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ABSTRACT narrowband filters with a small size is difficult due to the
parasitic cross coupling among non-adjacent resonators.

A method for direct synthesis of a tubular filter with thin-
film frequency-dependent lumped element resonators isSignificant effort has been made to develop compact
presented. The synthesis procedure is developed withharrowband filters with HTS thin-film technology. A
frequency-dependent inductors to accommodate largeHTS tubular bandpass filter with spiral inductors was
parameter aspect ratio in compact configurations. Thedemonstrated in 1992 [1] and a filter frequency
explicit design equations are derived from required transformation technique has been introduced for the
coupling coefficients among resonators, which provide atubular bandpass filter circuit in 1995 [2]. The later
great flexibility in choosing design parameters. A design method used a frequency-dependent inductor, which
example of a 4th order bandpass filter using high- significantly reduced the inductor size without sacrificing
temperature superconductor (HTS) thin-film material is the resonator unloaded Qs and provided great flexibility
shown which has a 0.6% fractional bandwidth, a less thann choosing design parameters.
0.2-dB insertion loss and a 20-dB return loss.
Experimental data shows a good agreement withThis paper presents a more generalized designing method
simulation performance. The technique is especiallyand synthesis procedure for tubular filters with frequency-
useful for designing ultra-narrowband filters where the dependent planar inductors to accommodate large

proper coupling is difficult to achieve. parameter aspect ratio in compact configurations. The
explicit design equations are derived from required
INTRODUCTION coupling coefficients among resonators, which provide a

great flexibility in design parameters. As an example, a
Superconductor filters have found wide applications in 4th order tubular narrowband filter has been made with a
the wireless communications industry. The very small fractional bandwidth of 0.6%. The small resonator size
insertion loss and sharp filter response in a compactand reduced parasitic cross coupling results in a 90-dB
package are basic market differentiators compared to theout-of-band rejection, a 0.2-dB insertion loss and a 20-dB
conventional filter products. However the design of returnloss.
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Figure 1 (a) A typical tubular lumped element filter. (b) The tubular lumped element filter with inverteesemachators.

ANALYSIS OF A TUBULAR FILTER Figure 1 (a) shows a typical tubular lumped element filter
circuit. The major step in designing this filter is to design
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individual resonators and choose proper coupling among L =L T L..=L
them, specifically two parameters need to be identified-- - T ;J_ ii‘”li 0~
i C

v L
resonant frequency and susceptance slope parameter of Cq ng;g | ;/;
the resonators. In this process, the filter was re-arranged ;I/; f—lf;{ f

by teresonators, each of which consists of a series i___-_C_,-.j_+1__i
inductor with shunted capacitors at both ends, as shown in ﬂ ’_>
Figure 1 (b). Those resonators are in turn coupled v=i8B
through impedance inverters made of Tecapacitor

network with negative shunted capacitance. The series

inductors L¢v) in theTtresonator could be either a fixed- Assume all the_ resonators are the same, the inter-
resonator coupling shown in Figure 3 can then be

expressed as [3]:
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It can be seen based on equations (2)-(4), that the

Figure 3. Inter-resonator coupling

~ Y5B
Y38 0 4.0 coupling coefficient 1 can be varied by the resonator
|_(w) L% % slop parameter b which is directly resulted in the inductor
o WG :
jB= jac, + slop parameters _k (Equation 3). Compared the
J"‘LL (@) discussion in reference 2, the above discussion provides
- o 4+ 1 an alternative understanding of the relationships between
14y jaLil— ]/szcgj filter bandwidth and the inductor slope parameter (the

value inductor or a frequency-dependent one different inductor slop parameter will affect the coupling

q y-aep ' among resonators and in turn will affect filter bandwidth).
To ensure a realizable capacitor at the filter input an
additional shunt capacitoro@ust be added in front of the
input inverter as shown in Figure 4.

Figure 2. Ameresonator which can be seen as a parallel
resonator

As shown in Figure 2, theeresonator can be seen as a
special type of parallel resonator with resonant frequency

and susceptance slope parameter as follows: C\O Ca L(w) L(w)
B Bt
= |2 (1)
Wy LC, ;/ip/g‘ ; ;
4-‘ Gn Bin C]_ Cg
W, dB 2) Vi
= . _ =2W,Cq(1t k
2 dw|@=aw, - 20C(1Tk) a) (b)
N (3 Figure 4.  (a) The input coupling circuit. (b) The
2L dw|W =W equivalent input circuit.

where the shunted capacitors on both sides of the inductor

are assumed to be equal. Theskthe slope parameter of

the inductor defined in [2]. The equivalent admittance looking from the first resonator
can be found from Figure 4 (a) and (b),

Yin = in + iBin (5)
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where, G is coupled with the Cto make the first
resonator resonant at the desired frequency, while C
provides proper coupling.

Similar analysis can be applied to the output coupling

circuit,
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FILTER SYNTHESIS PROCEDURES

Based on the above analysis, filter synthesis procedures

can be developed as follows:

1. Compute the required coupling (i.¢+k gn/b and
Gou'b) for a specific frequency response requirement.

2. Choose a proper inductordyf which can be
frequency dependent

3. Compute Gand b for the inductor L) using
Equation (1), (2) and (3).

4. Calculate the inter-resonator coupling capacitor,
Cij+1, using Equation (4).

5. Select Gand G:1.

6. Compute the input and output coupling capacitance
Cor and G n+1using Equation (6) and (8).

7. Calculate B and By: using the Equation (7) and (9).

8. Compute Gand G based on B+wC; and Bur+wC,
equal towCy.

9. Use above results to construct a tubular filter and

compute the filter response.

In procedure step one, the design starts with a set of
coupling parameters. Those parameters for the all-pole

filters can be derived from a low pass prototype filter
[3]:
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wherew is the filter fractional bandwidth.

A HTS FILTER DESIGN EXAMPLE

A 4th order Tchebyscheff bandpass filter has been
designed based on the above procedures. The filter
bandwidth is 0.6%. The required couplings are
calculated using the Equation (10). TA&type resonator
with a capacitively-loaded inductor is illustrated in
Figure 4. The center part of the resonator is a half loop
inductor Ly with a parallel inter-digital capacitoroCOn
each side there aréusit capacitors, {J2].

Lo

A

Figure 4. A capacitively-loaded inductor resonator and its
equivalent circuit.

Figure 5 is the layout of the filter composed of the
resonators discussed above. The filter is made of HTS
superconducting thin film YBCO that is deposed on both
sides of a 20-mil-thick LaAl@substrate.

g U0 VI N0 NI g

Figure 5. The 4-pole planer HTS Tchebyscheff bandpass
filter layout
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Figure 6. The measured filter response along with the
circuit simulation.

Figure 6. is the measured filter response and the
simulation data. The measured data matches well with
simulation results. The parasitic cross coupling is so
small that the filter response is close to an ideal lumped
element filter.

CONCLUSION

One practical filter design method using microstrip
lumped element circuits has been introduced, the

(2]

3]

designing and synthesis procedures are presented. A

prototype HTS filter with capacitively-loaded inductors
has been successfully implemented.
agrees well with the design. This technique is especially
useful in designing narrowband filters.
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