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Abstract— A general procedure using the Method of Lines Lp

for the analysis of waveguide-to-microstrip and waveguide-
to-coplanar line transitions is described. Using two crossed

two-dimensional discretization line systems instead of a full P
three-dimensional discretization allows to reduce the numer- W\— ‘ % T

ical effort. This concept is combined with the concept of acwWw wp @ b

impedance/admittance transformation. The described rela- $ R }

tions are also useful for other applications. The proposed algo-

rithm is validated by comparison to measured and theoretical

results. YQ-— 2z x , LI
1

| | ——
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Waveguide-to-microstrip and waveguide-to-coplanar line
transitions are essential parts of microwave circuits. There | T
are several types of such transitions, to the most-known be- Mmﬁ
long: a ridged-waveguide taper, a finline taper and an E- |
plane probe. A new transition type with a rectangular patch C
instead of a strip probe, which was proposed by Machac L
et al. [1] has significantly broader bandwidth. This new y?x’z "?»Z =N
transition type can occur in two versions: microstrip and ®) Y i
coplanar line (Fig. 1).

The Method of Lines, which was previously success-Fig. 1: Rectangular waveguide-to-microstrip (a) and waveguide-
fully applied to the analysis of rectangular waveguide junc-to-coplanar line (b) transitions with two possible discretization
tions using two one-dimensional cross line systems [2] angchemes.
impedance/admittance transformation concept [3], is how
extended to the analysis of waveguide-to-microstrip andProgramming effortis required. The choice of the used sub-
waveguide-to-coplanar line transitions, for which normally division method depends on the distance between the port
three-dimensional discretizations are required. The use df2 (Fig. 1a) and the backshort. In case when this distance
two crossed two-dimensional line systems for modeling ds small, the two-ports analysis is more efficient, otherwise
central region instead of a full three-dimensional discretizait is worth to use the three-ports analysis.
tion allows to significantly reduce the numerical effort. Ad- The second type of the analysis (three-port) as a more
ditionally, to reduce the total number of lines needed forgeneral will be described as well. However the results pre-
modeling the central region, a nonequidistant discretizatiogented here were obtained using the two-port analysis.
can be used.

This procedure will be demonstrated with the example
of the waveguide-to-microstrip transition given in Fig. la.
The procedure for the analysis of waveguide-to-coplanar The discretization scheme for one of the discretization
line transition is analogous. line systems (discretization lines in z direction) in the transi-

For the structures depicted in Fig. 1 there are two possition region is shown in Fig. 2. The discretization scheme for
bilities of analysis — with the subdivision on two- or three- the other discretization line system (in y direction) is com-
ports junction. In case of the two-ports analysis, more linepletely analogous. Details concerning discretization way
are needed to model the central region, but there are lesgere presented in [4]. The side walls of the connecting
impedance/admitance transformations performed and lowexaveguides must be electric boundaries, therefore relations
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Fig. 2: Cross section of the transition region with discretization AT V1T Y2\ B V2
oints. o .
P Transitions between sections can be calculated by

of the field at the inner side of the ports P1, P2and P3can_, , o /akn\ L -t
be described by short circuit matrix parameters: Y = TH:_IJ,?1<J,§ Tk, (YA> Tﬁli,ﬁt Ji 1 Tg,_,
= ~P1 ~P2 ~P3 =
Hp, Yp1 Yp1 Ypu Ep; (6)
7ﬁp2 - ﬁil §§2 §E3 ﬁm (1)  Where the eigenvector matric@; y [4] transform the field
2 2 2

= ~P1 ~P2 ~P3 = from the original to the transform domain, matricEsre-
Hps Yp3 Ypz Y3 Eps duce the field in the original domain to the common part

The overlined values are determined in transformed do©n both sides of the transition. Due to the electric wall at
main and the hat ) stands for supervectors and super-the end, the input admittance matrix at the last subport

matrices [4]. The vectorHl andE contain tangential field obtained from (3) becomeﬁf. Transforming the admit-

components, e. g. for the port P3 tance with (5) and (6) through allsections (in the example
. P3 _.P3 shown in Fig. 1k = 3...1) gives the input admittance ma-
= H = E . =~P1
Hps = | %3 Eps = | Jp3 2 UXYpr- P
H, E, The same procedure holds for the submatriggs (in this

. . ~P3
The admittance submatrices in (1) are obtained by short cic@se ports P1 and P3 must be short circuitedpand(ports
cuiting the ports. This procedure will be explained with P1 and P2 are short circuited).

three submatrices of (1) as examples. B. Off-diagonal submatrices

A. Main diagonal submatrices . . ~P2 ~P
g For the calculation of the matricgs,; andypé the op-

For the calculation of;i the ports P2 and P3 have to be Posite transformation direction as for the main diagonal ma-

N ~P1 . . . . i
short circuited. Thefyp, is the input admittance matrix. In trices must be used.

the example of Fig. 1, the ports are connected via a concate- With the input admittance matrix, the before calculated
admittances and (3), all the field vectors at the subports can

nation of three different sections. In each of these section%e computed using the followina matching equations:
the tangential fields at the ends (A, B) of a section (Fig. 3) P 9 9 9eq '

can be described by [4] ﬁk- 7 (§k) -1 (§k §k) ﬁk @
B — 2 AT 1 A

Ha| | V1 Y2 Exa 3
—ﬁ B § ? ﬁ 3) =k kg ~k/~k\ L [k <k =F
B 2 B ~Hpy =Yy, +¥, (yg) <YA - y1> E,
where_. ~ — =~ ~
Yol E) 3= N T LT
. _
I' is a propagation constant¥, is a characteristic admit- =~k ~k\ 7L~k
tance matrix and = kd is a normalized distance between Ey= <YA) Hy (10)
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g : =3 where
From the magnetic field obtained at the last subfibg,

which is proportional to the input electric fiel, , the ma- Har = YpprEq Hp: =Y pEx (17)

. ~P2 ~P1 . —~ —~ ~
tricesyp, andyp, can be obtained. The field vectorsH,. and H,: caused byE, were

The other off-diagonal matrices represent coupling bealready calculated using (7)-(10). Eq. (16) is the upper part
tween ports. of the vector of (11).
Calculating these matrices will be explained with the sub-
SPl The tangential magnetic field compond#hf? can be ob-
matrix yp5 as an example. Because of electric walls (ports 9 9 P
P2 and P3 are short circuited), the tangential electric comt@in from
ponents produce only zero electric field. For this reason H,, ( k) -y [f)% _ ﬁ?} TEE (Zk) (18)
for the coupling from port P1 to port P3 only the tangential v

magnetic components are responsible Ny T . :
9 P P whereD2, D7 are central differences in one row or one col-

apes3 umn.
Hp; = [ A’F‘)B] (11) To obtain the value¥I? at the port P3, similar proce-
H, dure as fofHHE? is required. The last two rows needed for

The calculations have to be done in parts, because the pd#ktrapolation process can be obtained from
P3 must be divided according to the sidewalls areas#knto A . ~0 =
subports. The magnetic or electric field in a plane at an H, ( ) =J {D Tk, - DynTExn,n—l} E (Z ) (19)
arbitrary positionz between two subportd* (» = 0) and
B* » = d, of a sectionk can be computed from the fields
at the subport&* andB* using the following formula

whereTg , T, are parts of 'y which correspond to the
kind of the field components, and these two parts are fur-
ther partitioned accordlng to threrows of the discretization

= =~k ~k points (see Fig. 2)D is the difference ofl'g_,
F (zf) = AGF, + ALLFy (12)  andTw, .. '

D|scret|zmg the field compone®L? at the discretiza-
F is the vector of the transversal electric or magnetic comtion pointsz* of the port P3 and collecting the fields of all

ponents. Both partli}‘A andFB are caused by fields at the subportsP3*, yields
port P1. The diagonal matrices; , andAg, are given by Tg?Ail%AAl N Tg,gAdBl%ABl
A= STEE) g SIMIE) g mel BV
sinh (deABk) sinh (FZdABk) TngikvAAk n TI]-)IZBAdBkVABk

yn

withz_ = d,—z andd, = kodx. dy, is the distance between H (20)
the portsA* andB¥, I'* is a propagation constant. where
The field componertL? at the port P3 can be obtained by Ear = VaarEp Epr = VaprEa  (21)

H? (zk) =T (AdAkﬁAk + A%kﬁBk) (14)  The field vectors]?]Ak andﬁAk which are proportional to
E, were determined earlier in this subsection. Eq. (20) is

where [5] . the lower part of the vector of (11).

T = - (9TH — Ty ) (15) The submatrixy54 can be written as follows
are the values of the field on the subports extrapolated ~P1 Vi3 29
from the values of the last and last but one rowg12§j~5 Yp3 = yhL (22)

D|scret|zmg the field component (14) at the discretization
pointsz* of the port P3 and collecting fields of all subports Since this matrix is in the original domain, it must be trans-
P3k, yields formed using the transformation matmg3

. = = ~P1 ~ -1 .

TR ALY ar + T AR Yap: ) ves = (TH) 984 (23)
aP3 _ . . _VvPl @
B = R : R Eei=YapsBr1 4 should be mentioned, that before multiplying, the com-
TH3ALY gpr + TP ALY g ponents ofygg must be ordered in the same way as the

(16) components in the transformation matrix.
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In an analogous way the remaining submatrices can be

0
determined. Knowing all submatrices of (1), the input ad-
mittance matrix can be calculated. The admittance matrices zew‘
he inner si f th r n fin -0 2
at the inner side of the ports can be defined by = st\“\%\ %
©
= = = = = = = = = : N /
Hp; = Yp1Epi —Hpa = YpoEps Hps = Yp3Ep3 % 20 it /
(24) b= N
Introducing (24) into (1) and combining the ports admit- E bs
tance matrices, leads (for the port P3) to % -30 ‘\ P
1 S qé)/o——@Machaceta\l.
S ops  SPIPZ(SPIP2N TR bs - —— FDTD + modal BC
Yp3 =¥p3+ Ypg (YP1P2> Ypipo (25) -40 Alimenti et al. I
—— MoL
where -50 ‘
R 8 9 10 11 12
~P1P2 ?ii — ?Pl ?112? frequency [GHZ] MMMS6190
Ypipo =| Sp1 ~P2 = (26)
Yp2 Yp2 — Yp2 _ _ . - .
Fig. 4: Magnitude of the reflection coefficient of the waveguide-
P3 . P1P2 to-microstrip transition. The dimensions of the structure (descrip-
~ _[ =P3 =~P3 v [ aP1 =P2 tion in Fig. 1a) are:a = 22.86mm,b = 10.16mm,k = 0.794mm,
Ypips _[ Yp1 Ypeo } Yps _[ Yp3 Yp3 } (27) g 12) area

w = 2.3mm,L, = 6mm,w, =12 mm,d, = 3.16mm,d = 5.3mm,

With the input admittance matrix and the source mode, thé" =8.0mmb. =5.0mm

fields at all ports can be obtained, and from these fields, the
scattering parameters can be computed.
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