitudinal direction, its guided

.wavelength being Ag' the transverse electric field of the lowest



mode will be 2zero ét both sidewalls as well as in transverse
planes at distances ) /2 from each other. If electric walls
ére inserted in two such transverse planes, a standing wave is
created and resonance occurs.

For further analysis, the resonator is now considered

to be a rectangular waveguide of height b and widthAAg/z,containing

()/ 7777 /(}
A7 A

Fig. 3.la Waveguide with central ridge of zero thickness

0N

- a —>

Fig. 3.1lb Equivalent transverse resonant network of
above waveguide



a transverse capacitiﬁe iris and being short-circuited at
-a/2 and + a/2 from this discontinuity.

The transverse resonant condition is thus:

%.-g- - cot 2= (3.1)
lo) A

where Ae is the transverse guided wavelength:
_ : _ 1 ,
A, =AML = (2?73 B
A is the'freé-séace'wavelength. The normalized discontinuity

susceptance B/Yo is given in the Waveguide Handbook [6],

section 5.1, as:

Q cos4ﬂd
o) t _ 1+0 sin 5
1 ,b ,2 A wat'-Z‘ 4 qd
.t Ig(xz) (1-3sin ;555 cos 55] (3.3)
’ -l
with Q = [1.—(%—)2] . (3.4)

For small values of d/b,and for 4/b close to unity, somewhat
simplerexpressions for B/Yo can be found in [6]. By fixing the
b/a - ratio and choosing an arbitrary value for A/Ag, the cor-

responding b/A is found as the root of egqn. (3.1). This root

is obtained either graphically or perusing a standard routine

readily available for programmable minicalculators.



The root of egn. (3.1) can Be found with considerably
less computational effort if direct use is made of the graphical
presentation of the transverse discontinuity susceptance in'ﬁhe
Waveguide Héndbook [6]1 (see Fig. 5.1-4 of this referehce.) For
this purpose, the transverse resonance condition in egn. (3.1)
is rewritten as follows:

AL -
B t:' b a b .
St T vl cALl T v (3.5)

b A

(N

where At is the transverse guided wavelength.
. | X ,
The term in square brackets is the [% —%] presented in the

Waveguide Handbook [6], Fig. 5.1—4, provided'?\g therein is re—.
placed by At of this report. Close inspection of Fig. 5.1-4 in
[6] shows that the normalized suséeptance is rather insensitivé
to changes in b/)\t as long as b/)\t is smaller than 0.4, which is
practidally always the case. Thus, a very good approximation for

b/A, can be found by introducing into egun. (3.5) the value of

t
[(B/YO)/(iﬁ/bf] for b/it = 0. The root obtained with this value
is accurate within a few percent.

If a better approximation is desired, an improved value
for [(B/YO)/(At/b)] corresponding to the just calculated b/?\-t
is introduced into eqn. (3.55. The guided wavelength Ag in’the

ridged waveguide is then found by writing

A=A [1—(A/At)21‘l/2 (3.6)

g
where A is the free space wavelength.



For the purpose of designing a waveguide, it is more
desirable to write the transverse resonance condition (3.5)
directly in terms of the free space wavelength A as well as the

gﬁided wavelength in longitudinal direction,_kg. This is done

by writing
_ _ 2.=1/2
At = A[1 (A/Ag) ] (3.7)
and introducing A, into eqn. (3.5), 'We use the following con-
venient abbreviations
A/A = p ; b/A = x
g
fl-(x/xg)211/2= 1-pH)Y¥2 _ v , b/a=zz; da/b =t

and obtain:

1 [ B . L 1 vx - cot(wvx/z) = 0 (3.8)

2 Y VX '

The normalized susceptance of the transverse discontinuity

(eqn. (3.3)) becomes with the same abbreviations:

B 1 Q cos4wt/2
T ‘5" 4 [Ln(csc wt/2) + 7 +
o vX 1 +Q sin ' wt/2
+ 1= (vx)2(1-3 sin®rt/2)? cosrt/2] (3.9)
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withvv
Q= [1-(w)%172 -1 | (3.10)
Egn. (3.8) can be programmed in such a way that the vélue
for ahy variable will be found if all others are given. (Progrgm

- for calculating the roots of a function).

The value for the discontinuity susceptance may be taken
from Fig. 5.1-4 of the Wavegﬁide Handbook [6].or included explicitly
in the program using egqn. (3.9).

Several such programs are given in Appendix l. Typical
results aﬁg presented in a aiagram with x = b/A as abscissa and.

p = A/Ag as ordinate, which has the advantage of being normalized
(Fig. 3.2). Another way of presenting results would be to show.
€aff = (A/Ag)2 as a function of frequency or angular frequency
with t as parameter, or altérnatively w as é function of

B = 2n/X or even e versus t with the frequency as a parameter.

eff
The choice finally depends on the characteristics of interest and
on the habits of the designer.

In the case of bilateral or earthed fins (see Fig. 2.la)

the ridged waveguide approximation presents a finite ridge width s

as shown in Fig. 3.3. In the equivalent transverse network of
this structure, the thick capacitive obstacle must be represented

by the network shown in section 5.9 of the Waveguide Handbook [6].
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For transverse resonance to occur, the following condition must

be satisfied: (TEnO—modes with odd n (n=1,3,5,7...)

a/z2 | | Yo ~|%o Yo

Y
7 a-s
él ﬁ af— S -yﬂ‘-—§f'—ﬂ-
- —}— 2 > ~
Fig. 3.3 Cross-section and equivalent transverse network
of double ridged waveguide
1 tantvxw + [?9-- QL] - cot (l - w) =0 (3 il)
= Y vx] VX c VX (= = .
3 2.1/2 _
where v = [1-p7] PP = A/Ag ; X = Db/A ;
z = b/a- s w=s8/b ; t = d/b;
_Ag= is the guided wavelength in longitudinal direction
A = is the free.space wavelength
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In this-expression:
B
0 1 1 B 1
==« — == [ = =] (3.12)
Y0 VX 2 Y0 VX

B . . . .
where T %k is given by eqn. (3.9) within a few percent.
0 .

The transverse resonant condition (3.1l1l) can be evaluated
in the same manner as eqn.‘(3.8). Appropriate computer programs
are given in Appendix A-2. For s = 0, the solutions aréAthdse for
fins of zero thickness.

Results can be plotted in the same way as in Fig. 3.2 with

the additional parameter s to be specified.

3.2. Characteristic Impedancé of Ridged Waveguide

The characteristic impedance of any TE-mode in a uniform

waveguide of arbitrary cross-section is given by

.
5 = /E? g_/ % (3.13)

A £

If the waveguide is air—filled, this impedance becomes

Zog = [120m/p] Ohms ' (3.14)

where p can be evaluated using the methods described above.
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In impedance matching problems, however, a éharacteriStic
impedance based on the voltage-to-current ratio is employed.
In the formulation of this ratio, the transmission line current
is separated into two components: |
.a) A longitudinal component on the top and bottom
plates of the waveguide, which excites the
principal fields.
'b) A longitudinal component on the step wall
which excites the local fields.
In order to evaluate these currents, let us consider

-the cross-section of a ridged waveguide as shown in Fig. 3.4

o - 5 —t— 25

Fig. 3.4 Cross-section of double ridged waveguide with equivalent
transverse network showing the voltage distribution
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At the steps situated * d/2 from the centre of ﬁhe cross-section,
the voltage must be continuous across the equivalent step dis-
continuity capacitance. As a next‘step, the normal electric field:
En along the top wall of the riaged guide is evaluated. The
longitudinal linear current density J is then directly related to

the normal electric field by the field impedance Zog*

E
7 = = (3.15)
TE

Finally, the total longitudinai top wall current Iz is obtained

by integrating

*ta/2 - a/2 : .
Iz =/ Jds =2 7 En/ZTE ds (3.16)
=a/2 C 0

The characteristic impedance based on the Voltage-to-Current
ratio is then
Vo
7 = (3.17)
o T .
- %

a) Evaluation of the longitudinal current in the central

part of the cross-section

In the TElO

" from the centre:

-mode, the voltage decreases cosinusoidally outwards



V(L) = V, cos X—'- 2. (3.;8)

The voltage V, at the step is thus’

1

N

V, = V. coS =— « S ' : (3.19)

The longit. current density at the top wall is, according to

eqn. (3.15)

cos 2m % (3.20)
At

“<}
(o)

: 1
J (&) =~
d Zing

and the longitudinal current in the central part becomes

s/2 V
I2 = % S — COSs %1 L ds
1 g=0 TE t
(3.21)
-t YE .'iE sin =&
T ZTE d At

b) Evaluation of the longitudinal current in the

lateral parts of the cross-section.

In the lateral parts of the cross-section; the TEiO—
voltage decreases in a cosinusoidal fashion, with a node
situated at * a/2. If ¢ is the variable distance inward from

the sidewalls, then the voltage varies in the transverse
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direction as

V(') =V sin — &' - (3.22)

The longitudinal current density in the top wall beéomes thus

cos :
gin —%*l X (3.23)

TS

Vo M

Tk ... w(a-s) t
A

J (a') =% -
Sin
t

The total longitudinal current in the lateral parts becomes:

a-s V_ cos —1Z
a=s —
IR' - 2 2 %‘ Z_O_ - (;—S) - sin 21;; L' 4ds’?
-T2 2'=0 TE sin 2227257 0 t
A
t
a-s
5 v cos ns/At At o . 2
=" % 7z ©oTo oS T
TE sin w(a-s8) 2w t 0
At
1 Vo At cos “S/at T(a-s) '
= -'ﬁ_- Z—- —b- —————“—(-a_—s-) l-cos '——}\——- (3.24)
“TE sin ———— t
A
t
Since
l—cosa:=tanvg- (3.25)
sina 2 :
we can write egn. (3.24) as follows:
1 Yo ¢ ‘
I = = — — cos(rs/)_) tan[w(a-s)/22_] (3.26)
22 T ZTE b t t
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c) Evaluation of the longitudinal current in the discontinuity

region.

Assuming that the discontinuity region can be represented
by a shunt capacitance Cs/unit length subject to the voltage
vy = VO cos ﬂs/At, we can imagine it as a paréllel plate caéacitor
of plate distance h and width % in thé transverse direction

C = egt/h | - (3.27)

The electric field strength in the capacitor is then

Ec = Vl/h = (Vo/h) cos ﬂs/kt : (3.28)

and the current in the top plate:

V_ 2
- _ o)
It E, .Q/ZTE = —gg—— cos ﬂs/kt (3.29)
TE .
Replacing %/h by Cs/eO we obtdin for I£
v, ¢ , :
I, = 5~ — cos ws/A (3.30)
t Z'I‘E €5 t

The total discontinuity current, taking into account

both halves of the cross-section, is then

v e ‘
I, = 2 29. 1 3 5 . Y . cos ws/x, (3.31)
3 %o “mg © ot
S . N
where Yot =5 iono= T
o
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after some further modificationi'this current becomes, for a
finite real Ag in longitudinal direction:

v A B

1 o) t 0. .
I = = = — (=) cos ws/A (3.32)
23 T ZTE b Yo t '

The characteristic impedance, as defined in eqn. (3.17), is

then for the ridged waveguide:

T (a-s)
2Xt

~
~
ofYe)

. o) )
sin "S/At.+ [(§;) + tan 1 cos ﬂs/xt}

(3.33)

If we introduce the abbreviations.  already used in the evaluation

of the guided wavelength, i.e.

b/x' = v ; V= (l—pz)]‘/2

£ i P =“x/xg ;i X = b/A

b/a =z ; d/b=t ;i s/b = w

this expression for the impedance becomes:

\

120w
= p
) .

1 . (o 1 :
T sin TWVX +[(YO ;E\ X + tan

TVX

5]
[=]
!

TVX
2

(%u-w)]cos TWVX

(3.34)

This expression can be evaluated if the transverse resonance condition .

(3.11) has been solved. Fig. 3.5 shows the characteristic impedance
of ridged waveguide for several values of w and t with z = 0.5.
The results were calculated using the program described in Appendix

A l.1.2. (BO/YO)/VX is the same as in eqgn. (3.12).
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400 T | T
=0 ; t=0.25
3000 w=0  ; t=0.1
w=0.1 ; t=0.1
Z, [Ohms] Cm————
200
100 |—
0 ] | | | | ]
1 2 3 .4 .5 b/A .6
! | l | [ l B —
-———:' -._—-—-‘,-
1/
g
.8 |—
. et =0 ; t=0.25
/ / — ——  w=0 . ; t=0.1
.6 | / / —_— w=0.1 ; t=0.1
A
. b/a=0.5
2 L I
0 | 11 | | L 1
0 .1 .2 .3 - .4 .5 b/A .6

Fig.3.5 Characteristic impedance and guided wavelencth in ridged
waveguide
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3.3 Guided Wavelength in Fin Lines

Fin lines can be treated in the same way as ridged
waveguides with the additional complication that the presence
of a dielectric sheet at the transverse discontinuity modi-
fies its parameters;

In the present chapter, it is shown how the die-
lectric sheet changes the shunt susceptance of the fins.

3.3.1 Unilateral Fin Line

Let us study the unilateral fin line structure shown
in Figure 2.1 b. Considering that this structure is a rec-

tangular waveguide with a centered ridge of zero thickness

to which a dielectric sheet of permittivity ér has been

added, we can say that the susceptance of the covered half
of the discoentinuity is increased by a correction factér
somewhere between 1 and €t depending on the thickness s
of the sheet. |

It is convenient to normélize this correction fac~
tor in order to make it independent of the dielectric con-

stant, and it becomes:

F = Slot‘susceptance'for'finite'sheet'thiékness
Slot susceptance for infinite sheet thickness

An expression for F is derived in detail in section
3.3.4. We can now draw the transverse equivalent network

shown in Figure 3.6. (
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Fig. 3.6 Equivalent transverse network
of unilateral fin line.

The transverse resonance condition in this circuit is found
by seétting the total susceptance in the plane of the fins

equal to zero. The lowest root of this expression des~

cribes the guided wavelength of the fundamental mode in

the fin line. Again, the following abbreviations will be

\

used:
d/b =t ; s/b=w; b/a=z2; A/Ag = p
b/ = x5 e, ~p212=u; [1<pA1Y %=y
Aeg = X/V i A = x/ug b/xto = VX
b/Atl = ux
where A = free-space wavelength
g = guided wavelength in the f£in line
Apo = transverse guided wavelength in air section
th = transverse gulded wavelength in dielectric

filled section of the fin line.
The transverse resonance condition is then for the unilateral

fin line:



w 23 =

-(u/v) cot {2nrwux + 1:an_l [(u/v) tan ZHVX(f% - w)j}

+ F i-l— (P‘—)zvx+ B—o-l— vx - cot X = ¢ (3. 35)
¥, ux v Y vx 2 f

for p < 1.

In this expression, the term (BO/YO)/vx is one half the
value of (B/Yo)/vx given by eqgn. (3.9). (Bl/Yl)/ux is the
slot susceptance for infinite s and is one half the wvalue

of (B/Yo)/vx provided that vx therein is replaced by ux.

It should be noted that due to the presence of the

dielectric sheet, the guided wavelengthjxg in the fin line

.can become shorter than the free space wavelength A. This

leads to imaginary values for v, signifying that the air-

- filled part of the fin line is below cutoff., For the evalua~

tion of the root, it is convenient to define v as follows:

v = ]l.— '2];‘/2 (3.36)
and to replace, for p » 1, the term v by =-jv in egn. (3.35)
and also in the expression for (B/Yo)/vx. This results in

the following resonance condition:

-{u/v) cot {2mwux +.1:an"l L(u/v) tanh 2ﬂvx'(§? - w) 1}
B B o
1 1 u, 2 o 1 : TVX _
+ F §I E%] (;) VX - [%; G%} vx - coth —— =0 (3.37)

for p > L and v = |1 ~ pzll/z
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3.3.2 Insulated Fin Line

The insulated fin line structure is symmetrical
about the fins, as can be seen from Fig. 2.l1¢. Only one
half of the transverse equivalent circuit (Fig. 3.7) needs

therefore to be considered.

RS | 0
’ t . .
%
A _J_ Bl
,/ da - b . F -Y—]':'
1 . -
1 | ‘ L .
4 < a->s
—— __..a_s —-h-s-t-a__s, - §. 2
2 2 2

Fig. 3.7 Transverse equivalent circuit of
- insulated fin line. A magnetic
wall is inserted in the plane of .
the fins. .

The situation resembles that of the left hand side of uni~
lateral f£in line. The transverse resonant condition states
that the total admittance at thé plane of the magnetic wall
must be zero: | |

- (u/v) cot {mwux + tan™t [ (u/v) tan nvx'(% = w) 1}
1B, . .4 o -
“1l 1] a2 _ :
+ F[Ti- II?;] (;’-) v = 0 (3.38)

for p < 1.
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All expressions in eqgn. (3.38) are the same as those in the
resonance condition of the unilateral fin line.
Again, values for v.can becomeyimaginary, and in the

‘above equation, v must be repladed by -jv forjf >'Ag. We

obtain:
- (u/v) cot {mwux + tan'“l [ (u/v) tanh nvx'(% - w)]l}
B. .
1 1] 42 _ ‘ .
+ F [%I E%] ;)¢ vx =0 (3.39)
for p > 1 and v = |1 - pzll/z.

Appendix A.2 presents a FortranIV program to evaluate:

.these transverse resonance conditions.

3.3.3 Bilateral Fin’Line

' In the case of the bilateral fin line, the situation
is still symmetrial about a central magnetic wall, but quité
different from the two foregoing cases in that the dielec-
tric sheet is now bounded by thé'fins on one side and by a
magnetic wall rather than a section of empty waveguide on
the other side. The correction factor for the slot suscep-
tance on the dielectric side is then

Slot Susceptance for f£inite sheet bounded by a magnetic wall
Slot Susceptance for infinite sheet !

G =

A diagram for G is given in section 3.3.4.
The resulting transverse equivalent circuit is that of. Fig.
3.8. Again, only one half of the circuit needs to be con-

sidered for symmetry reasons.
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VL B
ot | v R T
v | »

l»- 8-S S e =

Fig. 3.8 Transverse eQuivalent circuit of bilateral
fin line. A magnetic wall is inserted at
the centre of the dielectric sheet,

The transverse resonant condition states that the total ad-
mittance in the plane of the fins is equal to zero. With

our usual abbreviations, this reads: -

B g w2
(u/v) tan mwux + G ?I = (;) vx

‘Bo"i. g : A
+ [?; Vi} VX =« cot wvx(E -~w) =0 | '(3.40).
for p < 0.
All expressions in the above equatlon are the same as those
in the resonancé condition of thé unilateral fin line.

For A >~Kg' v must be replaced by -jv in eqgn. (3.40)

as well as in the expression for (BO/YO)/VX. We obtain:
(u/v) tan mwux + G ?l' L '(3)2 X

{Bo 1 T _
[gg ;él VX coth Tvx (E w) =0 (3.41)

for p > L and v = |1 - p2]1/2.
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- Appendix A.2 presents a Fortran IV program for sol-

ving these resonance conditions for bilateral fin line.

In his treatment of the slot line, Cohn [7] has
developed expressions for the admittance of a slot backed
by a dielectric sheet, which can be used directly in the
evaluation of the correction factors F and G; Fig. 3.9'éom—
pares the structure characteristic of unilateral fin line
with Cohn's model of the slot iine. The only difference

resides in the a - dimension which is infinite in the case

of the slot line.

.\:.."-'-‘.'-.". cnlES b
g e \

t— O

4 {77
1L N

Fig. 3.9a Cohn's model of a slot line resonator.
The guided wavelength isixg. Rectangular

waveguide cut off at frequency of resonance.
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]

ek,
b

.

“e,
"o

o olr»’
Xk f N
- X
z A =S .
> : ~ AL ——

Fig. 3.9b Fin line resonator of.identical fin
structure as Cohns slot line, but
rectangular waveguide shortwcircuited
at + a/z. '

In both cases shown in Fig. 3.9, the transverse susceptance .

"of the dielectric~covered f£ins is the same, provided that

a is large with respect to b (a =2 2b). We can thus use
the formula given by Cohn [7] for calculating the slot line
susceptance. By letting w ténd towards infinity, the slot
susceptance for infinite sheet thickness is obtained.
Finally, the correction factor F is just the'ratio of the
above two susceptances. | |

To evaluate the factor G used in the case of bila-
teral fin line, the exPression for the slot suscepﬁance must |
be slightly modified to take into account the presenceeof |

the magnetic wall at the other side of the dielectric sheet.
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All these rather cumbersome expressions have been
programmed and evaluated on a computer. It turns out that

the values for F and G are related in the.following way:

F= (vvu)? + G [1 - (v/u)?] - (3.41)
ifp <1
If p increases beyond unity, v must be replaced by =jv,
where v = |1 - p2]l/2, yiélding

F=-(v/w? + Gl + (v/uw?] : (3.42)
if p>1 '

The correction factor G has been computed for several
values of t and is presented as a function of the parameter
w in Fig. 3.10. This diagram is used in the evaluatiqn of
fin line parameters through the solution of the transverse

resonance conditions derived above.

3.4 Characteristic Tmpedance of Fin Lines

Once the guided wavelength in a fin line structure
has been calculated, the characteristic iméedance,-based on
a voltage~to-current ratio; can be found by dividing the
characteristic impedance of a ridged waveguide of identical
dimensions by the variable p_éjk/xg. This method is suffi-
ciently accurate for small values of €. and narrow dielectﬁic

sheets.

/
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. NOMALIZED CORRECTION FACTOR G

Fig. 3.10

I -4

0.

- 30_

02 0.05 0.1 0.2 0.5 1

—) W (FOR BILATERAL AND INSULATED FIN LINE)
2W (FOR UNILATERAL FIN LINE)

Normalized correction: factor G vs w for the
evaluation of fin line parameters, with normalized
fin spacing t as parameter. '
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In the case of unilateral and bilateral fin lines,

the impedance chosen is that of a ridged waveguide with

- centered ridge of zero thickness. (Eqn. 3.34 with w = o).

In the case of bilateral fin line, the equivalent
ridged waveguide has a ridge of thickness s. (Egn. 3.34)

In order to evaluate the characteristic impedance
of a fin line, the cut-off frequency of the commesurate
ridged waveguide must be found first by solving eén: (3.11)
for p = 0.

We thus obtain the normalized cut~off frequency vx

of the ridged waveguide.-

This value for vx is then introduced into egn. (3.34)

to calculate

7., = Z.p = 5,
. ;l__-Sln TWVX + [(— —l—) vx + tan 3‘—’-’5(l

Finally, the fin line impedance is

: = 922
Zpin = 9 ‘ | (3.44)

where p is now the value of_k/kg in the fin line, obtained

- from the solution of one of the transverse resonance condi-

tions (3.35), (3.36), (3.38), (3.39), (3.40) or (3.41).

~w) Jcos qmwvx (3.43)
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combines accuracy with ease of application and versatility if use
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~4) ATTENUATION IN FIN LINES -

Saad and Begemann [7] have published expressions for

+the attenuation constant of fin lines, based on an approximate

solution of the transverse resonance condition. It is considered
that these expressions are sufficiently accurate for most appli- .

cations, and no alternative formulae will be given here; From

~graphs .presented by Saad and Begemann [7] it appears that the

attenuation constant in fin lines is typically 0.05-0.1 Nep/m

(0.43-0.87 db/m).

5) CONCLUSION

An original method for the evaluation of fin line para-

meters has been developed in the present report. This method

of the computer prégramS»(given in the Appendix 2) is made. .
The solutions obtained for the guided wavelength in
unilatéral fin line have beén compared with measured data by
Meier [9] and with numerical solutions published by Hofmann [2].
Excellent agreement is evident from Fig. 3 of Appendix 3.attached
to the present report. '
As far as the characteristic impedance of ridged wave;

guide is concerned, results agree very well with Chen's [5] results.
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There is no experimentai verification as yét of the values for
the charaéteristié impedance for fin lines. However, it is
suggested that the values‘calculated for Z0 by Hofmann [2] ére
too high, and the expressions given in the present report appear
more realistic. Further study is needed to explain these dis-
crepancies. \ |

A recent aﬁtempt has been made by the author to apply :
the TLM~method to the fin line problem. Some preliminary results
of this study are presented in Appendix 4. This Appendix also
contains data on an impedance ste? in ridged wavéguide, calculated

with the TLM-method. This approach seems quite promising and will

be explored further with the aim of characterizing fin line dis-

continuities which cannot be treated with other methods because of

the very difficult field problems they pose.
, It is suggested that the results and methods presented

here constitute a basis for accurate and versatile fin line design.
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APPENDIX I

Appendix 1 presents several methods and programs tb determine
the guided wavelength and characteristic impedance in a rectangular’
waveguide with central longitudinal ridges of zero and finite>.
thickness.

” Fig. Al.1l shows the geometry of such a waveguide

containing central fins of zero thickness.

Nz

- T =

F'\g- Al.L

fhe>trans§é£égA£é;6néﬁce coﬁdition is givéﬁwiﬁ eqn. (3.é)uh
and can be solved either graphically or using a computer. This
appendix shows how to solve this condition using a
A.l.1 Graphical Method
A.1.2 Program for HP 67/97 Calculator
a)  Susceptance taken from Waveguide Handbook
b) Susceptance programmed directly
A.1.3 Fortran IV program with printing of diagram

A/A_ vs b/x.
/g /
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A.l.1. Graphical Method

In the graphical =solution, both terms of egn. (3.8) are
presented graphically and the point of intersection of the

curves is obtained.

] vx = cot (mvx/z) _ (3.8)

=
| b

1
o VX

The value for [ g %k] is taken from Waveguide Handbook [6].
o

In practically all cases, the curve for vx = 0 gives sufficient
accuracy (see Fig. A.l1.2), but % [% %k] can obviously be

o
constructed with better accuracy to reflect the second order

influence of the parameter vx.
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Fig. A.l1.2 Susceptance of capacitive windows in rectangular guide.
(From the "Waveguide Handbook" [6])
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Fig. A 1.3 Graphical solution of transverse resonance condition in

rectangular waveguide with longitudinal fins of zero

thickness
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If z = b/a = 0.5 and t = d/b = 0.25, Fig. A.l1.3 shows
the graphical solution of the transverse resonance condition,

eqn. (3.8).

B 1

Firsﬁ, the value for [ 7 vx] is found from Fig. A.l.2.
o

t=d/b=0.25+ (2 2] =3.8
o
This value gives an indication for the ordinate scale to be
used in Fig. A.1l.3.

If z = 0.5, a Qalue éf 1l for vx corresponds to one full
period of the cos (ﬂvx/z)-funétion. The graphical solution can
now be drawn (Fig. A.1l.3)

One obtains

v = .192 Dbased on the susceptance value for

vx = 0 (dotted curve)

.190 based on a more accurate susceptance

and vx

value (solid curve)

. 4
On the basis of this result, the function p = £(x) can now

be drawn since v2 = l—pz.

Thﬁs: 4
p = [1-(.190/x) 21/2

This equation is represented graphically in Fig. 3.2

(see curve with the parameter d/b = 0.25)

There are also intersections of both functions for higher

“values of vx. These solutions are characteristic of higher modes
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iof'the TEnO-type with oad n, i.e. n = 3,5,7,9... It is

obvious from Fig. A.l1.3, that for the higher order solutions
the exact value for the discontinuity susceptance must be

used (solid 1line),

A.l.2 ‘Programs for HP 67/97 Calculator

A.1.2.1. Rectangular Waveguide with Centered Fin of

Zero Thickness

 (susceptance value [% %k] taken from the Waveguide
Handbook [6]1) 7

The»standard.éack of programs for prbgrammable calculators

HP 67/97 contains a routine called "Calculus and roots of

f(x)". To calculate the root of a function f£(x), this function

is simply keyed in sﬁarting at program step 113. The variable

to be determined (root) is placed into storage register RO.

The transverse resonance condition to be evaluated

-is again

N =
| oo
G| ]

] vx - cot wvx/z = f(k) =0 (Al)
o VX ‘

Any variable in this expression could be placed in storage

register Rj; and solved for when all other parameters are fixed.

In the following pages, the following three programs are

'describedc’

P-1: x is calculated when p, and t are given

N N

P-2: p is calculated when x, and t are given

P-3: x is calculated when px b/xg,z and t are given



- A= -

" PROPAGATION IN RECTANGULAR WAVEGUIDE WITH
CENTERED RIDGE (FIN) OF ZERO THICKNESS

1 RW - Centr. Thin Fin

Enter  Susceptance (HP 67/97)

This series of programs calculates the roots of the

transverse resonant condition f(x) of the following structure:

Yo

oj—~
i

_’—}':jb
T

-

|

Rectangular waveguide with centered ridge of zero thickness and

equivalent transverse network.

f(x) = %[%o -\%] vk - cot Tmwvx/z = 0 (i)*
where P = A/Ag ;o x = b/A ;o
9 1/2
v = [1-p7] i+ 2 = b/a
A = free space wavelength, Ag = guided wavelength

The Standard Pack Routine "Calculus and Roots of f(x)" is used to
find the root. Any of the above variables can be placed in the

Ro—register. The function f(x) is programmed starting at step 113.
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REMARKS:

Y VX
. "o
must be taken from the "Waveguide_Handbook" by Marcuvitz, Fig.

.The value for the discontinuity susceptance[?— L

5.1-4. 1In this figure, b/xg must be replaced by vx.

Since the first root of f(x) is iﬁ all practical cases
situated between vx = 0 and vx = 0.4, a QOOd approximation(within
a few percent) is obtained by selecting the susceptance for vx=0.

If a better accuracy is desired, an improved value for

[:%— é;:} corresponding to the just calculated vx is obtained from
o

Fig. 5.1-4 of the "Waveguide Handbook", and introduced into

Register R The root obtained with this value should be sufficiently

3"
accurate for almost all design purposes.

The second and higher order roots are characteristic of
'higher order modes'of'the TEnO—type with odd n, i.e. n:3,5,7,9.;.
Fof these higer modes, repeated refinement of the susceptance value
must be made to obtain satisfactory accuracy.

The program can. be used to evaluate other structures'ex—'

hibiting a shunt susceptance in the centre of a waveguide.
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STEP

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OouTPUT
DATA/UNITS

Load side 1 of HP-card
"Calculus and roots of £(x)"

Select one of programs
P-1, P-2 or P-3 depending on

choice of root

Key in selected program
or merge from magnetic
card, starting at step 113
Select function nr,l.

see HP
instruc.

A

1.00

register R

Choose value forx (B/YO)/vx

corresponding to vx=0 and
for given value d/b in Wave-
guide Handbook and store in

3

" STO 3

fﬂw
.‘§IH

Store z = b/a in register

Ré and either p, X or px .

in register R,,. depending
on program chdsen.
Note: p. < 1

P/X
or px

STO 2
STO 1

PrX
. Or px

Key in guess and calculate
root (x=0.2 is a good init.
guess)

Guess

root

For higher accuracy, recall
value obtained for vx '

RCL 4

vX

Choose hew value for (B/Ye)/

vx corresponding to new vx
and for given value d/b in
Waveguide Handbook, and
store in R 3

STO 3

Calculate new root starting‘
with previous root

RCL O

root

10

for higher accuracy, return

to step 7
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" PROPAGATION IN RECTANGULAR WAVEGUIDE

WITH CENTERED RIDGE (FIN) OF ZERO THICKNESS

RW-Centr. Thin Fin P-1

Enter Susceptance

This program calculates x

~

if P,z

Handbook" by Marcuvitz, Fig. 5.1-4.

PROGRAM:

" Steps 000 to 112 see HP-routine

"Calculus and Roots of f£(x)"

#LBLI | 21 81

A
114 RBD L 1E-22
118 B R - 1
1 ECLL. 6 8
3 l“ ae 5:
iig - 43
ils VA T
126 RCLE. 26 88
1i1 % ~35
132 ETh4 35 Bd
1Z53 ERCLY 36 d3
N -35
125 & B
izE -24
127 ROLs 76 b4
128 Fi  15-34
izs X ~33
FOLE J6 82
+ -£4
TaN 43
1i3 i~y P
134 - -45
3T RTH &
135 Fo8 31

_iSet to RAD-mode

and t

v = (lfpz)

.. Compute Vv _

1/2

Compute vx

and store in R4

prosuy s

"Compute

3 LB/¥y) /vx] vx

" Compute

cot mvx/z

and subtract from
first term

(HP 67/97) -

~are given.

The susceptance value must be found from the "Waveguide

'.Sﬁbre

{R 3

Registers

R O X= b/

X | = ‘A A
R1 p= )/ g
R 2 z=b/a

| (B/Y ) /vx

R 4

vX
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PROPAGATION IN RECTANGULAR WAVEGUIDE

WITH CENTERED RIDGE (FIN) OF ZERO THICKNESS

RW—Centr}
Enter Susceptance

Thin Fin P-2

_This program calculétes Ap';

'1f x Z-

Handbook" by Marcuv1tz, Flg. 5 1 4

- PROGRAM:

Steps 000 to 112 see HP—routlnev‘f*°

"Calculus and Roots of £(x)"

et B,
g CFy TH Bty

[ TN

P s e

O R T o S e e S T Y

T
T

ot Hen O Mg 0

[2%N f»,_:,

oy b,
i .
o e P TS

AL f"'f beos,

g
oy
e

nAY g o

v La) £S5 16 ofa L0
s nJ,

A £

Ty W30 Ka) C5 15
o 5.5 G

§

2

ey

JE 84
le-24
2z
-4
Jo B2
2
4

L% I ]

[}
LG I A |
o

Rt

Set to RAD-mode

:i;<Hé~§7/97)?if

':and -f~

Compute v I“_
2 1/2

- Store

. Compute vx
; and store in R,

o e

.;Compute

> [(B/¥y) /vx] vx

iCompute

cot wvx/z

5and subtract from
" first term

- The susceptance value must be found from theA"Wavegnldej:

R1
R 2
R 3

' R?4“

. are glven-if

‘fRegisﬁers:_f

R o..b;—.—m:

_b/A

z—b/avu:;
&B/Yb)/vx

vX
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o PROPAGATION IN RECTANGULAR WAVEGUIDE » R
WITH CENTERED RIDGE (FIN)- OF ZERQ THICKNESS S

| RW-Centr. Thin Fin P-3 |.°

| . ‘.kHPf67/97)' Tfff‘;i”'
-Enter Susceptance S ST

- owom o

ThlS program calculates X lf PX Z‘and,jtﬂ1are glven-f} if Jﬁ
'fThe susceptance value must be found from the "Wavegu1de

'Handbook" by MarCUVltZ, Flg. 5.1~ 4._~

Steps~ooo'tb'llzfsee HP-routine f:-

" "Calculus and'RootS'of‘f(X)"

Set to RAD-modg' ‘Reg;ste?s‘f'

Facr, b bots Bt bs,

Compute v ‘ aR 0 X

2 1/2 o

‘v = (1-p 'R 1 px_b/x

T R S R T T

D Pl e el

B Stére‘ R 2 -b/a.:u

R o TR A LAk e B w S S
. mom AN
- '!"'I i
P
Loy}

Compute vx
- and store in R4

e i (W

Ras_'(B/yéy/vx

3
-.n.'r‘

: _ TR
e - Compute | R2 o vx
e : 7 [(B/¥y)/vx] vx

P e

128 - RLL4
138 Fi

-
131

[
oy ey

Compute

a6 Sa) oo €50

ST - cot mwvx/z
.i«.}'.' FliLs db :
iTT - R
£ owiar

134 TAN

P S e
133 N AN

;-

and subtract from

r
Lo Wb B LI B e o P OF

A}
0

- e o

-t

a6
th

I -
2
P lve)

i
oo

.5
(SR g%

3 5.
[N T X

'bfirst term
1
1
¢
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"A.1l.2.2. Rectangular Waveguide with Centered Ridge
of Finite Thickness s.

The expression for (B/YO)/vx given in egn. 3.9 can be

‘programmed directly, and thus it is not necessary to consult

Fig. 5.1-4 of the Waveguide Handbook [6]. However, the compu-
tation time will be longer by a factor two.
For the sake of generality, a program for ridged

waveguide with centered ridge of finite thickness will be

given. The case of zero thickness is obviously included in
this program.

Two variations of the program are given, namely

P-1l: x is calculated when p, z, s and t are given

P-2: p is calculated when x, 2z, s and t are given

At the same time, the characteristic impedance of such a wave-

guide can be evaluated using the results of the calculation of

the guided wavelength.
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PROPAGATION IN RECTANGULAR WAVEGUIDE WITH

CENTERED RIDGE OF THICKNESS s

RW - Double Ridged Guide
(HP 67/97)

Ag and Z0

This series of programs calculates the roots of the
transverse resonant condition f(x)=0 and the characteristic

impedance of the following structure:

Mok

{ =dy e
~_ L vV
— 8 |— 7\%
~ &
£ (x) =L tan Tvxw ; [?9 1 1 vx - cot wvx(l -w) =0 (1)
t YO VX~ z ‘
where p = A/A x = b/A ;t = 4/b
" 92 1/2
v = [1-p7] :z = b/a ;w = s/b
A = free space wavelength, Ag= longit. guided wavelength
B ’ 4 '
and 2 L =2 ln(esc resa) + LS TE2 (2)
© " 14+Q sin4 €/ 2

+ 1. (vx) 2 (1-3 sin® wt/2)% cos? wt/2]
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with Q = [1f(vx)zj_l/2

-1 (3)
The Standard Pack Routine "Calculus and Roots of f(x)" is
used to calculate the root. Any of the(ébove variables can
be placed in the Rb—register. The function f£(x) is programmed.
starting 'at step 113.
The characteristic impedance based on a Voltage-

to-Current ratio is given'by the following expression:

1207w -

B TVX
L sin wwvx + [(Eﬂ 1 ) VX +tan£z§-(l - w)]vcos TWVX
t. . YO vX 2 ‘2 :

and is calculated following the solution of the transverse

" resonance condition.

Remarks:

The cutoff wavelength is obtained by setting p = A/Ag
equal to zero. However, since the characteriétic_impedance is
infinity at cutoff, any attempt to evaluate ;oat this Wavelengch
results in an "ERROR". However, the value p-Zy= %y, can be ob-
tained by placing\ﬁhe value "one" (1) into the register containing p
before evaluéting Z,-

Once the program has been keyed in, it can be stored on

-~ a blank magnetic card, including the routine "Calculus and Roots

of £(x)". The "Rad" and "DSP" modes will be registered automatically

on the card at storage and will not have to be set afterwards..



P —

" e e S W W W

- A-15 -

- INSTRUCTIONS

STEP INPUT KEYS OUTPUT
DATA/UNITS - DATA/UNITS
1 Load side 1 of HP-card
"Calculus. and roots of f(x)
2 Select one of programs
(P-1 or P-2) depending on
root to be evaluated
3 Key in selected program or ‘sée HP
merge from magnetic card, instructions
starting at step 113
4 Select "RAD" mode and . £ RAD |
Display mode (ex:5 decimals) DSpP 5
5 ]Select function no. 1 1 A 1.00000
6 'vstoféwvélue: for p or x in~ | P _ P
lRl;udepending on program or STO 1 or
selected X X
7 Store values for parameters 2 STO 2 Z.
z, w and t : W STO 3 W
1 t STO 4 t
8 Key in guess and calculate ‘
root (0.1 is a good initial Guess E root - .
guess. in most cases)
9 ' Calculate characteristic im-
|pedance of lowest m.c:\de,Z.O _ GSB 2 Z0
10 To calculate root and Zyfor
different parameters, go to
|step 6. . . _
11 Vélues for different terms can RCL 5° vx
be recalled after root and 2, RCL 6 TVXW
have been calculated RCL 7 (BO/YO)/VX
RCL 8 nvx(5‘~ w)
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PROPAGATION IN RECTANGULAR WAVEGUIDE WITH

* CENTERED RIDGE OF THICKNESS & (Double Ridged Waveguide)

RW - Double Ridged Guide

Ag and'Z0

P-1

et W el we s Em 68 o

- e o s o e

This program calculates b/A and the characteristic impedance Z,

(HP 67/97)

of double ridged waveguide if p :_A/Ag, z=b/a, w=s/b and

t=d/b are given

Program:
Steps 000 to 112 see HP-routine

"Calculus and Roots of £(x)"
1
|
ilo ;: Compute vX
(17 : "and store in R5
4 2 e .
iiE -
1i5 T
128 RCLE
12l X
12z &TGE
FEC £ o
124 T . Compute Q and
185 VN 54 .
155 1% =z .. store temporarily
iz - S o=gE 6
123 &TOE 35 86
125 Fi 16-24
i3 ROL4 - 36 B4
B R X -35 - Compute
133 : . G2
134 % 24
35 RTL I3 ar
128 o3 4= (Bo /YO)/vx
137 KE =3
138 8TO8 5 @&
ik NE =z
45 X -35 R
181 ROLT g &5 7
192 i 42
43 33 &
a4 37
w3 3z

Registers:

RO <

1 p

2 'z

3 w
-4 t

5 VX
6 TWVX

7 (BO/YO)/Vx

8 ﬁvx(% - w)

. Guess

Store
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[ O A S

| P AT L A e RN Sl O X B S £

;and store tempo-

“rarily in Rg

G
1‘*}..’ ..-\f. "'::: ) N
A0 e - '
Igg. i 55
145 + ~55 ' .
- . - : ECLE
7o o : R,
-~ . . B &
RCLT J& &7 ; 33T =
i -"‘&;’ 5‘:, .b SR - . -
S 3 H = TR =
. 1 - 4 284 THN 53
LK wa : 2BE + . -55
+ o =E5 e oy e m
i~y = e 288 RCLe 3t 8o
ECL7 Jo & . Ao o
e - = Lo '
f . wh = v - “1_-‘
T 53 = - bl
; i3 - g g
isn - - 269 RCLE SE Be
Iad X -G ., g ]
i;“ ; =N 2ig » - 8IN 41
e « X - 5 - - =
- : e 211 RCL4 3 @
igg - - ~-45 x PR - -
‘ . : xia = -z
- "~y o - ! b - -
§1 ° RCLS S0 BE - Ay =
R - - N S * T
b X ot ' :sil; = e
- Tl i) o e Lok ' =
& KLLG . Sh B 218 < & b
= : - N P i o
,—,;7, e -TE - -
& ¢ 33 ; 25 - o=
SE % Py RS - =
b 4 g4 £I7 3 B
Pagiog - - Sdi ! @
186 * -4 210 = i
v ISP o= il i &
S =0 218 7 8
168 + -ao i 256 5 -3
Sk S :
163z 8z 251 Pi - 163
= -~ o | b | ipTa
Ii = cht 28R X -3
3 - . uny oy -
17 ‘."TU. 35 @4 : o CRTH =
17 ECLE =g B Campute wvx A =
i el ab bBo 234 i =
- N Pl Koo w
7 ) .
-
i
-

WO g L . fa] Pl ben 0y L
m
(]
P
o

i &

i X -33

7 §T0E 35 85

F RCLE 38 83 .
FE.X -3z . TWVX 1n R6
28 8TOs 35 e

81 TaN 43

§&  RCL4 3E g4 Compute

gz : -2 remainder
g + -53 of f£(x)

3& 18 a2

g7 RCOL3 IE B |

88 - -4 : ’
&2 RCLE 5 @

&d X -3

33 L &

(4x]
h!
12
o % &)
Tag
on

o0y Py Kaf O3 €41 00 L0

I LT TR IS LS YR B u
T Fa oK G0] e

R I N SRR X
-

S o O O T N Wy SNy TPR WP SIPU SIPR NG SIPREY SUS SV SIS AT SIPE WP T VS

RTH - 4
#LELz 2igs
RCLS J& &3 Compute 2 0
RCLE 38 &3
RCLY 36 &r
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' PROPAGATION IN RECTANGULAR WAVEGUIDE WITH f"f

CENTERED RIDGE OF THICKNESS s (Double Rldged Wavegulde)

RW - Double Rldced Gulde

Y _and 2 - L P2 ;;x_' ) | V=f :1f',»‘HP.6?/97{TLf4-3.:3

‘0

o o0 s W

»Thls program calculates A/Agand the characterlstlc 1mpedance Z

of double rldged wavegulde 1f x = b/A ", —b/a, w—s/b and

“.t-d/b are given

xProgram._

- Steps 000 to 112 see HP-routine
- "Calculus and Roots of f£(x)" -

R

e
drEnX T

x5
-
aunbbNEF O

i1z FCL 36 48 Compute X
1ig  ROLG 35 g8 N
- o - and store in R STVX
) s 5 T TWVX

'7'(B°/Y0)/Yx

g

£n
] 0T G Wy L8] oFa B4 KEr Wb 3
T

LIS 0N A SR (R S Y

Compute Q and

store temporarlly

‘1n RG

el C5 Falo B B 50 B R T

[+
T T S R ey O

X

1 LI
oy
R
T

Py
S M |
y r;' (]

{
RCL4 1
X - gCompute
g CEE A

~:(BO/Y0)/vx.-

I
rof Foy

Tod Vrd Ued Uag Nl et Cud Caf Cu) 0ag o e P o
LTI IS T - PN I LN SRR

k1.3 _ ol
_ ,_8 “YX(E ..W)

Registers:fe'gf}fﬁ*'

" Guess. .

V'Storeff
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23 87
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Fa,
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rarily in

Compute wvx i
'and store tempo-

8

R

‘Compute

remainder

of f(x)

L

1.

{Compute Z

i
H
1.
§
b

0.

[y
a0
[ I

£ o Cef T
LT
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APPENDIX -2

Appendix 2 presents Fortran IV programs to evéluate
the guidéd wavelength and the characteristic impedance of
unilatefél, bilateral and insulated fin line. They are based
on thé transverse resonance conditions and the expression'for

the characteristic impedance of ridged waveguide derived in

the present report.

The program for unilateral fin line contains an addi-
tional routine that plots the normalized wavelength A/Ag Vs

the normalized frequency b/A. The same routine may also be

-used for the other programs if desired.

In addition to the geometrical dimensions and the

dielectric const-ant'er of the substrate material, the correction

factor G must be input. G is obtained as a function of w=s/b

and t=a/b from Fig. 3.10, p. 30 of the present report.
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IN LINE

§ SURBRQUTINE CAlLCULATE \1 AN TRAWS

ELENGTH

INGUNITLATERAL

PECT RATIOsE/AY S

ECTRIEG

THIGKNE

IMENSTON A40¢ 100 s B40)

ENTEGER Ay

TXeJX

REAL XFeBe X1 2 20 ZF

REAL, QO v oyEeFeGefeReTolUeVUelWeXp Ze DT v D0 ERe QT Q0T

REAL &L e0R

p A e )4

DATA DOTeHYPHEN DASHA 7 37
llr\)r\ BTAR» BLLANKS X v 7

e STN

LTE Che L)
FORMATC L
aX el Xin
PFl=3, 14159
B INCTXFL
L (G() .:( TR T
XL

na o l""! r 3

FLUT DAT

WX 5 o

SWAVELE

f\\))
PRI ¢

0

NeleTe
T \KH’UTPNH Reld

'f

RS

MR B

s

ALl o ACCL e = XEXRZINRQ Hr~Ls
Dl s X THCALOGCL o AR HRIXRCA CL s PRIXSREQIEXTRK2/ Lo

TFOARS(ED .,
TFOELE.Q.
X1~ ~(H':>}<

X=X+ () o S
CUNTINLIE

IR ENP N
G0 T
0o ;*k ‘{<I

RO HRKT

KOL o3 o RERALR IR 2NE)
Fal LGOS P INXLZZ) Z8INCFRIRXTAZ)
1O

QAG0
i

0

TONORMALIZED GAF D7) s WINDRMALLLZER
Sy ASl) 6

ENSTON F A0 « X400 o ZF (40D
SEER DOT e HYFHEN s 8TAR » BLANK ¢ UAaSH

&

v .

WebR s

i

FING LENE

THE GUIDED

ERCODIELECTRIC CONSTANT) §
GONORMAL TZED CORRECTION FACTOR)

CWAVELENDTHABUTDED WAVELENGTH) »
NGTH) » 5X 0 29HIF CCHARAGT o THF

OF

FIN LINEY /20
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CHARADTERISTIC TMFEDANCE OF RIDDED WAVEBUIDE AT INFINITE
FREQUENCY 16 CaL.OULATEIN

Z0=LR0 s K DRKQEX T/ CRLFSIN P IRXEA 2 78 7CDBIFLIXXTEAL 720
Wl 100 I=led40 A
FOE) s Q3KE~QL 03
U CARS CER-FOE Y22 ) R0 . 8
Vi (ARG CL o P O M2 Y kK0 L 1
GuGINCTRPIAZ)
CaGRSCTRRTAL) %k
XCE) =0,
LR R0 Jely 30
Qlsmd o A0 Che = CUEX T Y RR2IRKQO ) 1 s
DT s ]USX CLYRCALOG CL . /8 +QIHCA CL o FRIRENEA M UK (D) ) kk2 /L4,
Lo Oh o3 Bk ) dolke)
TFEOPCLY LGEE S L2060 T 20
QO ZCCL e CURX T DRI AKKOQ W 1 s -
D02 RURX CID X CALDE L A8 FROKEA CL o FRORERRA )+ CURKCD) 2HR2/ L b
Lo RO 8 ENCKRE ) Mol
s VA RGN L s - (VU KK
Ak w2 s R LR TRV (O 872D
AR KPTWEX D XUFATAN /BB TN ALY AC08 (Al )
A= LR LRV
AQ=LL VKOS (AR ABIN(AHCNG (A3 /SIN(AS)
RO SUIOF (NFRVE S (INET 1) )
GooTn 30
Frasee ALY MOKEAGRCL o+ CUAL NG
RFO=L . A0 0L FTURNXCE I DR RO 8 -1
D=2 VRN T YR CALOGB L « /782 FRONE CL o FRORERKA) ~ (URK D) IRKL/ L6 ¢
oKL e 3 MG o2
A2 P LR WRX CL Y RUAATAN CUAVRTANM C2 kP DX CT /R0 G720 -WD 2
DalLAVRCOE (A4 ZBTNGAGI L ATANH P TR IRV A
e K LA == D0 -2 0
TFOABS CED o LE L E-0480 TO 92
TFOE Q260 TO 80
KL X L) —0, HHO . Uk
GgooTo RO
XL s=X L) 0 50 k)
CONT ENUE
TFORCDY S ERQGD T 93
ZECTY=Z0P DD
GOTD 94
EFECL e Q00 .
WRITESH e RE)FCEY o XU v ZF T
FORMAT O 2w LdXe FZ e 3o 21X F7 e 20X FI1Q. 0D
CONT ENUE :
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0 skseksok R doksooR ok sakkokakarseksiololorolskeloioololokolokokokokekkdoksokolololokorskok skiokeieiokek

e THE FOLLOWING FART OF FROGRAM I8 USED TO DRAW DIAGRAM

(I F ST EEFEEEEEFEET ST SEEESEEE TR ST EETEETEESEEE S EE TS LS E TS ST

B PR PR e - T R L TR

e WRITE (Eo L LOy™ = - o o e s
110 FORMAT 707 o 3EHY ~AX TSP CWAVELENGTHAGULDED WAVELENGTHY ¢ /v
L 23 X-AaXI8=X (RAWAVELENGTH) )
0o 200 I=l e« 40
KX CLYRE00 -
T X
TFOOKP=-TXY o BE. Q. 5260 TO 130
SXa X
GO TO 160
L8O NI
1 &0 DO180 J=lel00
ACEL~T e J)=RLANK
TF I EQRJXYE0 T 170

TFCLLERIIACAL~T v J)=HYPHEN
GOOTO 180 '
170 AL~ ) =BTAR
180 CONTENUE |
200 CONT ENUE
DO B0 Ll A0
ROy d0-1r%0, 03
WRITECSr 280 BCI Yy (ACT v JY o k=l e 100)
280 FORMAT (Y v %X e Fa,. 21Xy 10081)
300 CONTINUE
WIETE Che 3500 .
3EH0 FORMAT (7 2o R0X s THO e 27X e Z3HO o L e LPX e FHO 20 17X ZHO 3w 17X v EHO o 8
L LTXeBHO L Ee ) -
WRITECS o400 2 ToWy ERv B "
A00 FORMATC? 7 o 15X e 3BHEUIDED WAVELENGTH IN UNILATERAL FINMs/y
Tl 1AXsAHB/AEp FAL Ry AP DARmeFARebMF S/ R FE X BHE ERmeFO 2y
2 AHE GmeF4.2)
BT O
N




oy G o8 B0 B8 O BN an
(

I

FOMAVELENGTH/GULIDED WAVELENGTH) XCB/WAVELENGTH)Y CZF(CHARACT . IMP, OF FIN LINE)

0,000

1000, 00000 (00)
0,030

81 . 59971

0.080 2945, B49EE

0.090 , 1963.90002

0120 Q. 1530 14232, 92505

0,150 0. 1535 L178. 33997

0.180 0,1542 P81 . 93001

E 0.210 0,1549 G941 . 67139

! 0. 240 0. 1558 7356462532

| Q.270 0:1568 504, 633356

0300 0. 1579 : 8. 16V

0. 330 0,1592 3G 60907

0. 360 01607 490, 97501

0,390 ' 00,1423 45320770

0,420 Os 1441 420 . 83569 '

Q. 450 Q. 1461 . ER2.78000 ‘ |
0,480 0.16834 368, 23123
0510 0. 1709 344 H7059
0.5490 0.,1737 327 .3166%
Q570 0. 17247 310, 0848
0:400 01802 : 294, 58496
0,430 0. 1840 280.595713
QA0 0.1883 267,80453
0. 620 0.1%31 , 206, 16086
0720 O, 1985 245, 48747
04750 : 02047 230.66798
Q. 780 0.2118 226,60382
0. 810 ‘ 0. 2200 ' 218220111
Q. 840 , 0. 23298 210.417283
0. 870 02410 20316206
0200 0.2547 ‘ - 196, 38998
Q. 930 0.2714 CAR0. 05482
0,940 0. 29E0 184, L1542
0. %90 033210 178.,53635
1.020 Q3594 173.28529
1 Q80 G.415%5 ' ' 163, 33429
1080 0.5031 163.65833
Cbeddo ' ' 0.6407 a9, 23512

Lol40 o 0.8180 13504474

1170 . 0. 9492 1 4

vZ-v -
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- the ridged waveguide (Fig. la).
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FIN LINE DESIGN MADE EASY

Wolfgang J.R. Hoefer,

Dept. of Electrical Engineering,
University of OQttawa,
Ottawa, Ont., Canada.

S ABSTRACT A
This paper presents a simple but accurate method to calculate the guided wavelength and characteristic. im-

pedance of various fin line configurations.

The transverse resonance. condition is solved using available data

on capacitive irises in waveguides and a novel diagram for evaluating che influence of a dielectric sheet on the -

_iris capacitance.

Introduction

The simplicicy of Meler's ’2formu1ae for fin line
parameters as well as the accuracy of Hofmann' s34 pume-
rical solution of the fin line problem can only be
fully exploited by the designer if he chooses the same

. geometries and dielectric constants as these authors in

order to apply thelr results directly. Otherwise,
either a test measurement or an involved computer solu=
tion is required to predict fin line performance.

Saad and Begemann’ have published approximate but still
cumbersome expressions for the effective permittivity
and characteristic impedance of fin lines, which are
satigsfactory for thin substrates only.

The purpoSe of this paper 1s to present an accu~
rate, versatile and simple method to calculate the
guided wavelength and impedance of various fin lines,
using available data for waveguide discontinuities and
a novel diagram for the evaluation of the susceptance
of dielectrically supported irises in waveguides.

Theory .
Calculation of the Guided Wavelength

The guided wavelength is found by evaluating the
first root of the transverse resonance condition. This
‘condition contains the susceptance of a capacitive iris
modified by the presence of a dielectric sheet. Both
the iris susceptance and the correction factor are
available in graphical form, thus the compu:ational ef-
fort is kept at a minimum,

The method is best explained by briefly revisiting
The transverse reso-
nant condition can be written as follows:

B A .
[TLT:E]TE‘ cot m 2
) o t :

-

where At is the transverse guided wavelength.

>
oo
]
=
~
™
o

.

. A .
The ‘term in square brackets is %-the[ %— —ﬁi presented

in the Waveguide Handbook6, Fig, 5.1-4, provided kg

therein is ieplaced by At of this paper. Close ins-

pection of Fig. 5.1-4 in {6] shows that this term is
rather insensitive to changes of the parameter b/kt as

long as the latter is smaller tham 0.4, which 1s prac~.
tically always the case. Thus, a very good approxi-
mation for b/At can be found by introducing into

equ. (1) the value of [(B /Y )(A./b)] for b/A_ = 0

The root is accurate within a few percent. If a better:
approximation is desired, an improved value for

€. depending on the thickness of the sheet.

((Ba/Yo)(At/b)]vcorresponding to the jusﬁ calculated
b[kt is introduced into equ. (1).

The guided wave-
length Ag is then found by writing: '

2,-1/2

= A [1—(x/xt) ] (ﬁ)

where A 1s the free space wavelength.

Fin Lines

When a dielectric sheet of permittivity €. is
added at one side of the ridge, as shown in Fig. 1b,

. the capacitance of the covered half of the disconti-

nuity is increased by a factor Somewhere between 1 and
This cor-

rection factor has been calculated by numé:ically eval-
uating the ratio

Slot susceptance for finite sheet thickness
Slot susceptance for infinite sheet thickness

and normalizing it to make it independent of €.

The procedure for this evaluation was outlined by Cohnz
The results are presented graphically in Fig. 2. The
gulded wavelength in the fin line can now be determined
in exactly the same way as for the ridged waveguide by
introducing the graphically available values for the
discontinuity susceptance® and the correction factor
(Fig, 2) into the transverse resonance condition of the
structure, and then finding the lowest root of this ex-
pression.

F=

The resonance conditions for three fin line confi-
gurations will be given with the following abbrevia-
tions: :

d/b = t; s/b =w; b/a

b/A = x; IIE:I.-sz]J‘/2 = u; [|1-p]]

z; A/Ag =
1/2

x/v3 Atl = x/u; b/k_to = VX,

At:O

b/ktl = ux.

Ag = fin line wévelength; A, Atl = transverse

to
gulded wavelengths in air and dielectric
respectively.

Resonant Céndition for Unilateral Fin Line (Fig. 1.b)

for p < 1
-(u/v)cot{2mwxu + tan-l[(u/v)tananv(%;-- w1}
B B
d 1| u2 a 1 - axv _
+FY1 x(v)vx+ T vx-cot — =0 . (3a)




where F = (v/u)2 + G [1*(v/u)zj‘x

forp>1

~(u/v)cot{2mmxu + tan " [(u/v)tanh 2rv@z = W1}

- Is : B ' ‘
d 1 u,2 al ™V .
+. F [Yl ux] (v) vX - [-Yo vx] vx~-coth - = 0 (3b)

. where F = -(v/u)2 + G[l*(v/u)zl

Resonant Condition for Bilateral Fin Line (Fig. l.c)

forp <1 .
(u/v) tan wwxu + G[Y u] &2
1
Ba1 ‘ 1 -
+ Y vx|V® ~ cot wxv(-z—-u)-, 0 (4a)
o :
. forp>1
: B
(u/v) tan wwxu + G [_Y.ﬁ‘_ %x_] (_3)2
3 1
- [Y_a %—;] vx - coth '_n_xv(%- -w)=0 4b)
. o : ‘

' .Resonant Condition for Insulated Fins (Fig. 1.d)

Afor px1l

--(u/v).co: {mwxu +-tan_l[(u/v)tanﬂ.xvC% -w]}

B
d 1 ju?2
-+ F[Y—l- -‘;‘x-](;)‘ x = 0" : (5a)

—where F as in (3a)

forp> 1

—(n/v)cot {mxu + t:.an-l

d 1 )
+FY1u ()VX:O - . (5b)

[(u/v) tanh wxv(%— w1l

where F as in (3b)

As in the case of ridged waveguide, the values for

Bs 1 I : :

Y. o and v = can, for a first approximation,
1 .

be those for 1/ux and 1/vx = 0. Once the root of the

-resonance condition 1is found, the choice of the suscep-

tances can be improved accordingly.

For the sblution of the resonant condition, either
P = A/Ag can be fixed while x = b/A 1s searched, or

x 1s fixed and the corresponding p is found.

Characteristic Impedanée

Satisfactory values for the characteristic impe-
dance of fin lines can be obtained with the expression

2, =2, A/A z/p' 6)

where Z is the characteristic impedance of a ridged

uaveguide of identical cross-sectional dimensions at

- A-34

" values published by Saad and Bege mann”,’
the authors do not specify the frequenciles at which the '

. substrate permittivity.

infinite frequency, which can be obtained from Cohn's8
paper on properties of ridged waveguides. The eval-
uation of p has just been described.

- Results

~ The resonant conditions have been programmed.on a

‘HP-97 calculator and solved using the standard program .

“Calculus and Roots of f£(x)". Fig. 3 shows p = A/Ag

as a function of x = b/A for a unilateral.fin line and
for the corresponding ridged waveguide (er = 1). For

comparison, measurements made by Meierz and calcula-
tions made by Hofmann3 are shown for the same fin line.
Agreement with both authors 1is excellent. :‘The diagram
also shows the cutoff wavelengths of the guides
(ac.lll = 0), fi

) In order to find the lowes: root of the resonant.
condition, an initial guess for x must be made such °
that the program converges to the desired value. A
good initial guess is x =

off wavelength of the empty waveguide of idencical dai-

. mensions.

Fig. 4 shows resulté for bilateral fin lines wi:h

dielectric constant has been measured. Discrepancies:
between results reach up to five percent for thick
substrate (¢/b = 0,228).

Conclusion

The avallability in graphical form of values for
capacitive irises in rectangular waveguldes, and of &
novel graph for evaluating the irils capacitance in the’ ‘
presence of a dlelectric sheet, enable the fin line
designer to accurately predict the guided wavelength
in fin lines of any cross-sectional dimensions and
The mathematical complexity
of the solution daes not go beyond finding the root of
a transcendental equation, a task easily accomplished
by small programmable computers. Nevertheless, the
accuracy approaches that of a numerical solution and is
limited only by the accuracy of the graphs, which is
typically .less than 4%,
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Cross-section and equivalent transverse net~
work of various fin line configurationms.
. a. Ridged waveguide b, unilateral fin: line:
¢. bilateral fin line d. insulated fin line
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APPENDIX 4

"FIN LINE PARAMETERS CALCULATED
WITH THE TLM-METHOD"
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) ABSTRACT

The guided wavelength in fin line is calculated uslng the Transmission Line Matrix (TLM) method. The
resonant frequencies of fin line cavities are evaluated on a computer, ylelding the dispersion characteristic of

the fundamental and higher order modes of propagation.

~

Introduction

Various methods for the .evaluation of fin-line pa-
rameters have been presented by Meierl, Hofmann? Saad’
and Begemann3 and Hoefer4. In addition, a method for
analyzing the transition from fin-line to a below-
cutoff waveguide has been reported by Saad and
Schuenemannd, In the present paper, the application of

. the Transmission Line Matrix (TLM) technique to the fin-
. line problem is demonstrated for the following reasons:

a) To verify and eventually to refine the various
methods mentioned above,

b) To calculaté the equivalent lumped element circuit
of fin line discontinuities which have not been eval~

" uated to date.

. The number of results given in the present paper is
rather limited because of the considerable size of )
memory and the large CPU-time required for the calculg-

- tion of a given structure.

The TLM ~ Method

-

_ The transmission-line matrix (TLM) method was de-
veloped by Akhtarzad and Johns® and was applied by
these authors to the analysis of three-dimensional re-
sonating structures. The dispersion characteristics of -
waveguide structures and discontinuities can be ob-
tained by calculating the resonance frequencies of ca-
vities exhibiting the pertinent cross-sectional geo-
metry and containing the discontinuities under inves- _
tigation. To this end, field propagation in the struc-
ture is simulated by the propagation and scattering of
impulses in a three-dimensional transmidsion line
lattice characterised by the parameter A% (distance
between adjacent nodes. Boundaries (electric and mag-
netic walls) and dielectric interfaces can be simulated
by introducing stubs which modify in an appropriate way
the impedance across nodes situated at the boundaries
or inside the dielectric. Valid results are obtained
if the distance between nodes is smaller than 0.1 A,
where A is the free-space wavelength corresponding to
the resonance frequency of interest. On the other hand,

.the minimum value for Ag is limited by considerations

of avallable computer memory.

To start the calculation, one or more nodes (depen-
ding on the mode to be investigated) are excited by an
impulse. The propagation of the impulses across the
three~dimensional network is calculated in real time.
After a sufficient number of iteratioms (forth-and-back-
trips of impulses across the structure), the impulse res-
ponse of the structure is picked up at strategic output
points, chosen again according to the expected field
distribution. Speaking in terms of measurements, the

position of the Input and output nodes is chosen in the

same way as the position of field probes for excitation

and ‘detection of modes in a resonator. Iﬁ?éhe TLM-

program, however, the "probes" do not interact with the
field and thus are non-perturbing. |

From the time domain output, the eigenvalues of ‘the
structure in the frequency domain are obtained via
Fourier Transform. The number N of iterations must be
sufficient to obtain satisfactory resolution in the
frequency domain. The finite character of N limits the
response in the time domain and thus determines the re-
solution of maxima and minima in the frequency spectrum.

Features of the Computer Program -

The original program published by Akhtarzad? has
been modified by A. Ros (co-author) and co-workers to
gain a factor 5 in CPU-time and a factor 2 in memory
size. This has been achieved by incorporating the sub-
routines into the main program. Still, for thé struc-
tures calculated in the present paper, considerable
memory is required, particularly because fin line strue
tures with relatively thin dielectric and small fin-

" spacing require at least three nodes within the smallest

dimension to yield satisfactory accuracy.

A value of.Az = .4 mm has been chosen for the dis-
tance between adjacent nodes. A typical program for a

~ cavity of 20 x 10 x 4 mm requires a memory close to

1 M-octets, and an IBM 360 runs for about 240 CPU-min-
utes to execute 1000 iterations, These requirements

" are obviously the major drawback of the TLM-method,

but on the other hand, any structure can be. handled
regardless of complexity of its geometry.

Computations and Results

A rectangular cavity containing a unilateral fin
line structure was adopted for TLM computations. Fig.l
defines the parameters of the structure. Resonant
modes are characterized, as in empty rectangular cavi-
ties, by indices 2, m, n representing the number of
‘half-periods in x, y and z direction respectively.

Resonant frequencies were calculated with the TLM-
method and compared with results obtained by solving
transverse resonant conditions as shown by Hoefer”.
Several special cases for which exact analytical solu-
tions exist, were chosen to verify the accuracy of the
TLM-program.

Since the TE,  fin line mode is of particular in-

terest, the c-dimension should ideally be the longest
dimension in order to separate it well from the other
modes, However, this would require excessive computer
memory,and shorter lengths ¢ < a,b had to be chosen.
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!ig. 1 Rectangular cavity containing unilateral fin

-1ine
~CONFIGURATION 1: Empty Cavity
‘2w 20 .mm "dabxl0.4m
. b= 10.4 om €. = 1
c= 7.2mm )
-Mode I Resonant, Frequency (GHz) | .Erxor
TLM Exact
. Tgllo 16.2? l 16,257 . —=0.2%

*Table 1 Resonant frequency of empty cavity.
- Comparison.of TLM .and exact sclution.

~

CONFIGURATION 2:

Dielectric~Filled Cavity

~.2a=z20 mm .d =bw=10.4 mm
= 10.4 mm 8=a=20 mm
c= 7.2mm € = 2.22
:-Mode ‘ Reaonant‘ Frequency (GH.z) ’ Error
TLM Exact
TEllO | 10.91 | 10,911 I 174
Table 2 Resonant frequency of dielectric-filled
cavity (er 2.22).

Comparison of TLM and exact solution .

CONFIGURATION 3: Cavity with Dielectric Slab

a=20 mm d=b=l10.4mm
bwl04m 8 =2m
c= 4 mm € = 2.2

Frequencies (GHz)

. CONFIGURATION 4:

Resonant Error
TLM Exact
-tEIOI . 1, 33.52 31.86§ . 5.2%
‘T£301 44,67 41,522 7.62
~'$E5°1 52.40 50,567 3.6%
IEIOZ 59,42 57.673 3 2
“33701 3 63,39 62.926 2 2

Tadle 3 Resonant frequencies of cavicy'with‘dielectric
slab (er = 2,2). Comparison of TLM and , -

exact soiutions.

Cavity Containing Centered Thin Fins

-CONFIGURATION 5:

. a=2 mm d=16m .
b = 10.4 mm €, = 1
c= 7.2m
~Mode Resonant Frequencies Effective Diel.
. . Constant
4 eff= (A/A ) 4
TLM Hoefer TLM Hoefer
) IEIlO 20.63 20.60 n/a n/a
TE101 23.25 21.473 0.80 0.94
TF301 29.20 27.033 n/a n/a
-Table 4 Resonant frequencies of cavity with centered

fins. Comparison of TLM solutions and solu-

tions obtained using transverse resonance con-
... ditioms. TE;,, is the fundamental fin line

mode. : '

Cavity Containing Unilateral Fin Line

a=20 m d = 1.6 mm.
b= 1004 m s=1 m
cx 7.2m €, = 2.22
Mode | Resonant Frequencies Effective Diel.
’ " Constant 2
‘ .. Eeff= (A/Rg) A
TLM Hoefer TIM - Hoefer
IEIIO 14.49 - nfa n/a
TElOl ‘ ?0.19 18.40 1.065 1.282

Table 5 Resonant frequencies of cavity containing-uni—>

lateral fin

line.

Comparison of TLM solutions

and solutions obtained with method described

by Hoefera.
mode.

TE

101

is the fundamental fin line
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Fig. 2 Rectangular cavity contalaing a fin line step
--digcontinuity at its centre.

Cavity Containing a Fin Line Step
Discontinuity at its Centre (See

B “Fig. 2)
.a=20 mm 4y =3.2mm
b %-10.4 mm .dl =-1.6 mm d2 =4 mm
‘¢cm 6.bhumm . S ~d, = 5.6 mm
. Cr = 1 B :
- Mode -Resmnant Frequencies (GHz)
- obtained with TLM-method extrapolation
- d2=3.2 mm :dzhk om d2:5.6 mm d2=d1
- .
101 . 22,82 22.56 21.99 23.40
45, . .82 45.7
TFIDZ 45.91 46.13 46 .

v j

»Table 6 Resonant frequencies of cavity containing a -

- £fin line step discontinuity. In the TEIOl

w'mode, a current node is situated at the dis- -
tontinuicy, while in the IE oz-mode, a voltage

-node occurs at this position. 1_ 1.6 mm.

) ._L_ L Y

% I _ )
Structure of
Fig. 2
£= 22.5 GHz

o A ous

0 .1 2 3 .. . 4.
dzld1
Fig. 3 Eﬁuivalent parameters for a step discontinuity °

of fin line, calculated with the ILH—method.

~ be about = 102

" quently, the effective dielectric constant e

- Fig. 3 shows the calculated equivalent parameters of .

the discontinuity for the resonant frequency of the
fundamental fin line mode TElOl' as well as the equi-~

valent circuit itself. The accuracy is estimated to )

Conclusion .
=" *The TLM-method yields resonant frequencies of rec-
tangular cavities accurate within % 0.5Z, 1f the cavi-
ties are homogeneously filled with dielectric. In the
presence of a centered dielectric slab (e,=2.2), the
TLM~calculated frequencles are typically. 57 too high.

1f ‘fins are introduced into the cavity, TLM-frequencies:

are 82 higher than frequencies obtained with formulae
for ridged waveguides.” Similar discrepancies exist ,

 between TLM frequencies for unilateral fin line and

frequencies obtained with Hoefer's® method. Conse-

eff for
unllateral fin line is 17% smaller when calculated with
the TLM-method. Further study is necessary to deter=-
mine the reason for these differences.
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