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Abstract In thiswork, we compare different configurations to compensate discontinuities in a T-junction.
The comparison is based on direct optimization of the different T-junction configurations in a broad
frequency range. Four configurations are discussed here, three of them are mentioned in the literature and
the other isintroduced here. The T-junctions are optimized to achieve the possible minimum mismatch at
the three ports. We believe that such comparison is helpful for microwave designers to choose the best
configuration to compensate discontinuitiesin T-junctions.
I. INTRODUCTION

In this report, we compare between four different configurations to compensate T-junction
discontinuities. The T-junction discussed here is symmetric and is connected to three 50 W transmission
lines. The first configuration is shown in Fig. 1(a) and was suggested in [1]. The discontinuity is
compensated by removing a triangle portion from the basic T-junction as shown in Fig. 1(a). The T-
junction configuration in Fig. 1(b) was introduced in [2] but no optimization was performed. In this case,
the compensation for discontinuity is ssmply done by modifying the common arm and the two corners as
shown in Fig. 1(b). The T-junction in Fig. 1(c) isintroduced here and is similar to that in Fig. 1(b). The
onein Fig. 1(d) is suggested in [3] but again no optimization was applied. The T-junction in Fig. 1(a) and
(b) were compared in [4] but also no optimization was applied. The optimization variable for the T-

junction in Fig. 1(a) isthe side length r at g equal to 30°, 45° and 60°. For the T-junctionsin Fig.1 (b),
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(c) and (d) the optimization variables are x and y. These variables should be adjusted to satisfy the
required specifications given in Section |1.
I1. DESIGN SPECIFICATIONS
The four T-junction configurations in Fig. 1 are optimized to satisfy the theoretical simultaneous
match condition which is 9.54 dB (20 log (1/3)) return loss at the three ports. In other words the

specifications are
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in the frequency range 2 GHz to 16 GHz. The width w, the height h and the relative dielectric constant e
are fixed during optimization (w= 24 mil, h= 25 mil and e =9.9). Three tools are utilized here to apply
direct optimization, Sonnet’s em simulator [5] to compute the scattering parameters of the different T-
junction configurations, the minimax optimizer in OSA90/hope [6] to perform optimization and Empipe
[6] to parameterize the geometry of the T-junctions.
[11. OPTIMIZATION RESULTS
The T-junction in Fig. 1(a) was optimized to satisfy the matching condition in (1). The side

length r of the removed triangle with q equal to 30°, 45° and 60° is considered. The optimization has

been carried out at each value of q and the optimal values of r are given in Table I. Fig. 2 shows |S,,|

and |Szz| at the optimal value of r for q = 0° (basic T-junction without any compensation), 30°, 45° and

60°. Itisclear that theresponsesat g = 30° have the |east deviation from the ideal value of —9.54 dB.
The T-junction in Fig. 1(b) was suggested in [2] to compensate discontinuity but no optimization

was performed. This T-junction is optimized here with respect to x and y (shown in Fig. 1(b)) to satisfy

(1). The optimization has been done from five starting points and reached a unique solution for x and y.

The optimal values for x and y are given in Table Il Fig. 3(a) and (b) show |S,;| and |S,,| at the five

starting points before and after optimization, respectively. It isclear from Fig. 3(b) that the response after

optimization is very close to the required specificationsin (1).



The compensation technique in Fig. 1(c) was not mentioned in the literature and is proposed here.
The parameters x and y shown in Fig. 1(c) are optimized to satisfy the specifications in (1). The

optimization was performed from five starting points and reached a unique value for x and y as given in
Table I1. Fig. 4(a) and (b) show |S;;| and |S,,| at the five starting points before and after optimization,

respectively. It isclear from Fig. 4(b) that the response after optimization is fairly close to the required
specificationsin (1).

The T-junction configuration in Fig. 1(d) was suggested in [3]. It is optimized here with respect
to x and y to satisfy (1). The optimization was performed from five starting points and reached one
solution for x and y given in Table Il. Fig. 5(a) and (b) show |S,,| and |S,,| at the five starting points
before and after optimization, respectively. It is clear from Fig. 5(b) that the response after optimization
isvery close to the required specificationsin (1).

Fig. 6 shows |S,| and |S,,| in the frequency range 2 GHz to 20 GHz for the optimized T-

junctionsin Fig. 1. It isclear that the T-junction in Fig. 1(a) with g equal to 30° gives the worst results

since [S,| and |S,,| are very far from the idesl value of —9.54 dB. The other T-junctions give

satisfactory results with almost minor differences among their responses. Fig. 7 shows |S;,| and |S,,| for
the optimized T-junction in Fig.1 (b), (c) and (d). It is noticed that the T-junction in Fig. 1(d) introduced
in [3] gives the best response with the least deviation from the ideal value of |S;| and |S,,|. The

response of the T-junction in Fig. 1 (c) introduced here gives dlightly better response than the T-junction
in Fig. 1 (b) which wasintroduced in [2].
IV. CONCLUSIONS
In this report, we presented a comparison between four configurations for compensating
discontinuities in T-junctions. Three of these configurations were mentioned in literature and one is
proposed here. The T-junctions are optimized with respect to proper dimensions to satisfy minimum

mismatch at the three ports. An accurate 2D EM simulator and a robust optimizer have been utilized to



perform direct optimization. The results of optimization indicates that one of these T-junctions, the one

with the removed triangular portion, gives unsatisfactory results and the other give fairly good results

with minor differences among their responses
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TABLEI
THE OPTIMAL VALUESOF r AT q EQUAL TO 30°, 45°
AND 60° FOR THE T-JUNCTION IN FIG. 1(a)

q The optimal value of r
30° 1.556 w
45° 1.355w
60° 1.158 w
TABLE I

THE OPTIMAL VALUES OF THE PARAMETERS x AND
y FOR THE T-JUNCTIONS IN FIG. 1(b), (c) AND (d)

T-junction Optimal value of x Optimal value of y
T-junctionin Fig. 1(b) 0.9250 w 0.583 w
T-junctionin Fig. 1(c) 0.7271w 0.7917 w
T-junctionin Fig. 1(d) 0.1w 0.9167 w
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Fig. 1 Four different T-Junction configurations (w= 24 mil, h=25 mil and e =9.9).
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Fig. 2. |Sy| and |S,,| for the T-junction in Fig.1(a) with q equal to 0, 30°, 45° and 60°.
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Fig. 3. |Sy| and [S,,| for the T-junction shown in Fig.1(b) before optimization (a)
and after optimization (b).
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Fig. 4. |Sy,| and [S,,| for the T-junction shown in Fig.1(c) before optimization (a)
and after optimization (b).
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Fig.5 |Sy,| and |S,,| for the T-junction shown in Fig.1(d) before optimization (a)
and after optimization (b).
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Fig. 6 |Sy| and |S,,| for the basic T-junction and the optimized T-junctions shown
in Fig.1 (a), (b), (c) and (d).
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Fig. 7. |Sy| and |S,,| for the optimized T-junctions shown in Fig.1 (b), (c) and (d).
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