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ABSTRACT 
The mobile communication (radio, mobile, satellite telephony…) insert band filters which are required to comply with 
stringent pass-band characteristics concerning the selectivity, the group delay, the insertion losses and the mass and 
volume. The mass and volume of payload electronic equipment is a significant contributor to the overall cost of space 
systems. Within this framework, many improvements were made in the design of filters and multiplexers which repre- 
sent a considerable portion of the overall satellite payload. The High Temperature Superconducting (HTS) planar tech- 
nology permits to realize compact size filtering devices. Moreover, it could also provide a superior performance not 
attainable by any other technology. However, not controllable parameters in the manufacturing processes (indistinctness 
of the engraving, the not uniformity of substratum thickness) do not allow to obtain a precision on the echo’s frequency 
and to keep a high quality factor. So, it is necessary to use method to tune the center frequency of filters after the fabri- 
cation or to study new resonator topologies which present lower sensitivity to LAIO3 substrate thickness. This last point 
is the object of this article. 
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1. Introduction 
At present IMUX microwaves filters of a communica- 
tions satellite’s payload are realized in volume technology, 
they have an important weight and dimensions; they con- 
stitute an important part of the payload and consequently 
contribute strongly to the launch price of a satellite. 

The solution at present studied to obtain a gain of mass 
of these filters is the use of the planar superconducting 
technology.  

The studies showed that it was not possible to respect 
the templates imposed because of not controllable para- 
meters. A regulation is then inescapable when we wish to 
optimize their electric performances. The most current 
solution is the use of reticule adjusting screws inserted 
into cases. This technique is mastered well this day but it 
increases in a significant way the losses the filter insertion 
of and the size of cases so limiting their mechanical 
integration. Of more these regulations are expensive and 
thus it is recommended to aim towards topology of filters 
less sensitive to the chances of manufacturing and\or 
adjustable in a single pass.  

The simplification of regulation procedures could be a 
strong argument in favor of the new resonators topology 

solution in superconducting technology. 
The modification of the resonators shape returns their 

even insensible or less sensitive frequencies of echo to 
the substratum thickness. Indeed to decrease the effect of 
the substratum thickness in the structures have try to 
concentrate the electromagnetic field meadows of the 
circuit surface between the superconductor and the sub- 
stratum, what allows to obtain a precision of lower fre- 
quency in ±5 MHz with regard to the central frequency 
(4 GHz) while keeping a raised quality factor. 

Indeed we are interested in the improvement of reso- 
nator performances in the shape of empty cross used in a 
communications satellite payload. We show that the shape 
modification of this resonator allows decreasing the fre- 
quency gap. 

The resonator studied in this article has the advantage 
to remedy the problems of dimensions and weight of the 
volume structures used in the IMUX. Furthermore it is 
characterized by a good reproducibility, an ease of inter- 
connection with the other active circuits under forms of 
MMIC (Monolithic Microwave Integrated Circuit), and a 
low manufacturing cost. 

The superconducting technology [1] is interesting be- 
cause it allows making decrease the metallic losses. Fur- 
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thermore, superconducting planar filters present very high 
factors, which can reach 107 at 10 GHz and T = 77 K. 
Consequently, they could replace the volume filters used 
in IMUX in the satellites payloads. Indeed, the powers 
received by these are very low and can be supported by a 
planar technology. 

The lanthanate of alumina (LaAlO3) of cubic structure 
has a perfect agreement of stitch with the YbaCuO de- 
posit [2]. This substratum presents a dielectric constant 
of 23, 6 and a losses tangent of 7, 6 × 10–6 to a frequency 
of 10 GHz and a temperature of 77 K [3]. 

The various simulations were realized under ADS Mo- 
mentum, tool of electromagnetic simulation 2.5 D adapted 
to the simulation of planar structures. 

2. Technologies of Filters 
2.1. The Volume Filters 
It is filters which allow to support strong powers and to 
have a very high quality factor a narrow bandwidth, and 
a high selectivity… they are the reasons for which they 
are at present used in communications satellites in spite 
of the inconveniences which they present at the level of 
the dimensions and of the weight. 

The volume filters are realized from generally cylin- 
drical, rectangular status-enhancing metallic cavities, or  

are built from guides of waves.  

2.2. Planar Filters 

Planar filters are used to remedy the problems of dimen- 
sions and weight of the volume structures. Furthermore 
they are characterized by a good reproducibility, an ease 
of interconnection with the other circuits, and a low cost 
of manufacturing. On the other hand, they cannot support 
strong powers and their factor of vacuous quality is low 
in classic technology (microstrip, coplanar, and leak out 
with localized elements). Planar filters can use supercon- 
ductive materials to decrease the metallic losses seen that 
these materials present a surface’s resistance very low 
RS when they are cooled below their critical temperature. 

2.3. Microwaves Filters Used in the Payload of a 
Communications Satellite  

In the payload of a communications satellite, there are 
four types of filters: the filters of reception, the filters of 
IMUX, the filters of OMUX and the filters of broadcast 
(Figure 1). 

2.4. The Multiplexer of Entrance 

Has to insure the separation of the band of reception in  
 

 
Figure 1. Plan typical block of a reception-broadcast chain of payload of fixed service satellite [4].    
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several channels. These filters will thus have to have a 
very low band and be very selective to maximize the 
number of channels on the useful band. 

Furthermore, the undulation in the band has to remain 
very low to avoid a modulation live as a parasite of the 
amplitude [5-7]. An IMUX contains so many filters as 
channels. The increase of the transmission capacity is 
translated by an increase of the number of channels and 
thus the number of IMUX filter. This evolution leads 
naturally to an increase of the weight and the volume of 
the demultiplexing functions which constitute a not insig- 
nificant part of the payload (10% of the mass of the 
repeater), see of the global satellites load (Tables 1 and 
2). Where from the interest to realize studies to win on 
the mass of filters constituting the IMUX.  

A possible solution to mitigate these inconveniences is 
to replace the volume filters by planar filters. However, 
the use of classic plating leads to too much raised losses 
of insertion. On the other hand, these losses can be mini- 
mized by using superconductive materials.  

The first experimental results showed the appearance 
of a frequency gap with regard to the fixed template. It 
was shown that variation is bound to the fact, that the 
thickness of the substratum used during the manufactur- 
ing is not perfectly identical to that fixed in the simula- 
tions during the conception [8]. To mitigate this problem, 
new structures of resonators were studied. 

3. Results 
3.1. Experiment—1 
The structure of resonator in empty cross (Figure 2) will 
constitute the reference of our study.  

Simulations in Momentum of this topology have allowed 
us to have an idea on the influence of thickness variation 
of the substratum on the frequency of echo and the value 
of the factor quality Q0. The purpose of the study is to 
optimize this topology to decrease the effect of these 
variations. 

To calculate the quality factor in load QL we made a 
simulation in the band of analysis 40,044 GHz - 40,059 
GHz. Figure 3 illustrates the results found for a density 
of meshing of 120 cells by wavelength (cells/wavelength). 

The LaAlO3 substratum of thickness 500 µm possesses 

a relative permittivity εr of 23, 6 and a losses tangent 
equal to 1 × 10–5 in 77 K and 4 GHz [9,10].  

The precise properties of the superconductive materials 
will be introduced through an impedance of surface  

( )SZ 0.095 7.290j m= + Ω . 

The determination of the quality factor is made in two 
stages. A first simulation allows determining the quality 
factor in load QL then the second calculation without 
losses allows determining the outside quality factor Qe.  

3.1.1. Calculation with Losses: Determination of the 
Quality Factor in Load 

The quality factor in load QL characterizes at the same 
time the intrinsic losses of the resonator and coupling 
systems: 

0
L

f
Q 5539

f
= =
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or: 
L 0 e1 e2

1 1 1 1
Q Q Q Q

= + +  

Table 1. Analysis of a typical communications satellite mass. 

Payload 28% 

Solar panels and batteries 25% 

Supports, cables, heat insulations 12% 

Structure 14% 

Propulsion 10% 

Electronics of controls and tests (position) 11% 

 
Figure 2. Resonator in cross studied. 

 
Table 2. Analysis of a typical payload mass of communications satellite. 

Demultiplexer of entrance (IMUX) and multiplexer release (OMUX) 26% 

Antennas 24% 

Amplifiers of power 23% 

Switches 10% 

Receivers and converters in frequency 10% 

Miscellaneous 7% 
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Figure 3. S21 module visualization of the resonator studied according to the frequency. 

Q0 characterizes the intrinsic losses of the resonator and 
Qe1 and Qe2 characterizes systems coupling. 

The system is symmetric (gaps between the lines of 
excitement and the resonator are identical) thus Qe1 = Qe2 
= Qe. 

3.1.2. Calculation without Losses (Q0 Aims towards 
the Infinity): Determination of Qe 

All the drivers (2GND + strip) are perfect drivers and 
losses tangent of the substratum is equal in zero 

L e

1 2
Q Q

=  

 QL = eQ 2 = 7866 
The knowledge of QL and Qe allows calculating the 

quality factor Q0 

Thus: –5

0 L e

1 1 2 5.341 10
Q Q Q

= − = ×   

 Q0 = 18723 
This quality factor is thus very high and very sensitive 

to the errors of measure. 
The substratum on which microwaves resonators are 

engraved can present slightly different thicknesses (Figure 
4). 

Furthermore, when substratums of average thicknesses 
500 µm with the lowest tolerances are commanded it is 
possible that the reserved substratum have an average 
thickness of 495 µm ± 1 µm. It is for that reason that we  

 
Figure 4. Thicknesses of the commanded substratum. 

made simulations on various thicknesses to see the effect 
of the variation of the substratum thickness on the fre- 
quency of echo. The following Table 3 illustrates the 
found results. 

3.2. Experiment—2 

To concentrate the electromagnetic field in the surface of 
the structure, we began by adding a vertical bar in the 
middle of the opened cross Figure 5. We varying the bar 
dimensions of ±1 µm or look by simulations under ADS 
for the bar size which approaches most in the value of the 
echo’s frequency while keeping the high quality factor.  

By modifying the length and the width of this bar we 
realized that it was possible to decrease the frequency 
gap due to the variations of the substratum thickness. 
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The bar is optimized for a length L = on 2450 µm and 
a width W = 325 µm and spaced out by 25 µm with 
regard to the cross. 

The obtained results are the following ones (Table 4).  
We notice that with this topology the obtained gap is 

1.09 × 10–3 MHz for a variation of 2 µm of substratum 
height (between 495 and 497 µm). In the case of the to- 
pology in initial cross (of reference), the gap was 2.4 × 
10–3 MHz. We thus obtain a 50% decrease. 

3.3. Experiment—3 

In a second part we were interested in the influence of a 
horizontal bar superconducting placed inside the resona- 
tor (Figure 6). 

We looked for the minimum of variations by modifying 
the value of the length and the width. We end in the 
following results for a length L = 2450 µm and a width  

Table 3. Variations of F0 and Q0 for a resonator in cross. 

Tsub (µm) F0 (GHz) Q0 

486 3.99514 15,930 

495 4.00517 18,723 

496 4.00684 19,040 

497 4.00757 20,982 

506 4.01106 21,019 

Notice: by increasing Tsub, we provoke a gap to the right of the frequency of 
echo, and an increase of quality factor; By decreasing Tsub, the gap is this 
time to the left of the frequency of echo, and the quality factor decreases; 
For a difference of the thickness Tsub of 1 µm, the variation of the frequency 
of echo is 1.67 × 10–3 MHz. To remedy the problem of the frequency gap we 
are going to modify the topology of this resonator to have the minimum 
possible of variations in frequency.  

 
Figure 5. Topology No. 1. 

Table 4. Variations of F0 and Q0 for the topology No. 1. 

Tsub (µm) F0 (GHz) Q0 

486 3.98958 12,021 

495 3.99418 12,840 

496 3.99470 12,842 

497 3.99527 13,270 

506 3.99987 15,287 

W = 285 µm and spaced out of 20 µm with regard to the 
cross. 

The obtained results are presented in the Table 5. 
With this topology we were able to have a gap of 7.4 × 

10–4 MHz for a variation of 2 µm (between 495 and 497 
µm). In the case of the topology in initial cross, we had a 
gap of 2.4 × 10–3 MHz. We thus obtain a 69% decrease.  

For this topology we obtain the module of presented 
S21 represent Figure 7. 

3.4. Experiment—4 

After vertical bar optimization to have the minimum of 
possible frequency gap, we added a horizontal bar as 
showed on Figure 8. 

The bar is optimized for a length L = on 2405 µm and 
a width W = 290 µm and spaced out by 40 µm with 
regard to both quoted by the cross. 

For this topology we obtain the module of presented 
S21 represent Figure 9. 

The obtained results are presented in Table 6. 
We notice that with this topology we were able to have 

a gap of 6.5 × 10–4 MHz for a variation of 2 µm (between 
495 and 497 µm). This represents a 73% decrease with 
regard to the initial topology.  

The introduction of coplanar structures allows de- 
creasing the variation of the frequency of echo according 
to the height of the substratum but degrades the quality  

 
Figure 6. Topology No. 2. 

 
Figure 7. Module of S21 according to the frequency for the 
topology No. 2. 
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Figure 8. Topology No. 3. 

 
Notice: the bar dimensions are obtained after several simulations of 
S21 relative to lengths and heights variations of ±1 µm. One always 
looks for the dimensions which present not enough frequency gap 
with regard to the echo frequency 4 GHz. 

Figure 9. S21 module visualization of according to the fre- 
quency of the resonator No. 3.  

Table 5. Variations of F0 and Q0 for the topology No. 2. 

Tsub (µm) F0 (GHz) Q0 

486 3.91444 10,946 

495 3.91852 11,489 

496 3.91888 11,490 

497 3.91926 12,016 

506 3.92257 15,570 

 
factor [11]. 

This various topologies also has the advantage to de- 
crease the dimensions of the resonator because to obtain 
a frequency of echo of 4 GHz, it would be necessary to 
decrease the structure dimensions. 

Table 7 shows that the final topology (full cross) has 
allowed to decrease the frequency gap of 73% with re- 
gard to the initial structure (empty cross) this topology 
then present the advantage to be insensible in the sub-  

Table 6. Variations of F0 and Q0 for the topology No. 3. 

Tsub (µm) F0 (GHz) Q0 

486 3.93089 10,980 

495 3.94199 11,562 

496 3.94264 11,563 

497 3.94427 11,750 

506 3.94625 11,898 

Table 7. Comparison of the topology. 

Topologie F0 (pour 496 μm)  
(Mhz) 

ΔF (pour 2 μm)  
(Mhz) Q0 

Empty cross 4.005177 2.4 × 10–3 19,852 

Vertical bar 3.99470 1.09 × 10–3 13,000 

Horizontal bar 3.91888 7.04 × 10–4 11,750 

Full cross 3.94264 6.5 × 10–4 11,656 

stratum height variations. 

4. Conclusions 
The topology in cross presents the advantage to be little 
sensitive to the variations of substratum height.  

It thus allows freeing himself from regulations systems 
which increase the dimensions and the weight of filters. 
The purpose of this article was the improvement of the 
superconductive planar resonator performances in cross 
dedicated to the realization of microwaves filters used in 
the payload of communications satellites, to look for pos- 
sibility of obtaining a minimum of the echo frequency 
gap without degrading the quality factor. 

The study carried out on this topology consisted in 
making simulations with the aim of seeing the effect of 
the addition of a vertical bar, then a horizontal bar inside 
the initial structure. These modifications allow concen- 
trating the electromagnetic field meadows of the surface 
of the circuit between the superconductor and the sub- 
stratum. Our final structure (full cross) has allowed to 
decrease the effect of the substratum thickness on the 
echo frequency everything one keeping a high value of 
quality. 

The addition of vertical bar and\or a horizontal bar al- 
lows adjusting the frequency gap caused by the manu- 
facturing errors by moving the echo frequency to the left 
or to the right. This technique allows freeing itself from 
cumbersome regulation systems. 
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