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Thesis Contributions

Commercially available microwave CAD programs such as Touchstone™ Senior and
Super-Compact™ do not include E-plane circuit elements. Although these CAD programs
allow users to define their own models for circuit design, implementation of E-plane circuit
elements is not an easy task because of the large number of variable parameters that must
be included in the analytical expressions. Such formulas are often inaccurate, long to
compute and restrict:d in range. The contributions of this thesis are: .

(1) A detailed formulation for the spectral domain analysis of antipodal finline is
presented.

(2) A novel CAD procedure of E-plane circuits has been developed which is based on
discontinuity models and field theory based lookup tables.

(3) An innovative interpolation technique based on physically realistic functions is
developed to extract data from lookup tables.

(4) Some finline circuit elements are modeled with the commercially available CAD
program Touchstone™ Senior; thus taking full advantasz of all capabilities inherent
in it.

This CAD procedure expands the power of commercially available microwave CAD
software into the millimeter wave circuit domain and replaces the conventional trial-

and-error design method for E-plane circuits with a systematic design and optimization
procedure.
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Abstract

A novel CAD procedure for E-plane circuits is developed. This CAD procedure
employs field-theory based lookup tables and equivalent cireuit discontinuity models. An
innovative interpolation scheme which is based on physically realistic functions is also
implemented. This interpolation method reduces the size of the lookup tables considerably
since only three frequency points are required to characterize a given finline geometry over
the entire operating frequencies range. A straightforward linear interpolation scheme,
which requires larger lookup tables, is also implemented for the cases in which the new
interpolation scheme is not applicable.

Field-theory based lookup table generation programs are among the building blocks
of this CAD procedure. Because the spectral domain method is an efficient algorithm for
calculating the propagation characteristics of E-plane structrues, it is chosen to perform
the table-generation task. The application of the spectral domain method to E-plane
structures, especially to antipodal finline, is discussed.

The accuracy of the implemented E-plane circuit elements has been verified by
measurement. The simulation results are in good agreement with the experimental results
and confirm the validity of the computer models.

A simple, but detailed, CAD example which uses all the. programs developed for
this CAD procedure is presented. It is followed by a number of CAD and experimental
results for transformers, tapers and bandpass filters. Some CAD results obtained by the
two interpolation methods are compared. Limitations of the implemented E-plane circuit
elements and of this CAD procedure are discussed before the conclusion.

All programs, Touchstone™ Senior circuit files, measurement result and related
materials are provided in the appendices.
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CHAPTER 0 Introduction
%

With the increasing interest in millimeter wave circuits, E-plane passive circuit
components start playing important roles such as filtering and impedance matching,
Therefore, development of efficient millimeter wave CAD software is important.

Conventional microwave CAD programs depend heavily on closed form empirical
expressions obtained by curve fitting. This is especially true in the microstrip circuit CAD
domain. Despite the simple geometry of microstrip circuit elements and the quasi-TEM
nature of the associated electromagnetic fields, the corresponding empirical expressions
are very complicated. These expressions give no insight to the physical behaviour of the
circuit components and are also computer-time expensive.

E-plane circuit components (see Figure 0-1}) have an even more complicated
geometry than mircostrip components [1]. The complicated structures impose stringent
boundary conditions that can only be satisfied by complicated field solutions. The variable
parameters involved in E-plane circuit elements are the inner dimension of the waveguide
housing (a, ), substrate thickness and permittivity (s, €,), slot width (d), lateral position
of the fins (h) and frequency ( f)- It is very impractical, if not impossible, to develop
closed-form expressions for these structures because too many variable parameters must
be included in the empirical expressions. Such formulas are often inaccurate, long to
compute and restricted in range. As Jansen [2] has pointed out for the case of monolithic
circuit computer-aided design, programs that are based on field-theory (such as the Finite
Element Methods—FEM, the Transmission Line Matrix—TLM and the Spectral Domain
Methods—SDM) are much more accurate and flexible for modelling planar lines and circuit
elements.

Commercially available CAD software such as Touchstone™ Senicr and Super-
Compact™ allow users to define circuit models. However, field-theory based numerical
programs are too slow to be used directly to implement circuit models because circuit
optimization requires a large number of analyses. In this thesis, a novel CAD procedure
that can take advantage of both the accuracy of field-theoretical tools as well as the
capabilities (such as analysis, optimization, graphics and components integration) of
commercially available CAD software is developed for millimeter wave circuits.

This novel CAD procedure relies on simple discontinuity models and field-theory
based lookup tables which give the effective dielectric constant (€yr) and effective
characteristic impedance (Zy) of the transmission medium such as unilateral and bilateral
finlinest. In order to minimize the size of the lookup tables, a new interpolation scheme

f A2
c=(3)

Where }, is the wrvelength in longitudinal direction in the transmission line. This
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which is based on physically realistic functions is developed. These tools are the basis for
the finline circuit models of this CAD procedure. The finline elements are integrated with
Touchstone™ Senior and are used to design some finline circuit components. The CAD
results are found to be in good agreement with experimental results. Hence this CAD
procedure expands the power of commercially available microwave CAD software into the
millimeter wave circuit domain and replaces the traditional trial-and-error design method
with a systematic design procedure.

There is only a relatively small number of E-plane elemznt discontinuity models
available in the literature. Among them are the step and the shunt discontinuity models
for finlines. These types of discontinuity elements are found in transformer, taper, and
filter circuit components, and are therefore considered in this thesis.

The shunt discontinuity element shown in Figure 0-2(a) is modelled by Saguet
and Coumes [3] as a shunt inductance at the middle of a short transmission line having
an effective dielectric constant €. and an effective characteristic impedance Zy. The
inductance and the length of the transmission line are functions of a,b,w, h, €1, 2ot
and frequency. The step discontinuity element in Figure 0-2(b) is modelled by Tsui and
Hoefer [4] as a step inductance which is a function of a, b, d;, d3, €, 11 €2et1: 210881 22e 4t
and frequency. The dimensions which are not found in Figure 0-2 are defined in Figure 0-1.

The empirical expressions for these discontinuity models are not computer-time
expensive. However it is quite a task to find the effective dielectric constant and effective

characteristic impedance at various frequencies and gapwidths. This task is one of the
main subjects covered in this thesis.

definition has been adopted widely for non-TEM E-plane structures and will be used
throughout this thesis. .

For application to E-plane structures, one of the following three impedance
definitions is usually used:

Z,(V,h=V/I (voitage-current impedance)
Z,(V,P) =V?/(2P) (voltage-power impedance)
Z,(P,I)=2P/® (power-current impedance)

In finline structures, the voltage-power impedance definition is usually chosen. In this
thesis, effective characteristic impedance (Z.y) means Z,(V, P) at the frequency of interest.

Reference: ELG7100B course note (term 1987-1988).
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(a): Unilateral finline sectional views.

Unilateral Bilateral Antipodal
(b): Finline configurations.

Bandpass Filter

(c): Finline components.

Figure 0-1: Some finline configurations and circuit components.
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(a): Finline shunt discontinuity and it equivalent model

(b): Finline step discontinuity and its equivalent model

Figure 0-2: Two discontinuity models for finline,
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CHAPTER 1 The Applications of SDA to E-Plane Structures

_“

The spectral domain analysis (SDA) is by far the most efficient numerical method
for the computation of E-Plane line characteristics. It has therefore been selected for the
generation of lookup tables and forms an integral part of the CAD procedure presented
in this thesis, A very successful formulation of the spectral domain method in terms of
the equivalent transmission line concept is due to Itoh and Schmidt (10). This approach
will be used to explain the application of the SDA to E-plane structures in the following
sections.

The application of SDA to unilateral and bilateral finlines has been discussed
extensively in the literature (It is not practical to list all references on this subject.
Interested readers should consult the references [5] and [10}-[12]). Therefore the following
discussion concentrates on the application of SDA to antipodal finline for which no explicit
spectral domain formulation has been published so far.

An antipodal finline cross-section is shown in Figure 1.1. It has a rectangular
waveguide enclosure with inner dimensions @ and . The substrate of thickness s and
permittivity €, bridges the broad wall at the middle and carries metal fins of zero thickness
on both sides, a valid approximation in most applications. The distance along r between
the fin edges is d. It becomes negative in the case of overlap as in Figure 1-1.

-

———--h———- ----- --——’y

72
[}
——p—> | —p—p
—_— S
Figure 1-1: Antipodal finline cross-section.
' The structure in Figure 1-1 can be analysed by using a superposition of LSE (E,=0)
and LSM (H,=0) waves at the operating frequency f. LSE and LSM waves are TE and

TM waves with respect to the y-axis. Once the corresponding longitudinal components
are known, the other field components can be obtained using Maxwell’s equations. The
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goal of the following analysis is to obtain the solution for the field components that will
fulfil all boundary and interface conditions and to obtain the propagation constant in
the z-direction at the operating frequency. In order to eliminate the z-dependence of the
- fields, all field components are Fourier transformed with respected to the z-direction. The
Founer transform of the y-components of the field quantities, E, for the LSM-mode and
Hg for the LSE-mode, are

+o0
Et(asy) = j .E,(t, y) eja.t dz (1)
~ _-:n
Hl(a: !I) = j Hl(zvy) eja: dz (2)

Because the housmg is finite in the :c-d.u‘ectxon, the Fourier variable a becomes discrete:
a =ap = 5%, wheren = ..,,—-1,0,1,2, ..., which implies that E,(a,,,y) and H,(a,.,y) are
the coefficients of two Founer series:

+oo
Bea) =53 Byans) o ®
+o0
Hy(z,y)=0b Z .ﬁ',(an,y) e~ians 4)
Where
+}
By(an) = [ By(ay) o ds
-}
+4
Hy(an,y) = f Hy(z,y) ™" dz
-4
(3) and (4) can be rewritten as
Ey(z,y) e~ibr _ E E,(a., V) e—:(c-:ﬂt) (5)
Hy(z,y) e ¥ = E H(an,y) e-ilanstps) (6)

Equation (5) and (6) suggests that the field in the structure is a superposition of plane
waves, inhomogeneous with respect to the y-direction, and propagating in the (a,z + fz)-
direction. A new co-ordinate system (u,v) such that u points in the direction of



propagation of the wave and v is orthogonal to u can be defined as in Figure 1-2.

u = zcos(f) + zsin(f) = zN: + zN;
v = zcos(f) — zsin(§) = zN; — zN;

where a
n

N, = sin(G) = ﬁ

N2 + N? = cos?(8) + sin®(6) = 1

N; =cos(d) =

and

-r

] SO

’

Figure 1-2: Relationship between (z,y) and (u,v) co-ordinate systems.

(7)
(8)

Note that for each an, 4 points to a different direction in the (z, z)-plane. But for each ay,,
the transformed field depends only on u and y; i.e. 3/3v =0. The LSE (TE-to-y) wave has

components E,,H and H, while the LSM (TM-to-y) wave has components E,,H » and

E,. According to Sechmidt and Itoh [11} the transverse condition can be described by two
transmission line quwnlmt circuits as shown in Figure 1-3. The “voltages” E,, E, and
the “currents” H,, H, in the equxvalent circuits are related through the wave impedances:

-~

Eo; jw 1
Zispi=|=2t| =L = ¥
ui % LSE,i
| Eu i Y 1
Z i == | = - =
LsM;i H,il jweotri Yismy

(9)

(10)



LSE LSM
o -
@ Y @ @ @ @
& - k -~
Jv @0 Jv (o,3) Jo (@7 Ju (G,3)
i % %, LA '!1 Y
e Yna ¥na = Ve, Y
- h R o el D >
T T
Yuym3 rrR=: Yay=3 b b :

Figure 1-3: Transmission line equivalent circuit at transverse resonance.

where

%= yfod + B2 - k2
i € {1 : substrate, 2 : air}
In order to satisfy the boundary condition at the substrate-to-air interface, the
tangential electric field must be continuous and the change in tangential magnetic field

must be equal to the current density in the interface. These conditions are satisfied by
m]ectmg currents of intensities J,(a,.,yl), T, o(@n, ¥2), .(a.,,yl) and J .(an,yg) as shown

in Figure 1-3. In the spectral domain the electric field and the current density are related
through the following formulae:

To(@ny1) = Y11 Bu(an 1) + ViaBo(an 1)

f-(“m n)= i;:‘117."«(‘5'“,3"1) + ?:,ﬁ.(a,., ¥2)

To(an ¥2) = Y3y Eo(an, 1) + P33 Eo(an, v2)

Tu(om,42) = 17:15-(%, n)+ ?;257-(%, va)

or in matrix notation,

~ oy d oy ~

Jo(emy)] [Yu 0 Yu 01 rE(anmn)

{u(aﬂ: yl) - ‘_2 Yll _.2 Y12 % g-(“m yl) (11)
{,(a,,, y2) Y,, O Yo 0O Ev(am yz)

Ju(@n,y2) 0o ¥ o ¥l LEdawys)

Where ?:1 is the driving point admittance at y = y,. 1‘7’;2 is the transfer admittance which
expresses the contribution of the source at y = y; to the current density at y = y;. Other
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Other quantities may be similarly defined. From transmission line theory and Figure 1-3

¥; = Prasacoth(y, )
= Yrum + ?;coth('yxs)

-~
Y =Yrm=——s
! 'Y} + T ragscoth(y,s)
?:1 = ?: + ?;
pe _ Jot) _ ¥y +¥5)(Fisink(y,s) + Francosh(y,s))
12= = = =
Evi,(n1) Yo

Where Eu,,(yl) is the field at y; due to the current density at y,. Because of symmetry:

gt -1 -~ e
Yzz = Yn

17;‘1, ?:2, }7;‘1 and 17:2 are similar to f’:l , i;’i,, 17;1 and ?;2; the difference is that all ¥,
and Y ra; must be changed to Y1z, and Y respectively. Applying equations (7) and
(8) to (11) gives: -

. where

~R -~ ~h o~ ~h e ~h ~e
F(nyn +N3Y;x) NN (Y, ~ Y:1) (N2Y 13 + N?Y ;) N:N:(Y,3 -Y,)
~h o~ ~A ~ ~h o~ ~A ~e

NN:(Yy, - sz) (N3Yy, + NEYL) NyNe(Yyg ~- Y:z) (N3Yp + N2Y),)
~A ~e ~h o~ ~h ~ ~h e

(VYo + MY ) NuNo(Yy - 77) (N2P5, + N2Py) MNP, - 70

~h = ~A ~ ~h o~ ~A ~
.N:N:(Yn‘Y;x) (N3Y21+N3Y;1) N:Nz(yzz“yzz) (nyzz'*‘NgY;z).

~ 1 rell Sl =12 124 e -
Ja(an, %) Y, Y. Y., Y. Ei(an, 1)

Tomm)| 7o 7o P P2 | Eelamu) -
= b 4 12
Js(an,42) ¥ v ¥ ¥ Ei(an, y2) |

521 ~21 ~22 ~22J

_f,(a,.,ya)J LY., Yo, Yoo Yoo -Ez(a“’yz)J

Pl =11 12 12 -
Yu Yz: st Yxs

Sl =11 ~12 ~12
Y:x Y:s Y:: Y::

A1 21 =21 ~22
Y:x Y:: Yu Yx:

&l 21 ~22 32
Y., Y., Y., Y.,
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Because k k
Y=Y fori#j,e=eorh
~k ~k
Y =¥p
Therefore - 1o -
LPE PR 9] (45 G b
~11 ~11 ~12 =12
Iz k44 zz Yz:: _ B E D F
v, v. ¥4 ovh D A B
7. ¥ 75 ¥n] Lo F B El
Where

A= (NIT), + N2FY)
A ~e
B=N.N.(Y,, - Y1)
C = (N3Py, + N2Fy,)
~A -~e
D=NN(Y; - Y1)
E= (Nxzi}:l + Ng?:l)
~A ~
F=(N}Y,+NY3,)
Note that J, ={(an, ¥i), f,(an,y;) and E,(an,y.‘),ﬁg(amyﬁ) are the Fourier transforms
of the unknown current densities on the fins and the unknown fields in the slot; where
i=1 corresponds to y=y; and i=2 corresponds to y=y;. The elements of the Y-matrix
in equation (12) are unknown because they contain the unknown constant B. However
the orthogonal relationship between the electric field components and the current density

components can be used to compute this unknown constant S. Méthematically speaking,
the orthogonal relationship are:

+}
f To(z, y1)Ex(@, ya)dz = 0 (13)
_* ‘

+} .
f J(2,11)E(z, yr)dz = 0 (14)
_..; ' ’
+§
| jJ.(z,yz)E:(z,yz)duo (15)
-4



+4
/ Je(z,12)E;(z,y2)dz = 0
-4

Let R
Eiz,1) =Y ¥ f1i(a)

r=1

S
Ex(z,y1) = Z b :',la(z)

=1

R
E(z,y2) = ) a¥* f1i(z)
r=1

s
Ex(z,y2) = )_ W f1(z)

=]

11

(16)

Where a?!,a¥?, bt and b37 are unknown amplitude coefficients. Both sums must vanish
on the metal surfaces. Therefore it is logical to choose f3(2), fB.(z), f1(z) and f2y(z)

such that they have zero amplitude on the fins, i.e.
Tr(z) = fl(z) =0 -

ar(2) =fl(z)=0 -

in

<z

<z

N o R,
IA
[CTR-T ST RS

Because the structure is symmetrical with respect to the origin, (z,y) =

waves are propagating in the z-direction:
fiu(@) = fl(~2)
.:,’l(z) = f:,ln(—z)

Therefore, the above set of equations can be rewritten as:

R R
Eyzn) =3 arfli(z) = Y arfue(z)
r=1 r=]

8 S
E:(z,y1) = Z b, fI4(z) = z bsfe,0(2)
=]

am]

R R
Ex(z,32) = )" 6 f1(~2) = ¥ arfi p(—2)
rel r=]

S S .
Es(z,92) = )_bufTy(~2) = Y bufen(~2)

s=] =]

(0,0), and the
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Note that the superscript, y;, is omitted from the basis functions and it must be kept in
mind that f:(z) and f; ,(z) will give the correct repressntation of the electric flelds at
y=y: (and y=y3). Since f, (=) and f; ,(z) are real-and-even, their Fourier transforms are
also real-and-even. In the spectral domain the above system of equations becomes:

R
E:(am n)= E a"fx,r(aﬂ) (17)
r=1
s
E‘(aﬂi yl) = 2 blfz,a(aﬂ) (18)
) ';1 _
E:(arn y?) = z a"fx,r(—a")_ (19)
r=1
S
Ei(an,u2) =) b.f. ,(—an) (20)
=1

Substituting these equations into equation (12) gives:

-fx(am yl). FA C D [ 2?-1 a"f:,l‘(a“) ]
Je(amy)| |B E D F Tomt be S o(an)
_ = b 4 - (21)
Js(am yi) C D 4 Ef::l affx,r(—aﬂ)

.:fs(“n:y?). .D F B E| .Zfal b,}';',(—a,,)-

or

R S | R s
Te(an,11) =AY arf lan) + B 5,7, (an) + €Y arfup(—an) + DY b, ,(~an)
r=1 rm]

- am]l =]

R s R S
j:(dm n)= BZ affx,r(aﬂ) + EZ b,f,.,(a,.) + DZ a,.f,',.(—a,,) + Fz b-)?:.a(‘“n)
r=] =l r=] s=]

R S ' R ) 5
j’*(am yﬁ) = CE affz.r(aﬂ) + 'Dz b‘fz.l(aﬂ) + AZ a"-‘f:,r(-aﬂ) + BZ b!fz.l(_an)
r=1 r=]l

=] =]

R S R S
:ff(am )= DZ al‘fx,r(aﬂ) + 'Fz bifz,a(aﬂ) + BZ aff:,r(-aﬂ) + EE b'ft,l(-a")
. r=1 =] r=l =]
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According to Parseval’s theorem:

n=—oo

% voo
b / J(z)f*(z)dz = Y J(aa)f (an) (22)
-4

If the above system of equations is multiplied by its corresponding orthogonal basis, and
the spectral components are summed from n = —o0 to n = +0c0, then the following system
of equations is obtained (i.e. apply equations (13)-(16) to (21) and use Parseval’s theorem

(22)):

R S R S
- 2 PR+ QU+ Y e PR+ Y 5,Q8, =0 (28)
r=1 =1 r=1 =1
R s R S
> e R+ 5,TH + Y aRA+Y BT =0 (24)
r=] =1 =1 =1
R S R S
D PR +Y 0QE, +Y a PR+ 5,Q0% =0 (25)
r=] =1 r=1 =1
R S R )
Y arRU 43 6T +Y o RE + Y 6T =0 (26)cr
r=1 =] r=1 =]

where ' = 1..R, s' =1..5, and

400 _
Ph=4 Y f.o(an)f. (an)

+oo -
3"11 =B E fx,r‘(aﬂ)ft,s(aﬂ)
+oo -
Pry‘:- =C Z fs,r'(aﬂ)f:,r(_a")
-'bo:o - -
3-?. =D Z f x,r’(aﬂ)f 2,0(—an)
+o0
R}'lr =B E }:,a' (aﬂ)f :,r(a'l)

400
T=E Y Fiu@n)fz.(an)

n==00



ForR=2and §=1:

Py
Py
Ry}
PY

21
P, 31

21
-R11

14

+oo
R:’zr =D Z }:.J'(aﬂ)}::,r(_aﬂ)

12
Tn'a

@,
P2
R%.
T

22
R

+oo
=F _Z }:.‘J(au)fz,:(-a“)
+o .
P,?;l,. =C z f,,,-t(—'an).fx,r(aﬂ)
+~:a:° - -
=D ¥ Fr(-an)f:ulea)
+o0
Fe=A Y For(-an)f, (—an)
4o .
=B z fx.r‘(—aﬂ)f:,l(—a“)
too _
=D Z f;.,:(-an)f:,r(aﬂ)
o -
=F E f:,.’(-aﬂ)f:,l(aﬂ)
too .
=B z: f:,a'(—aﬂ)fl-f'(-a“)
‘oo -
=F Z fg,;'(_an)f:,a(_aﬂ)

23
T2

P
RY
P3
P3

R

ot P R QHY ra] qo
iR PR Q| la| o
o ORE R TE| || |o
it r2 Pg qE| |a| |o

21 22 p3
2 Pii Pz? 3? az 0

i R RE TR Llwl Lol
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or

(P + PiE) (Pl +PY) (@1} + Q1)1 r‘O'
(P + ) (PY+PY) (Ql + QU 0
®RE+R RE+RD @] 0] o
R +r (R Em @+en| |7 o
P FBeE @eam| o
(R +RE) (RY+RE) (TR +TH). o,

Because f; .(z) and f;,(z) are real-and-even, their Fourier transforms, f,',.(a,,) and
f z,s(@n) are also real-and-even, i.e.:

Farlan) = F. (@)
Forl=an) =7, .(an)
Fealan) = F. J(an)
Feul=an)=F, ,(an)

Therefore the top-half and the bottom-half of the 6-by-3 matrix are equal, i.e.:
(Pl +P) (P +Pl) (Qi+Qi
(Pt +PY) (PR +P) (Qi+Qid)| =

(Rii + Ri}) (RU+RY) (TR} +1

(PR +PE) (PE+PB) (QU+qQE
(PR +PR) (PH+PB) (QU+QE
(RY +RE) (R +RE) (T8 +1%)
and only one of the above 3-by-3 systems is required for solving £:
(PR+P) (PY+PH) @I+QD7 raq 1o
(PE+PE) (PH+P) @Q+Q) | x |a|=]0 (27)
R+ @B+r®) @emnl lal Lo
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Non-trival solutions of the above system of equations can be found by obtaining the values,
of 8 for which the determinant of the PQRT-matrix is zero. Real values of 3 correspond
to a propagation mode and imaginury values of 8 signify evanescent modes. Once 3 is
obtained, the expansion coefficients in equation (27) can be solved by a standard library
procedure such as Gaussian-elimination. These coefficients are useful in finding the z-
dependence of the field at the fin positions. Because B is known, the field inside the
structure can be found via Maxwell's equations by assuming a suitable variation of the
field components along the  and y-direction.

The characteristic impedance of E-plane structures is application dependent. For
finlines the generally accepted definition is the voltage power impedance:

Z,V,P) = Y-i"'- o8
] ] - 2P (" )
1
Vator = f‘ E:(z’ yllot)d'z ‘ (29)
5

- oo, .
Protat = Re j ] (E.H: — E,H?)dydz = j (B.H,-E,B)ay  (30)
FJ -+

ﬁhe:e Vitot is the voltage calculated along the shortest distance between the fin edges and
Piotat is the total power carried by the structure.

Unilateral and bilateral finlines are more often used in general applications;
antipodal finline is seldom used. Hence, only programs computing the effective dielectric

constant and voltage-power impedance of unilateral and bilateral finlines have been
implemented in this CAD procedure.
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CHAPTER 2 Field-Theory Based Lookup Tables
“
———————————————————————————

A: Generation and Manipulation

The previous chapter indicates that the effective dielectric constant and effective
characteristic impedance of finline must be found by some means before the proposed
discontinuity models can be ultilized. Field-theory based numerical programs such as
Finite Element Method—FEM, Transmssion Line Matrix—TLM and Spectral Domain
Methods—SDM are suitable for this purpose. However, combining these numerical
programs directly with the discontinuity models is not a suitable implementation for
computer aided design application because even the fastest field-theorictal tool is too
slow for CAD purposes. This is because optimization relies on a repeated analysis of
a circuit model for a large number of frequency points. A good alternative is to generate
lookup tables. One attractive advantage of this alternative is that it is not associated
with a specific table generation method. The only requirement is that the lookup table
conform to a prescribed format. Another advantage is that the lookup tables need only be
calcwlated once. Thus very “fast” E-plane circuit models can be realized. In this thesis,
an accelerated Spectral Domain program [5), which is one order of magnitude faster than
a regular SDM program, has been chosen to generate lookup tables of €, and Z .y for
finlines. However, any other numerical technique may be used for this purpose,

A suitable lookup table format must be determined before implementing table
generation programs; a lookup table of the smallest possible <Jimension is the goal.
Figure 1-1(a) shows the physical parameters of an unilateral finline structure: the inner
dimensions of the waveguide housing (a, ), substrate thickness and permittivity (s, €,),
lateral position of the fin (h) and gapwidth (d). Another parameter needed to be considered
is frequency (f). Obviously, the parameters to be varied most frequently during analysis
and optimization are the gapwidth and frequency. The remaining parameters are usually
fixed in advance and are not modified during a typical phase of the design procedure.
Therefore, a two-dimensional lookup table, which has gapwidth and frequency as the
variable parameters, is a suitable choice for most applications.

Lookup table generation programs for unilateral and bilateral finlines ( UniFastS
and FiFastS) have been developed by using the accelerated Spectral Domain method (see
Appedix A). These programs are very user-friendly. They can generate lookup tables of size
m-by-n, where m, n € [2,11] inclusively. An input menu of BiFastS is shown in Figure 2A-
1. Lookup tables of size 11-by-11 (see Table Bl in Appendix B) can be generated in less
than two minutes by running these programs under a 16-MHz clock rate Intel-80386 (with
coprocessor 80287) based personal computer.

Lookup tables are just an array of numbers which are only useful as a basis for
cemputations. It is important to ensure that €y and Zy are well behaved in the chosen
frequency and gapwidth range befare the lookup tables are used for CAD application. The .
best way to do this is to depict the lookup tables graphically. A three-dimensional graphic
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program (§D-Graf) has been wriiten for this purpose (see Appendix C). A screen output
of this program is shown in Figure 2A-2. This program allows the graphical image of the
lookup tables to be viewed at various orientations. The size and orientation of the picture
can be changed interactively within seconds. This allows the user to inspect the physical
behaviour of €.¢y and Z.g effectively.

= . . . Ottawa U

il Bilateral Finline Analysis |@8-16-8§

== 11:44:5¢
Single basis function
accelexrated SDA:
dimensions - mm
frequency - GHz
varl:f # _yoints:ii
var2:id #_rvoints: 11

a = 7.1E+8Ea@ f starnt: 2.5E+00881

b = 3.6E+B3806 f end ! 4,.8E+GBG1

Er= 2.2E+BB00 d start.: 3.,8E-88861

s = 2.95E-8681 d end :7?

Figure 2A-1: An input menu of a table generation program — BiFastS. The question
mark is an input prompt indicator. See Appendix A for more details, '

== Ot tawa
=== 3D-Graf ' 193—16~
~'L re 11:59;

Xs: 1.@
¥Ys: 1.2
4s: 0.7
Toggle
Quit
Fx32.50
Dyl .928 i

2e££f2403.4, F:GHz, D:mwm, Eeff=0.812
Figure 2A-2: A screen output of $D-Grsf. Thisis a graphical image of Z. versus f and
d, which is given by Table Bl in Appendix B. In this graph, the z-axis respresents f, the
y-axis respresents d and the z-axis represents Z,;. See Appendix C for more details about
this graphic program.
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B: Data Interpolation

Two dimensional interpolations must be performed in order to extract information
from the lookup tables. Clearly, the accuracy of the results is directly related to the size
of the lookup tables and the method of interpolation. By using the proper interpolation
functions, the size of the lookup table can be reduced to a minirnum without sacrificing
the accuracy of the results. Hence it is important to explore the physical behaviour of the
effective dielectric constant, €.y, and the effective characteristic impedance, ey, of the
transmission medium.

Meier (6] has shown that the effective dielectric constant and the characteristic
impedance of finline can be approximately expressed as follows:

€y % ke — (A—':)z 1)

Bgp o 2o Z"zz;‘z(k,— 2 2) @)

where Z, is the voltage-power impedance. k. is the so-called equivalent permittivity to
be determined by a test measurement. A better approximation is obtained by assuming
that k. is frequency dependent:

ke = keo + kelf (3)
so that in the most general form, €4y and Z,jy are very closely emulated by the expression:

y=A+Bf+Cf? (4)

where y stands for €, or Z 'f. A, B and C are unknown coefficients to be determined
by using the lockup tables. Since three coefficients are present in formula (4), three data
points are required to determine the coefficients. The system of equations required to be
solved at a given gapwidth is:

n=A+Bfi+Cf?
Y2 = A+Bf-.-+Cf,“"'
vs=A+Bfs+Cf;?

Using elimination the and back-substitution technique (Appendix D),

C= ka(y: — yz)k: ka(y1 —y3) (5)

p=1= yzs— Ck, ()

A=y -Bfi -Chk | (M




where
k= 1_'2
k2=fi—fs
ks=fi-f
k4=k1—' 2—2

ks = koky = ky(ky — £772)

Note that k;, k2, k3, k¢ and ks are functions of f1, f2 and f; only; they do not depend on
frequency, £, nor on gapwidth, d. They can be stored with the lookup tables, and equations
(4) to (7) can be applied directly to determine the corresponding €.y and Zy, at various
frequency points. This analysis shows that only three frequency points are required for
each gapwidth.

The dependence of €.¢y and Z.4 on the gapwidth is more tomplicated. If parabolas
are used to perform interpolation with respect to gapwidth then lookup tables of size
3-by-3 would be sufficient. Figure 2B-1 depicts a possible interpolation scheme. Because
€y and Zg are ususlly quite insensitive to frequency [2], interpolation is first performed
with respect to frequency, then with respect to gapwidth. The interpolation procedure is:

(I} Apply equations (4) to (7) three times at three different gapwidths, d, to determinc;.
Ya, ¥4 and y..

(I} Use yq,ys and y. with a parabolic interpolation method to determine Yo-

g original data points @10 wd O
interpolated by using equations (4) to 's
o imapoluedgmin:p?mbohmd.'s

Figure 2B-1: An interpolation scheme which uses a lookup table of size 3-by-3.
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The 3-by-3 interpolation scheme described in Figure 2B-1 is very attractive because
it allows the size of the lookup table to be as small as 3-by-3. A question to be
asked is:“How accurate is this interpolation scheme?”. A method of comparison must
be established before this question can be answered.

One feasible method is to construct a 3-by-3 tablet by extracting nine data points
from an accurate 11-by-11 table. Then reconstruct an 11-by-11 lookup table by using the
3-by-3 table and the 3-by-3 interpolation scheme in Figure 2B-1. If table A= (aij] is the
accurate table and table R= [r;;] is the reconstructed table then an error table E= [ei5]
can be constructed as follows:

eij = ZLTij =1-4  ie{1,23,...,11}

The infinity norm and maximum norm of E are:

[Bleo = z leis]
|E|max = max{|e;|}

These two norms are measurements of the sccuracy of this 3-by-3 interpolation method.
The content of E can be displayed by using $D-Graf such a graphical image of E can
reveal the quality of this interpolation method effectively.

The sequence of diagrams in Figure 2B-2 illustrates this idea graphically. The
11-by-11 tables in Figure 2B-2(a) are generated by using UniFastS. Figure 2B-2(b) shows
two 3-by-3 tables extracted from the corresponding 11-by-11 tables. Using array index
notation, the (f,d) pairs correspondence between these two pairs of lookup tables are
shown in Table 2B-1. Applying the 3-by-3 interpolation scheme in Figure 2B-1, some 5, 7]
entries can be reconstructed by using entries ({1, 7),16,31,(11,5]) and physically realistic
functions, i.e. equation (4) to (7), where i € {2,3,4,5,7,8,9,10} and j € {1,6,11}. The
remaining (i, j] entries can be reconstructed by using ([3, 1], [¢, 6], [§,11]) and parabolas,
where { € {1,2,3,--,11} and j € {2,3,4,5,7,8, 9,10}. A program called Intpol8$ that
can perform this reconstruction is given in Listing Fl in Appendix E. The tables that are
reconstructed from the 3-by-3 tables in Figure 2B-2(b) are shown in Figure 2B-2(c).

sine index
Iby-11 | 11 1,6 1,11 62 66 611 11 116 11,11
$by-3 | 11 12 13 21 ¢ 2,2 23 31 3.2 33

Table 2B-1: The node number correspondence between Figures 2B-2(a) and (b).

t Note that a lookup table consists of two tables €4y versus (f,d) and quvf versus
(£,4d).



[~
[ &]

(a): Two 11-by-11 tables. The left table represents €y (z-axis) versus f (z-axis) and
d (y-axis) while the right table shows Z; versus f and d.

X~

(b): Two 3-by-3 tables extracted from the 11-by-11 tables in (a).

Figure 2B-2: A sequence of diagrams which illustrate the error introduced by the 3-by-3
interpolation scheme in Figure 2B-1. '
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(¢): Two 11-by-11 tables that are reconstructed by using the 3~by-3 tables in (b) and
the 3-by-3 interpolation scheme in Figure 2B-1.

Ee I = 0.99303 .
E¢ gy lmar = 0.02988 BZa B2l = 061736
Igzwlmc = 0.02625

(d): E¢ o 2d Ez - Note that the dotted values have small error because they

are reconstructed by using physically realistic functions. These graphs show that

interpolations with respect to gapwidth are not accurate due to the use of parabolic
function.

Figure 2B-2 (cont’): A sequence of diagrams which illustrates the error introduced by
the 3-by-3 interpolation scheme in Figure 2B-1. .
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Two error tables E¢ of and E» oy 2T computed by a simple program called Error,

which is given in Listing E3 in Appendix E. The contents of these error tables are depicted

. in Figure 2B-2(d). Note that the dotted values have relatively small errors, less than 0.05
percent. This is expected because these points are generated by using physically realistic
functions. Another expected behaviour is that the errors are large in the regions close to
cutoff frequency and small gapwidth. The infinity norms and maximum norms of Ee,,_,
and By 4¢ 8re not small enough for practical design requirements.

Figure 2B-2(d) shows that the large error of the previous interpolation scheme is
mainly due to the poor performance of the parabolic functions which are applied to carry
out the interpolation with respect to gapwidth. This suggests that either higher-order
polynomials or denser lookup tables are needed. Using higher-order polynomials implies
slower program execution speed; this is not desirable in CAD application. Therefore,
the latter alternative is preferable. A possible scheme is to use eleven data points
and linear interpolation to determine the €.y and Zegr at various gapwidth. This 3-
by-11 interpolation scheme is an alternative to the previous method; it uses eleven
gapwidth points rather than three and uses linear interpolation rather than parabolic
interpolation (see Listing E2 in Appendix E). The error norms obtained by applying
these two interpolation methods to unilateral and bilateral finlines in WR22 and WR28
waveguides are shown in Table 2B-2. The result shows that this 3-by~11 interpolation
scheme is much more accurate than the 3-by~3 interpolation scheme discussed previoualy.

Table 2B-2 shows that for unilateral and bilateral finlines the 3-by-11 interpolation
scheme is sufficiently accurate for most practical purpose. However for other transmission
media that do not behave like unilateral and bilateral finlines, such as antipodal finlines,
this 3-by-11 interpolation scheme might fail. Hence it is necessary to have a general
interpolation scheme in the system to handle this type of problem. Since UniFasiS and
BiFastS can generate tables of size up to 11-by-11 (in general m-by-n), it is convenient
to choose lookup tables of size 11-by-11 and use linear interpolation with respect to both
frequency and gapwidth.

3-by-3 Scheme 3-by-11 Scheme
norm)  WR Infinicy maximem nom{ WR infinley naxines
221 161174 0.04351 221 000191 0.00011
w| 22 203550 0.05419 wi{ 222 000126 0.00004
W | 281 099303 0.02986 W 281  0.00489 0.00015
282 159536 0.04364 282 000353 0.00013
221 063589 0.02315 21 002376 0.00393
h? 222 085385 0.03603 h’ 22 001162 0.00037
281 061736 0.02625 281 001432 0.00059
282 067214 0.02337 282 001419 0.00059

Table 2B-2: Comparison of error norms which are obtained by using two different
interpolation schemes. Note that WR221, WR222, WR281 and WR282 mean unilateral
and bilateral finlines in WR22 and WR28 waveguides (See Section D for more details about
the naming convention.).
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C: Data Compression

The lookup tables in Appendix C are designed to be readable. Many unnecessary
characters are added into the text files to make them look good, at least to human readers,
These lookup tables require a large amount of memory. On the other hand, if the lookup
tables are stored in a binary format with all the unnecessary characters removed, only
one-tenth of the memory is needed. Since the amount of main memory is usually limited,
it is better} to compress the tables into a binary format while they are in the main memory.
In addition to reducing memory usage, binary file format increases the input-output speed
by eliminating the decoding procedure which is required to convert ASCII characters to
floating point numbers. Therefore, two programs (Make-Ref and Make-911) are written to
perform data compression for the 11~by-11 and 3-by-11 lookup tables (see Appendix F).

D: Naming Convention

Meaningful filenames are used to name the lookup tables so that important
information about the lookup tables can easily be found by reading the filenames. The
naming convention of waveguide is modified to name these lookup tables so that the
waveguide dimension, table size as well as the finline type are stated clearly in the filenames.
This convention is summarized in Table 2D-1:

Lookup Tables File Name Convention
Format Size Convention Nots
3by-11 |WRmm311Dat |recommended
Text 11-by-11 ‘WRmnt.Dat recommended
3by-11 | WRantA312 toquired
Binary

11.by-11 ‘WRmnt Rod Toqitired
mn: waveguide number; 22, 28 etc.

t: finline type; 1 for unilateral, 2 for bilateral.
recommended: it is not necessary to use this convention.

required: TsiFin, a CAD program to be introduced in Chapterd
(Appendix I), uses this convention to access lookup tables.

Table 2D-1: Lookup table naming convention,

t This compression step is necessary in order to integrate these lookup tables with
Touchstone™ Senior. It is due to the static memory limitation of Microsoft Pascal and the
640K memory limitation of DOS.
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CHAP TER 3 Implementation of E-Plane Circuit Elements
e L

Two-port and one-port E-plane circuit elements have been implemented using the
aforementioned discontinuity models and lookup tables. The two-port elements are the

straight finline section, shunt junction, and step junction. The one-port element is a
perfect matching load.

(I) Finline Section and Its Equivalent Model

1 —
O

Q4

Eed. f) Z,4, f)

Y i >

Figure 3-1: A finline line section and its equivalent model.

The S-matrix of a line section of length /, impedance Z and reference impedance Z,

is, [7):
S= _1_ (23 - 23)Sh 222, .
- D, 2Z2Z, (23 - 22)Sh
where '
D, =222,Ch+(2? + Z})Sh
Sh = sinh(l)
Ch = coeh(l)
For finline:
Z = Z¢J'J"
Y = aegr + jBeyr
2x
b= 2L /g

€¢fr and Zys are found by using lookup tables. .y is the attenuation para:.ﬁeter anditisa
function of gapwidth and frequency. However, it can be assumed zero in most applications.
For the cases where the loes cannot be neglected, a table can be generated for agy.
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(II) Shunt Junction and Its Equivalent Model
‘—11—. -l 3 — "—ll_’ ‘—l 3 =

\
..A §._ ¢

Figure 3-2: Shunt junction and its equivalent model{3].
The ABCD-matrix of a shunt admittance ¥ = —jB is

R R B

The ABCD-matrix of a transmission line section of length { and impedance Z is

- 24! +—

A B _| Ch Z8Sh
C D 2z “|Z/Sh Ch
where :
Ch = cosh(+l)
Sh = sinh(+l)
Z and + are given in model (I).
The ABCD-matrix of the equivalent model is
[A B] _[AB X'A B] xAB]
¢ D model ¢C D Z,(h+AD ¢ D ashunt ¢ D Z,(la4-Al)

The S-matrix of the shutt junction can be found by using the ABCD-to-S transformation
formulas, [7]:
Syy = A2z + B — CZy 2oz — DZn

N AZe+ B+ CZ01 203 + D2y,

8, = — XAD = BC)ZnT
A2y +B+CZy 20+ D2y,

Y~

" AZy3+B+CZnZy; + D2y
Sy = —AZo3 + B = CZ1 22 + DZo

AZy; + B+ CZ01Zy; + D2y,

Where Z;, and Z;; are reference impedances, usually 50Q, in port 1 and port 2
respectively.
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(III) Step Junction and Its Equivalent Model

*— —e X ]

% Fa? F.\
- - v—

[+]

Figure 3-3: Step junction and its equivalent model[3].
The ABCD-matrix of a series impedance Z = ;X is
A B _[1 2] _ |t jX
CDurianOI_o 1

The ABCD-matrix of the step junction is

[A B] =AB] X[A B] X[A B]
¢ D atep ¢ D 2y,lh Cc D series cC D Zy,l3

The S-matrix of the step junction can be found by using the transformation formulas
given on the previous page.

(IV) A Wideband Matching Load

M

Figure 3-4: A wideband matching load

The S-matrix of this one-port element is just I':

r=241=%
Zgr + 2o

Where Z, is the reference impedance.
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The above circuit elements were integrated with Touchstone™ Senior, see Listing G1
in Appendix G. The calling syntax for these elements are given in Appendix K. Their model
names are shown in Figure 3-5:

UIPA U2PA

Figure 3-5: Model names of the implemented finline circuit elements,

Two interpolation schemes are implemented to obtain €yr and Zg which are
required by the circuit elements. The first scheme is a 3-by-11 interpolation method
which is based on physically realistic functions interpolated with respect to frequency,
linear interpolation with respect to gapwidth and lookup table of size 3-by-11. The second
scheme is an 11-by-11 interpolation method which is based on linear interpolation with
respect to both frequency and gapwidth and lockup tables of size 11-by-11. In unilateral
and bilateral finline cases, these two schemes give the same } results. However tha second
scheme is a more general method and is useful for other more complicated transmission
media that do not have the same dispersion characteristics as unilateral and bilateral
finlines.

} Within one tenth of a percent difference, see Chapter 6.



30

CHAPTER 4 E-Plane Circuit CAD Procedure
“

A number of programs are introduced in Chapter 2. They are UniFastS, BiFastS,
§D-Graf, Make-311 and Make-Red. UniFastS and BiFastS are table generation programs
for unilateral and bilateral finlines. $D-Graf, a 3-dimensional graphic program, was
developed to display the contents of the lookup tables generated by UniFast$ and BiFasts.
Make-311 and Make-Re{ are table compression programs which can be used to compress
a text format lookup table to a IEEE 4-byte real number format lookup table so that
commercially available CAD software can use these tables more efficiently. A naming
convention for the lookup tables is given at the end of Chapter 2. This naming convention
is aimed to help recall the basic information of the lookup tables.

A number of E-plage circuit elements were developed in Chapter 3. These circuit
elements are based on the discontinuity models in Chapter 0 and the lookup tables
presented in Chapter 2. These circuit elements are integrated with Touchstone™ Senjor
in order to take full advantage of this software. The implemented E-plane elements are
UIPA, U2PA, U2PB and U2PC, which are summarized in Figure 3A-5. .

The first step in designing finline circuit components is to choose the inner
dimensions of the waveguide housing (a, 3), the substrate thickness and permittivity (s, €,)
and the metalization distance from the waveguide wall (h); see Figure 0-1(a). The next
step is to determine the operating frequency range and the allowed range of gapwidth
variation. Once these parameters are known, lookup tables} can be generated by using
UniFastS or BiFastS. The contents of these lookup tables could be inspected so that it
can be ensured that €.y and Z.s are well behaved in the chosen frequency and gapwidth
range. This can be done easily by using $D-Graf. If €y and Zyy are not well behavedt, the
lower bound of the frequency range or the gapwidth range (or both) should be increased.
This iterative process should be repeated until well-behaved lookup tables are obtained;
see Figure 4-1. |

The text format lookup tables must be compressed to a binary format before they
can be used by the E-plane circuit elements. If the size of the lookup tables are 3-by-11
then Make-311 can be used to compress the tables. If the size is 11~-by-11 then Make-Rej
can be used. if the lookup tables are not of the correct size, they cannot be used in this
CAD procedure.

TheaboveltepearemmmaﬁzedinthetoppartdtheﬂowgraphinFigum‘l-l.
The binary format lookup tables can be used together with the E-plane circuit elements
to design E-plane circuit components under the Touchstone™ environment; see the bottom

t The size of the lookup tables must be either 3-by-11 or 11-by-11. The first sweeping
variable must be frequency and the second one must be gapwidth. |

t €yy and Zyy are highly nonlinear at the region where frequency is close to cut-off
and gapwidth is very small.
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part of the flow graph in Figure 4-1. The calling syntax for these elements and the way to
associate these elements with a particular lookup table are given in Appendix H.

A design example is given in Appendix I. This example illustrates all the capabilities
of this new CAD procedure, from lookup table generation to circuit optimization. It also
demonstrates the usefulness of the flow graph in Figure 4-1.

UniFastS

BiFaut8 O *

Table Inspection. ... ea

Figure 4-1: A flow graph for the novel CAD procedure.
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CHAPTER 5 Computer-Simulated Results

and Experimental Results

“-

A new CAD procedure for E-plane circuits has been presented in the previous
chapter. This chapter is devoted to the analysis and optimization of finline circuit
components by using this new CAD procedure. The components to be dealt with are
two-step Chebyshev transformers, tapers and bandpass filters. Comparisons between
simulated results, theoretical results and experimental results are also presented wherever
appropriate. All the Touchstone™ circuit and output files used in this chapter are found
in Appendix J.

A: Two-Step Chebyshev Transformers

A complete analysis of the Chebyshev transformer is given by Collin, pp.229-233
in [8]. For a two-step transformer having & maximum reflection coefficient A, over the
passband, the impedance of the two quarter-wave line-sections in Figure 5A-1 can be found
approximately by following an example in [8), pp.232-233. For Zs = 200 Q,2, =400Q
and g, =0.01 (i.e. —~40dB); the second-order Chebyshev polynomial Ty(secd) is:

2L —-2g 100
T 8 )=2sec?§ —1= =
2(secd, ) =2sec’ §, Zi + 2o 3

which gives
secf, = 4.143
4= %g, sec? 6, = 0.08583
A = pa(sec? 8, — 1) =0.1617
Z=1tRz 93760
1-p
_1+p _
Zy = l—gzl = 329.202
P
[
L O O
z,® 2z, z,

Figure 5A-1: A two-step Chebyshev transformer and jts reflection characteristic.
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If the calculated impedance values are entered into Touchstone™ by using an ideal
transmission line model (see Listing J4 in Appendix J) the response in Figure 5A-2(a)
wouid be obtained. The graph shows that p., is greater than —40dB. This is expected
because the previous solution is only an approximation. Figure 5A-2(b) depicts an
optimized result. The impedance values are Z;=239.00Q and Z,=334.59Q which are close,
within two percent, to the original approximationas.

g oot
TLINTRAN
3 Qooe
=30.99
\ . X {
-80.00
23.00 2.3 FREQ-6MT 49.00

(a): Return loss before optimization.

@ winy
TLINTRAN

*\.\
F'L‘\ /

/

000 \ 7{ \* .-"{

5.00 n..m FREQ-gm] 40.00

(b): Return loss after optimization.

Figure 5A-2: Return loss characteristics of a two-step Chebyshev transformer which is
implemented by using ideal transmission lines.
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In practice the transformer must be implemented by using a non-ideal transmission
medium such as finline. One straightforward method to realize such a finline transformer
is to find the gapwidth and physical length of each finline section so that at the center
frequency, the impedance and the electrical length of each finline section are equivalent to
their ideal transmission line counterparts. Assuming that it is required to implement this
transformer using unilateral finline in WR28 waveguide, Table 5A-1 can be used to find
the gapwidth and physical length of the two finline sections.

At Z=2390Q

d= dl + (dg dl) X Z ZI = 0.6505 mm
2=
AR Z
€gr = €1+ (€2 €1) x 3 —le = 1.0536
A ¢
—_— = 2.2834 mm
4 4y
where
¢=3x 10" mm/sec
f=325GHz
At Z =334.60Q
Z -2
d=dy+ (d.| da) X =——— = 1.3356 mm
Z -2Z3
Z—Zs
€gr =€3+ (€4 — €3 x Ty 0.9041
:\1 = c = 2.4649 mm
4 Af g T

This result is summarized in Table 5A-2.

# d mm €.yr Zegy Q2

0.62580 1.05799 235.30052
0.95120 0.97794 283.72473
1.27680 0.91387 327.40797
1.60240 0.85959 307.24743

W N

Table 5A-1: €4 and Z.4 versus d at f=32.5GHz. The data are extracted from Table Bl
in Appendix B.

Parameters Section 1 Section 2

gapwidth mm 0.6505 1.3356
length mm 2.28M 24649

Tabie 5A-2: The gapwidths and physical lengths of a two-step finline transformer.
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There are two ways to simulate the transformer by using the dimensions in
Table 5A-2. One method is to cascade two finline line-sections, U2PA elements, together
without considering the step discontinuity effect. A better method is to use an U2PC
element which can take into account the discontinuity effect. The circuit files of these two
implementations are given in Appendix J, Listing J5 and J6. The simulation results are
depicted in Figure 5A-3.

m Dalsitl
UPATRAN
9.c000 ,
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Zzz [ w =
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\ ,r' \E\\B/
“‘ !
~80.00 {
23.00 1.3 REQ-an2 40,00
(a): Return loss of a finline transformer generated by using two U2PA elements with
dimensions in Table 5A-2.
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(b): Return loss of a finline transformer generated by using an U2PC element with
dimensions in Table 5A-2.

Figure 5A-3: Return loss curves of two finline transformers generated by using two
different circuit elements.
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Figure 5A-3 shows that the dispersion and step discontinuity effects of finline degrade
the overall response of the transformer. The dimensicas of the two transformers can be
optimized to keep p_ less than —40 dB over a frequency band which is centered at 32.5GHz
and has a maximum possible bandwidth. The optimized results acz shown in Figure 5A-4.

co (s3]
U2PATRAN

.
£.0000 I I

Smm— Copiam|  Lange e

e | m
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o f"\-///
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40,00

23.00 .3 ) FREQ-OME 40.00

(a): Optimized dimensions and return loss of a finline transformer which is implemented
by using two U2PA elements.
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5.0 12,30 FRER=-8MT 40.00
(b): Optimized dimensions and return loss of a finline transformer which is implemented
by using an U2PC element.

Figure 5A-4: Return loes characteristics and dimensions of two finline transformers which
are implemented by using two different circuit elements.
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Figure 5A-5 depicts the response of all three transformers. For the purpose of
comparison, Figure 5A-5(a) combines Figures 5A-2(b) and 5A-3 while Figure 5A-3(b)
combines Figures 5A-2(b) and 5A-4. These comparisons show that the dispersion and
step discontinuity effect of finline cannot be neglected. Figure 5A-5(b) shows that the
Chebyshev type response can be realized by using finline elements, but the bandwidth is
only about 68% of its ideal transmission line model counterpart. These effects can hardly
be demonstrated without using this CAD procedure.

@ 08[s1] + OBi¥LL) e J8iS1y;
L INTRAN UPATALN J2PCTRAN
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(a): Comparison between Figures 5A-2(b) and 5A-3. The nonideal effects of finline
degrade the overall response of the transformer.
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(b): Comparison between Figures 5A-2(b) and 5A-4. The bandwidth of the finline
transformers are approximately 68% of the ideal transmission line implementation.,

Figure 8A-5: Comparison of return loss characteristics among transformers which are
implemented by using different circuit elements.
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B: Tapers

The bandwidths of the two finline transformers in the previous section are
approximately one half of the WR28 waveguide frequency band. Bandwidth can be
' increased with the use of a taper. Since there are no closed-form expressions available for
optimal finline taper design, one feasible way to simulate a taper is by step approximation.

This is done by cascading a large number of finline line sections and keeping the overall
length fixed at the same time.

The required length of a Chebyshev taper of maximum acceptable ripple g
implemented by using a non-dispersive transmission medium is given by Collin, pp. 248-

251 in [8]:
in [8] L lcoah_l(ln(ZL/zs))
B 2p.

_ ¢ 1/ In(2L/2Z5s)
szfocoeh ( 2p,

where ¢ = 3 x 10" mm/sec for €, = 1. 2g,2Z;,L and P are defined in Figure 5B-1.

AT
Z_ ¢ l zZ,

- ’b

Figure SB-1: A taper profile and Chebyshev response
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In practice, matching is only required over a certain frequency band. Therefore, the
number of steps can be quite small. It would be of engineering interest to find out the
minimum number of steps which are needed to achieve a matching requirement at a given
taper length. A typical practical problem is to match Zg = 200 and Z L = 400 over
the whole WR28 waveguide band (26.5 to 40 GHz) with a minimum return loss of 40 dB,
ie. g, <0.01. The minimum length, L;, of a taper implemented by idea! transmission
lines with €, =1 is:

Lomin = m——— cosh™! (M) = 7.636 mm
21l'f° 2Pm

That is, if the number of steps is infinitely large and the medium is non-dispersive with
€ = 1, the length of the taper would be 7.636 mm. Since finlineisa dispersive medium, and
the goal here is to use the minimum number of steps due to limited computing resourcest;
L =10mm = 1.30 X L,;, is chosen as the required taper length. The problem to be
solved is to find the minimum number of steps, the gapwidth and length of each step
of a taper such that 5, < 0.01 over the frequency band of 26.5 to 40 GHz given that
Zs = 2009, Zr = 4009 and L = 10mm. The following sequence of diagrams depicts
the simulation results of four step-tapers (2-step, 3-step, 4-step and 5-step) which are
obtained by using this novel CAD procedure. The corresponding circuit files are given in
Appendix J, Listings J7 to J14.

Figures 5B-2 and 5B-3 show that the 2-step and 3-step profile cannot achieve the
specified reflection requirement. Figure 5B-4 shows that the 4-step profile can meet the
requirement but it gives little or no error margin. The 5-step profile in Figure 5B-5 gives
a very satisfactory response, Therefore no mare than five steps are necessary unless either
larger bandwidth or a better reflection characteristic is needed. -

It is not straightforward to optimize circuit components that contain a large number
of variables}. Listings J7 to J18 in Appendix J all have the same optimization constraints.
The constraints and reasons (if present) are:

(1) The taper length must be 10 mm.

(2) The reflection must be less than —40dB over the frequency band of 26.5 to 40 GHz.

(3) The profile must be monotonically increasing — this can speed up the optimization
process by eliminating a class of unrealistic proiiles.

(4) The minimum gapwidth is 0.3 mm — The lower limit of the lookup table is 0.3 mm.
Indeed the smallest gapwidth that gives Zegr = 2009 is 0.3915mm at 25 GHz. At
other frequency points the gapwidth must be larger in order to have Z.; = 200Q.

(5) The maximum gapwidth is 2.00 mm — The largest gapwidth that gives Zyr =400Q
is 1.973mm at 40 GHz. At other frequency points the gapwidth must be smaller in
order to have Z4 = 400Q. '

Only constraints 1 and 2 must be included in the circuit file. The remaining
constraints are helpful only when the number of steps is large.

t The computation time required to optimize a taper geometry increases exponentially
with the number of steps.
} The 5-step taper in Figure 5B-5 has 10 varjables.




10

os(st1] 4 DB{s1y)
UZPATPRX uzeCTPRXY g
0.0000 I | I I I

Sampns Oup Lmse)  Langet (mam)

N
i

!

25.00 32.%0 FREG-8H2 40.00

(a): Taper dimensions and return loss from U2PATP2X.CKT and U2PCTP2X.CKT.
The step discontinuity effect can be seen clearly.
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(b): Taper dimensions and return loss from U2PCTP2X.OPT. The dimensions are very
close to that in (a). .

Figure 5B-2: Dimensions, profile and return loes of three tapers implemented by using
2-step approximations. -
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(a): Taper dimensions and return loss from U2PATP3X.CKT and U2PCTP3X.CKT.
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(b): Taper dimensions and return loss from U2PCTP3X.OPT.

Figure 5B-3: Dimensions, profile and return loss of three tapers implemented by using
3-step approximations.
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(a): Taper dimensions and return loss from U2PATP4X.CKT and U2PCTP4X.CKT.
U2PATP4X meets the return loss specification but there islittle or no error margin.
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(b): Taper dimensions and return loss from U2PCTP4X.OPT.

Figure 5B-4: Dimensions, profile and return loss of three tapers implemented by using
4-step approximations.
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(a): Taper dimensions and return loss from U2PATP5X.CKT and U2PCTPSX. CKT.
U2PATP5X meets the return loss requirment with 1 dB error margin.
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(b): Taper dimensions and return loss from U2PCTP5X.OPT.

Figure 5B-5: Dimensions,

profile and return loss of three tapers implemented By using
5-step approximations.



C: Bandpass Filters

Bandpass filters are important circuit components. In a finline environment, they
can be realized by using shunting strips. The gapwidth, distance between strips, width
of each strip and the number of strips are some important factors that affect the filter

characteristics. This section is devoted to comparing computer-simulated results with
experimental results,

The filter geometry and dimensions given in Table 5C-1 were provided by the
Communications Research Center in Ottawa. These two filters were designed by using
empirical methods. The measurement results are shown in Figures 5C-2 to 5C-5 together
with the computer-simulated results. The circuit files that described these two filters are
given in Appendix J, Listing J19 and J20. Note that element U1PA is used in these circuit

files to simulate an input impedance that is similar to that of an ideal taper with a fixed
resistive load at one end.

Parameters Filter 1 Filter 2

wy 0.1016 mm | 0.03048 mm
wy 0.8890 mm | 0.79502 mm
h 3.4038 mm 4.3840 mm
I 3.4798 mm 4.5466 mm
a 5.588 mm 7.112 mm
b 2.784 mm 3.566 mm
d 0.381 mm 0.508 mm
3 0.128 mm 0.254 mm
h 2.7%4 mm 3.556 mm

€. 2.22 2.22

Figure 5C-1: Filter geometry and dimensions.
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Figure 5C-2: Return loss of filter-1. The curve CRCF1S2P is obtained from measurement
and FilterlA is computer-simulated.
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Figure 5C-3: Insertion loss of filter-1. The curve CRCF1S2P is obtained from
measurement and FilterlA is computer-simulated.
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Figure 5C-4: Return loss of filter-2, The curve CRCF252P is obtained from measurement -
and Filter2A is computer-simulated.
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Figure 5C-5: Insertin loss of filter-2. The curve CRCF2S2P is obtained from
measurement and Filter2A is computer-simulated.
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Figures 5C-2 to 5C-5 show that the CAD results are similar to the experimental
results. The CAD results have approximately 1 GHz up shift in frequency. The reflection
at the lower pass band is also large in comparison to the reflection at the upper pass band.
This suggests that the shunt discontinuity element, U2PB, does not model the discontinuity
effect accurately enough. Indeed, the shunt discontinuity model is not accurate for small
strip widthsf. Both filters simulated in this section have two very narrow stubs at the two
ends; this is a major source of error. The next source of error is that higher order mode
interactions are not accounted for by the shunt model or by this CAD procedure.

} See Chapter 7: Limitations of this CAD Procedure.
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CHAPTER 6 Comparison of CAD Results Obtined by Using
3-by-11 and 11-by-11 Lookup Tables

As mentioned in Chapter 3, two different interpolation schemes which are based on
3-by-11 and 11-by-11 lookup tables have been implemented in this novel CAD procedure.
Some results from these two interpolation methods are compared in Figure 6-1 to 6-3. The
curves labelled “A311” are generated by using 3-by-11 lookup tables and the proposed
new interpolation method, while the curves labelled “DAT" are generated by 11-by-11
lookup tables and straightforward linear interpolation. The following sequence of diagrams
shows that the innovative 3-by-11 interpolation scheme indeed gives very accurate results.
Therefore this 3-by-11 interpolation scheme can be used in most unilateral and bilateral
finline applications.
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Figure 6-1: Comparison of the return loss curves of a taper (U2PCTP5X.OPT in
Chapter 5) generated by using the 3-by-11 and 11-by-11 interpolation schemes.
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(a): Comparison of two return loss curves
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(b): Comparison of two insertion loss curves

Figure 6-2: Comparison of the return loss and insertion loss curves of Filter-1 in Chapter 5
which are generated by using the 3-by-11 and 11-by-11 interpolation schemes.
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(b): Comparison of two insertion loss curves

Figure 6-3: Comparison of the return loss and insertion loes curves of Filter-2 in Chapter 5
which are generated by using the 3-by-11 and 11-by-11 interpolation schemes.
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CHAP TER 7 Limitations and Experimental Verification

of the Discontinuity Models

“

A: Limitations

The discontinuity models implemented in this CAD procedure are based on a number
of empirical expressions and field-theory based lookup tables. Since there are too many
variable parameters (a,b,d, s, A, €s and f) to be considered, the discontinuity-model
expressions can only cover a narrow variable-range.

The shunt discontinuity model is valid for both unilateral and bilateral finlines. The
validity range of w/b is (0..1), i.e. 0 < w/b < 1. The shunt susceptance, B, for w/b < 0.4
is given by [3): .

B = 0.455(2y/5)(d/b)™"™® + 326(1 — 1.3b/A4)*(w/b)ezp(—2.63d/b)

For w=0, B=0.455(),/b)(d/b)~%"3, which corresponds to the shunt inductance of & thin
wire of zero thickness. -

The step discontinuity model is only good for unilateral finline and it is not accurate
at small step size. The step inductance is given by [4]:

L (in pH) = 19.14 — 31.275(dy/dy ) + 14.56(d2/d1 )? — 0.5014(d /d;)*

For dy=d,, L=1.9236pH+#0. Hence in the limiting case, d;=d;, this model is completely
inaccurate. However, the value for L is so small that it introduces no measurable error in
& practical application. Other constraints of this mocel are:

sfa=1/28
bjla=1/2
r=22
b

0.32 SX <047

The lookup tables are generated by theory-based programs which are sufficiently
accurate for most practical applications, but cannot account for higher-order mode
interactions among circuit elements. This is a common problem for most commercially
available microwave CAD programs. One way to solve this problem is to use the generalized
n-port scattering matrix. This requires more complicated discontinuity models. Another
way to attack this problem is to generate lookup tables at the component level rather than
at the element level. This would improve the accuracy of the result, but more sophisticated
table generation programs are needed.



B: Experimental Verification

" Since the discontinuity-model expressions and the lookup tables are not perfectly
accurate, a natural question to ask is “How much error would be introduced into the
simulation result by the circuit models?” The experimental results presented in Chapter 5
have shown that the center frequency of a bandpass filter obtained by this simulation
procedure was 1 GHz higher than the measured value, 28 GHz, i.e. 3.57% higher. Since
the filter response was simulated by cascading four shunt elements (U2PB), it is logical
to conclude that each shunt element may introduce approximately 0.9% error. However,
this can only be verified by measuring the characteristics of individual discontinuities and
comparing them with their analytical model.

There are at least two ways to verify the accuracy of the models. One is to perform
swept measurements with an automatic network analyzer. This method is very attractive
but the instrumentation is complicated. It also requires high quality transitions in order
to obtain reasonably accurate results. An other method is to measure the shift, of resonant
frequencies of a cavity containing the discontinuities. This second method was chosen for
experimental verification because it requires only simple instrumentation and gives high
sensitivity. A disadvantage of this method is that only discrete resonant frequencies can
be obtained.

The shape and dimensions of the resonant cavity used in the experiment is depicted
in Figure 7B-1. The large size of the cavity allows a good control of the dimensional
tolerances. The grooves in the middle of the cavity cover hold the finline substrate.
The various circuit elements used in the experiment are depicted in Figures 7B-2 to 7-
4. Measurements were performed to obtain the resonant frequencies of the cavity with and
without these elements. The apparatus used in the experiment is listed in Table 7B-1,

# | quantity item serial #
1 1 Frequency counter EIP model 545A 00257
2 1 HP8890B sweep oacillator 95802048
3 1 HP182T oscilloscope 1507A00135
4 1 xy-plotter

5 1 dual directional coupler 776D(0.940-1.900GHz)

6 1 dual directional coupler 797D(1.900-4.100 GHz)

7 1 detestor 1166A 1413A02790
8 i modulator 116858 . 00484
9 1 oversize rectangular cavity (Figure7B-1)

10 1 unilateral finline element (Figure 7B-2)

11 1 step discontinuity elements (Figure 7B-3)

12 1 shunt discontinuity elements (Figure 7B-4)

'.]:aBle 7B-1: A listing of the major apparatus used in the experiment.
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Figure TB-1: The cavity used in the experiment.
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B.1: Empty Cavity

The apparatus was set up as shown in Figure 7B-5. The sweeper was initially set to a
sweep mode for 0-2GHz (and then for 2-4GHz). The output power was increased gradually
until resonant peaks could be seen on the scope. The transmission characteristic was then
recorded by using the xy-plotter. The theoretical resonant frequencies were calculated
first; then the sweeper was set to the manual-mode and the resonant frequencies in the
vicinity of the theoretical values were recorded precisely by using the frequency counter.
This procedure was repeated 10 times for each frequency of interest. These repetitive steps
are necessary in order to avoid non-systematic error due to the uncertainty in setting the
frequency to the maximum of the resonance peaks, see Figure 7B-6. The means of the
resonant frequencies fyo1, fi02, fi03, fio¢ and figs are given in Table 7B-2 together with
the theoretical values.

The equivalent circuit in Figure 7B-7 was used to perform simulations (see
Appendix I for simulation procedure). The simulation results are summarized in Table 7B-
2 and Figure 7B-8.

The good agreement among the theoretical, measurement and simulation results
shows that:

(1) The small mounting groove at the middle of the cavity cover does not sensibly affect
the resonant frequencies of the empty cavity.

(2) The loading effect due to the input and output coupling loops is negligible.
(3) The equivalent circuit in Figure 7B-7 is suitable for resonant frequency simulation.

=l

f Aux A

Plotey
Y

=8 Control Signal = Micowave Sigaal

Figure 7B-5: The experimental arrangement used in the experiment. The resonant
frequencies were found in the sweep-mode and then carefully measured in the CW-mode
by using the microwave frequency counter.
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Figure 7B-6: A sample resonant peak pattern. The maximum of the resonance curve
is not well defined: f,,, = f,+ Af. In order to eliminate non-systematic error, the
measurement was repeated 10 times for each resonant fregency.

>ung
>ong
>uNg

high impedance high impedsnce
source load

Figure TB-7: The equivalent circuit used to produce the simulation result in Table 7B-2.
See Chapter 3 (Figure 3-5) and Appendix H (Figure H-2) for information about U2PA.
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Figure 7TB-8: The simulated transmission curve. Since loss is not accounted for by the
equivalent circuit in Figure 7B-7, the numerical value of the amplitude of the transmission
curve is arbitrary.
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Measurement{ Theory Difference in % Measurement| Simulation | Differencein ®
1.651 1.653 0.151 1.651 1.653 0.119
2.085 2.090 -0.200 2.086 2.002 -0.028
2.657 2.664 0.254 2.657 2.666 0308
3303 3304 -0.026 3303 3304 0.017
3.967 3978 0.237 3.967 3.978 0234

Table 7B-2: The first five resonant frequencies, fig1,fio2, fios, fios and fros of the
empty cavity in Figure 7B-1 obtained by three different methods — measurement, theory
and simvdation. The good agreement among these methods shows that the effect of the
mounting grooves and of the coupling loops on the resonant frequencies are negligibly

small.
d3exg
2.0Gs
IO“fx

a3
_.J ko 1 B.L A U
2.0 40

1.65 80
o A A

0.1 1.0

Figure 7B-9: The measured transmission characteristics of the empty cavity.
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B.2: Cavity with Discontinuity Elements

The first five resonant frequencies of the cavity with discontinuity elements were
first determined by simulation. The discontinuity elements were then placed in the cavity
and the resonant frequencies in the vicinity of the simulated values were recorded precisely
as described in (B.1). The results are depicted in Table 7B-3. Note that because the
groove is not located right at the center of the cavity, the fic position can be in center or
off-center, see Figure 7B-10.

—— y —> — ) —P
' —> — ' —

-~
o

— — — g —p

Figure 7B-10: The two possible ways of placing the finline elements in the cavity, with
the metalization surface at position A' or to place it at position A.

UFINath’ ) UFINsth .

Measurement| Simulation | Difference in % Measurement{ Simulation | Difference in %
1419 1.406 0.953 1417 1.404 0.946
1.852 1.851 0.084 1.850 1.849 0.045
2403 2.406 0.134 2401 2405 0.158
3.001 3.015 -0.460 3.000 3014 0469
3.636 3.646 0.269 3.638 3.645 -0.188

STEPI u A’ | STEPl xt A

Measurement| Simulation | Difference in % Measurement | Simylation | Differencein %
1.040 1.052 -1.110 1.038 1.051 -1.244
1538 1532 0.385 1534 1531 0.201
2.098 2.099 0.045 2095 2.098 £,143
2.654 2.659 0.172 2692 2699 0269
3303 3.306 0.107 3306 3306 0.001

Table 7B-3: The first five resonaat frequercies fi01, fio2, S103, fio4 and fios of the cavity
with the finline elements. The values are obtained by measurement and by simulation.
The accuracy of the elements U2PA, U2PB and U2PC are better than 1.0%, 4.0% and
1.5% respectively.
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STEP2 at &’ STEP2at A
Measurement| Simulation | Difference in % Measyrement| Simulation | Difference in %
1.100 1.091 0.835 1.097 1.088 0.882
1.62% 1.627 -0.170 1.623 1627 0.210
2.151 2158 0355 2.145 2.158 0417
2.765 2788 0.843 2764 2.788 0.845
3353 3373 0615 33713 3373 0.011
STEP3 at k'’ STEP3 at h
| Measurement| Simularion | Difference in % Measurement| Simulation | Difference in %
1.102 1117 -1357 . 1.100 L1158 -1.418
1548 1.542 0.360 1.548 1541 0.451
2.091 2.091 0.009 2.092 2091 0.070
2.714 2716 -0.064 2716 2.116 0.003
3351 3.250 0.012 3359 3350 0.269
STEP4 at &' STEPd at A
Measurement| Simulation } Differencein % Meagurement| Simulation | Difference in %
1.238 1.245 -0.568 1236 1243 0.621
1629 1.631 -0.095 1.627 1.630 0,164
2.154 2.169 -0.709 2,151 2.168 £0.791
2803 2823 0.720 2802 2823 0760
3462 3.482 0.574 3.508 3481 £0.765
SHUNT1 at &' SHUNT1 & A
Measurement| Simulation | Difference in % Measurement| Simulation | Difference in %
1.506 1.541 2324 1.505 1541 23N
1.585 1585 -0.003 1582 1.584 0.118
2.587 2631 -1.739 2.590 2631 -1.605
2.764 2.763 0.048 2758 2762 0.165
3.625 3.761 am 3.654 3.761 -1.826
SHUNT2 s A’ SHUNT2 at A
Measurement| Simulation | Difference in % Measurement | Simulation { Difference in %
1.595 1.643 -3.009 150 1.642 2994
1.705 1702 0.145 1.703 1.70t 0.117
2630 2585 -2.074 2638 25634 -1.756
2874 2875 - .48 2874 2875 0.045
3.651 3.790 -3.813 3695 3.790 -2.561

Table 7B-3 (con’t) The first five resonant frequenues fml, fmg,fm;, fuu and f105 "'f
the ca.vxty with the finline elements. )
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Conclusion

The first five resonant frequencies of an empty cavity were measured. The
experimental values were compared with the values obtained by both analytical formulae
and computer simulation. Since the agreement among the values from all three methods
was excellent it was concluded that the effect of the mounting grooves and of the coupling
loops on the resonant frequencies are negligible small.

The same procedure was employed to measure the resonant frequencies of the cavity
containing the discontinuities. The results show that the models for the elements U2PA,
U2PB and U2PC permit us to predict the resonant frequencies of the loaded cavity within
1%, 4% and 1.5% respectively. Note that the cavity is a marrowband device, which is
much more sensitive to small inaccuracies in the models than wideband ciruits, where
the discontinuity effects are only of the second order. Therefore, the modeling errors
are acceptable in the vast majority of practical applications. In devices such as narrow
bandpass filters, higher-order mode interaction between discontinuities becomes dominant,
and a more comprehensive analysis must be undertaken anyway.
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CHAPTER 8 Conclusion
m

A novel CAD procedure for E-plane circuits has been presented. This procedure is
based on E-plane circuit eiements which are implemented by using simple discontinuity
models and field-theory based lookup tebles. The lookup tables are generated by using
two accelerated Spectral Dornain prograras for unilateral and bilateral finlines, A spectral
domain program for aniivodal finline has not been developed, however a theoretical
formulation for such a program is given. Two different interpolation schemes have
been developed to extract data from the lookup tables. The first scheme is based on
physically realistic functions and requires lookup tables of size 3-by-11. The second one is
a straightforward linear interpolation scheme which requires lookup tables of size 11-by-11.

A number of E-plane circuit elements have been implemented. They are straight
finline sections, shunt discontinuities, step discontinuities and wideband matching loads,
The accuracy of these elements has been verified by measurement. These elements are used
to simulate transformers, tapers and bandpass filters. The transformer and taper CAD
results revealed the importance of dispersion and discontinuity effects of finline circuit
components, The filter CAD results are in good sgreement with the experimental results.
Some CAD results obtained by using the two interpolation schemes are also compared and
they are in excellent agreement with each other.

Limitations of this E-plane CAD procedure are discussed. These limitations must be
respected while using this CAD procedure. Suggestions for further improvement are also
given. Those improvements should be implemented in order to enhance the performance
of this CAD procedure. The accuracy of each individual element has also been verified by
resonant frequency measurements.

All the finline circuit elements developed in this thesis are integrated in Touchstone™
Senior. Therefore the proposed CAD procedure takes advantage of all the capabilities
inherent in this commercially available software. In fact, this novel CAD method expands
the power of commercially available microwave CAD software into the E-plane circuit
domain and replaces the conventional trial and error method for E-plane circuit design
with a systematic design and optimization procedure.




63

APPENDIX A UniFastS.Pas and BiFastS.Pas
m

UniFastS.Pas and BiFastS.Pas ate two lookup table generation programs for
unilateral and bilateral finlines. These programs are the modified versions of UniFast.Pas
and BiFast.Pas — two accelerated Spectral Domain programs developed by a group of
persons headed by Dr. Huefer. Since Spectral Domain method is not the theme of this
thesis and UniFastS.Pas and BiFsstS.Pas are two fairly big programs, their source codes
are not included here. The purpose of this appendix is to demonstrate the usefulness of
these two programs. The format of the lookup tables output from these programs is given
in Appendix B.

UniFasiS.Pas is a versatile table generation program. The input menu in Figure A1
shows that there are seven variables; two of the seven variables can be chosen as sweeping
variables. Figure A2 depicts a graphical image of Zy versus f and A which is given by
an 11-by-11 lookup table generated by this program. This lookup table would be useful
if it is required to design a transmission section having uniform gapwidth but non-uniform
metalization distance from the waveguide wall.

BiFastS.Pas is similar to UniFastS.Pas in the user’s point of view. The only
difference is that BiFastS.Pas fixed the substrate at the middle of the waveguide. Figure A3
shows an input menu of BiFastS.Pas, note that k is missing from the option menu.
Figure A4 depicts a graphical image of €, versus f and s which is given by an 11-
by-11 lookup table generated by this program. Such a lookup table would be useful if
it is required to design a transmission section having uniform gapwidth but non-uniform
substrate thickness.

Ottawa 1l
ki— UnilateralFinline Analysis 08-12-88
L@W - 9 @9:58:47

-

Single basis function
agcg epate& SDA:
dimensions - mm
frequency - GHz

Choose 2 variables
La,b,d,;h,s,Enr, freql
#_proints: tz,.111
varl:? #_points:
vara: #_roints:

/A
-

\
‘.
\

s

Figure A1: An UniFastS.Pas input menu.
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Fx30.80
~“y3.9956
Z2effz421.@, F:GHz, H:nmm, Eeff=@8.742

Figure A2: A graphical image of Z,4 versus f and h from an 11-by-11 lookup table which
is generated by UniFasts.Pas.

ey . R _ . |Ottawa U
et UnilateralFinline Analysis |@B8-12-88
=1 89:958:47

a Single basis function

n
accelerated SDA:
dimensions — mm
f requency - GHz

Choose 2 variakbles
La,b,d,h,s,En, freql
#_points: P |

varl:? #_yoints:
vana: #_roints:

* bl

5S¢

Figure A3: A BiFast5.Pas input menu.
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3D-Graf

s e.7?
ioggle

vuit 7

x .
% @.30 \ ;',/
1y32.568 LT
Eeffz6.828, Simm, FiGHz, Zeff=371.3

Figure A4: A graphical image of €yy versus f and s from an 11-by-11 lookup table
which is generated by BiFastS. Pas.
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APPENDIX B : Lookup Tables
%

This novel CAD procedure can make use of lookup tables of two different sizes. The
interpolation methods associated with them are described in Chapter 2. The format of
these lookup tables is given in this appendix. Should the format be changed the input-table
procedures of $D-Graf.Pas, Make-Re{.Pas and Make-$11.Pas must also be modified.

Table B1 is an 11-by-11 lookup table and Table B2 is a 3-by-11 lookup table. These
two tables have the same style, the only difference is that Table B1 is relatively bigger
because it has more frequency points. The first three lines of the tables are ignored by
9D-Graf.Pas, Make-Re{.Pas and Make-$11.Pas9. These three lines should not be deleted
but can be modified to record information that is of interest to the user. The next four
lines contain information about frequency: Fmin, Fmax, LeltaF and KF, Note that

Fmax - Fain
XF -1

The first character of the first of these four lines is called a "hot™ character. In this case the
hot character is “f”. This hot character is used by $D- Graf.Pas to set up its display menu,
and it is also saved'in the binary files created by Make-Re{. Pas and Make-311.Pas 5o that
TsiFin can double check the integrity of the binary file. This is a precaution step that
allows TsiFin to verify if the lookup tables used are indeed the correct tables. This step
is needed because UniFastS.Pas and BiFastS.Pas can generate lookup tables of sweeping
variables other than frequency and gapwidth. The units “GHz” following the numbers are
used by 3D-Grof.Pas only. Make-Ref.Pas and Make-311.Pas assume frequency is in “GHz".

Following the above-mentioned four lines are two blank lines, then 4 lines contain
information about gapwidth: Dmin, Dmax, DeltaD and ND. Note that

DeltaF =

Dmax - Dmin

DeltaD =
eltaD ™ -1

In this case the hot character is “D". It serves the same purpose as the previous
hot character. The units, “an” following the numbers are used by $D-Grof Pas only.
Make-Re{.Pas and Make-311.Pas assume gapwidth is in “un”. Following these four lines
is the body of the lookup table. It contains ¥F{ number of frequency blocks. Each frequency
blocks contains six comment lines and ¥D} number of data lines. Each data line contains
three fields: gapwidth, effective dielectric constant and effective characteristic impedance§
in Ohms. The first field is for human reader only and is discarded by the utility programs.

{ From here on they are collectively called as utility programs.
t ¥F=3 in Table Bl and 11 in Table B2.
1 ¥D=11 in both Table B1 and B2.

§ Voltage power impedance definition is used in UniFastS.Pas and BiFastS.Pas.
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At the end of the table are a number of comment lines. Currently a useful piece of
information is stored there and is extrated by Make-Re{.Pas and Make-311.Pas. It is the
height of the waveguide, i.e. b. This piece of information is needed by T'siFin.

Table B1: An 11-by-11 lookup table generated by using UniFastS.Pas.

Laborato for Electromagnetlcs and Microwaves, Faculty of Engineering
Dcptggln o? I:l.-c:rlulc%nql.nnrlnq, unlvo:siﬁy of Otgan. Canacda. !

Fmin = 25.00000 GHz
Fmax = 40,00000 GH:z
DeltaF = 1,50000 GHx
NF = 11

Dmin = 0,30000 mm
Dmax = 1,55600 mm
DealtaD = 0,.12560 mm
ND =11

£ = 25.00000 GHz
Swesp Over a range of d
din mm

Epallon Effective 20 [Ch=s)
0.30000 1.05076 182,50610
0.62560 0.90835 24485558
33380 9. 1183 3s:i931
11502«3 0.64188 m;:sm«
1.92800 0.57555 459.76597
225360 0.51659 509.6246€0
2.57920 0.46629 555.22283
2.90480 0.42438 53726362
323040 0-35329 §29.05184
3.5%600 0.3794% 644.23699
1 2‘5;",2““ - SR
| |
bt d t; g_:ch ° Epallon Effective Zo {Chms)
- A S - - T W R A A )
0.30000 1.08236 180,93504
0.62360 0.94811 241,29¢87
u.ss}zo 0.84950 294.91660
1.27¢40 0.76947 345:32364
1760240 0.70016 393.49;0!
1.92800 0.63897 439.6457¢
z.g;}gm 8'552" nz.tgsu
i 0433 uliuﬁ 33131333
3.;3040 0.47076 90,7340
3.85600 0.45695 589. 99201
Ladtes 2,
wae & ran
P d in v Lpailon Effactive Zo (Ohma)
u.goono é.mszs %19...’;045
B gt B
1.27680 0.81408 33021787
1.80240 0.76348 303.31829
1.92t00 0.69260 425.§32315
2.23360 0. 84230 4641916
257320 0.59509 4940006
2.50440 0.56308 52594674
3.;;010 o.sacss 54§.03236
3.585600 0.32323 $55.00794
5 7,29, 50000 cia fa
Wl ovar a Q
P Al Epsilon Rffective 20 (ohms)
T 2.3000 1.13248 179.19306
oisgssg 1:33 093 zav!%usg
g.9 }zu . 2I7.§ltl
1.27¢80 0,882 333.21869
1.60240 0.79164 :‘m.gil«
%:35328 S:eapdl i ;
;.s 920 9. 'dsi.ngo
3"‘33:8 8'!} ; 3::'%3-}8
Jiissno 5:3739 330.96142
£ = 31.00000 Nz
Swawp over a range of d
dinm Epallon Rffective 2o [Ohms)
- SR S D e e o ]
0.30000 1.15256 178.02084
0.62560 1.03 04 235.94309
0.9 50 0.9524 28 .;2;2:
1.2 0 a.88320 32319942
1.60240 o.l; ] 370.96€83
1.92000 0.77128 400.50377
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31.55600 0.81551 474,.78828

Irput amsters (the stop values of the swept parsematers) aras:
Ilav-qufdt widzth, g a ’.11280
Wavaguide height b : 3.55600
Finllne gap width d: 383600
Dlelectric canscant, eps @ 2.22000
Freaquancy, : 40,.00000
Metallization distance frea wall, h : 3.55600
Substrate thickness, sz 0.25%400

Contents of this flle may be graphed runnlin
ID-graf <file.Cat> y 4 o

Computation time iz O0: 1:30.46

Table B2: A 3-by-11 lookup table generated by using UniFastS. Pas.

Labo 14 d oW, Engl
Gapartment o2'e i&‘?im“z:qiﬁt.ﬁnql‘*ﬁmt}':ﬂy'3?‘%&!.3£, Cinadarine
Falin = 25.00000 GHz
Frax = 40.00000 CHz
DeltaF = 7.50000 SNz
NF -]
Dmin = ngOgg [ ]
Delten = oigzgso -
ND - 11
5 = 25.00000 G'l.!: £d
weap ove } 4 a O
4 ﬁ :n -q Epsilon Effective o (Chms)
A Spnd A - A A - S A e
0.30000 1.0%076 182,506 10
3.635‘0 0.98!35 244, '.‘: ;
1:§ T 341334 33;: i
1.60240 D.Nill 407,90%44
1.92800 0.57555% 439, 765%7
2.;;3‘0 0.51699 309.62460
2.57920 0.4642% 556.222m3
2.90400 0.42432 597,268342
3.;;040 0.39329 629.05184
3.55600 0.37846 44,2369
§u:.”6323°2 g‘n‘; fd
Q
P d in -“ Epsilon Effactive Zo [Ohms]
L L ] e - S Y el
0.J0000 1.17020 170.6089%0
G.62560 1.05799 215,30052
0.95120 0.917!; 203,724 '%
1.27680 0.!;3! 327.4079
1.40240 0.8595% 3 1.2"4;
1, ilnﬂ 0._!}%21‘ 403,42793
3:43383 T RETEH 22?:2?-%
$:33088 BT 438:35339
333088 0.67036¢ 301.24204
§.: 40.00202 GHz £a
.p ove TADGE ©
P d in -“ Ipstilon Effactive Zo (Ohms]
- A A R S
. 20 . [
g0 il i
0.9 i . 7 28,9558
l.i +2143) 3! 83287
1.40 il 2 3163,1737
1.9 Q. 3;.1 3196.2064
z.; 0.49787 42 .nag
2. I'I.l‘gi' 44¢.03
gt Siic i s
1330 Rt 474,82
Input aBaters (the stop v of th Dt paramate; are:
Wavequlde width, (¢ STOP values of 3';‘8'3‘ ere}
Waveguide height ki 333
Fin mgapnd:ﬁ. d: 3.53¢00
Dialectric conatant, eha : 2.22000
l-r:::l“ﬂghon distance from wall § : ‘g"""tgi
Subatrate thickness, ‘e 0.23400

concen [ 48 4 1
SEUEHIEHa LA 110 sav be orashed by ruaning

Computation time is 03 0:2¢4.99
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APPENDIX C 3D-Graf Pas
&

3D-Graf.Pas is a three-dimensional graphic program developed to display the
content of the lookup tables created by UniFastS.Pas and BiFastS.Pas. In fact any data
file that has the same format as the lookup tables can be graphed by this program.

Figure C1 depicts an output from this program. The commands on the display menu
at the left of the figure can be used to change the orientation and size of the graph. As
show in Figure C1, the default setting (2 = —13,% = 20 and © = 30) may not yield a nice
picture. The orientation of the graph can be change by changing the values of 2, & and 0,
these are angles of rotation about the z,y and z-axis respectively. Figure C2 to C4 display
the same graph at three different angle settings. The perspective of the graph can also be
modified by changing the value of co. Figure C2 to C4 have oo = ~5000000, i.e. the infinity
point is set to —50063000 units behind the surface of the paper. Figure C5 has oo = —250,
the perspective effect can be seen clearly by comparing this diagram with Figure C4. The
scaling factors for each axis (Xs, Ys and Zs) can also be changed. Figure C5 has Ys=1.2
while Figure C6 has Ys=1.8. The difference between these two graphs are quite clear.

Figure C7 has Q = —20,% = 30 and © = 32. This graph reveals the behaviour of
€7 (2-8xis) versus substrate thickness (S, z-axis) and frequency (F, y-axis) more effectively
then Figure C1. The “Toggle” key can be used to switch between the € graph and the
Zess graph, see Figure C8. There is a big dot at the middle of Figure C8t. At that position,
frequency is 32.5 GHz, substrate thickness is 0.3 mm, effectively dielectric constant is 0.828
and effective characteristic impedance is 371.30.

"‘:-'-'- SLERT T
nian: ID-Graf W Wq ¥d
[N V1288

Zs: 0.7
Togygle : /’

YQui t X ! s

Sx 9.30 /\J//
Fy32.3500

Eeffz0.028, Simm, FiGHNz, Zeff=371.3

Figure C1: A table displayed by using 3D-Graf.Pas.

t Acturally there is also a big dot in the middle of Figure C7 but it does not show
up clearly on a black-and-white diagram. On a color monitor this big dot is a big-red-dot
and it can be seen clearly no matter what the orientation of the graph is.
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Figure C2: The table of Figure C1 at Q=0, =0 and 6=0.
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Figure C3: The table of Figure C1 at Q = 0, =0 and 6 = 90.
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Figure C4: The table of Figure C1 at = 0,8 = 90 and © = 0.
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Figure C8: A perspective view of Figure C4.
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Figure C6: An eplarged version of Figure C5.
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Figure CT: A better viewing ungle of the same table in Figure C1.
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Figure C8: Zy; versus substrate thickness and frequency.

Listing C1: 3D-Graf.Pas

. (* File JD-Graf.Pas )

This is a thres dimansional thLe progran daveloped to graph the contants
of lookup tables created nifastS.Pas and urugs.ha. The size of the
lockup tables should be m=by=n, whare u, tt is in (2,11] inclusively, The
calling syntax is:

3D-Graf TableIn.Dat

This Etoqru can be ec-pugcd dirsctly by using Turbo Pascal Version 4.0
iler version compller .!éﬂonotga tgflguan:t:g:lj progras by using

Ause —~ uses crt, dos, grap
Chan 1l ‘Single’ declarations to m.f- arations.
Cc:-pﬁclthn lodf iled program, on

Poman 20
Laboratory for Electromagnatics and Microvaves
Univeraity of Ottawa
August 4, 1988,

"
Program ThreeD.Graf '
uses crt,dos,Jr 14

Const



XaMin : Slnqh.
XaMax : Single;
Deltaxa: s.r.nq.l.t.
NXa . : .ntuq.t.
Yname : Char
YaMin  Single:
YaMax : Single:
g;.l.tu’a: .;-an.l.o'
. : Inca
gatun : Arrag?l..mxxa,l..mx!l.l.-wl of Single:
End;}

Polnt = Record
%z ;n%nclr.
nteger;

Ens: v

Axls = Strin

Sr.r.lnq.'l - Stgfﬁél
string® = STRIN
Stringd40 = STRIN bl.

Var ou: array [1..imax) of point:

(* Calendar,Lth Poman 50 25, 1987,
rnu procedure raturn tha date, time and nek o the day;

declarations requlted are:

stringd = STRING 3'.
stringd = STRING H

PROCEDURE Dn:o.nm.lukl VAR Date, Time: StringB: VAR Week: seringl );
TYPE String2 = STRING[2];

‘l;UNCTIOH 'nrocrur{ I: word): strxing2;
H

VAR ¢ :l.lp string
s:r lu:unauuu-ruc(u:oo.m 12, t 1
i!cu(' tenp os twen ! e
“gn.l.: {t 1, 1)
s{ temp, 1, :
T™oChar = U’ +iemp;
END
zu‘nsocn t
AT i+ temp;
END: (*-TweChar-*)

Var Kour, Min, Sec, Frac, Weak Day, Year, Month, Day, tamp: Mord;

BEGIN
sttime{ hour, -.tn nac :up
gu:c.r.li your. th, da ¥y W Ld.n
at onch) s ¥ Totets, T nochazgu):):
ac) &

z
1‘1!. S hoc!m.- unu:! + 72t hoChlr’N.l.m + *:* + TwoChar
Case luk..n ay of

Waak := ’SUN’;

X MON*

08 60 22 g0 02 20 0e

FRI’;
Neak := 'SAT’}
I.St Weak := ".'n':
LND; l'-bau.ﬂ.n.luk—')
procedurs readou}

var fxcm.- text;
L]
I~ integer;

?-sx-"
Assign{ PicFile, *\POMAN\SENION Ple’
M:“ ;Lcrn" '-. ENIOR\PLcture\Cttawal.Plc’ };

HO!‘LHN'—‘

c.l. 2‘!?;1‘:&!““ "u':u g fk!};:o: {i=inax);

:rlu { *IO CAROR #°, L)

sllgcmm DrawPic{ Xorg, Yorg, Xw, Tm: INTEGEM; col.cr J.nuqu' ):
ud x1, ¥l, x2, y2: INTECEN;

1 i=14+1;
R2 1w xorq * au[Ll.:'hx

2 i= !ori + oulli].y*Ym;
L °- ) :
rl *

org + oufl .l'h:

.41 15, R

avl xl. y + X2, ¥ cclor 12




UNTIL {i>imax) or {ou{l}.x<0)
UNTIL (i>imax) or (ou[l y<m
END; {*-DrawPic-*)

This procsdure d.aplays the Ottawa U symbol and the current Gata, time
and waek,

‘3ROC£DU:R£ DisplayHeading;

Date, Time: Stringd;
Hl.k- Stri RGJ‘

BEGIN
Drnlpic O 0 . 1, 1
draw 254 cod’y;
d.:u 2 ﬁ i 52 cad };
draw 4, 22 col }:
draw co2 };
Da:c.rinc.)luﬁ (bl:n, Time, Week );
TaxtColor | co )z
GatoXY( 6, 2 }; Write( * 3D~-Graf’ );
TextColor{ col );
GatoXY 3 3 1 )2 Mrite( ‘Ottawa U’ );
GotoXY , 2 : Write natn !:
GoteXy : Hr!.n 3

END; l'nuplay.ﬂ

sroccdurc RaadData{ Var Surface: Tahle );
ar

L, 3, k : Integer:

t : Singles

inflle : test;
arbage : sr.r.l.nq[!la'
nama  : String(80];
tw Pazucounc.

('SI »}

?“zoo

Malqn( J.n!uc, ParamsStril) )

hﬁ:&ut 'Pluu spnci!y input taxt file: {abc.Dat] > )
znﬁ““ni Lnﬂlc. Cow(!am.z.ul |5

m-r.} .1.u£.l.l¢_ 1 X

i3 Jc30 tﬁ&%‘i--o:
Until Jeo: )

» Ineut data block *

LL sl .l....t""'!l.l

* Skip three lines of headings *)
Raadln nfile

Read n nfile :

Raad ng.
gtth sur face Do

gudl;n( lofile, garbage, XaMin );  XaMin  := XaMintled;

!"'I..'.'..'.I."..I

Readin{ Lafile qnfa /o, XaMax }; XaMax := XaMax*led;
Randln| inile, Sasbeve, Deleixh’); nayez,, 1T JaMazties:
Readlni infile, qarbqg}

Readin{ infile }; Raa n( 1nt (R E]

Readin{ infile, rfbln. n )3 YaMin := YaMint*le-};
Ynama :+ garbage(l

Readin( infile, garbage, YaMax }; YaMax := YaMax*la~l;
Readln({ infile, m.un. Dolnh 1? DaltaYa := Dc.lnh'l.c—l:
Readin{ infile, garbage, k }:

If k >Maz¥a Then
a a
Elsa
NYa := k3
For 1--1 'l'o Kxa Do
M

=-11%§ S i )y et 1
for 3 ""s"l %ﬁ SO Raalts P iyl g Darumls, s 21 0s

Procedure SurfaceValues({ u. !.t:“"‘i!‘ !;u {uruco: Table;
. : Sing
var

axl, nx2 1, ny2: Intager
X, i'o Dx: ¥a‘h! b, u? 153 Single;

ii:i.n Surfacs Do

* Make aurs fs and ds are within bounds *
""ltt'..'!llll""'.l.......l'!""t...

T x3 > XaMax Then x:-XaMax

l."'lt't"l’!'lI.'.."..l..llli"'."'..l!

"}



Else If x3 < XaMin Then x:e=XaMin
S vs s Fakax Then y:evarss

s> ‘.-
tlng If ys < YaMin ¥hln yi=YaMin
Else y:~ys;
‘tl..'.t'l'.ttt"t".-l'lll".'li

[ ] an ®
-3 digennional toterpelation |
nxl :e Trunc((n-XaMin)/Deltaxa} + 1;
[f nxl < NXa Then nx2:;=nxl+l
Else nx2:enxl;
OX ;= u-xuunlloclr.m - nxl
nyl :e Trune{( -!aHin}IDtl:lYa) * 1.
: yx < NYa ! an nyd:i=nyl+l
Else ny2:=nyl
DY 1= (y=-Y llncl:a!n - nyl .12
La := Datum(nx .0yl 1] « DX na:un nx2,nyl,l] - Datum[nxl,
Lb := Dactum nxl.nyi 1 - nx * {Catun({nx2,ny2,1] - Datumalnxl, ny
Eef? :~ Ca + DY Eb-ra
Za := Datum[nxl, nyl 2 o nx . i cum(nx2,nyl,2] ~ Datum{nxl,ny
Zb :a Du:un nxl nv + DX * (Datusm[nx2,ny2,2] - Datum nxl ny.
Zotf := Za {35-20) 7
End; ('ulth'l
End; (USurtac-Volucl')

Nt Nn—-
-n
[15] r-u-

Var
titlae: s:rlnq[(ﬂl
infile : !11- of Table;
answer
Surface : rab

iarbaqn : Str nq l
naze H s:rluc I
X3 ray af Single:
E rat l..Hlx! of sxuqlo.
ltn? ArLra y ..Maarnl of Polnt;
, va, xb, yb, x:
ﬁx nax,Enin:Single;

vy n %:aiin L thava uélint.q.r' Emax,
vE 8, a Y}
E-?! En!!.calpﬁl,cuich-ta.:cga-lql.llﬁphi?tla:hncc.alncn&qa.ann-sanlo-

Prec-dur- Mapping( x, y, 2: Single; Var xa, ya: InteqQer);
B'xl. x2, ¥1, y2, 21, 12: Single;

1 I= y'cosonlga - z'ainomiga;
:1 i= 1*cosomiga + y'sinomiqa’

x2 1= x%cosphi*costheta + yl*sinchata + zl*sinphi*costheta;
y2 i= yl*costheta - zl*ainphi*sintheta - x*cosphli®sincheta;
t= zl*cosphi -~ a*sinphi;

2l = {l=x2/%X1nf)*y2;
¥l 1= gtnct' 1-:&/*1n£)':2:
Xa 3= Round(Xorg + xl
- Rnund Yorf - yli;

S:aeadnrn ReadXY{ Out: Char: X, Y:Integer; Var Z: Single )2
I. J, K: Integer;

Begin
an-var IR - A

A.II

sln
cite( “C );
J e -nx:

GotaoXy (
iy Xiex ho'a bo Write( * * );
Un:ll I=0;

*3Tee
En {* XY *)

szgccdu:- DrawGraph( k: Iateger; Max, Min: Single; zname: Axis );

NewiMx, No :
1inel; Liney’ s Frtag(3],oPer" Omax, Gain: slagle;

Proetdur- ry;
Ba

] _
lupp!. !Ant & lly.q { ]'aun, xc, 'yc );"

Draw{ xza, 5!, !
AC 1= Roun loxc xl Il ;
¥c t= Round & +yc¢;l

F (lct!l) and (xc>8) and (ychS} and {yc>l) Then

tony lc c )
-:;:5: X g: ,

En
End:dJ
Procadurs r;
Bagl

n
RaPping( Musa(ial, Mysy(1], Qun, xa, ya ):



Mapping{ Mx*x[NXal, Hv'y[rml]. Gdin, xb, yb);
En gf"\ za, ya, xb, yh,

'ocndur- F3;
Segin

Mappi . NYa GMin, xa a );:
Hﬂgglwl g-:[ﬁ'" PSYJI!'GNJ.n.'Ih.' £}
,nguv xa, ya, zb, y .

Erocadure Fd;
Bagin

Mapping( Mx*x My*yll] GMin, xa, ya );:
geed rex]: a'mffI T GMin, xe, yi}}
n, 5., xc H
4#:cvxi IS i:
ie Round hycorl /8 ):
¥l‘ (x:«l) and (xc>8) and {yc<2S) and (ye>1) Than

:a:r!l xc, yc )2
rntColo:tﬁ; :
Nelee(yr);

End;
P:afednn FS;

Mapping({ Mx*x - Xa, Y& }:
gngg:i Hx'x 11 "! {l, Aotfe &Hu: xC, ye )s

w{ X8, b
- ol A
tm n
¥r (xc«n an t!ol) and (vc<25) and {yc>l) Then
¥:
Tlxtcoforlﬁggc d
d.:lt.( T )
$.1
End;

g:oindun F6;
a
13 Mxe*x[NXa), *yil Qin, xa, va );
e g:.'EElnga(uPeu[m[ml .n{.;'( &a:&?olm’: [m,{].y. xa, va, 1);
nd:
g:ufcdun Fi:
n
H Mxvx{NXa) NYa), @tin, xa
Engggs( &‘:uexﬁ:[m’,ﬂ-f!x, 2ol PoLnt [Nka) N\'al Y, xa, ya, 1);
g.rofcdnn Fo;
angpl.ng H:':[:I.} m'}r & @in, xa N¥
Eng;n( ataPoint{i X, :uomr.u a].y. xa, va, 11};

BT nceces
a H L4
Blzly ¢ Y qezd

o; :.--j-} 'fo Nxa Do
Draw{ Dlta!o.'l.n:[ 3].:, Daul'ulnt[l.jl-r. DataPoint (4, 3+1).x,
aPoint (i, J+1]l.y, 3
For H ji=1 To

oﬁrﬁ?htmlnz[? 1.x%, Dnnl'oj.at(l.:ll-!. DataPoint[i+l, j].x,

With surfac dat Ly, 3
{ ]
Ma (20 / {XaMax=XaMin),
PN-M(NI lz 3- uiu-nmnl YaMax-YaMinj,
Mz* {2%v3-Max~Min) /Oper, xc, ye )7
¥yl 1= yo=lp
F ycﬂ.’

raw xc=1, yl, xc=1, y?. 3
Draw( xe, ¥l, xe, H
Draw{ xc+l, yl. ufl. yz, ?
Ends

53
iz
E

Gain := Mx* z-n.{a-m-nm Fi r:
Gaax i 3-fzmu-nu o) 7 Ber
Surfacevalues vy, sn:tlco, lnﬂ.'. 2eff );
r Leects Yo

vi:=Zaff;

rormi_-;l To m
Hlpp.l.nq( Mury 11 a.e

1. 3.k I »

B, Mt fome



GraphColorModa;
Palette( 2 )7
gzx:golglzll :n
[ H
Gt:gh= ndow ( l%.. Yl, X2, Y2 );

Fl; F2; F); F4; F5; F6; £8; F9; F7;
H.m - lﬁ’Ll.l.l y ’
awMly = Laax;
NewMz := :;ILIJJ

TextColor(l); Gotoxy(l,5); Writs{"1°);
TaxtColor () I:L of "33, miaIndlanl t4:0 });
TextColor(l); (1,6); Writa{’2*
TaxtCoior (3]s Wella( rmss phi ,/radlans:4:0 );
TextColor (I); Gotoxy(l,7): Mrlte(’3
axcColor(2); Write( *L:¢ thlulnduns :0);
TextColor{l): Got La: firice s
‘ru:cho:(h: writa{ *1:’, Xinf:4: H
‘ru:Coloru)s Go:o:{( '11): Write(*X’});
TextColor(2): Write('a:’, Nawmx:4:1 s:
TextColor(l) ca:oxz( ‘13): Write(’Y’):
exLCo o:(il: o -( s:', NewMy:4:1 f:
tutColor(nh .gﬁ 5;: :’“'(;zi'{
.' e{'Esr, 4z 3
TextColor( )5 o:! f, lﬂ.n('i" H
TextColor( ): [ 3% -t °8? e’ 12
TextCelor(l}; ox! $ !r&:ll'Q')‘
Tutcalor{h: write(fulc?);
TextColor(l): Got 8

s 2}1.: Write(Surface.Xname);

x°):
3z ln.r.a’ul a9:5:);
TaxtColor (1) 5 cqcm (1, 2,3‘;‘ Mrite (su:!nc-.'lmn) H

G 1,25 V3 :n“ w.l.Ji‘ixgéllcrlzl Mrite{’z’); TextColor{ld):
t a{inase -] ; Nrita i’ ; H
IF Eoanes’ betds hiEg !’

¥rite(Caff:5:])
ELsE

write| h!! S531);
Casa Surf ac. Xname of
‘F* : linel:=’, r GH!."
‘E* : linali=’, 1
Elsa Linel =, ta uri'lc- Xnane+’:mm, ’;

Caza Snr face,Yname of
'r 1 nng

£ =’  F:GHx, * :
‘E’ 2 nad:s’ E:{ |
tn&l“ Line? :=* 4 urheu Yhame+’ ;am, *;
Wr 1:-( Llncl.. 1ine2 };
TextColor (2
IF thama=

u:u- {* zn!f-' B :.-u:s:n
¥rite (*Eeff=*,Eaff:5%5:3);
TextColor(l);
Rapeaat

anzwar = Asadisy;
Cn: amni of

dxXee ' 7 S, omi
engu -(- c-.iqa‘nd.una?. 1:
'z.t
vy, 6, phi
“giﬁq:(phv dlnn‘:p )

01!.
ui. L 4 ‘ 7. :h-u ¥ 3
:hcn :- thatadrady

4" u
“g? Abs fxﬂﬂqﬁom’ u"f-uyl
rare Abs (X1nf) *He/Xin£/2
- -Mz/21

* "-Lng!'v 4 1z.mu

1 Ak ToADE 2o hnE] TEN
"‘%am;- *xinf Tlmax;
',.. ,,' or
Eéﬁﬂ b, >& 14 Mewey )

m mtmu
." 'z..
’ "!:.g.:! § 16 Motz 3
e "3 mmcmu
... ‘Al{lb' .!' ld:“'n’ '.' ll' "’ Url lhl lu' l.. ls' =
l“l =
;g Upcase ::nu- )2

n
axXe{ ¥, 4, 22, v );
¥z = vx * la9}



IF Vx)(Z'Xanx-XaHlnl THEN
iw 2*XaMax - XaMin

:I.u ir vx<(2'x.|n.tn-xmx: THEN
1= 29XaMin - XaMax;
£nd {'IF *)

Eise IFf answer=yname THEN
azld-"‘!( - 5 24, vy );
-
v!'!aHax-YLHln) THEN

YaMax

vy aMin
Else I \r¥< cz-uru.n-nm: THEN
:- YaMin ~ YaMax;

swer e "N';
End' ('luth')
#27: Beqglin
Afigwar == ReadNey:
Casze _ansver of
#59: F1;

862: F4;

H J(a:q.-xo:q-lﬂ-
: Xorg:=Xorg+l0;
H !o:q -!urq-lo-
H Bog‘;!-;ong xé:q-m Yor Yorg=-10; End
H 3 (] - - *m - H ndy
#79: Begin Xorg:=Xorg-10; !o:gw\'ogolo- End;
73: B-ql.n Xorg:=Xarg+lo: !urq:-rorq-ld- End;
81: org:=Xargelo; Yorgi=Yorg+10; anawar:=f‘gt: End;
Elss mswc::-' '3

End;
au:calo:u).
n
n;q' »"G": anawar:='N’; (*Diszable 'g’, and G}
Until answer in { *¢°,'q,“Q’,"t’,'T7,4871, 872, 073,075,877, 079, 880 );

Mx 3= Hllm.
My I= Na
Un:'h an’s':-: in Iiese 't 9, *Q7):
End; ({* DrawGraph %)
BEGIN

RaadData { Surface };
With Surface DO
Bagin

t= -9_0R367
ERax = -9 4] 4 gz:
Zaln iw=
'%mpuu’r“%h NYa:=Max¥
a Than NYa: CH
If n NX&:=MaxXa;
rog .‘I.:-I ro un

-
et
O
"

t h.l.n)DatulH ] Then Il.lnwbqunl;,&.l F)
n>Datum Then Imin:=Datum F]
It Imsx<batum :. Then Emax:=Datim Fl
£ f Imax<Datum Then Imax:=Datum F
Mx = 0.5-’W¢Mn H
My := 0.5%(XaMax-! H
For L:=1 To NXa DO x .I. i= (XaMin + {i-1)*DeltaXa - Mx}/My;
% is 3'§:!§M’§ i
For l:=i"To ,Wta 00 11712 (vatn + {1-1)*Deltava ~ Mu) /oy
Endy ( With sy o ¢ d
NYa iw gg’:i:i;'lm'
A w .
Laax = 3
radians := pi/18% s
omiga 1

u--ns gg; Mn::glu.y ‘
Surhuvalu as( wx, '1-'. Surface, Es !!
:ndon:

g:‘mnph{ . !.‘:.'u.'r ‘Raff’ )
Unti]n.rl;gu:ghxa t‘q‘.'&’] R
TextModa (col0} 7
tI;t.l-...'..'tt".lll.,

* End Thre *)
WLEED M T ry P
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AP P ENDIX D Interpolation Formulas
%

n=A+Bfi +Cf?
yi=A+ Bf; +Cf2—2
y3=A+Bfi+Cf?

Subtract (2) from (1) and then divide the result by (f; — f;) yields:

p=fizy_ St -5

T h-fa fi—-f
Similarly (1) and (3) yields:
-y -5
B_fl—fa ¢ h-1a

Subtract (5) from (4) yields:
(w1 = v2)(fL = fs) = (11 = ws)(fr = fa)

—

TR A==, - )

Let
ky = ;73
kr=fi—-fs
ks=fi - f2
k¢=k - .;'2
ks = kakq — ks(ky ~ £773)

After substitute k; to ks into (6) yields:

C= ka(y1 = y2) ~ ka(yy — )
= I

Using (7), (4) and (1) B and A are;
p=U1—Y¥1—Ck
ks
A=y, -Bf; —-Ck

Note that ky, k3, k3, k4 and ks are functions of 1, f2 and f; only.

(1)
(2)
(3)

(4)

(%)

(6)

(6)

(8)
(9)
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AP PENDIX E Intpol33.Pas, Intpol.Pas and Error Pas
%—“ﬁ

Intpol$3.Pas, Intpol. Pas and Error.Pas are three simple programs written to verify
the accuracy of the two interpolation schemes in Chapter 2. These three programs are
not related to the CAD procedures. They are included in this appendix just for the
completeness of this thesis.

Listing E1: Intpol33.Pas

{* Flle: Intpolldd.Pas )

(l
This program is written to generated an 1l-by=1l lockup table from a
J-by-g lookup tablie. The cgzll.nq syntax “:y P

Intpolldd TableIn.Dat TablaQut.Dat

Where
] rnbgzgn.ggtpi= 4 J-by=-3 lockup table created by either UniFast3. Pas

ar as - -

TableCut.Dat is an 11-by-1l lockup table genarated using a

J-by-2 intpolation scheme daacrlggd in :hg thesis. i o

-y
o
i S

Poman So

Laboratory for Electromagmetics and Mlcrovaves
University of Ottawa
Auguat' 4, 1988,

*)
PROGRAM Intpolil;

FUNCTION Dbae{dob:single):single;
Bagin

ba =
End; dob

FUNCTION Dca (dobiaingle) taingle;
Bts.ln
ce :w dobedob
End;
FUNCTION Dbz (dob:aingle) :single;
bz :=» dob
dy

FUNCTION Dcx(dobisingle) :single;

cz := dob*dob
End;

FUNCTION Fb{f:single) :single;
Bagin

D = £
End;

FUNCTION Feo(f:single) :single;
Bagin

Fe = 1/£/¢2

End

function Int 1, a2, a3, dlod, dlcb, dlob, dob: single): sin leg
Va:‘t:l.akz. i‘:ﬁ“(, A.' », c: l.ln'qh: ' ! e 9

%3 io Dbefdiop) = e gob” H

ks '-Dec&ig - Dem{diob) 7

ki t= X1 * (Dcs {d1ob) ~Dea (d3ck) ) 7

€ iw !u-m-oz = xd*(el-e3}) 7 k47

: i o!l-.i:gg h&#‘s‘: C*Dca (dlobl s
mé?t.'.n A n-n&gmi + C*'Dee (deb)

Function Int al, & 3, dlob, dZob, diob, dob: single): single
g:? R Y Az,' b ot alngler " ’ Gial: alngles

i= Dbz (dlab} - Dbz{dlcb):

2 := Dbx{dlob) = Dbz{d2cb);

+= Deczidlob, F
=Dex

k3 = Degid2ob

kd i= k1*k] - k2¢(Dexi{diod (d3ob));
C 1= (kl® (01-025 - ki*(ol=ed)) / kd;
B 1= el-e2-C*kJ) / k2;



A := gl - B*Dbz(dlob) - C*Dezidlob):
Int.zh := A + B*0bz(dob] « C*Dcz{don)
d.

F‘uncuon In:.r{cl, «2, 3, f1, £2, £3, f: single}: singlae;
X1, k2, k3, k4, A, B, C: single;

8 g!.
1 ;= Fb(fl) ~ Fb(£3});
k2 '-rbﬂ. -Fb!!:
k] := Fe(fl H
k4 :- kl*kl = kZ' l'ct!l)-rc{!!}i.
C = {kl*"(al~e 'l- /! x4;
B .1-.z-c-u H
A = .1 - 3'rb%ﬂ} - C'!'c(!l).
£ ént.r = A « B'TH{L) + C*'Fc(f)
nd;

Type datatype = array{l..3,1..3,1..2] of single;
P dure E.andt( Var d.n:u.n- datac
rocedy And? ( 51:0!3'

dob, f1,
var asl, ni aedl linqio.
Bagin

f: single; var Eeff,Zeff: singlel;

eal = Int.F({ dacum(l datun(2 d.ar.un 3,1.1], £1, £2, f3, .‘. ):
ang := Int r d.stmi s i dal:ua 2,; datum(3,2,1], f1, !2 53, i:
E.ff.- Int.r dar.un d.l:ln agﬁl . f1, !2. 3, £1);
& H
sol = In:.r( squlldn:u- fl le. s?“”‘“?[i{ 21},
ae2 1= Int.F( S::(&Ida:un 3,'2.213. Sclzlllé.l:untz :2.21:.
3:=1 e (L e 330, lar, 2,15
e nefi “‘ua:m z'n ir! rz{" “'[:’: n.
Zaff i~ [nt.xD(%th §m(unz, . 'SqEC (17e43),
End;
U‘f NF, ND Inte
r : In &I,
cheflont seeladlill,
-
fnt'.l%-. outtuoq: r-n Lol
single;

£3, dl, dcltl deltad, %, £, d, £, Zaff ;
.dloﬁdﬁo.d.aoﬁ-ai s ¢ %o Lo do Eeff, e
datua-dn
Bagin

_nhn‘:(ﬁ?' le, paramstr(l) };

.

Readln( infile i: Rud.'l.né &n!l.l- J: Readln{ inflle );
Raadinl ioEite q:gbm

Readln({ infi .: gl!m. dalt

Readin{ infila’); mui ‘hmnh 1; Maadln( infile );
Readin{ infile, garbage

Readin{ inflle, garbage, o) }:

h:w; 1: :.,qanmo. daltap );

!orl. :-lto.'lao

Ba
“;:ﬂ:a Riile s faadinf fastie ) Madiag fme )

. d‘md.in( mm-. k, datum([i,3,1], dacum[i,d,2] }

teadln{ infile );
readln( in Li. ?
readin{ infile };
raadlaf infile )
Ieadln{ infile )
b 1= b*0,001;
Close{ infile };
Ne i= i1
1= 11}
Deltal &= I=£1) / (NF=1) 2
Daltad := !s.l-&llllm-ll:
Assign( outflle, rnnnrtzl 32
Ra¥Write{ cutflle i
Nriteln gugj._‘.' ———t )y
| WEiteln! oursils’)s e
T ty i
uriteln! outdile, ‘ruln = ¢, £1:0:5, * cuz’ };
Mriteln{ cutfile, e -l # 53, ¢ ..G!l
Mritaln{ outfile, ’Daltar = ] tar:8:5, ¢ 2’ )2
Writeln({ out a0, W -, NT )
::.Lt. a( out a ‘:
wiicaln| secdile lomtn = ¢ 1$:8, * m* §;
writeln({ ouctile, ’mn -, gi{'ii: 1 3:
Writaln{ outfile, ’Deltad = ’, De taD:8:8, * m* );
Nriteln le, *ND -, ND )}
Writeln o ‘:
Writel ; LI F}
g gl ‘;‘ * 1. by
o- 'i
2 te

D.ltll‘ s.g.itll' { 1a9;

@i :- o 5'}61065):
dm': 351
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DeltaD :~ DeltaD * le-3:

£ ze f] - d-lu!.
For { := 1 To NT
Begin

te £ + dalral
Writein{ out
Writeln( out
Wriceln{ out

Do
£;
le, *f =+, fe1g-5:8:], *GCHz' }:
A-, 'qunp aver a ranqc af 4 )
. ! din Eeff

84

el )

Wriceln{ out

t= dl - delt

) tad;
For J :=1 to ND Do
Ba

g.."d_%f atisidiion, d2ob, diob, d/b, £1, £2
o o o .

NTiteln( nu:tll ': *) davled:n:5’ ¢ ‘

End;

', Imffin:S )
Writeln outflle, ’

le,

13,

.f!:.zf aff )

:rltoln outflile )
glcnol outfile )

!e'"...".'......."".!

* End of IntPolll,.Pas *

-'.-.I""'..""".I.'

Listing E2: Intpol.Pas

(* File: Intpol.Pas *)

. ¥

ta-hy-§t°ir‘. is written to gensrated an ll-by-ll lookup table from a

ockup table. The calling syntax is:
Intpol TableIn.Dat TableOut.Dat
haze
(1) r;bl-:n.na: 1: a 3-by-11 lockup table
@ r ra- Pas.

t.Dat iz an 11-by=-11 lockup tabl
~by-11 1ntp01:t10n schems dllCtlgld *

Posan 3o

craated by sither UniFastS.Paa

nerated uaing a
in the thuu.br v

Laboratory tng tl-ctrulnqnctlcl and Microwaves
AW

n&vorslty of ot
Augquat™ 4, llll.

PROGRAM Intpol;
,glblt = Racord
NYa: In:nq.r:
a b.d :z.ri u
Datim
End;
Procedurs Interpolationt Var
Y81, 12: Iotegurs
H n
-i: .2, a3, tl, :z. td, v, u, v, temp: single;

a.alth Iaﬂk.np.rlhll

hars
AZ,A3, A4, A8, YaMin
111002 of

ar Lelf, zatt' slngl )2

g! d<Yamin Thea d--!alin

Elas IZ d>Y Then dieYaMax

I] := riufc((d-ranxnllnoltnta +1s
IS =

% I2>NYa

:5 1 -Oltnl 1, Il.

aI . 3
14 4
', Ai -D. um 1 1

Sqr :u: 1 12. -:1
sqril :2 0

:gr tJ + natnl

f m—.zi

- -1-.

- cl-v' :

it i= mqr: (u *vre o w/(E0g))

[RLF LT N T L)

i
1
'tnlp

ﬂ’ﬂ‘l...ﬂﬂﬂﬂﬂ‘

tnd?

procedurs outgu:(vnz lock.up.table: Table);
var ou:tl { H

i k: Intege
Talf,” z-::. !. d. Deltal, Deltad: single;

=

. :Hli.b.ltl!l‘ alngle;

Table; £, d: single;

't-w
'ttlvz



DeltaF :=
DaltaD 2=

Be
31:n lookJT?Echlrflo Bagin

!Im aMin} 7102
agaigniout .para-:tr(zfl.
5::€cln g:&tll-, ’!ﬂbc:l:o for clcctrcuaqnltlcs and Microwa
‘raculty ol Englnearing,’ );
weiteln{ outfils, ‘Dspartdent of Elcctrical Enqln-nrinq, L
'U varsity of Ottawa, Canada,

vas, *,

writslal outfile, ! o
writeln( outfile Jfain = 7, fle1e-9:8:5, ‘ GH
writeln ouclec' ‘Tmax = ¢, fIivla-3:8:5. * GHZ® )7
writeln oucs JDaltaf = =338

writaln{ outfile, ’NF -

-rtgoin °ut;ii. l:

writeln( cunfile }:

wiiteln! SUcEile, ‘bmsk = +f Jamoeedifide e )s
writeln{ ocutfile, “DeltaD = */ Daltan'lni:i:s. ‘! o’ i:
writeln{ outfile, *ND - f17);

writeln( outfile )
vr:.uln outfile }?
205 1120 to 10 do Be
f 3= Lool:.up.nbh 1 + 1*DaltaF;

writaln{ oucfile, s-acp aver a range of d’ });

writeln{ ocutflle, * : dinm Eeff Zaft’ );

urlt;ln gu:félu.
for 3:
d i g.u gnun + J'D-lt

rnt- ln:&un Loo! chf k{144
w:1:53°( cuttflc. 1a3: 10 5 ! ,.

-:.1.:.111} outfile, 'f « ¢, “fela-§:8:5, * cHe’ };

10.5.

*, Zaff:10:5 )

wrl.to.l.n outfile, *
writeln{ outfile’ }:

and;
cloas{ cutfile );
nd;

Var infile: Taxt;
Loo

kup.T.
£, d, Left, z-u : sinQle;
st:.lnqs actring( 5

in J : st
;:ﬁ& M . rlnqit.}‘ alngle;
i 2 k. NXa: Intage

Ba
inl.fmt ill, paramstri{l) });

!

Renat { .l.nu

* Input data block *

[AAR L A T T I T S T LI Y]

* Skip three linas nl headings *)
a)s

adln{ ing
Raadln{ inf - H
Readln nt ¥
==:2 Lﬂc&.ﬂp.r e DO
n
sadln{ infile, atringd, XaMin }; XaMin $= XaMin*le9:
Xname := string9(1)

Readln{ infile, string9, )i XaMax := XaMax*le)
Readin( inflile, st:l.ngs. Da tl!n 32 DaltaXa ;= Dc.luh'li!:
Readln{ infile, atrin !
8’ )1 RAeadln( inf -); .
e, tring$, YaMin YaMin := YaMin®*le-3;

Roadin 1aEiines(l YaMax );  YaMax YaMax¢le=3

a e, Strin i= o=
ll.u%m infile, a:r.l.ng'!: Dalt l!a }1 Dalta¥a := I:lrl'lli-?:
Readin{ infile, atringd, NYa );
For, J.: 1% 3 bo

a..&ini *"S‘i' 1 hesdlat 13EHE 17 Raadiaf ingtle )

[ X t-p, Datum(4,),1), Datumil,3,2] )

tn:l:
EE&:‘ LEJ;L,LE lkmg( :nt:h l.: RAsadin{ infile )}
R
g}‘ iv xada xaning
e i;siiiamu
i= i/81 gls
fe ATAS 2 R3As + a2seasea

nu he)
cfon in u. HE S

agutput { look.up.table j;

* End N

of IntPol.Pas
t'!l!..tt"l"tl.llt.

¥

»
’
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Listing E3: Error.Pas

( {* File: Ezror.Pas v}
-

This T, 8 written to COMPUTE AN error table and the maximum and
Lnnnggqn;:nt of that uro:"n:abl-. The calling syntax ia:

Error Table...Dat Table.2.Dat Table.trr

Whers (1} Table.l.Dat and Table.2.Dat are lookup tables of the same size.
iz} Tablae,Err is file conusins the abovament ionad s:ror table. It is
the diffarence between Tarviw.l.Dai ang Table.2.Dat; ses thesis for

detail. The mazimum and infinity norms of this error table are
.:ozi'd at the end of this Elh.y

Note that the content of Table.Efr can also be graphed by using 3D-Graf.Pas

Poman So

Laboratory for Electromagnetics and Microwaves
= University g’é Cttawa
August 4, 1988,

Program Error;

Vl:qm Znax, Zerr, Earr, d, el, e2, «3, 121, 22, 23: silngle;
NF » 1 !: Intcgnt:
£ilel,” Filed, £ilad: Texc:

garbage: String(80];

Bagin
aign{ filel, paramstr{l) );
ReSec( filel };
::;1 (('f,..l;z paramst=(2) });
F L ] H
’ uuzn( £iled ramstr{3) );
ReWrite ( filed Y:
imax = 0,07
= 0.0;
Zarr := 0,0;
Eerr := 0,07

g.urlé i1 To 13 Do
and.ln filel, garbage );
Raadln CY R
Weiteln( file3, garbage };
End}
NF 1= 11
ND := 11;
For i:=1 To NF Do
Bagin

For jJ:=1 To € Do
Begtd

m:dlllg ?'E:% “u-bar.rn )
. :;-.lnlnl t.hi.qqaxblq- f:
n

For Ji=1 To ND Do
BSegin

filel, d, sl, z1

3'113 Ity 4 e, 12 )}
5 sl
2] 1w l=Xa
Writeln( filel, f e ‘:‘i'i? ;: t, «d:0:5,

. 233

3 = Abs{el
:3 i= Ablss:l”

Zarr i= Zerr + zi;

Eerr :e Larr + al;

IF Eaax<e3 Then Imax:=el;
tnér Zmax<z] Then Zmax:=z)

Endy
Mriteln( file} ); .
Weiteln j""f ’g - .

8 Enax:
I£ teln i“:" lmm; - ‘: Zaax:l:s ;
Writeln o), 'Earr = ¢, Tarr:d:d ):
Nriteln e, *3axr = ¢, Zerrig:S |
Close( filal }1
Closa{ file !
Closa{ file

* Ind of Error.Pas *

End.
SRS RSRUNRRRNRRR O NS
'."'.'Illll..'.ll-ll
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APPENDIX F Make-Red.Pas and Make-31].Pas
“

This appendix contains the source codes of two programs that are used to compress
lookup tables from text format to binary format.

Listing F1: Make-Re4.Pas

(o {* Flle: Make-Rad,Pas *)

Thia program la written to convert the text format lookup tables generated
by UnlFastS.Pas and BiFast$.Pas to a hina format that =an be used

TaiFin. The dacta structure declared in thia groqru 18 c.uc:lg cha same

43 the one declared in TsiFln. Therafcre should the data structure declared
here ba modifled the cne declared undsr TslFin zust be changed at the same
time. The calling syntax is:

Make-Rad TableIn.Dat TableQut.Rad

Whare Tablel 4 an taxt format kup table and TableOut.Red a
"hl.na:; ?IT: L] l!.h ru?.xnungcr coﬁ Lg Iltl.l-gyto.?n:nt. ts

Note that:

1) The size of tha text format lookugutlhlcl must be n-hrn.

2} This program must be ccnpé‘l,.:d by Turbo Pascal version 4.0 or later
because sarlier veraions 3 not support IEEE 4-byte real number
tormat which ia requirad by TsiFin.

Paman 3o
Laboratory for Electromagnetics and Microwaves

Univeraity of Qttawa
Auguat 4, 1983,

PROGRAM Make.Rad; ,

Nyat InE! .r:’
XaMin, XaMax,DaltaXa, YaMin, YaMax Dalta¥a: Single
ug?uyi Arzay|l..Maxka,l,.Haxya, 1. Nv] oF stng o

Var
ocutfile : file of Table;
Surface :

face_: Table;
stringld?: str EXSE]
DA‘I‘.H.qln. ntjﬂ&: Lu.lnqtlﬂ]:
. ) ! Integqer;
Procedurs Resadlatas
var

i: xCounter;
J: ycounnti
Single;

n
L file, DAT.F1)
Neaev? 1nfilety,DAT-le 2

bR AL T LT E LTI

. Ingu: data block * -
LA A AT I T R TR T I LT

* 3kip thres lines of headings ¢
aud.lnp in ﬁn ':| of fhea w
Readln( infile };



Readlin{ infile );
With Surface DO
Bagin

aadln! infile, garbaqe, XaMin };: XaMin 1= XaMinviae9;
Xnama := gar QITII‘

Readin( infile, garbage, XaMax }; XaMax t= XaMax*le9;
Readin{ Infile, garbdge, Daltaxa ); DeltaXa im Deltaxa*lag:
Readln{ infile, q;tbagz. NXa )¢

Readln{ infile’); Readln{ Lnfile );

Psadin{ inflle, garbage, YaMin }: YaMin t= YaMinelg-];
Ynama = garbage[l];

Readin{ infile, garbage, YaMax }:; YaMax :« YaMaxela-1;
Readin{ infile, garbaga, DeltaYa ): DeltaYa := DeltaYa*le-3;
laadln{ infile, garba H

e a )
If (Nxa>Maxxa)'o faael) oe {Nya>MaxYa) or (Nya<l] Then
L
sritcln( chr(7)'Data filae dimension out of range!’ );
Halt (0)

nd;
Far i:«»1 To NXa Do
Ba

n
aladlni inflle ); Readln{ infile g: Readin{ infile };
din{ infile j: Readin{ infile ); Readln{ i{nfiie :
or j:=~1 TO NYa Do

 Reddln{ inflle, temp, Encry{i,3,1], Entry(i,3,2] )

Readin( infile }; Readln( inflle ); Readln( infile }:
infile, Stringll, a ;:

infile, Seringd?, b };

a4 1= a* .OD H

b -
End; (*Withe
clg;n in!Lll }:
End;

Begi
gll, ramcount of

n

23 s n

at.file := paramstr ill ?
:nnai.tiln = paramsty (2

a
tflle 2= er{l
n:u-( .'p.l.u;r-"nnp'au&y' :output file name > * ); Readln( Red.file )

Elsa

Begin
8:1:-! ‘Please spacify lngu: file name >
Write{ *Please speacify output file nams >

An:.iu( outtgﬂa R:.i.nh 12

\d
Write 1le, Surface ):
Clcu! outfl...c' y: e

?..:........ .........i

hd £ e=Rad.Pas *
LA AR R A Y I P I R I TI L)

Listing F2: Make-311.Pas

{* File: Make-3ll.Pas *)

Iogram ls writtan to convert the text format lookup tables gqenerated
f!‘ut;?l'u and BifastS.Pas to a E%nga format that gan be Illg'd
a

as the one declared in 'l.'l.‘l.gin Therafore -uouf??ﬁ:'di!. ltgttll!ll;:_ daclared
- . c
here ba modi :d the one daclared ungn

¢ TaiFfin must be changed at the same
tine. The ng ayntax ia:
Make-311 TablaIn.Dat TableCut.3ll
Whers TableIn.Dat is an text format lookup table and TableQut.311 s
. binary fl?: with real number codad Lg IEEE 4:byto format. .

Note that:
1} T % £ oakyd tablea ba 3-by-1]. .
B Bl Rt S o e
'S8 SAT n
format which is required by TsiFin,

Poman So
t for ct (14 d ML
Laboratory Ele touu'? oégsdn exovavas

University o a!
lm.ty" 1988,

PROGRAM Make 311,
Const .
MaxXa = Ji .
MaxYa = 1]; -



NV = 2;

xCounter - l..MaxXa;
qunter = 1..&.:1'-.
l- - R.acord

Y :; £2, :i,n.ai A3, A4 AS,YaMin,YaMax,DeltaYa: Single:
C‘ nta

e gf:m H Ag:lyll..m.xxa.l..m'u. 1..NV] of Single;

n

Var
L xCounter;

cgun:lr:
a n ectr.

inflle

outfile !Li- o! Table;

Surface able;

s:rans s:rinq 9

stri%?J strin 1

ng 3
DAT.OUT a0
r.up,x'am.n.m, Delt. {: .J.Inql.c:

e EZ“:Q““‘ of
2

: T.IN := paramstr{l): .
DATISOT --p;a:mu{-(h

(TR R R T R IR T ]

Hod amstril);
M “ploase spl‘c.'l.fy Qutput file name > ¢ ); Readln{ DAT.OUT )

ﬂm. ‘Plaase spacl ut file name > * }; Readin{ DATIN )
llr.'l.u’ ‘Pleaze lgug augput file name > * }; Readln nar.ou'r

End;

Ansign( infile; OATIN );
Reset( 1 {:

.tt.tllllll..tti.'

. Ingut data block *

rhew LA ATT T AT I i T

* 3 thres lines of headinga *)
adin{ tnfile )7

Readlnf{ infile }:
adin{ in e}z

With surface DO

hﬁn

adin( infi) o. atringd, XaMin ); XaMin  := XaMin*le9;

Xnama := strin !ll]
Readin{ infile, ngd, XaMax ) AaMax 1w XaMax*le9;
Readla{ infile, l:t \ngy, Dcltm }7 DeltaXa := DaltaXa*tied;
sadln nf. &, ELrin
Readln n -) Raa n( 1nf e}
Readin{ infile, atunq N 0} YaMin e YaMin*le-);
Yhame = stri uqﬂ[ll
Readia{ infile, atring3d, YaMax ) YaMax := YaMax®le-13;
Readln{ inflle, stri ncs. Dnl.n'n )2 DeltaYa := DaltaYa*le-3;
Readin{ infile, stringd, Nya }:
For i:=1 To NXa Do

n
maalnt {SSH: 3 } adinl 1S )7 Raadiaf tostie )

For
£nd; &J.nc infile, :-p. Datua(4, 3,1}, Datum(i,q,2) )
Raadlin( infile }; nndJLn( an.. )7 Readln{ infile );
Readln{ infile, l:nnql
Readln{ infile, st :.tnql'i. h :

4 = a%*0,001;
b := b*0,001;
£l := XaMin:
£3 :=

£2

XaMax
e ;hom '

§il

e ﬁ'}éh’d‘u + A2/23/83;

R
f‘ ﬂ-r 12
Rll'l.‘ n( L
I .1.:- gh.c. surface };
au ¥}

* End of Make~311.Pas *

VENEN RN NN RPERNNARRRIRNG
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APPENDIX G UserProc.Fin
*—_——;—%g_

This appendix contains the source code of a module that implements the user defined
models described in Chapter 3.

Listing G1: UserProc.Fin

{(* FILE: UserzProc.FIN *)

'...'I'...."'.....'t".'"'....""|tt"...ti‘I'..t"'.".".-l'."...""'.-

"e L L]
**  This module dafines & met of rtocedures to compute the S-Matrices hbd
” for finline line-sactions andpduconunm:y modals. "
e Fleld«theory=based lookup tables are used to ute the effactive b
hid dielectric constant, Propagation constant and voltage er lepedance o+
e for a givan finline qcc-&.ty. Closed form expressicns which havs e
i the above paraseters as indspendent variables are usad to coompute the *»
:: sQuivalant S-Matrices for a nuabsr of finline elementcs. ::
*e *e
. Poman Se e
L2 *re
e I.l.boutog for Clectomagnetics and MicroWave il
i Departaant of Elsctrical Inginsaring e
s University of Ottawa b
.. Ottava, Ontaric, Canada by
ae August 4, 1988, e
!'.i!.."....II."'.Q.""!".!.lll......li....lll't..-..it'..'...l""....t!'

(* 3 tlcatcalls- *} {* MS Pascal matacommand for 30287 coprocessor *)
module userproc [):

('....ttl....ttt!l....t."I't........t..t'.I....-.'t'tt-"tQ...lll.tt.'.l."it"

* This module cont declarations for uasr dafined roceduras and th .
B A R e
1 8 : | a B
* the time Eh- procedure is invoked in the cirecuit 1le. hd

'.t.."!.t."".....tl.'l......'.'l't'..ﬁ".'.lliQ"!.."t‘.l!l.t't".l..t...'.)

const
Pl = 3.1415927;
:Ellllllllll!llIl!llll!lllllllllIllltllllllllllllllllllllll!!l!llll!!!llll!l%:

*1 The variables dencted as [exte axcapt for the boals it e
:! lu::'notlge.chlnq.d by unlr dnﬁ:'ué uup-nr. ptolc‘:dun-.“ Acitherzor) ;:
: 'lllIltl!lll!ltlllllll!l!!llllllllllIllllll!ll!llllll!l!llll!!l!llllll!lllll!'
vué- [u:ofnl
s * currwnt frequency in Hertg *
101 §=1§ * system characteristic upodu}ac- = 50 olma *)
¥ or a3 rwipecified in the TIMM block *}
!:J. harror: boolsany (¢ !uor ﬁlc bt
unit: real; * fr scales factor ¢
runit: real; * res m&!. scale factor ¢)
Tuu.:: real; * po ctue-.:ﬂ.lo actor *)
unitt :ﬁ.l * inductunce !!ctor '1
cunit ¥ bl fapac.lmc- I?I- actor *)
lanu :E_.::u: * langth » ! actor *)
:::’.\lltlltt n:.l: ::ncrn.l ) :teg:r-li
&
* user data times scals factor equals NKS units v)
type .
udatype = array(1..10] of real;
"5 {(*local*} (* public so that userdata may sst valuas v}
3 ud.ltyr * slament data from th cull file ¢
sbag: in -q"nr: f' location to bagin s:gzﬁg s-pngu'l:n}:l bt ]

(--“.Q'-."Q...lll.'.C'....l.!.Cl."'.--.'.Q..ll.."ll..l'...t........i‘.lll..l

procedure userdata{exloe: integer; var d: udatyper var sbey: integer); extern;
procedurc tosn(k, i: integer; 2, ¥: real); extern;
('l"l..t"'.'0.!..'ltt!.!lt..t..'lI.ttll...lQI.l..'.Oll..!.i'itt!.l.t...""l!'

E't-ltnocunl...---'t' one complex aritheetics routines ..t.ccctotc-n.tot'to'.t)



lex = Racord x,y:
CZ trix = uray[l'.y.z ..2] of Ceaplex;

g!:nfgl-an AddZ (21, 22:Complax) :Coaplex;
M s agmy

£nd;

g:nfg.lon SubZ(21,22:Complex) :Complax;
ubZ.x = 2l.x-212.x;
Subl.y 1= Il.y-Z2.y

g&nctlon MulZ(Zl,22:Complex) :Complax:
MulZ.x := Z1.x°22.x = 21.y*22.y;
MulZ.y = 21.1'22 Yy + 21, y'zz.z

Funct.lon nm(zx 22:Cozplax) :Complex;
Var daso;Ra = o

= 22.x7Z22.%x + 22, ! !
DivZ.x °- 21.x%22.x + 21,y* L yg / damo;
En gfvz.y = (Z1l.y*22.x - 21.:'12 ¥} / damo
ggr.:tion RaMuZ (R:Real;Z:Complex) :Complex;
Z.% 1= ReZ x;

RaMuZ.y = R*Z.y;
5‘.’“““" NegZ{Z:Complex) ;Complax;

N cé.: = -;.x.

4gZ.y = =2,
E.nd.q Yy Yy
Funetion RepZ (2:¢ ax} :Complex
g: R‘p (Z:Compl plex;

gcno i Z.X*2.X + x.y'z.r:

gpi.x H zi:I?u
Bnd:p y: +y/damo

‘l;unc:.!.on tﬁz {2:Complaex) -cr.-ph:;

2ix 1o ampston (Z.
u"’a .; i ﬁ-si’:(: 4N

End;
1 hIfz:C Complex;
E:,‘ﬁ? on co& (“ lclslu& oaplex;

gg’-‘hz s« DLvE (AddZ (Exp2 (2), KxpZ (NagZ(2}}], Twe)
F 1
gg:;tion unhu::?ﬂl“hcm“’
. g;.:b: t= DIvZ(SudZ (ExpZ(2), ExpZ (¥egZ (L))}, Two)

Function Mul.C2(C1,C2:C2.Matrix):C2.Matriny
St

SRR e A

:'llIllll!l!ll!llllllIl!ll!llllllllllllll!lll!lllllll;:
*] The fououuq t nat .lz formulas are from i°
.l K.C.Guft g:: sh Chadha 84
'I J.fn of Microwava Circulta® Ie

lr: . Ine,, 1*

1e
'llll!lllllIlIllllllllllllllllll!!!!lllllll!llllll!!l!'

' Convert ABRCD matrix to 3 matrix; the system izpadance is 20 on both -nds.

punction A0S NicI T TLx) sC2 Matrin
g?'é*n R g utria) !

§% i "mﬁ‘!”"tosll Lang
w3 :- RaMuz

W4 :» Rapl ‘.ddl
mﬂiglt' mz Subi ?-:gi LA f'{h". w;

£k arosihid i .-m.:hz! ffn,um

syt e z(ku}un 2],W3} ,AGAZ (1, W2} ), W4}
522“"‘“ UneAMatrix(2:Real; Cammal:Complex) :C2Matrin:

ﬂl



Sh,Ch,Da:Complex;
Bagin

gh L SlnhZiG_L}
Ch ;= CaghZ
[ineAMatrix 1,1
LineAMatzix/1 2
LineAMatrix(2 1
eng LineAMacrix([2,2
na:

gunc: lon LineSMatrix(Z:Real; Ga=tal:Ccmplex):C2Matrix;
ar

2,

R:kaal;
Ih,Ch,De:Complex:
Bcgln
h = SinhZ{Camzmal):
Eh . calhz canaaL):

1. 2
Ds := nnpziJ\ddzlkamz (R, Ch}, } o Rauz (202020420, Sh :
Line.SMatr T MulZ| Raiz (272-20920, sh), o
LineSMatrix ie Raas
LineSMatrix|2 i2 Revury f.!.nc.s.m:nx‘ 1.2'.
" élnl.s.lhuu = Ragult (Linm SMatrix) (1,1
nds

Puncuon Shunt.AMatzix(Y:Complex):CoMatrix;
Ba
ghunt.ﬁ.ﬂnt:u L,1l]l.x

L 1-
ShuntAMatrix(l,l]|.y i» U'
shunt A Macrix(1,2|.x i= 0}
Shunt AMateix{l,2].y := 0;
Shunt AMatoix(2,1 tm Y2
Shunt.n.l'u:ru 2,2 WX w12
Shunt.AMaceix(2,2].y := 0

End;
Eunfuon Serles AMatrix(Z:Complex) :C2.Matrix;
agin

gog .Mg 1 I AL 2.‘
eriesAMatrix . 22
SeriesAMatrix{2,1]|.x := 0y

Serien A Macrix(2,1].y = 0Q;

Sarien A Matrix(2,2].x = 1;

Saries AMatrix(2,2].y := 0
End; .
(l"'....tt..""'l.t :nd ot cg-pl.. .:1:hn.:1= :outln.. I'..'ltl!.t".'t"'ll"
Const

Ml = 'Racord file c::or!'
= ‘<Enter> to return ui
= ‘Reacord file not stlify

t!|ll!.Q.Qt"i'tQC...t'..t.'!'.!...tt"'.ilttttlll!'l.tt‘!!l..i't.tti"'tq.'!!

'l{hu procedurs uses two dime .I.ntorgolnt.l.ou to find tha values in

betwagn ‘“m"ﬂ"ﬁlévj 1] and <nu,.> £ ﬁ g.zl ifx orl-nd are

out of range da §uz!ac. thcu they w zat to the boun

valuea nearast calling program should ensures that:

é thi ni’ﬁ:ﬁ‘?ﬂuﬁf glt\-‘cor & “‘Hﬁ“&“ﬂou “:#2 d.r%n g .gd

corres ng en

vgmausor corract .I.ntorpntauon of tha answars rcturggd o nf’
procadure,

Note that interpolation is first performed on x-componant and then the
y~component.
Q'll|'10000ti""Qt‘...l“!!ll-l'tt!!!l."i.ii'i.....tl.I..'i'.t.!'!l....il't‘)
Procadure LookUpTable{{*I/0*}Var x,y:Meal; {*Qutput*)Var wh,Eeff, Zeff:Real);
able = Rscord
ﬂi’."m?li 4}
- ,m..:'S'

m XaMax,D m YaMin, YaMax, DeltaYa: Rsal
o SAREYE ALray i il Yalgny Yaax, alzara d

v
“ LT utzijnq(ﬂ) I

gg’, n.:;u:ﬁ‘ nn: !atm'

3
nggt.ﬁ.u rr.u.. of Tablaey
BEGI
n-:.eu.,.r.zg :-“ ?
arith :s i= m laooh(n’,lmnd(n[’l):!):
Inzert i 3)
LAl i 21 1]] .llIll
1-

QIECCOOOOQ. .tl"'

l!nu: u‘-cf!" ih' O:

=0 THEN

su:!ne-:-hc.:.u-:
Cat (hac.file);
;:cxngtusur 4ce.Xnana=*F’} and (Surface.Yname='D’)} THEN

aritharror :=

R
uln

Readln; d

92



Raturn

END
ELSE
BEGIN

aritharsor := Crue;
Mritaln{Chri?), M3);
Wricteln(M2,Chr(7));
Readln;
Raturn

END;

Close (Rac file)
With Surface DO
BECIN

‘- I:ntg[mﬂ.ny Ea-t.;lgx Entsy nxz,nyz. Entry l,ny2,1
u°-tnt nxl,nyl,2 DX + {Eatry[nx2,nyl,2] - Entry{nxl,nyl,2
ib c= r.nu:y u1:n¥z'z] + DX = .:a:ﬁ[uz::&z. - l:n:ry[n.xl.ggz. ;.i
zh“ He (2b-za Ta);
| b4

End {*Nithv)
End; (i-booktrpnbh-')
Procedure NewTable ({*I/0*)Var f,y:Raal; {(*Cutput*)Var wh,Eeff,Zeff:Raal);
able = R-co:d
a0, :%u:z 12 M.).Z,AJ Al As.mun.mm,ncxun- Real;
Datim @ Aruy[l..a,l..u 1..2] of Raal;
var End;
ll- : £ile of Table
Ripabier Taplaples
I1, I T Integers

LLAAL AL L A L L L I T T T T e
{

Make sure f3 and ds are within bounds
Il"l'l"'t""lI"'..tt".l!"l"")
If x > XaMax Then x:eXaMax:
:E X < XaMin Then x:=XaMin:

y > YaMax Then y:=YaMax:
If ¥ < YaMin Then yi=YaMin:

'I".l...-."".'ltt'!"""..."

sional linear lnr.creolatlon

I'l....l.'.'.l.""..-"" tThwewy
axl = Tmuc(_}:—mmlmltmi +1:
If nxl hen nag:=nxlsl
Else nx2:=nxl:
OX = (a—xm!.n)l liaxa -
n¥1 = Trunc( K'“’""” ID-].\‘..!!) » 1,

ny.l < NYa Then ny2:=nyl+

!:1 23
.,- z .l‘.lnllﬂtltlfl - ny
ne nyl,1l] + Dx s:m: 7inx2,.nyl,1

Entn[gl.nyl 1“{

al 2, w, U, v, taEp: Real;
WR'REAS r.s:':s.:{q(fﬂ ]
D9: Lstring{d):

gﬂl:.xl..‘l...'!‘rnp = LIUS}
S S5 TEIWRA. 3117
&L :hntmr = aQt tnoodn (09, Round (=D[9]}:12);

Innert (D9, WRAEA, 8} 7
LA R AL I AT YTy

ahle

sbretnevashiovene
1 Eu ,
Assign hcfff ., L1}
Resat ile
Ir ltl;‘gl le,E ’-0 THEN

Look.Up.Table:=Rec.flla*;

Get {Rac.fila);

IF m(u.ooh.frp.ﬂ.hl.- Xname=’F’) and {Lock.J'p.Table.Yname='D’)) THEN

BEGIN
arl.th TIOr = true

i::t“i%r o '(ﬂl

END
ELSE
BEGIN ,

!:.tu.l.n ‘?‘
Ir u.l.n
u:u:n
END;
Close{Rac.flle);
tl.l.th Lnok.tlp.‘n.blc

Mnnu Than y:=YaMin

h
If :
l?u 1t y. !dln: ‘
i”!g Then !: .
Il i= ‘rruncHY-!llunl Ibcll:a!l)u: - L Y

2 *

it :mm {'hun I2:=NY.

temp := (y~-YaMin) ID..I.uh s

el := Datum{1,Il,1] + (Datum 1.! 1)~Datum(l,I1, llj't.p:
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[ =~ Datux(2,I1,1] + (Datum(2,12,1)=Daten 2,11,1])*tanp;
a) ;= Darum(3,Il,1] + {(Datum 3.:2.1,-1'.!::1.: 3.:1,1]1'1:.39:
L] !Al'(. -125- T{al-a1))/A&;
v al-e -n'AASIAZ:
R TR L L
‘e LK * W
al:=igT 'ill Datum{1,11,2) + {Datuam(l,I2,2|-Datum(l,TI1,2 “templ});
ali<sqril/(Datum|[2,11,2] + {Datum{2,I2,2]-Datua 2,I1,2 'tlnpg):
[ 1/ (Datum[3,11,2] + (Datum(3,13,2]-Dacum 3,I1,2]) "zemp) };
» Fl' c-z-.ﬂ-n!- (al-e3))7Ad;
¥ = |(al=a2-w"® ALIR:
Y ;= @l-vof]l-weply
é-f! 1@ 3qTT{l/(u + vof « w/(f0f)))

En
End; (*-NewTable~*)

l'
Procedurs to alarm yser when gap width is out of valld nnq!).
Procedure Gaplrror;

Baglin

aritharror = true;
lr!.uln} Chr(7), *Gap Midth out of range!l’®);
Writeln(’<Enter> to raturn.’, Chr(?)):

c g.ud.l.n

ndy

(I.l...I.OI.'l..--'.I...'...“'.....".l'...'"t'....""...'t.!l".t."...tt"
The following procedures uss the aquations in f1) and (2] to compute the

discountinuity affecta for !.lnlinu analysis. The firat proc a coaputas

the nce dus to the step effects and the second procedurs coeputes the

shunt lnductive affects.

l[‘: “?“‘2’ Taul and Wolfgang J. A. Hoefar
. L. a « R
EMPIRICAL FO) FOR rn! PARAMETE

RS OF IMPEDANCE STEPS AND
INDUCTIVE STRIPS IN FINLINE.

P. Saguet, A. Coumes
ru::‘."-' uifp-rtnqunncu on Tachnrologle Finline

u.gutnnt of Llectrical !ni.lnl.r.ln! mu.nultr of Dttawa
Li ] ttt‘l.ll'ttl."ll..l..tl *EeENEY I.It.-t"'l...t"l.....'!"". .!"'.t.l..'

(21

'hl.c rocedure .mplements (1) and (2} of 1], If d2.0.d]1 is out of the valid

unnpd-na.d b)‘:.gh- formulas then d; tvn un

value nearsst to the antry value ef .di L and 1202} ars inductance and
dance ratic at the corrasponding boun » The calling program

should enaurs that the entry value of d2.041 oqual to the return value of

d2.0.dl for corrsct interpretation of the raturn values of L and 22.0.%1.

whars
Jd1 id range iz [1.0, 13.§

gs.o.cu L% duét::é. in pl?'—"a[) of h] !
22021 : 23/721 —— 1) of 1

Nota that the following conditions ars assumed:

a
b/a = 172
s/a = 1720
b | B o=
£ Er = 2.2
0.32 < b/Lander < 0.47

———————— .'t;!‘ ———————

d2 - Il 22

*)

Procedure lmpit Var (*impuc/cutput® L] -

SECIN »t i-—’%nm?? & 525k Raal };
Gscnuqn'on‘tcntnn-toucnnnoonn.cnnn
.....‘-’3'.".‘93.!’5559.!.‘.159.f-‘ﬁ!.‘.‘-‘.&‘ff!.'.’-‘ﬂ.‘n,

-

fr <1 t‘gl.l d2.0.d1 r=]

;r >13.6 THEM ﬂmg.lﬂ.‘:
é!'ttt'!oc..tc-lit'.o'tt!l.ltlttl-"tlt

e

TEELT.200UCTNGe, 00d, Lapedance racio

RN 4 [Lags - aese - o.sox&az.o.m * d2.0d1 ) * d2.041;
li01 e 832088 0.2973*d2 041
8790 + 0.1639vd2.0.41

H 1 w ] J
L 1= L'l.ﬁl-li‘ {*Convazt L from pil to H¥)
END; (*~ImpStep=*)
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t.

This procedurs izmplesments formulas in [2].

Coe—= 2 delta | ====>

d PEITERY d .- v -8
I :
!
)
Proced Indseri var (*L t/outpuce 0,
oEer ure Indstripd R g
B 1= 0,202 * L1570 - 0.37
Blok :e 020 mn?’"’ La(b.0n) = 0.37vLn (b)) ;
lob = n130 upm J!*I.n(u.n.bn
O 22 0 e PR PO, 115 L (b 15.' 2.63/b04 ) * wod
T2 owg? 0.16 * hp'( !:nr.n(h.o.d) +1 1"x.u(:: u;b.o M) e
T T ERp(l.3%w.05) SPL.66 15 : P -

END; {*~IndsSt :lprf?)‘

(*eeeeraneressresnnansener USER DEFINED MODELS 0!".tt."'!....tt"..l.!tt&l..ll
proc-durl ulpa(exloc: integer) [public];
A u:ch lud for a finlin section.

Parameters:
Units: 3I
metal
input T gap width —> I!Il‘!!ll‘r! LONG
v §: 9% {1e, Matchad)
matal

D[l] = unit length
n[s{ - anl. file umh o3 281 stand for WR281.RE4

D[2] to D(8] and D[10] are not used.

*)
va

:m b' 9, 99, Eaff, Iaff, x, ¥y: !‘llll
L}
glgsdsggllg:ﬁ!c. d, sbag}; (* sets d{1l) .. d[10], sbeg *)

éll t'..l! *

s 311
Ill.."
Il' D 9! :
. ( lh.l.nt freq, g, D, Refl, laff )
NewTable{ £ g b, Laff, 2aff );
IF u-nhum returny
Ir ) THEW

.cc----onooo...ntttqtttttttttqtot.l.oovootoottc-o
.-?-“ﬁe-?}“&n""”‘l..-gcmof!ﬁnn.i--ﬁé‘.’,
cael.rto:a
Raturn

END;
R &= Jz-t:-zo}uz-uozon

!oln(iboq, 0, x, ¥)

(t't""ll.."'l'lllIll"'i"..""'l.--"'.'l...tl"..'i""'..'.ll."t""....}

procedure ulpb(exloc: integer) [publiclj
(*var



user varlable declarations go here °)
bagin

ysardata{exloc, ¢, abeq)
true; {

* sats d[1] .. dI10], sbe
aritharror := i

H *)
. t‘upo:.lty untll procadure ?s dafined by user *)
{(* user coda goes hera *)

(* the following line should become active coda whan proceduze i3 defined v)
('dtolnuuq, 0, x. ¥i: ") {* x => sllr, y => slli =)
nd;

(l'."...'It.'...'....."..'........-.'..'..-....-."'..'ti-‘-.........-.....t..’
proc-dn;p ulpa (exloc: integsr) [public);
A disperaive finlins model.
| € L > |

z=atal

g: gap width

mnatal
D[l - unit length
D - nit length
g § - gou [ﬁcplzu,l’?nil length)
- - sea
D{19] = Flag - IF set to *1’, current freq would be used %o

calculate electrical length of the lina
d-nag.l.u freq out of the valid zange of the
lockup table.,

D[4] to D{&] are not used.

")
Vag C2Matri
H rix;
Gammal.

: Complax;
hblo‘.w. L, Ireq,Eeff, 2eff: Raal;
n

gl?sd; h(g;loc. E.’- abeg); (* sets d(1) .. d[10], sbeg *}

1= D[2] t
Gl.-ll'..l::' Dfﬁ'ﬁ[!]: (*Losay part of the propagation constant,*)
!Ess!=:l‘£ .'."...tﬂil..l'.;;t.IIl.'l".'!'..l..t".l"...

r d Zaff, note that *f aust first be
.2:"2.;&-’:55.??« ns 17 Tabler. T Must firs saveds
.'Ill'...."lt'l"'...t"'- ll!".t'.l.ll.l..'l"l.....t..,
iF_1M9)>0 THEN
u!-:ck Table{ freq, g, b, Laff, 2aff }

NevTable( 2 b, Laff, zaft
IF arithegsor THEN Feturey o’ )
IF } THEN

n‘“!'!.!!'......'CG.l""‘l...t."'.....ttll..'t'.!'
é"? h out of unahn!! and Zaff are invalid,

Wide
shecsnenovanensnsen

Gagl'.nor:
Raturn
1

I'-."'Q.‘I-l.....lﬂﬂ"..)

|'I'.......t.'""..Q."t"'lIl....t'..l'.'..'!!.‘...".lll...l".ll.

st the returned freq to compute S-Macrix so that 1f the ent £ is
bayond tl‘;: valld tl.l;é of the lookup table ths user uu.not.lg 4 dis=-
gi:in:taut effact. |

option can aver rida by the user by setting
-".t‘ttittl.HCCOQ‘ltl..".t'l.l.i""..ttt'.l"t...t'!"'l'tt.t’

“." ..i'. tobe) o 1 v freq/ 1.5E8;

Cammal );s
X, 8 .i NI
R {RH
x :i Y

ttt-ll..'..l'.t..'&l.ll!.t...i'.'!'l.'l......i-"'..lt"'.l.t.'tt.'ll..i.t-'ll..}
procedurs u2pb(sxloc: integer) [publie]s
ee documentation of Indstelp,
|€== 11 ==>| |€m= 12 —=3]

.

———————— " s e e -

-] ' <+> q



uait length
il unit length
] unlt length

12 unit leagth
1oas [Neper / gﬁlt lengzih]
WR e ULPA

s
| = Flag - szes U2PA

ogoooouo
D LN L B

DI6), D[7] and D[R] are not used.

Var
Gammal,Y: Complax;
?l'uéizci"ﬁ""’? bd,w,L1,12, temp
Laq all, ) Ll .
“glg.h.m.&,uﬁ , 8.0.X,01-05: Real;

uurdan;u.loc. d, abeg): (* sets d[1} .. d[10], sbeg *)
freq :w fr:

g := Lrmunlcen(l);

g99i~ g2

W iw z‘?gunlt'DlJl:

A = D(5)/LENunit: (*Alpha; real part of the propagatlon constant.®)
IF D[9]>0 THEN

l:r.;"ggk Table{ freq, g, bb, Eeff, zeff )

NewTable({ fre bb, Taff, Zeff );
IF arithesson TN reacurnr o
Sl
B é:"'......l-l.........'"'..."....t.'.....".ll.
e

Width out of ran Zaff and Zaff are invalid.

'.."..'-I‘."“Is!‘l‘-.-.."..'.'.....-"."l)

capleros

é....“'...‘.......-.“'l....."........-.'t..'......t'.l....".."...

sS4 the returncd freq to compute S-Matriz so that if the entry f 12
beyond the valid nn?n.et the .loo,k'ug.ub.ln the user can nong lt:gl-
<8

continuity effiect. T optlion

ovar ride by the user by setting

BI!.O
" 'u1-----3ott'--'o-'...ot'-'c--'thtt"'-oo----o--ot'----n-ott"-o-'

IF 91101-1 THEN tefr;
SEESENPTRNNUAS THSPC R NBEETREOY

*ew
é uts shunt inductance and delta 1.
e .t“-l'......tlttl'l'|I..‘.l'.ll,

u0D 1= w/bb:
b.0.d

. » DLOB 12
Ll := Dl1.O0b*bh + LENuUnit*D 2]:
L2 :-_D.l.o.;:'hb + l.!mgét'b 4 ! ’
tmnﬁ:o tt!mc‘!gfslllm'}=l!lit!t.'.‘t..t.l..l.ttt'!.l
Compute ABCD-Matrixs and cascada them to form a S-Matrix.

l."'.‘t;':';;'!'.'.."'lll!' ..'t"'.'...'.ll.tt.t-}
GCammaL.x := H
Al = f.Inc.A.nE:- t-gg.l.;lliyft.mn
B = BOY/Zalf;
R
H i .5”,‘_;‘2 (AL, Shunt AMaceix(rh) s
G_%Z‘ g: %-'pr'e:ur
Al iw= LInoMtru{uﬂ.ca-u.)

En

3 := ATO.S (Mul 02 (A2, ]

tosn{sbeg,0,8(1,1].x,8[1,1].¥)2

tosn (sbeq,1,.3(1,2].x,5[1,2].¥)7

tosn{sbeg,2,3(2,1}.x,8[2,1].¥)1
2,2 A, 502, ¥

m&}:ln sbeg, 3,3

!t..i'"'Q"ti'...'.'..‘..'.'.'Il.'.tt.-‘..'t'QtCICQ.lit't"

procedurs uZpc(szloc: integer) [publicl;
|€wmam 1] ceend | 17 wmem|

A ————— v ——
e ot Sttt |

gl . qR

ettt e
| m———————————

Sea Jocumentation of Ispitep.

1 unit length

t langth
B fas ;:,.m]
cz:u u“'.'ﬁ: ,n“mht leangth)
wR = see ULPA

] = Flag - see UIPA
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D{5| to D[8] are nct used.
labol— [ 3444

cuaul. Is: cml-:.
5, ADCD CiMa

ui.n.ﬁl i?e.éﬁ!'?:z-qrj':- ez, 2ate1, 2ar22: Reals

uu:d.n exloc sbeg); {* sets d[l] .. d{10), sbeg ")
11-- unj. ] 11:
-Y - Nunu'b 2,:
g2 e Lﬂzlunlt'n E1E)

!2 "Lguunl.:'nl
H D[SLIL!.Nun t: (*Alpha; real part of tha propagation constant.*)

"}

IF 2 1

dj.;.gll 1= qzlql
EI.SE 1/g

1m g

E :e..-'q.n.-.n}‘..-‘..Z'H.l.-’."...'-...'....."'.."."....."....'.

cmpute ABCO-Matrixs and then cascade them to form a slnglo S-Matrix,
l'. .‘ll."'l"..'l.""...-t-...'II'..'I""'.-I"".l.. .-".'I'.l"
IF D(9}>0 THEN
:ulaék Table{ fraq, gl, b, Eeffl, Zeffl )}

NewTabla{ ”rﬂ ql. b. tofﬂ. 2aff1 );
H' uir.har:u: Nz
F gul<>gl THEN coto tl.lu

IF D[9)>0 TH
aubgc! 'l‘lbl.( freq, g2, b, Leff2, Zaff2 )

NawTable { srrﬂh'qz, b, h!tz, Zaff2 ):

IF n.lch-rrc retur
IF go2<orgl r.m
IF n[ldl-l THEN freq:=fr:

Sl | L] i

i,y 1w 2°p *fraq*LL;

im Saries ::ulz-):
<0 THIN

IF LI1GO

in

Chmmal.y ie f.'}. Zaff1)*freq/l.Sed;
ABD' 12 wile? 2 (BinedRat rin (e ET Caner!, ABCD)
Ir f.zoc THEN
Bagin

L.l = L2*p,

L.y :e Eaff2) *fre
md‘ oVl uﬁ(cn'ﬁ {-lm:’uf(ﬂgh.mn
s ta m.smcm:

tosn sboq,o. .x. l

toan {(abeqg,

:o-n .l. :
nn nboq,:l, 2l.x,3 2 2 .y

é:.l-'.!"Il.tt"'.!lll.tt!'Q!l..“.!l'..'..l.."'

out of ral Eeff and 2eff are invalid,

e"'...."‘.l....E?‘"......"'.."'..‘..".‘.)

ERR: Caplrror}
o pt
(...tt.ll."'tt'!"!.....t"'..'t.t-'il.t.ll!!..tl"tl...tt".!t'..ﬂ!t.?Itl!ttt‘,

procedure ulpd(exloc: integer) [public);
t Em variable declarations go here *)

bagin
'h.q L ]
‘.‘!!{E:E-:é:'*. Em b " taso d{ll an ﬂlm ll dafined by user v)
* user coda gosa hars *)

-

. th- following 4 ahould become vh .
' om. 5? .'lgm  beca % Sive Sgda, yhen o procsdure is defined v)
PR L R RISty S

 Gontaneq, 3] 3 "’ g HE A .ﬁt v

an f

(..Q'0'!..."..IQC.....--!l'..'-.'l...".l..'i“l...."'.".t"‘lll't..ll'.."",

procedure udpa(enloc: integer) (publicl;
va
t nur variable declarations go here %)
begi
uurdnn ealoc sbeg) sets d(1 3 dj10
arl.:hu-ro(r ) l".:a beq ’ qor( ! { n!'ﬁe.dun 1- dafined by user +)
{* vser cods goes hare *)
’ tha following 9 lines should become a ctive code when procedure is defined *)

toan(a! 90, = -:-:.1: y => n-
toanflgzg: 1, x, y” o 23 i ¥ = Hin 0;
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. s w L] -l - (]
: tomisbey, o Wi FEZMIELyn AN
* toan{sbeg, 4, x, y}: ¢ * x o> 5227, ¥ => g2l *
':um!b-r'.'s'x'y:' * X => 2235, ¥ a> g2]1 ¢
* tasn{sbey. & x. ¥: e t x => 23ir, y => g3iL ¢
* tosn :h-fr: 7, x. ; T ¢ x => 3321, Yy => 3324 "
* tosnisbaq, 8, x, ¥ . " x => 3337, y «> 5331 ¢

and;
""."'...I.l’:.".tl...-"'I'II.'l'.'...."ll..Il..'l.'..l'.'ll'l...'."ll"""
procadure ulpb(exloc: lnteger) (public);

{*var
user variable declarations go here *)

bagin
Sn:utatcxlnc. d, sbag); r sety d(1) .. d{10), sbeg *)
arithsrror := true; ® temporary until procedurs 1z deflingd by user *}

usar code goes hers *)
the following 9 lines should become active cods waen procedurs is deflned *)
X H - => glli ¢

.

* tosnizsbeq, 0 " . v x allr,

prempe by LIy
* tosn lhoq: 3: z, ; :° - * x a» 9217, ; a> 3214 *
'tnsasboq!x'y" ':->322r'y->-2u'
* cosnisbeg, S, x, y): ¢ * X => 8230, y w> 23] ¢
* tosn{sbeg, &, x, ¥ * * x => 33lr, Y => 311 ¢
* tasn ah.q: 1': X, YW} v 'x->332::y-> 5324 *
* tosnisbeq, 8, =, ¥y . *x =>gddr, ¥y => 2331 *)

and;
(tt""'....."'.l'..".‘..'.'..'t“l....t..‘...."'I"'...."'."'...'.".'..",
procedure udpa(saloc: integer} [public):

{*var
user varlable daclarations go hers *)
begin
t b * agts d os d sbag *
2:!33:?-:‘;?‘?3‘&:35:' 9 !' ::.;“lg uned 131’5:.&:. 1. dafined by usar *)

usar coda goes hare *)

-
L]

* the fonmu.ns 16 lines ahould bacoma active coda when procedure is defined *)
¢ toan{sbeq, r X, ¥)2 * T X «> 3lir, ¥y => glli *
* tosnfebeq, 1, x, yj: * g > Y. => 8121 »
PimamE Srary B EEE
osnisheqg, 3, x, ¥ X Y=g
* cosnisbeq, 4, %, yjr v *x Yy => g2li
* toan({abeqg, S, =, ¥): * .z Yy => 8231 ¢
* tosn(sbeg, 6, =, y)r * *x y => a231 v
* toan(sbeg, 7, x, y)j; * *x Y => addl ¢
* zosnfsbeg, 8, %, y}7 * * x y-).k'
* tosn(sbeg, 9, =, yj;7 * *x Yy =>3 hd
® toan{abeq, 10, x, ¥iz * *x Yy => a3l
* tosn(sbeg, 11, x, ¥j: * . x Yy => gl4i ¢
* tosnisbeg, 12, x, ¥)2 * -~ ¥ => ud]ll
* tosn{sbeq, 13, %, ¥}z * *x Yy => gl
* tosn(sbeq, 14, x, y}7 * " x ¥y => g4 .
-;.d}“n sbeg, 15, x, y) * *x Y > addl

‘III'..."O"Il.....t"..Il.'..0".!'...i.Q".....'.!.'.....'l'l!.......-I..t".,

procedurs udpb{exloc: integer) [public);

(*var
user variable declaratlions ¢o hers *)

bagin
rdat d, sbeg ¢ sats d(1] .. d[10], sbeg *
::::h-r:e‘ﬂgcimi: 1 {' :-porzr} aaedl pl'acodnn ls detinea by user *)

{* user code goas here *}
* the !ouotl.ns 1€ lines should becoms active code when procadure 1y dafined *)
¢ tosn{sbeq, U, x, ¥)7 * 'l->llr.y->|{£'
* tomn M s g ¥} ¢ * 2 a>pldr, ¥y=>g b
* tosn{sbeg, o Xy ¥}2 ® *x=>gldz, ¥ > il v
* tosa{sbeq, s B ¥}2 = R => gldr, ¥y => gl4qi *
* tosn{sbeg, r Xy FIT ® * 2 e>silr, ¥ =& b
* coan(sbeg, 3, =, ¥); * * 2 =>addr, yorg .
* tosn{sheg, §, x, y)5 * * x> adlr, ¥yug .
* toan(sbeg, r By Y13 * *R=> 4L, ¥ => addl ¢
* tosnisheg, O, X, ¥}3 * *R=>allr, ¥ w>» 3 .
* tosn 08-‘0 F *Ew»gdir, yurg .
! toanta Oll'l;'. *xe>»giir, ¥ya>g .
* tosn(abeg, 11, x, ¥)7 * *x=> gldr, ¥ > add] *
* toan(sbeg, 12, x, ¥}z * * 2 =>adlr, ¥y => gl *
* Counfamey 13 m I ESIE ro s
Oun - -
;:olu llnq: 15: :: ;: * X e 1«::;-:' 441 *
[

(.ll.....'.’.'Q...ll...".'.'t....-Ill...-'..ll.l.tt.il..'.....l-ll.....l..llll.,

and, {* Ead of module UsarProc.FiN v)
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AP PENDIX H The Calling Syntax for the

Finline Elements

“
—_— e e/ ————————— e EEEE———

TsiFin contains a set of user defined elements for finline line-sections and
discontinuities. Field-theory based lookup tables are used to determine the effective
dielectric constant, €.y, and voltage power impedance, Zy, of the transmission medium
to be used such as unilateral or bilateral finlines. The S-matrices of the implemented
discontinuities are computed by using closed form expressions which require €. and Zet
as independent variables. To run TsiFin, follow the steps listed below.

If the required lookup tables (.Re4 and .311 files) are in the Sr-Red directory, type
TSTONE to run the program. Else run UniFastS or BiFastS to generate the required .Dat
files and then run Make-Ref or Make-811 to generate the required lookup tables. The
naming convention of the lookup tables is described in the following paget.

The .Dat files created by running UniFastS and BiFastS can be displayed graphically
by using the graphic program $D- Graf; see Appendix C for details about this program.

There are a large number of example circuit files in the EEsof\SR-Re4\Example
directory. In fact the example files in that directory are all given in Appendix J. A simple,
but detailed, design example is given in Appendix I.

The calling syntax for the finline elements is described in the following pages. All
the rules applicable to the regular Touch Stone circuit elements are also applicable to
the finline elements except the rule for specifing “dielectric loss tangent”. The syntax for
entering a user-defined element in a circuit file is:

UnPz < nodefts> Dl=gal D2=a2 D3=ad3... D10 = g10

where

n = number of ports (1 or 2) defined by the model
z = “a” for 1-port; “a”, “b™ or “c” for 2-port
D1, D2, D3 ... D10 = element value keywords; all keywords must be entered and
assigned values even if the model does not use them,
al,a2,a3...al0 = data values, use “0" if the data is not used

Element statements CANNOT be longer than 80 characters or extend to a second
line. To fit ull values on one line, variables may be assigned in the VAR block of the circuit
file.

\

t A detailed description of the naming convention is given in Chapter 2 of this thesis.
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UlPA — A wideband matching load, good for unilateral and bilatera] finlines.

N
matched

input | - d load

N

Figure H1: A wideband matching load.

D1 = d [unit length]
D9 = WR, eg 281 stand for WR281.Red and -281 stand for WR281A.311.
D2 to D8 and D10 are not used. '

Note that .Re4 and .311 files are corresponding to lookup tables of size of 11-by-11
and 3-by-11 respectively. The naming convention of the lookup tables and their associated
interpolation schemes are described in Chapter 2 and 3. :
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U2PA — A finline line-section, good for unilateral and bilateral finliges,

N

Figure H2: A finline line-section.

D1 = d [unit length]

D2 = [ [unit length]

D3 = loss [Nepers / unit length]
D9 = WR — see U1PA

D10 = Flag — If set to “1”, current frequency would be used to calculate electrical length
of the line despite the frequency being out of range of the lookup table or else the
boundary frequency would be used.

D4 to D8 are not used.
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U2PB — A shunt discontinuity element, good for unilateral and bilateral finlines.
Note that this model is good under the following condition

O<w/b<l

N

Figure H3: A shunt discontinuity element.

D1 = d [unit length]

D2 = | [unit length]

D3 = w [unit length]

D4 = [, [unit length]

D5 = loss [Nepers / unit length]
D9 = WR — see U1PA

D10 = Flag — see U2PA

Reference: P. Saguet and A. Coumes, “Filtres Hyperfrequences en Technologie Finline”.
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U2PC — A step discontinuity element, good for unilateral finline.

Note this model is good under the following conditions:

1<dy/d) <13.6
b/A € {0.32,0.47)
sfa=1/28
b/fa=1/2
€. =222

>4 I2 -

NS

Z

Figure H4: A step discontinuity element.

D1 = d; [unit length]

D2 = [; [unit length]

D3 = d; [unit length]

D4 = I3 [unit length]

D5 = loss [Nepers / unit length]
D9 = WR — see U1PA

D10 = Flag — see U2PA |
D6, D7 and D8 are not used.

Reference: Y. L. Tsui and Wolfgang J. R. Hoefer, “Empirical Formulae for the
Parameters of Impedance Steps and Inductive Strips in Finline” in IEEE Montech'86
Symposium Digest, pp.36-38, Montreal.
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APPENDIX I A Design Example

This example is used to illustrate all the capabilities of this new CAD procedure;
from lookup table generation to circuit optimizationt. The problem to be solved is a
simple impedance matching problem. It is required to use & unilaterial finline line section
to match two impedances at 32.5 GHz. The source impedance Zg is 200, and the load
impedance Z; is 400Q2. The finline line section is to be placed in a WR98 waveguide.
The fins are to be plated on RT duroid substrate, €, = 2.22, of thickness 0.254 mm. The
specifications are summarized in Figure I1.

a=T7.112 mm
b= 3.556 mm
h = 3.558 mm
1= 0.254 mm
€ = 2.22 Soarce ’
Source = 2002
Load = 4602

Find d and { to match the impedance at 32.5 GHz.
Figure I1: Design speciﬁcai‘;ion of a simple finline transformer.

According to Figure 4-1, generation of a lookup table is required; if there is no
suitable lookup table available in the lookup table library. This can be easily done
by running one of the table generation programs, UniFastS. To run this program just
type “UNIFASTS” under DOS prompt. A graphic menu identical to the one shown in
Figure I2(a) will appear on the screen. The question mark sitting right beside “vari:" is
a request for input. Frequency (£) must be chosen as the first sweeping variable, After
entering £ the question mark will appear beside “8_points:”; “3" can be entered to
choose three frequency points per gapwidth. Similarly, gapwidth (d) must be chosen as
the second sweeping variable and “11” must be entered to specify eleven gapwidth points
per frequency.

After the mesh variables (£,d) and mesh size (3,11) are specified, the remaining
physical parameters can be entered easily in response to the program prompt: “7.112"

t Hence it is assumed that: (1) You have access to one of the CAD work stations in the
Laboratory for Electromagnetics and Microwaves. (2) You are familiar with Touch Stone.
(3) The current directory is C:\EESOF\Sr-RE4, if not type “C:" then type “CD\EESOF\SR~-
RE4” in response to DOS prompt.
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for “a”, “3.556" for “b", “2.22" for “Ex”, “3.556" for “h"and “0.254" for “s", *25" for
“f start:”, “40” for “f end:”, “0.3" for “d start” and “3.556” for “d end”; where
“? start”, “f end”, “d start” and “ d end” are used to specify the frequency and
gapwidth ranges respectively. When the parameters are successfully entered, an output
such as Figure I2(b) would appear on the screen. This indicates that the program has
successfully computed the €y and Z.; at mesh point (1,1) and at that mesh point,
frequency is 25 GHz, gapwidth is 0.3 mm, effective dielectric constant is 1.1 and effective
characteristic impedance is 180Q. Upon termination of this program a lookup table
identical to Table B2 in Appendix B will be stored in the file UniFastS. Dat.

Single bhasis unction
agcglepateé ssn:
dimensions - mm
frequency - GHz

Choose 2 variahles
La,b,d,h,s »freql
#_roints: tz,.111

varli:? # points:
vard: #_points:

(a) A UniFastS input menu.

a Single basis function
RS L accelerated SDA:
f N ' dimensions - mm
! \ frequency - GHz
b ’\ 3
: N\ :
\ varli:f int_#: 1
\ var2id point—H: 1

% :

a = 7.1E+ £ start! 2.SE+8@01
b = ggg:% £ ggﬁrt: g.gg«»gai

-— . s : . 1‘:
Rrs £-zf:8%99 d end i 3 eErauns
s = 2.5E-980) en
£ = 2.5E+@001 ££= 1.1F+8000
d = 5.8E-g8e1 Zesic 1-iEreaan

(b) UniFast$ finished the computation at data point (1,1), at this data point
'+ f=25GHz,d'=0.3ram, €qr =1.1 and Z4 = 180Q.

Figure 12: Screen outputs from UniFastS.
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The next step is to save the data file UniFastS.Dat. A meaningful filename should be
used so that it is possible to recall the critical information of this lookup table. According
to Table 2D-1 this file should be named WR281311. Dat. “WR28” means WR28 weveguide,
“1" means unilateral finline, “311” means that the mesh size of this lookup table is 3-by-11
and “Dat” means it is a data file.

Figure 4-1 suggests that the content of WR281811.Dat should be inspected by
running §D-Graf. Simply typing “3D-GRAF WR281311.DAT” in response to DOS prompt
will display an output similar to the one in Figure I3 on the computer screen. The menu to
.the left of the graph indicates the command keys that can be used to change the orientation
as well as the size of the graph. The functions of these command keys are discussed in
detail in Appendix C. Figure I3 depicts €. (z-axis) as a function of frequency (x-axis) and
gapwidth (y-axis). A big dot at the center of the graph indicates the position for which the
frequency is 32.5 GHz, gapwidth is 1.928 mm, and € = 0.812. These numbers are shown
at the lower left corner of Figure I3. The number at the lower right corner of Figure I3
indicates that Zyy = 403.49 at that frequency and gapwidth. To obtain a graph of Zegy
versus frequency and gapwidth, the “T” key can be used. Indeed the graph that appears
on the screen is similar to the one in Figure 2A-2, but the difference is that the size of
the graph in Figure 2A-2 is 11-by-11 rather than 3-by-11. Notice that the value of Zys
is displayed at the lower left corner and €.y is displayed at the lower right corner, These
two displayed graphs indicate that €., and Zyy are well behaved in the frequency and
gapwidth range of interest; the lookup table can be used for CAD application.

ol
ONE
ee | w

oo
woos

=)
0O
e

== L 3D-Graf

Xs: 1.0
¥s: 1.2
Z2s: 0.7
Toggle
Quit
Fx32.50
Dyl.928
Eeffz@.812, FiGHz, Dimm, Zeff=403.4

F;gléreflaz Graphical image (€. versus f, and d) of WR281311.Dat displayed with
3D-Graf.
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Figure 4-1 indicates that the text format lookup table must be converted to a
binary file before it can be used by TsiFin, a user-defined version of Touchstone™ Senior.
Simply type “MAKE-311 WR281311.DAT WR281A.311” in response to the DOS prompt.
WR2814.911 is the binary image of the original lookup table, “WR281” has the previous
meaning while “A.311” is a special file name postfix for 3-by-11 binary format lookup
tables used by TsiFin, see Table 3D-1. A 11-by-11 lookup table can be created similarly,
if so desired, by choosing #_points: = 11 for both “#” and “d”, however, this table
should be renamed to WR281.Dat, and the compressed form should be named WR281 .Re4.
According to Figure 4-1, it is necessary to go to the Touchstone™ enviornment; simply
enter “CD \EESOF”. T'siFin can be invoked by entering “TZTONE”. The binary format
lookup tables that are in the \EEsof\Sr-Re4 directory are then loaded to the virtual disk
automatically. The circuit file in Listing I1 describes the circuit in Figure I1.

Flle: Mline.CKT

Thia is an impadance matching lmrlc. The purpose of chis example ia

to demonatrate the calling conventlon'of the T$iFin user Asfined elaments.
Note that WR can be either positive or nNegative. Whan WR is Eolthlv., the
corresponding elemant Ls assoclated with an 11-by-11 lookup table and the
11-by-l1 interpolation scheme, When WR is nagative, the corresponding
elsmant i3 assoclated with a .’i-by-n lockup table and the 3-by=-l11 inter=
poiation achenms.

!
!
§
!
!
!
f
!

!
L]

i

H

1§

1

I Poman So

E Laboratory for Electromagnatics and Microvaves
1

1

!

D

University of Qttawa
August™ 9, 1988,
IM
FREQ GHZ
RE3S OH
IND
CAP PF
LNG
TIME BN
COND /OH
G D
VA ! H 81.Red4 — 11-by=11 lookup table
fosem LR Z b fme e
- surs tha eap frequen 'R n the va ran
v ! oa tha lookup ublo.p quency e
A3 = 200 ! soures impadance
RL = 400 ! load impedance

H 1
: Values to ba optimized, initial values are 1 and 2. {

1 ¢0.50.94515 1.0
gﬁl # 2.0 2,33181 2.5

1
U2PA 1 229}‘;‘%1 D2°LEN1 Di=0 Dd=) D3=0 D§=0 D7=0 DE=0 DF*WNR D10“Flag
RE o0 R"
e § et
DEF1P 1 RLOAD
TERAM
MLINE RSOURCE RLOAD
Rlisy
MLINE DB[311] cna
F
ngstll' 25 40 0.18

GRID
RANGE 25 40 2.5
GR1 =40 0 10

RANGE 12 13
MLINE MAG{S1l] = 0

End of circuit file

P
2

Listing I1: A TsiFin circuit file that describes the circuit in Figure I1.
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m 291511
M_T%E
.5920
-10.00 h - N ’z/e-
\B—’a/
-80.00
25.00 32.%0 FREG=-GHZ 40,02

(a): Initial analysis

g beis1y)
L, INE

0.3000

[ S~e
=30 00 \ /B/

o |

23.00 32.%0 FREQ=GWZ 43 20

(b): Optimized result

Figure I4: Initial analysis and optimized result of the simple finline impedance
transformer shown in Figure I1.
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Listing I1 is self-explainatory for those who are familiar with circuit simulation
programs. An initial analysis of this circuit can be performed easily by using the sweep
command of Touchstone™ . First select the output to be graph-1, GR1, by using the F4
key. Then use the F8 key to issue the frequency sweeping command. A graph similar to
the one in Figure I4(a) appears on the screen . Because in the circuit file “¥R” is set to “-
2817, a 3-by-11 lookup table ( WR2814.911) and its corresponding interpolation method
are used. To try out the 11-by-11 interpolation method simply set “WR” to “281" by using
the tune key, F7. The graphs generated by these two different methods are the same.

The unknown values of d and ! can be found be using the optimization capability of
Touchstone™ . If a gradient optimization method is used, then, in less than twenty trials,
an optimized result similar to the one in Figure I4(b) will be obtained. The optimal values
are d = 0.945mm and ! = 2.332 mm.

Since this example is so simple it is not difficult to verify the result by the following
procedure:
{1) Goto the \EEsof\Sr-Re4 directory.
(2) Enter “3D-GRAF WR281.DAT"{.
(3) Set “¢” to 32.5 GHa.
(4) Set “d” to 0.945mm.
At that frequency and gapwidth €, = 0.979 and Zyy = 282.8Q. Note that:

A c
L= =2.332mm =
4 4ffEy
Zeyr = 28280 = /200 x 400
This is the well known quarter wave transformer result.

The above CAD procedure is also applicable if it is required to realize a similar
transformer by using bilateral finline. Some minor changes which must be performed are:

(1) Use BiFastS to generate lookup tables.

(2) Name the 3-by-11 files WR282511.Dat and WR2824.511 respectively.
(3) Name the 11-by-11 files WR282.Dat and WR282. Re{ respectively.
(4) Set WR to -282 or 282 in the circuit file.

} It is required to used WR281.DAT rather then WR281311.DAT because $D-Graf
can only perform linear interpolation.



111
Senior S-Parameter Files

™

Touchstone

APPENDIX J

and Circuit Files

Listing J1: Measurement data of FilterlA.

————

File: CRCF1.S2P
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Listing J2: Measurement data of Filter2A.
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Listing J3: Circuit file for MLine in Appendix I.

File: Mllne.CXT

Thiz i3 an !mpadance matching example. The purpose of this axample 1s

to demonstrate the calling cgnvnnt.on of thg T3iFin user defined alemants.
Note that WR can be either positive of negative. When WR ig pozitive, rthe
corre nding slement i3 assoclated with an ll-by=11 lookup table and the
11-by-§1 interpolation schema. When WR 1 negative, the corresponding
dlament (s assoclated with a J-by-11 lockup table and the 3-by-11 inter-
polation scheme.

fosan 3o
Labaratory for Electromagnetics and Mirrowvaven
Unlversity of Ottawa
August 9, 1988,

v Py P,

FREQ GHZ

RES ©

IND NH

CAP PF

LNG

TIME BS

COND SOH

ANG D

VAR ! 281: WR281.Rad — 11-by=-11 lockup table

Tlag Z3°™ | “inbure that ins sveen Flall.icckup tanls
ag = nsy. o swasp frequen 'Y n ths va ran

Rs q - % of the }:okup n.bl-.p quancy o
- aourca pedance

RL = 400 H loauﬁ iepadance

1 H
g Values to be optimized, initial valuss are 1 and 2. }

GAP] & 0.5 0.94515 1.0
LENI # 2.0 2,33151 2.5

KT
!

Nodal dascription of the cireuit !
U2PA 1 2 D1“GAP1 D2~LEN1 D3=0 D4=0 DS=0 D=0 D70 DE=0 DI*NN D14*Flag
DEF2P 1 2 MLINE
RES 1 0 R*RS
DEF1P 1 RSOURCE
RES 1 0 R*RL

P 1 RLOAD

rrimin gy

TERM
MLINE RSOURCT RLOAD

ouT

MLINE DB(Si1] 6R1
FRE

Sattl’ 25 40 0,15

GRID
RANGE 25 40 2.5
GRl -60 0 10
QT

RANGE 32 3]
MLINE MAG[31l) « O

End of circuit flle

o
A b o

B Gt St oy b B O B R b o

o
[ 2]
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Listing J4: Circuit file for a two-step transformer which is implemented by using ideal
transmission lines.

Fila: TlinTran.CXT

T}O’lttp quarter wave transformer lmplemented by using idsal transmiasleon
elapants.

Hots that the iniclal values (21=237.6 22-329 2) are calculated by
gollouinq an l!lﬂfl. given in section 5 o! R.E. Collin, "Foundations
or Microwave Englneering®, Hacrau-xill,

Laboratory tor tlcct:anngn-:lcl and Mierowvaves
Unilversity o Ottawa
August 9, 1

e ks n by

[ T T
-,

t 32.5 GH:
- ! gua:sr-!nv- at FoO
RS = 200 1 E IMPEDANCE
- ! LODA IMPEDANC
! Initial values are 237.6 and 329.2

21 ¢ 200 239.00130 400
# 200 334.50960 400

CKT

DEF2P 1 1]

RES 1 O R*RS

OEF1P? 1 RIOURCE

RES 1 0 R"RL

OEF1P 1 RLOAD
TERM

out

TLINTRAN DB(311] GN1
rn:a

SMELP 23 40 0,15

cailﬂat 25 40 2.8
Gl -60 0 10

OPEI"G’ 1.5 11.5%
_TLINTAAN "OBL311) < ~40

|
End of circult file }
]
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Listing J8: Circuit file for a two-step transformer which is implemented by using model
UZ2PA, Section A, Chapter 5.

File: U2PATran.CKT

Stap transforer L{glnncn:ad bI using UZPA elaments and lookug tabla
HRZEl.Rﬂ or WR281A.31l1. The lnitia flpﬂldthl are obtalned by runnin
C-Graf at frequenct at 32.5 GHz and terativaly try out various gapw
untll che impedances are equal to that cbralned from TlinTran.CKY. T
initial lengths are computed by using the correaponding effective
dielectric constants from iD-Graf.

gdths
he

Poman So !
! Laboratory for Electromagnetics and Microwaves
Univearsity of cttawa
August™ 9, 1988,

Values from TLINTRAN

0.6505
1,3352
2,2500
2.4270

Optimized values

GAP1 § 0.5 0,660
0,5 1.35?
4

- rmmrmia e
N
sen

CKT
D1-GAPl D2°LEN1 D3=0 DA=0 D5=0 D6=0 D7w0 DR=D D9“WR D10“Flag
gzpn 23 Dl‘GiPZ D2*LIN2 D3=0 D{=0 D5w) D=0 D7=0 D8aD DI WR D10*Flag

TERM

U2PATRAN RSQURCE RLOAD
ouT

U2PATRAN DB[S11) GR1
FRE

SS&SP 25 40 0.15

Gmngucn 25 40 2.5
GRI =600 10 "

orY
RANGE 29,1 15,3%
UZPATRAN DB(311] < -40

End of circuic file

[ T —
2 gt e gy g
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Listing J6: Circuit file for a two-step transformer which is implemented by using model
U2PC, Section A, Chapter 5.

Flle: U2PCTran.CKT

s:cg :zan-fcrar Llil-ncntod h{ utlni U2PA eleaments and lookug table

W or WR281A.J11, Tha inicia apwidths are obtained by :unn&nz
JD-Grn a: !:-ggonc: &t 12.5 CHez and iteratlvely try ocut various qapu dehs
untlil the impedancas ars cqual to that obtalned from TlinTran.CKT.

iniclal lengths are computed by using the corrasponding effrctive
dielectrlc constants from 3D-Graf.

Poman Sc
Laboratory for Eloc:runngnntlcs and Microvaves
University of Ottawa
August™ 5, 1988

S g 1 0 8 8 g 4 S E o pon

K e tmim i b e et e
=1

GAPL
GAP2
LENL
LEN2
optimized values

ml I 0.5 0.66066 1.0
0.5 1.34926 2.0

LEHI l 2.0 2,35570 2.%

LENZ # 2.0 2,50043 3.0

CXT
U2ec 1 2 D1*GAP1 D2“LEN] D3I“GAP2 DA“LEN2 DS«Q DE=C D7=0 D=0 DI*NR D10~Flag
DEF2P 1 2 UIPCTRAN

R.I'. 10 R*AS

CEF1P 1 RSQURCE

RES 1 O R AL

DEF1F 1 RLOAD

TERM

UZPCTRAN RSCURCE RLOAD
ouT

U2PCTRAN DB[S1i! GR1

l‘Rl:a
SNEEP 23 40 0,15

GRID
BANGE 25 40 2.5
GRl =60 0 10
oPT

RANGE 29,1 35.9%
UPCTRAN DB[311] < -40

End of circult file }
1
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Listing J7: Circuit file for a taper which is approximated by using model U2PA, Section B.
Chapter 5.

'wm
1

! File: U2PATPZX.CKT

; A 2-Step taper izplemented by using U2PA elaments and lookup table

! WR281.Rad or unzafa.alL. Nota that the optimizatlon varlables are ralative
quantlities, The actural dimenaicns of the gapwidth and length aof each

section ls calculated in tha ECN bloek.

T
r
! Poman So
! Laboratory for El-ctrona?nntlcs and Microvavas
1 Univerzity of Ottawa
5 Augusc 9, 1988,
r
DIM

FREQ GHZ

RES OR

IND NH

CAP PF

LNG

TIME

COND /OH

G D
VAR
- =281
Flag = 1

EQN
GT = 1.7/ (G1+G2+G3)
LT = 10/&L1¢L2!
GAP3 I ched + ETegk
- *
LEN)] = LT*Ll
LENZ = LT*L2
CXT
U2PA 1 2 D1“GAP1l D2*LEN] Dl=0 D4=D DS=0 DE~0 D=0 DA=0 DY"WR D1O*Flag
UPA 2 3 DI“GAP2 D2*LENZ D3=0 Dd4=0 DS5=0 D=0 D7=0 D3=0 C9“WR DI0*Flag
DEF2P 1 3 U2PATPIX
RES 1 O R=200
DEFLP 1 RSOURCE
S 1 0 R=400
DEF1P 1

TERM

UZPATP2X RSOURCE RLOAD
our

U2PATEZX DB[S11] GR1
FREQ

SWEEP 25.40 0.15

GRRANGE 25 40 2.5
GRL -850 0 10

RANGE 26.5 40
UPATRPZX DB([S11]) <« -?0

-

End of circuit file

!
1
!



Listing J8: Circuit file for a taper which is a
Chapter 5.

118

pproximated by using model U2PC, Section B,

Flle: UZPCTP2X.CKT

A2
WR281.Red or WR2S
ssctlon is calculated in the EQN bloek.
Poman 3o
Laboratory for Eloct:cnlgnctlca and

University of Ottawa
August™ 9, 1988,

~3tep taper implemented by using UZPC elements and lookup cable
fn.lll. Note that the optimization variables are rclative
quantities. The actural dln-nslonslotk:h- Gapwidth and length of each

Microvaves

A S btk oy b g o

O emrmimimite s i mrm b sy

CKT

TERM

U2PCTP2X RSOURCE RLOAD
out

U2PCTP2X DB(S11] GRL

FRE
SSEIP 23 40 0.15
GRID

RANGE 25 40 2,5
GR1 «60 0 id
oRT

RANGE 26.5 40
U2PCTPIX DB{S11] < =40

——

End of circuit file

R ——
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Listing J9: Circuit file for a taper which is approximated by using model U2PC, Section B,
Chapter 5.

Flle: U2PATDIX.opt

A 2-5tep taper lemented by using U2PC elemanta and lookup table
WR281.Re4 or WR281A.3L1. Note that the optimization variables are :nlativ-
quantities. The actural dimensiaons o! :hl qapwidth and length of aach
ssction iz calculated in the EQN bloe

Poma
Laboratory for tlnct:ouainctlc: and Microvavas
University o tav

A 4 5 kb o oy o

O emimrm v s o b o o e
(=

August 9, 1988
FREQ GHZ
AES OH
IND
CAP PF
iNG
TIME PS
COND /QH
D
VAR
WR = =201
Flag = 1
Gl # 0.1 0.64009 1.0
G2 # 0,1 0.91541 1.0
G3 # 0.1 0.50696 1.9
Ll # 0.1 0.28343 1.0
L2 ¢ 0.1 0.91456 1.0
EQN
G = 1.1/ (Gl+C2+C1Y
LT = 18/ JeLeLd)
GAPL = 0.3 + GT*Gl
GAP2 = CAPl + GT*G2
LENL = LT*L1
LENZ = LT*L2
CKT
U28C 1 2 DI*GAP1 D2“LEN1 DI~GAP2 D4*LENZ DSe] Dé=0 D7=0 DA=0 DI*WR D10*Flag
DEF2P 1 2 y2p
RES 1 0 R=200
DEF1E 1 RSOURCE
S 1 0 R=400
DEFLP 1 RLOAD

TERM

UZPCTPIX RSOURCE RLOAD
our

U2PCTP2X DB([S1l] GR1
FRE

SSIEP 25 40 0.1§
GR%RHGI 25 10 2.5

GR1 io

OPT
RANGE 26.5 40
UZPCTP2X DB(S11] < ~-40

End of circult file

[ P ——

!
i
!
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Listing J10: Circuit file for a taper which is approximated by using model U2PA,
Section B, Chapter 5.

]
T

{ File: UZPATPIX.CKT

i A 3-5 t lapanted by using U2PA elements and lookup tabls

! unzsszE4 3g.§n2l A 311, Not! :natqcho optimlzacion v.ziahlgl are relative
! quantities. The actural dimensions of the gapwidch and length of each
Zection iz calculatad In the EQN block.

Poman So
Laboratory for Eloc:ronagn-tlcl and Microwaves
Unlversity of Ottawa
August” 9, 1988,

B Rt bt 4 i b 2w P o o

| = T TN
(=]

M
FREQ GHZ
RES Q
IND
CAP PF
LNG
TIME PS
COND /0OH
ANG DEG
VAR
R =~ =281
Flag = 1
Gl # 0.1 0.48948 1.0
G2 # 0.1 0,98024 1.0
G3 ¢ 0,1 0.97178 1,0
G4 # 0,1 0,.10006 1.0
L1 # 0.1 0.36437 1.0
L2 # 0.1 0.38302 1.0
L3 # 0.1 0,92048 1.0
EQN
GT = 1.1/ (Gl+G2+G3+G4)
LT = 1 IéLi’LZOL!
GAPL = .Jd ¢ GT*GL
GAP2 = GAPI + GT*G2
CAP]) = GAP2 + GYT*G)
LEN] = LT*Ll
LEN2 = LT*12
LEN3 = LT*L3
CREZP 1 2 D1*GAP1l D2-LIN1 D3=0 D4=0 DS=0 DE=0 D7=0 DB=0 DY Tl
- - - - =0 D =0 DI*WR D10*Fla
SR 3 ¢ §1-EAe3 oI-EENS B30 48 B3u8 DS D78 283 pan RS
- - - - ot
DEF2P 1 4 UgPATP X 3 010°Flag
RES 1 0 Re200
DEF1P 1 RSOURCE
RE3 1 0 R=404Q
DEF1P 1 RLOAD
TERM

UZPATPIX RSOURCE RLOAD
out

U2PATPIX DB[S11] GAL .
FRE ‘

SSIEP 25 40 0,15

GRID
RANGE 23 40 2.5
GAL 60 0 10

T
RANGE 3‘.5 ?0
UZPATPIX DB(311] < -40

End of circuit file

|
]
!
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Listing J11: Circuit file for a taper which is approximated by using model U2PC,
Section B, Chapter 5.

t 4
H !
! Flle: UZPCTPIX.CKY 5
! A.3=Steap taper lemanted by uzing U2PC elenents and lookup table '
! WR281.Ra4 or MRZBIA.J1l1. Note that the optimization variables ars r-la:lv- !
i quancities. The actural dimenslons of the gapwidth and length of each !
E suctlon is calculated in the EQN block. 5
' Pomal 1
t Laboratory lor Ellctroaainntlc: and Microwaves !
t University of o lIl !
: Auguat’ 9, !
- i
]
FREG GHZ
RES OH
ND
CAP PF
G
IME
COND /OH
D
VAR
WR = =281
Flag = 1
Gl # 0.1 0.48948 1.0
Gz # 0.1 0.98024 1.0
G3 ¢ 0.1 0.97178 1.0
G4 # 0,1 0.10006 1.0
Ll # 0.1 0.36437 1,0
L2 # 0,1 0,38302 1.0
L3 & 0.1 0.92048 1.0
EQN
GT = 1,7/ (G1l+G2483+GA)
LT = IJL} +1,3
GAP] = .34 + GT*Gl
GAP2 = GAP) + GT*G2
GAP) = GAP2 + GT*C)
LENl = LTw
LENZ = LT*L2
LEN] = LT*L]
CKT
U2rC 1 2 n1*cap1 D2°LEN1 D3“GAPZ D4=0 DS=0 DE=0 D7=0 DA=0 DY*NR D10 rlaq
U2pc 2 3 D1+ carz DZ‘LEN! D3I"GAP3 D4*LEN3 D5=0 D6=0 D7=0 D8=0 DS*WR D10 *Flag
nlr!P s 3 gssct
RES 1 Re
DEFIP 1 RSOURCE
RES 1 O R=400
DEF1F 1 RLOAD

TERM

UZPCTPIX RSOURCE RLOAD
ouT

UZPCTPIX DB[S11] GRL

FRE
SellP 25 40 0.15

GRID
-RANGE 25 40 2.5
GRl -60 0 10

RANGE 26.5 40
UPCTPIX DB(S11] < -10
1

I
]
; End of circuit file ;
! ]
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Listing J12: Circuit file for a taper which is approximated by using model U2PC.
Section B, Chapter 5.

- mane?

Flle: UZPCTPIX.OPT

A 3«Scap t £ implemanted by using U2PC elaments and lookup table
HRZ!I.EE‘ Sg'wnzafn.zzz. No:! thatqtho optimization variables are relative
quantities, The actural dimensions of the gapwidth and length of sach
section 1is calculated in the EQN block.

Poman So
Laboratory for Electromagnatica and Microwaves
Univarsity of otrawa
August™ 9, 1988.

]
t
L]
"
r
]
1
H
L
i
t
H
!
H
!
D

FREQ GHZ
5 OH
ND N
CAP PF
G
IME
COND /OH
G D
VAR
NR = =281
Flag = 1
Gl # 0.1 0.48916 1.0
G2 # 0,1 0.98121 1.0
G3 ¢ 0.1 0.97234 1,0
G4 4 0,1 0,10002 1.0
Ll ¢ 0.1 0.16%97 1,0
L2 # 0,1 0,37925 1.0
L3 # 0.1 0.951841 1.0
EQN
i1 2 to/(iSaisatg ey
-
GAPl = 6.3 + "Gl
GAP2 = GAPLl + GT*G2
GAP) = GAP2 + GT*G] .
LEN]l = LT*L1
LENZ = LT*L2
LEN3 = LT*L3
¢ .
U2PC 1 2 DL~GAPL D2*LEN1 D3*GAP2 Di=0 DS=0 DE=0 D7=0 DA=0 DI*WR D10*Fla
U2pc 2 3 D1“GAP2 D2*LENZ D3GAP3 DA~LEN] D5=0 D6=0 D7=C DE=0 D9~NR n10~r1.3
DEFZ? é 3 gsscrpax
3 Re
EF1P 1 R3O E
RES 1 0 R=400
DEF1lP 1 RYL

TERM

U2PCTRIX R3OURCE ALOAD
auT

U2PCTPIX DB(S11] GRY
PRE

SWEEP 25 40 0.15

GRID
RANGE 23 40 2
GR1 =60 0

QBT
RANGE 26.3 40
U2PCTPIX DB(311] < -’U

.}
10

End of circuit file

it et e

1
H
I
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Listing J13: Circuit file for a taper which is approximated by using model U2Pj,
Section B, Chapter 5.

Flle: U2PATPAX.CKT

A 4-Stap taper lnglcm.ucnd by using U2PA elemants and lockup table
WRZB1.Red4 or WR2A1A.3ll. Nota that the optimization variables are relative
quantitles. The actural dimensions of the gapwidth and length of each
section 1s calculated in the EQN block.

Poman So

st bt bt pr r v 1wt w b g
=+

Laboratory for Blcct:onainutlca and Microvavas
Universlty of Ottawa
Auguat’ 9, 19388,
FREQ GHZ
RES OH
IND NH
CAP PF
LNG MM
TIME PS
COND /OH .
G DEG
VAR
WR - =281
Flag = 1
Gl # 0.1 0,37507 1.0
G2 # 0.1 0,66298 1.0
G3 # 0.1 0,9868) 1.0
G4 ¢ 0,1 0,44314 1.0
G5 ¢ 0.1 0,33562 1.0
L1 & 0.1 0.653500 1.0
L2 & 0.1 0.69253 1.0
L3 # 0,1 0,803%3 1.0
L4 ¢ 0,1 0.93525 1.0
EQN
Ocr w 1,7/ (G1+G2+GI+G4+GS)
LT = 18/ JEIMLELILA)
GAR) = .d + GT*Gl
GAPZ = GARL + GT*G2
GAP3 = GAPZ + GT*G3
GAR4 = GAP3 + GT*G4
LENl = LT®L)
LENZ = LT*L2
LEN3 = LT*L]
4 = LT*L4
CKT
U2PA 1 2 D14GAPl D2*LEN1 D3=0 D4=0 DS=0 DE=0 D7=0 DA=0 D9“WR D10"Flag
U2PA 2 3 DI~GAP2 D2~LEN2 D3=0 Dd=0 D5al DE=Q D7« DB=0 D9*WR D10~F ag
U2PA 3 4 DI“GAP] D2“LENJ D3=0 Dd=0 D5=0 DE=d D7=0 DE=0 DY*WN D1D*Flag
UZPA_ 4 5 DI*GAP4 D2*LENA D=0 Dd=0 D3=0 D=0 D7=0 DE=0 D$“NR D10*Tlag
DEF2P 1 5 U2PATPAX
RES 1 0 Rw2
DEF1P 1 RSOURCE
RES 1 0 R=400
DEF1P 1 RLOAD

TERM

UZPATPAX RSOURCE RLOAD
ouT

UZPATPAX DB(S11] Gl

F
Rgallp 25 40 0,18

GRIRNGE 25 40 2.5
GR1 -60 o0 'id

RANGE 26.5 40
UZPATPAX DB{311] < -?0.1

End of cireuit file
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Listing J14: Circuit file for a taper which is approximated by using model U2PC,
Section B, Chapter 5.

Flle: U2PCTpAX.CKT

A 4-Stap taper lesanted by using U2PC elements and lookup table
WR201.Red4 or WR2A1A,311, Note that the optimization variables are relative
quantitles. The actural dimesnsions af the qapwldth and length of sach
ssction la calculated in the EQN block.

Pofan So
Laboratory for Ellctrmi'nltlcl and Microvaves
Unlversity ol Ottawa
August™ 9, 1988,

N L b ok v om0 bk o o

Lo T
-

FREQ GH2
RES CH
IND
CAP PF
LNG
TIME P3
COND_/OH
G D
VAR
WR = =281
Flag = 1
Gl # 0.1 0.375%07 1.0
G2 0 01 0.§6298 ".0
GJ # 0.1 0,946 -.0
G4 # 0.1 0,44314 {0
G3 # 0.1 0:33%62 .0
Ll » 0,1 0.65500 1.0
LZ ¢ 0.1 0.69252 10
L3 » 0.1 0.80333 1.0
L4 # 0.1 0.93523 1.0
EQN
061.‘ a 1.7/ (GL+G2+63+G4+CS)
LT = 16!JLI&L20L30211
GAP)l = .J + GT*Gl
GAPZ = GAPLl + GT*G2
GAP3 = GAPZ + GT'G]
GAPY = GAP] + GTG4
LENY = LTeL1
LENZ = LT°L2
LEN] « LT*L]
LENG = LT*L{
CKh2ee 1 2 D17GARI D2ZLIN1 DI-GA®2 Dd4=0  DSwl C§=0 DI=0 D8=0 DI*WR D10°rl
e 3 4 BLIGS BN SR atte,,, B30 BER BICO BECH AR BlErls
-l “rla
DEFZP } 4 UZPCTPAX 9
RES 1 O R=200
DEF1P 1 RIOURC
RES 1 0 R=400
DEF1P 1 RLOAD

TERM
U2PCTPAX RIOURCEZ RIOAD

ouUT,
UzPCTPAX DB(S11] Gml

I'R.I’s‘"' 25 40 0.15%
“aer 25 49 23

RANGE 26.3 40
U2PCTRAX Dltlnl < -}0.1

End of eircule file
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Listing J15: Circuit file for a taper which is approximated by using model U2PC,
Section B, Chapter 5.

Flle: U2PCTPAX.OPT

A {-5zap taper .ng}‘mnud by using U2PC eleamancs and lockup table
WR281.Rad or WR2B1A.J1l. Kote that the cptimization varlables are relative
quanctities, The actural dimsnsions of che gapwidth and length of each
Saction is calculatad in che EQN block.

Poman So
Laboratory for Electfomagnatics and Microwaves
University aof Ottava
August' 5, 1988,

Pt o P 2 Sk s o oy Py e

vt im i s e is st ey
=]

FREQ GHZ
RES QH
A BF
LNG
TIME PS
COND /OH
G O
VAR
- -281
Flag = 1
Gl # 0.1 0.37552 1.0
G2 # 0.1 0.66125 1.0
G3 ¢ 0.1 0.98689 1.0
G& # 0.1 0.34193 1.0
G5 # 0.1 0.33602 1.0
Ll # 0.1 0.65828 1.0
12 § 0.1 0.68930 1.0
L] § 0.1 0.80373 1.0
L4 & 0.1 0,93543 1.0
EQR
GT = 1.7/(Gl+G2+CI+G4+CS)
LT = 10/ JLLsL2eLdend)
GAPL = 0.3 + 1
GAPZ = GAP] + GIG2
GAPl = GAPZ + GTYG3
GAP4 = GAP3 + GT*G4
LEN]1 = LT'L1
LEN2 = LT*L2
LEN] = LT*L3
LEN4 = LT*L4
cXT
UPC 1 2 DL*GAP! D2-LEN1 DI"GAP2 D4d=0 D3«0 Dé=0 D7=0 DR=0 DI*WKR Dl10*Flag
U2PC 2 3 DI“GAP2 D2*LENZ DI*CAP3 Dd=0 D3=0 D&=0 D7=0 DE=0 D9*WR D10°Flag
U2BC 3 4 DI1*GAPI D2"LEN3 DI*GAPA DA“LEN D3=0 D6al D7=0 DE=0 DI*WR D10*Tlag
DEF2P 1 4 U2PCTPAX .
RES 1 0 R=200
DEF1P 1 RSOURCE
RES 1 O RwdQ0
DEF1IP 1 RLOAD

TERM
UZPCTPAX RSOURSE ALOAD

ouT
UZPCTP4X DB[311l] GR1

“53:::- 25 40 0.15
GRID A

aeedg 18 4
E‘z‘%“é&iﬁ'&.ﬂm < 10.1

End of circuit file

[ Ty
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Listing J18: Circuit file for a taper which is approximated by using model U2PA,
Section B, Chapter 5.

)
1
! flle: U2PATREX.CRT

P A S-Step ta r lanantad by using U2PA alements and lockup table

! anll.ngl og.IRZI A.311, Hocz that the optimization variables ars relacive
: quanticties, The actural dimensions of the gapwideth and length of sach

: sactlicn la calculated in the EQN block.

Poman So
Laboratory for Electromagnetics and Mlcrowaves
Univarsity of Qttawa
Auguat 9, 1988,

A A bk F o g g o b

i
i
i
H
i
!
'
1]
]

=l=1-7-]

"o es
RN
LR T ¥ A7 PNy
A D WD L) G L - e b
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AL A lin
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00000000000

bt ot 1t 5 8 ot ot et o s
et O bt B

o0o0Q00
00000000000
SHO R UN R 2 JUANID B w3
Ut b 4 4 ot et 5 ot
LN I I R I ]
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e
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.
B 8 L~ J O

S

TIEeeE

EEEgESens

sl A
E)

[ 24
55555
XXX N1

CKT

TERN
UZPATPIX RSOURCE RLOAD

our

U2PATPSX DB[S11}) cmi
FAL

!SIIP 23 40 0.13%

“aier 23 49 2.3

RANGE 26.5 40
UlPAT?i! DI?!III < -?1

End of circult file

o b am

]
!
!
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Listing J17: Circuit file for a taper which is approximated by using model U2PC,
Section B, Chapter 5.

Flle: UPCTPSX.CKT

A S-Step taper loplemented by uzing U2PC elemanta and lookup table
WA281.Red or WR231A.31l1. Notm that the optimizaticn variables ars ralative
quantities. The actural dimensions of the gapwidth and length of each
sactlon i3 calculated LIn the EQON block.

Poman So
Laboratory fer Blac::auain-clcl and Microvaves
University of Cttawva
August ™ 9, 1988,

Sk gy € ko g 0

D imrmemititimrm et

IM
FREQ GHZ
RES OH
IND NH
CAP PF
LNG MM
TIME PS
COND /OR
ANG DEG
VAR
WNR - =281
Flag = 1
Gl # 0.1 0,47257 1.0
G2 # 0,1 0.74278 1.0
Gl # 0.1 0.91449 1,0
G4 ¢ 0,1 0.70962 1.0
G5 ¢ 0.1 0,55655 1.0
G6 # 0,1 0,43857 1.0
Ll # 0.1 0.63106 1.0
L2 # 0.1 0,.59475 1.0
L3 # 0,1 0.39632 1,0
L4 # 0.1 Q.64189 1.0
L5 & 0.1 0.96687 1.0
EQN
GT = 1.7/ (E1+G24GI+GL+GS+GE)
LT = 1 IéLl+L2¢L3+L(+LS)
GAPl = .J + GT*G
GAPZ = GAPl + GT*Gi
GAP3 = GAP2 + *
GAPA = GAP3 + GT*Gd
GAPS = GAP4 + CT*GS
LEN]1 = LI*L)
Ltﬂs = LYT®
LENJ = LT
LEN4 = LT*L{
LENS = LT+
[+.04
U2PC 1 2 DLI*“GAP1 D2*LEN1 D3“GARZ Di=0 DS=0 Dé=0) D7=0 DE=0 DI*WR D10“Flag
U2PC 2 3 DI~GAP2 D2°LEN2 DI*GAP3 Di=0 D5=0 D&=0 DT=0 DE=0 DI*WR D1O*F ag
U2PC 3 4 DI*GAP] D2°LEN3 DI*GAPY Di=) D5=0 D§=0 D7=0 Di=0 DI*WR D1O"F ag
L2PC 4 5 DI“GAP4 D2*LEN4 DI*GAPS DA~LENS D5=0 D6=0 D7=0 DE=0 D9*WR D10*Flag
DEF2P % 5 u scrtsx
RES 1 0 Rw2
DEF1P 1 RSQURCE
REZ 1 0 R=400
DEFIP 1

TERM

U2RCTPSX RSCURCE RLOAD
ouT

U2PCTPSX DB[S11) Rl

RE
F SS!!P 25 40 0.1%

GRID
RANGE 25 40 2,3
GAL -60 0 1§

RANGE 26.5 40
UZPCTP%! DB{31ll]) < -41

End of clrcult file !

=t b e
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128

Listing J18: Circuit file for a taper which is approximated by using model U2PC,
Section B, Chapter 5.

Flle: U2PCTPSX.OPT

A S-g r lemanced by using U2PC slements and lookup table
analfaf4csg.u12l A.3l1. uo:¥ :ha:q:ho optimization varlables ara zelative
Quantities, The actural dimsnsions of the gapwidth and lengih of sach
sectlon is calculated in the ECN block.

Poman Sao

Laboratory for Ehc:zaugnctlcs and Micrcwavaes
Universicy of Ottawa

August 9, 1988,

. kb b

s im it mrm s s b de e r e

14,

FREQ GHZ
RES OH
IND NR
CAP Pr
LNG
TIME PS
COND /OH
G b
VAR
WR = -281
Flag = ]
Gl # 0.1 0.47231 1.0
G2 ¢ 0.@ 0.74312 110
Gl # Q.1 0.91483 1.0
G4 & 6.1 0170917 1.0
GS ¢ 0.1 0.55654 1.0
GE ¢ 0.1 012993 1.0
Ll & 0.1 0.63566 1.0
12 & 0.1 0.59236 1.0
LI ¢ 0.1 0.39%567 1.0
148 0.1 0.541§5 1.0
L3 ¢ 0.1 0.96755 1.0
EQN
GT = 1.7/(Gl+G2+GI+CA+C5+GE)
LT - 16/4;1»120:3*L1*L5)
GAPl = 0.1 + GI*Gl
GAPZ = GAPL + GT*G2
GAP] = GAP2 + GT*G]
GAPA = GAP3 + GI*Gt
GAPS = GAPA + GT*GS
LENL = LT*Ll
LGs - LT+
TENG < LTk
I T
CKT
Uagc 1 2 DI-GAP1 D27LEN1 D3GAP2 DA=0  DXa0 D=0 D7=0 D8=0 DS*NR D10~Flag
Uzec 2 J DI“GAPZ D2°LEN2 DI'GAPI DA=0  D5w0 D6=0 D7=0 DE=0 DIWR D10“Flag
UZec 2 4 DI“GAP] D2~LENJ DI*GAPA DA=0  DSwQ D=0 D7=0 DE=0 DI*WR D10*Flag
Uzpc 4 S DL°GAP4 DZ*LENA DI*GAPS DA*LENS D30 DE=0 D7=0 D#=0 DI*WR D10*Flag
n:rzf & [) uz 5%
RES A=
DEF1F 1 RS
RES 1 0 R=400
DEF1P 1

TERM
UPCTPSX RSOURCE RLOAD
our
U2pCTPSX DB([S11) GM1

TR$%eee 25 10 013
GRID
am-83 8 %3

T
RANGE ;‘.5 40
U2PCTPIX DB{311] < -41

End of circult file }
H

St b o e
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Listing J19: Circuit file for a bandpass filter which is implemented by using mode!l U2PB
and U1PA, Section C, Chapter 5.

File: FllterlA.CKT

A hanﬁg:u fllter .Lnglmcntcd bx using 4~U2PC alements and lookup table
WRZZ1,Red or WR221A.J11. Note that the dimenaions are provided by
Mr. C., Vervar from the Communication Ressarch Cantrs in Ottawva,

Poman So
Laboratory for Electromagnatics and Microwaves
Unlvarsity ognocun
August™ 9, 1934,

o ek ko o p e o

D rmrrmrmemitim i st

to2.a4d

One half of a filter

U2P8 1 2 DI*GAP D2-Ll D3*Wl D4*Ll DS=0 DE=0 D7=0 D=0 DI*WR D10F ag
U2PB 2 3 DI“GAP D2°12 DI*N2 D4*L2 D3=0 D&=0 D7=0 Di=0 DI*WR DIO"F ag
DEF2P 1 3 HFILTER

! A complete fllter

HFILTER 1 2

HFILTEN 3 2

DEF2P 1 3 FILTIRMIA

Teraination impadanca

ULPA 1 D14GAPM D2=0 D3=0 DA=0 DS=0 Dfu) D7=0 [2=) DI*WR 010=0
DEF1P 1 RSCURCE

Msasurssant done in CRC

S20A 1 2 0 CRCF1
DZFZP 1 2 cRCFisze

ot

TERM
FILTERIA RSOURCE R3IOURCE
ouT

FILTERIA DB[311] cAl
FILTERIA DB[321] GRIA
FILTERIA DB[311] GR2
CRCF132P DB{sS1l] ca2
FIL] A DBI32]1] GR1
CRCT1sS2P DB(321) GN)
FRE
Seze 32 40 0.08
GRID
32 40 2
GRL 30 0 10
CRIA -60 0 20
GRZ2 =30 0 3
GR3 =60 0 20
36.0 38
FILTERIA DB sif < =12
FILTTIRIA onisn] > =2

end of circult file

o ke
e g 4t
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Listing J20: Circnit file for a2 bandpass filter which is implemented by using model U2PB
and UIPA, Section C, Chapter 5.

File: FilrerlA.CKT

A ba as filter Lnglnnancud by using 4-U2PC slements and lookup table
HRZIQ. 4 or WR2N1A,.J11. Notae t;a: the dimensions are provided by
Mr. C, Verver from tha Coemunication Ressarch Centrfe 1in Ottaws,

Poman So
Laboratory for Electzem&gnctics and Microwaves
University of ottawa
August 9, 1588,

L T T T . Y

'
i
H
i
i
!
1
'
i
!
!
!
!
D

M

FREQ GHZ
RES ON
IND NH
CAP PF
LNG MM
TIME P3
COND /OH
ANG DEG

VAR
Flag = 1

1
Exparimantal valuas {
NR

[—

=
o
[ A NNN N

= !
One half of a fllter !
U2PB 1 2 D1*GAP D2°L1 DI*M) D4~Ll DSeD D=0 D7=0 D=0 DS NR D10*“Flag

UZpa 2 1 DI~GAP D2I4LZ DI*NZ D4*L2 D5=0 Dé=) D7=0 DE=0 DI*WR D10*Flag
DEF2P 1 J HFILTER

=)

]
A complete filtar ;
HFILTER 1 2
HFILTEIR 3 2
DEF2P 1 3 FILTER2A

!
Teralnation lmpedance !

1
ULPA 1 D1*CAPM D2=0 D=0 Dd=0 DS=0 D§=0 D7«0 D8=0 DI*WR D10=0
QOEF1P 1 RSOURCE

!
Maasursmant result |

S2PA 1 ¢ 0 CRCF2
DEF2P 1 2 CRCF232P

[——

TERM
FILTER2A RSOURCE RSOURCE

GRI

2

s i
OPEANGE 28 30

TiiTEnan oalsia] < Ys

End of clrcult file

et
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AP PENDIX K System Setup Files — AutoExec.Bat,

Config.Sys and Tstone.Bat

This appendix contains three system setup files. AutoEzec.Bat and Config. Sys must
be in the system at boot-time inorder so that the CAD environment can be setup properly.
Tstone.Bat is needed to be in the system at run-time. The contents of these files are shown
in Listing K1 to K3.

AutoEzec. Bat load the extended graphic characters into the system so that Q &
and © can be displayed in the control menu of $D-Graf, It also loads a resident program,
Graphics, into the system so that the graphic image on the screen can be dumped to the
printer. This file does not have to be in the system at run-time.

Config.Sys setup a virtual disk to be used by T'siFin to store lookup tables. This
file does not have to be in the system at run-time.

Tstone.Bat copy all the binary format lookup tables form the EEsof\Sr-Red
directory to the virtual disk.

Listing K1: Autoexec.Bat

ram TSR ENN AT EENN NN UNTRRANTNNCRARNEY

Tam ** Somg aystu 18L commands *v
CEm Yevrennvalisnvnvavnohunsanneununey

em Il;t'!?E.lll...t.tt"'I'..lt't't..tt!".l.tttt!l‘li..ttttt
rea ** Execute GRAPHICS and load GRAFTRBL: sstup syatem for *v

tam ** for 9!!! < e ams such as 3D-Graf and UnlFaats. e
ram LAAM I I Y T I T I TR Q|IlttI..!"ll.t‘l!!ll.tt!tl!!ll't.ttt.
Graphica
GralTable

cam !!lll..!""tttﬁ‘tlll..l.l.t"!t't!'.'.‘..!"'tl!ttt'
ram Duelq Ottawa U. 109'0 and Lab for EE Sessages. bl
rem AL I e s Y s 21 L] LAAA L LA T I T I I T T I TREREN
Hell

Q
QR TRURNCOR Rt TTIORNINESARNNY

rem ** END aof AutoExec.Bat *v
ram LA R I T T I LI}

Listing K2: Config.Sys

ream TR AN PR AN N EC R E R TR AN RN AN R RS

Iem ** Some sYStem satup commands ¢

rem tesneneenbenernnney SsarSRETRROY

Buffars = 10

Fllag = Zg
2::1$=tt:ts;EEEs:.\tnt‘.r.ntrt‘“'.'.ts’t."ilIII.Q..ll!.'lttt"!l..lltttt!'il.'
rem ** Satup a 340K ram drive ( or virtual disk ) in the extended *v

Iem ** agmory, 8 i ive to stors lookup tables.®*
ram (14 T T X1 II.‘;'.t""!l""ll.l"‘lll."lli'l!..|lttt AERERARBOY

Davice = C: RamDrive.Sys 380 512 64 /¢

tMaDos
R T LT

Tem ** ENI o!conﬂ..l:l“
Zam teesvssanavasnniieebnnne

Listing K1: Tsicne.Bat
R l"..Ill.....t..t.';t"""i!...t.'.!t.......'.".l.tll.l

% Copy all binary format lookup tables from Sr-Rad to *¢
EE :: the d:.l'l I, 4 ram drive. w ::
rem ** This file must ba in the ELEsof rectory and Sr-Rad **
ream ** mist be the s ory o . e
ral L T L T I T T L i T l'-t"'ll.t'it"".....t't"..
Covy Sr-had:t £

r . :

rmin

TR SOCESTRATRINACIEIRIORY

rem ** END of Tatone.Bat ¢
IeR LA I A P T T T Y IR a Tl
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