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Abstract- A full-wave spectral-domain analysis is applied
to the characterization of multi-port microstrip discontinu-
ities. Thk approach employs the moment method to find
the currents in the microstrip circuits and subsequently, the
scattering parameters of the junctions. In this approach,
all the physical effects are considered, including radiation
and surface waves. The numerical results for a tee and a

cross junction are presented and agree well with the quasi-

stat ic values at low frequencies. The S parameters of a

tee junction are further compared against the measured re-

sults wit h excellent agreement. The ut ilizat ion of a shaped

T-junction as a broad-band equal-power divider is also dis-

cussed.

1. Introduction:

The full-wave analysis which deals with microstrip
discontinuities in an open geometry has been applied to a
variety of problems. This approach baaed on’ the moment
method solution of an exact integral equation involves the
comput at ion of a continuous plane wave spect rum such that
the effects of radiation, surface waves and the higher-order
modes are included. This full-wave analysis has been ap-
plied to microstrip open-ends and gaps [1-3], steps [4], and
bends [5-7].

From the review of the past work, one finds the full
wave analysis up to now is limited to two-port structures.
In this paper, a full-wave anzdysis up to four ports is pre-
sented. The spectral domain dyadic Green’s functions are

adopted in electric-field integral equations (EFIE) to han-

dle double-layer substrate problems. Both longitudinal and

transverse current components on the microstrip are taken

into account and are the solution of the method of mo-
ments. In Section II, the method of moments formulation

of the EFIE is briefly outlined. Mode expansion utilizing

the wmbination of semi-infinite line modes on transmis-

sion lines and piecewise sinusoidal basis functions on the

vicinity of the discontinuity are also discussed. In Section

III, numerical results of the scattering parameters of var-

ious microstrip discontinuities such as basic tee and cross

junctions as well as a shaped T-junction are discussed and

compared with available measurements and quasi-static re-

sult s.

II. Analysis:

Microstrip discontinuities can be looked upon, from

a circuit point of view, as N transmission lines (N ports)

jointed in a wrnmon region. The modeling involves finding

the current distribution not only in the junction region but

also in the N semi-infinite microstrip transmission lines.

The approach to solve the problem is based on the moment

met hod solution of the exact integral equations.

A generic four-port microstrip discontinuity is pre-

sented in Fig. 1. Four semi-infinite microstrip transmission

lines which extend to + m in z or y direction are jointed

in a common block (dash line box in Fig. 1). The widths

of these four transmission lines are not necessary the same.

The planar configuration of the microstrip discontinuity in-

side the common block is a state of the art to design the

desired performance of this junction in a specified frequency

range.

For microstrip junction problems, the concept of a

module can be used. A module encloses the region at or

near the junction where higher order modes are generated.

The region otherwise consists of purely uniform transmis-

sion lines. The currents inside the module are expanded

in terms of piecewise sinusoidal basis functions, while the

currents out side the module are uniform transmission line

currents (semi-infinite mode SIM).
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Fig. 1 A generic stmcture of a four port micmstrip discontinuity

tThis research was supported by U.S. Army Research Grant DAAL 03-86-K-0090

1151

1990 IEEE MTT-S DigestCH2848-O/90/0000-l 151$01.0001990 IEEE



If a local coordinate system is used at each line and

the excitation is in the nth port, then away from the junc-

tions, the current in the nth port, with longitudinal com-

ponent oriented in x direction, is

while the current in the pth port in x direction, with p # n,

is

J~ = –$l’P e–~(P@PfP(yP). (2)
n

In addition, the current in the qth port in y direction is

<~ is a sign index function of k’h port.

(3)

{
(,= y:

; kfh line extends to +m in z or y direction

; ,Vh line extends to –co in x or y direction

(4)

where k could be p, q or n. fk and ~k are the pre-calculated

current transverse dependence and the propagation con-

stant on the ldh microstrip transmission line, respectively.

It is noted that, in terms of scattering parameters, rh is Shn.

This aspect describes a uniq~e feature of the approach.

The basis function of the module is chosen as a

piecewise sinusoidal (P WS) function in the longitudinal di-

rection (the direction of current flow) and a pulse function

in the transverse direction. Mathematically, the current

inside the module can be expressed as

The closed form of the Fourier transform of the basis func-

tion can be found.

A nearly Galerkin method is applied to transform

the integral equations into a matrix equation. Inside the

module, the testing functions are in the same form as the

current basis functions. The testing function for the semi-

infinite line, which is chosen as a piecewise sinusoidal func-

Lion in direction of current flow and with the same trans-

verse dependence as the transmission line current, is ap-

plied adjacent to the module. Finally, the matrix equation

k in the form of

r [q

[I@]

[1
= ~.32

-[
J(:’”

Each element in the submatrices of [Z] and [Xn] is the re-

action between the basis function and the testing function

and is in the form of a double integration in a spectral

domain. The superscripts in [Z] indicate the orientations

of the corresponding testing and basis functions; and the

subscripts represent their 10cations. For inst ante,

is the reaction between the basis function I: (current in

the x direction), with the testing function 1~’ (current in

the y direction). [W.] is in the same mathematical form as

[Z] except that the basis function is the semi-infinite mode

of the incident wave.

III. Results and Discussions:

In this research, several microstrip discontinuities

are analyzed by the method described above. The data

generated by TOUCHSTONE version 1.7 , which are es-

sent i ally quasi-static results, are also presented for com-

parison.
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A basic T-junction with three identical semi-infinite

transmission lines is shown Fig. 2(a). The numerical results

shown in Fig. 3 and 4 are converged within 0.2dB in mag-

nitude and 2.5° in phase. The results of the magnitude of

the scattering coetlicients are compared against with mea-

surements [8] and the quasi-static values (TOUCHSTONE

data), and are shown in Fig. 3. It is seen that the present

full-wave results are in excellent agreement with the mea-

sured data, but agree well only in the low frequency range

with the TOUCHSTONE results. In the high frequency

region, the unequal power transmitted on S21 and S31 ob-

served in both theory and measurement is more significant

than what TOUCHSTONE predicts. It is noted that the

TOUCHSTONE results are from a quasi-static analysis,

which are not as accurate at high frequencies. The full-

wave results and the TOUCHSTONE results for the phase

of S33 are also compared and are shown in Fig. 4. Good

agreement is found below 10 GHz, but more than 45° dis-

crepancy is found at 24 GHz in this particular case.

314

Is ~
10 15 m

Fmqmcy (OH,)
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A symmetrical cross junction is shown in Fig. 2(b),

where two identical transmission lines are crossed at a right

angle. With the same numerical convergence criteria as in a

basic T-junction, the magnitudes of scattering coefficients

are shown in Fig, 5. TOUCHSTONE predicts equal power

distribution for a cross junction in a wide frequency range;

however, the results of this study indicate there is an un-

equal power distribution for the cross junction. The phe-

nomenon of unequal power distribution is more significant

for higher frequencies. From a distributed circuit point of

view, this phenomenon is obvious since port II and port

III are not symmetric and the current tends to go straight

through the cross junction. For a quasi-static calculation,

the cross junction is like two wires jointing together and in

terms of the lumped circuit concept, the power distributed

in each port is certainly identical.

The problem for a basic junction is that the power

transmission distributed in each port is usually restricted.

For example, in a basic T-junction, there is always more

power transmitted in port II than in port III, and the re-

flection coefficient increases as the frequency increases. In

order to make the circuit design more flexible, modified or

compensated discontinuities are usually used [9]. A shaped

T-junction shown in Fig. 2(c) is an example of this mod-

ification. In the present full-wave analysis, the advantage

of using piecewise sinusoidal basis functions can be seen in

this particular application. By using piecewise sinusoidal

basis functions inside the module, the shape of the junc-

tion can be quite flexible in the modeling. The design of a

shaped T-junction shown in Fig. 2(c) is intended for equal-

power transmission in ports II and III and small reflection

coefficient at port III. If the difference of the transmitted

power for ports II and III is required to be less than 0.5 dB,
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(+=10.2, h=25nul, w=24mil)

the resultsin Fig. 6 show that equal power transrnissionis

very broad band (from D .C. up to 16 GHz). In compari-

son, for a basic T-junction, equal power transmission only

valid up to 6 GHz. Besides, S33 of a shaped T-Junction is

usually a few dB lower than that of a basic T-junction.

IV. Conclusion:

A full wave analysis of a multi-port network is car-

ried out by the moment method. It has the capability of

analyzing four-port irregular shaped junctions. The results

for a tee and a cross junctions are presented and found in

good agreement with the quasi-static results at low frequen-

cies. An example of using a shaped T-junction to improve

the performance of a basic T-junction was given. This ex-

ample also illustrated the flexibility and the CAD potential

of the full-wave analysis presented in this paper. The com-

puted results are further compared against the measured

data for a tee junction. The comparison shows excellent

agreement.
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