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Abstract - In this paper, 8 microstrip to slotline transition 
using different quarter wavelength stubs is proposed and 
defined as inhomogeneous. The bandwidth of each stub is 
separately studied and the microstrip to slotline junction is 
considered as a band-pass filter controlled by design rules. 
The DOE optimisation and comparison of three different 
dipleaers using this type of junction is achieved by using new 
design rules implemented in a new CAD tool. At least, 
simulations and measurements confirm the theoretical 
approach of this study. 

I. INrRoouCTtoN 

With the development of more recent communication 
systems, the interest in higher integration density and low 
cost microwave packaging increases. The multilayer 
technologies with the advances in new PCB or ceramic 
materials offer a good solution to achieve these goals. The 
use of both microstrip and slot transmission lines is one of 
the usefnl applications for multilayer structure ([l-3]) and 
different coupler strncturcs based on homogeneous 
transition have been still studied. 

The present study highlights comparison and 
optimisation of multilayer diplexen using a new concept 
of inhomogeneous slotlmicrostrip junction. First the 
homogeneous model of slotimicrostrip transition is briefly 
reminded, and then it is modified to lead to the concept of 
inhomogeneous junction, Therefore the study, 
optimisation and design of a three different diplexers 
using this inhomogeneous junction arc proposed. The 
implementation of CAD tools for this design will 
complete this study. 

11. SLOTiMICROSTRIP JUNCTION 

The classical homogeneous slot to microstrip junction 
can be defined as a transition using quarter wavelength 
stubs referred to a central frequency ([4-51) like the 
following figure: 
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Fig. 1. Junction stmctwc 

Previous studies have shown that the electrical model of 
this strnctnrc can be considered as the following: 

zcy $$zxs 

Fie. 2. Electrical model 
where the h&l $nbs can be regarded as brought back 

impedances and the coupling between the slotline and the 
microstrip line as a transformer. In this model (A): 
Z,=-jZmcOt g(&) with o,,,, =$++dl) (1) 

with 
Zm or s: characteristic impedance of the microstrip or 

slot respectively 
hm or s : wavelength in the microstrip or slot 

respectively 
1%: wavelength in the microstrip stub at the frequency 

f. such as the stub length is equal to h&4 
m 

&i: wavelength in the slot stub at the frequency fl such 
I! 

as the stnb length is equal to &i/4 
for the homogeneous junction fi=fo. 

0-7803-7695-l/03/$17.00 0 2003 IEEE 

1231 

2003 IEEE MTI-S Digest 



X,: end effect of the slotline 171 
dl: end effect of the micro&p.- 

Considering the equations 1 and 2, the expressions in 
tangent of Za and Yb indicate the cyclic character of the 
bandwidth of each stub constituting the junction, 
Consequently their frequency behaviour can be 
characterised by a bandwidth and an attenuation in it. 

So each element of the transition can be separat$y 
detailed. In this case different electric lengths referred to 
hvo different frequencies (fl and t2) can be allotted to the 
slot and the microstrip stubs constituting the transition. 
This junction will be defined as an inhomogeneous one. 

Taking into account these dimensional modifications for 
the microstrip and slot stubs, the DAS model ((61) can be 
kept and highlights the essential points in terms of 
frequency pattern for the realization of filters. 

III. DESIGN OF DIPLEXERS WITH 
lNHOMOGENEOUS JUNCTIONS 

Such inhomogeneous slotimicrostrip junctions are now 
considered to design three different diplexers. Each way 
of the diplexer is character&d by a central t?equency f, 
and a bandwidth Af, (i=way number). 

Like previously shown, the behaviour of each stub (slot 
or microstrip) leads to several poles at frequencies equal 
to (Zk+l)*f,, (k integer and positive) and a bandwidth of 
Bw,. So the desired frequency pattern induces some rules 
for the design of, each stub in the inhomogeneous 
transition. Consequently for each stub on way number i, 
fO, and Bw, must satisfy the following relations ([Xl): 

(2k+l)Q=f,+&f, with I&/?‘;* , i=l, 2 or 3 and 

lsfi 1 I Afti (3) 

Assuming Bw, equal to (l+q)fO, in first approximation 
(tl <cl), and the Q-factor of the transition considered as a 
filter, one can also determine the following condition: 

k+((l+?&++)-I) (4) 

Reporting in (3) the k values obtained by (4), several 
frequency domains are determined for foj and the relative 
wavelength hj can be found. For given f, and Aii, the 
highest foj is determined for the smallest k value (zero). In 
this case, both hj and the associated stub become the 
smallest and the integration level is increased. But on the 
other hand, higher k values induce not too large foj and 
Bwj, which is better to carry out precisely Ati. 

Three different topologies of diplexers are considered. 
Port 1 is attributed to the common way, port 2 and 3 are 
respectively assigned to the low and high frequency ways. 

On each diplexer, the same widths for all the microstrip 
lines and for all the slotlines are fixed. In this case, the 
only parameters that affect the bandwidth of the structure 
are the lines lengths. 
. The first diplexer topology is an annular slotline 
coupled with three microstrip lines (see figure 3). This 
strwture is the simplest to optimise because, for each way, 
the microstrip stub length and its position around the ring 
are the two only geometrical parameters influencing the 
bandwidth. The transmitted wave from port 1 is divided in 
two parts in the slot at the transition Jl. The first part 
courses the ring in the direct direction and the other one in 
the opposite direction; the two signals are recombined at 
the junction 52 or J3 depending on their frequencies. 

J3 

Fig. 3. The Slot Ring diplexer 

. The second topology, called “Line diplexer” and 
shown figure 4, is an opened structure composed by a 
slotline and three microstrip access lines. In this structure, 
the wave is transmitted from Pl to the slot through the 
slotimicrostrip transition Jl chosen as a large bandwidth 
one. Then two inhomogeneous junctions (J2 and J3) 
permit to recover low and high frequencies respectively. 

Fig. 4. The Line diplexa 

l The third structure is based on a slot T-junction and 
three microstrip access lines (see figure 5). In that case, 
the first junction Jl transmits the signal from Pl to the slot 
Te. The two junctions J2 and J3, placed on each branih of 
the Te and designed as inhomogeneous, select the 
frequencies for each way P2 and P3. 
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Fig. 5. The Te Slot diplexa 

On each structure the more efficient parameters are the 
stub lengths but the slot transmission lines have to be 
optimise to reduce the transmission losses. 

IV. OPTIMISATION AND REALISATION 

To compare the different topologies, the study of three 
X-band diplexers with the same frequency characteristics 
is proposed: 2GHz bandwidth around 9.75GHz and 
12.25GHz are chosen respectively for the low and high 
frequency ways. 

To limit the number of optimisation parameters, five 
maximum according to the implemented DOE loop, some 
parameters that appear less efficient on the diplexer 
characteristics are fxed. 

Diplexer Fixed lengths Optimised 
topology k”RthS 
Ring 1 The ring size, Ll, 1 L2, L3,112,113, 

pgqg 

Table 1: Parameter summary 

Each structure is designed on MS-QUAD, a CAD tool 
created at the IXL Laboratory ([9]), including a design of 
experiment (DOE) algorithm based on Taguchi method 
([lo]) to optimise each parameter. 

As previously seen, the variation domains of the stub 
lengths are given by the equations (3) and (4). 

For the low frequency way (bandwidth Af2=2GHz 
centred on f2=9.75 GHz), the relationship (4) gives three 
values for k (0,1,2) and the relationship (3) indicates that 
the resonance frequencies of each stub constituting the 
junction are included in the following fields (all 
frequencies in GHz): 
for k=O: 8.751f0, < 10.75, lield 1 corresponding at 

f,+Sfi=f,, and Is&1 < Afl/2 

for k=l: 2.91 <fo2<3.58, field 2 corresponding at 

fi+6f2=3f02 and l&l 5 (Bwz-Afz) 12 

for k=Z: 1.86 <fa1<2.04, field 3 corresponding at 

fz+6f2=5&, and I&1 2 (Bwj-Afi) 12 

By the same approach, three frequency fields are 
determined for the resonance frequencies of each stub 
constituting the junction for the high frequency way 
(bandwidth Af?=2GHz centred on f,=12.25 GHz, all 
frequencies in GHz): 
12.25<f,,, 2 14.75, field 1’ 
4.08 S f o2 5 4.075, field 2’ 
2.45<fox<2.85,tield3’ 

As forecast, the field 1 +d 1’ frequencies lead to low- 
size circuits, but their associated bandwidth are too high. 
The field 3 and 3’ frequencies support a better approach 
of selected bandwidth but induce lengths of stubs more 
significant than those of fields 1 and 2. Ending, the field 2 
and 2’ give a compromise between the length and the 
bandwidth of the stubs. 

V. SIMULATION AND MEASUREMENT RESULTS 

After DOE optimisation of each structure, many 
simulations are carried on with MS-QUAD, Agilent ADS 
and Momentum (MOM) tools, before experiment. 

The isolation between the low and high frequency ways 
ant the transmission parameter in the two ways (Pl to PZ 
or to Ps) are successively considered and compared for the 
three structures. Some simulated S21 parameters for low 
frequency way are proposed on figure 6. 

Fig. 6. Simulated transmission parameter at low frequencies 

The transmission is satisfactory and better than -3dB 
for the Line and Slot Ring diplexers, but the slope at the 
cut-off frequency (IlGHz) is too weak. For the third 
diplexer, the transmission is near from -3dB in each 
branch because the Te acts as a divider, but there is a good 
decrease at 1 IGHz. The Momentum simulations con&n 
the ADS and MS-QUAD results. 

In the third part of the study, the structures are real&d 
in thick film technology on alumina substrate and 
measured. 
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Fig. 7. Measured isolation between low and high frequency way 

This isolation is low into the Line diplexer due to the 
interactions behveen the junctions J2 and 53 on the hvo 
transmission ways. In the Slot Ring diplexer, the isolation 
is intermediate (less than -15 dB), and the Te Slot 
diplexer offers the b&t isolation. 

Then the S,, parameter for low frequency way is 
measured as shown in figure 8. 

Fig. 8. Measured transmission parameter at low frequencies 

Figure 9 shows the measured transmission parameter for the 
high frequencies. 

sxw, T”lnn.sk”~PI~PI 

.ll 

Fig. 9. Measured transmission parameter at high frequencies 

A good accordance between the measurements and 
simulation results is observed. 

Finally, the comparison between the three structures 
leads to the following points: 
- The smallest structure is offered by the Line diplexer. 

In terms of losses the Line diplexer and the Slot Ring 
structure are better than the Te Slot diplexer. 

In terms of isolation between the high and low frequency 
way, and bandwidth specifications respect, the Te Slot 
diplexer is better than the other ones. 

The Slot Ring is a good compromise between losses and 
isolation. 

V. CONCLUSION 

From a theoretical study of each element of the 
transition slotlmicrostrip, a new concept of 
inhomogeneous junction is introduced. This transition has 
brought new development on the synthesis of multilayer 
circuits based on slotimicrostrip lines. It is shown that 
MSQUAD becomes an essential tool for CAD 
optimisation of such multilayer planar stmctores. Finally 
three diplexers were designed, optimised by Taguchi 
method and compared. The Slot Ring diplexer is the best 
compromise in terms of losses, isolation and bandwidth. A 
new design based line diplexer is actually studied to offer 
better results and higher integration density. 
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