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A Novel Tap Input Coupling Structure for a Narrow II. INPUT COUPLING
Bandpass Filter UsingTMg10 Mode of a
Microstrip Circular-Disk Resonator A microstrip disk resonator is a circular conducting disk patterned
onto a dielectric substrate with a ground plane on the opposite side.
Kenneth S. K. Yeo and Michael J. Lancaster The tap input coupling can be easily achieved by making a via

through the dielectric substrate and ground plane to the patterned

disk resonator. However, for a high-temperature superconductor thin

Abstract—This paper discusses a new method to couple into tHEM 10 film, which grows on a single crystal substrate, i.e., magnesium oxide
mode of a microstrip circular-disk resonator. This method can achieve rea- (MgO), lanthanum—-aluminate (LaAlQ, or sapphire, making a via

sonably strong input coupling, which is useful for narrow-band filters with . . .
fractional bandwidths of approximately 0.5% and above. A comparison be- through the ground plane cannot be easily achieved. For this case,

tween this newly proposed input coupling structure and the conventional the tap input can only be achieved by making a notch into the disk
gap input coupling structure will be addressed. A decision threshold for resonator and inserting the 5Dfeed line into the disk, as shown in
using either the tap input or the conventional gap-coupled input s also ex- Fig. 1(a).
gﬁ:gﬁgg Ei(rﬂi;mg ?gzsglgisg:tessg:]{zg?ter fabricated using this novel input The externaQ factors of the ipput feed can be varied by changing
the tap locatiorl” along the radius of the disk. The current distribu-
Index Terms—Disk resonator, filter, HTS. tion flows radially with the minimum at the center and the edge of the
disk and the peak at about one-half the radius. A plot of the normalized
current distribution is shown in Fig. 2. This plot is based upon the theo-
retical model for the field equations [6] of the microstrip circular-disk
The TMo10 mode of a microstrip circular-disk resonator is a veryesonator. TheX - andY -axes are normalized to the radifisof the
promising structure for high-power high-temperature superconductggk.
bandpass filters because of its edge-free current distribution [1]. Thisthe externaly factor of the new tap input structure is simulated
paper presents a new input coupling structure foriihé,.o mode of  ysingem Sonnet [7]. To make comparison between the new tap input
and the conventional gap coupled, a similar structure is also simulated,
Manuscript received August 9, 2000. This work was supported by the En?l§ Sh(.)wn m. Flg.' 1(b). The simulation rgsults are S.how.n in Fig. 3. The
neering and Physical Sciences Research Council, U.K. nsertion point: is normalized to the radius of the disk, i.e.,
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Fig. 1. (a) Tap-coupled input and (b) gap-coupled input of a microstri

circular-disk resonator. ﬂg. 3. Simulated results of the extern@l factor for the tap-coupled and

gap-coupled inputs of th&Mj;, mode of a circular disk.

Fig. 2. Normalized current distribution of thie\l,1, mode of a circular-disk Fig 4. Normalize charge density distribution of tAEMy,, mode of a

resonator.X - andY -axes are normalized position on the circular disk and thgjrcy|ar-disk resonatork - andY -axes are normalized position on the circular

Z-axis (vertical axis) is the normalized magnitude of the surface current.  gjisk and theZ-axis (vertical axis) is the normalized magnitude of the charge
density.

whereT is shown in Fig. 1 and is the radius of the disk. By normal-
izing T  to the radius, the tap-coupled input has some similarity to a taplf the insertion point continues to be increased, the exteprfalctor
input (or shunt) to a 50 half-wavelength resonator [8], [9] where itsof the tap-coupled input will form an asymptotetat 0.5 (exact value
short-circuit point is atso. = 0.5 and the open-circuit points are atis 0.52). The gradient of the curve also increases dramatically when
tsoo = 0 andl (¢s00 is normalized to a half-wavelength o). How- approaches 0.52. Therefore, the exter@dlactor is very difficult to
ever, it must be pointed out that the current distribution of the disk ¢®ntrol ast is close to the asymptote because the coupling is very sen-
not perfectly symmetrical abotit= 0.5. The gapy in Fig. 1 is fixed sitive to the tap location, i.e., making small changes to the tap location
at 100xm. One may argue that reducipgwill increase the input gap will lead to large changes in the exterrlfactor.
coupling, but reducing will also complicate the fabrication process, Since the current is flowing radially from zero at the center to zero at
as pointed out in [2]. the edge and peak aitz 0.5 of the disk, it is very easy to assume that
From Fig. 3, it is shown that the exterr@lfactor for the tap and the the charge density is maximum at the edge and the center of the disk.
gap-coupled inputs crossovertat (0.237, which corresponds to the However, this is not the case, as shown in Fig. 4. The charge density at
externalky factor of 173.5. This extern#&)} factor value corresponds to the edge is less than one-half compared to the center of the disk. This is
a Chebyshev bandpass filter with FBW in the range of 0.38%-0.598fie reason why the gap-coupled input is so weak at the edge of the disk.
[10]. The lower and upper limits of FBW are computed based on twdhe relationship between the exterafactor and the charge density
and ten-pole Chebyshev functions, respectively, with 20-dB return losistribution is not obvious. One would expect the extepdhctor to
A range is quoted here instead of a specific value because the exteimalease with the decrease of the charge density. The charge density
@ factor is not just dependant on the FBW, but also on the passbasdeduced when moving away from the edge of the disk. However,
ripples and number of poles. For narrow-band filters that have FBWWserting the feed line into the disk, the overlap fringing field from
smaller than this range, the gap-coupled input posed a better optibe feed line to the disk is increased. Therefore, the input coupling is
because the required extergalfactor can be achieved with less perincreased instead of reduced. The exterpdhctor levels off whert
turbation compared to the proposed method. However, for filters thegiproaches 0.372, which is the zero charge density point. Increlasing
require an externd) factor smaller than 173.5, the proposed method fsirther will decrease the extern@l factor further.
a better option. Therefore, the exterfiafactor of 173.5 can be used as  Strong input coupling (or lower externél factor) can be achieved
a decision-making tool for which input coupled structure to use whersing a tap-coupled input, and weak input coupling can be achieved
designing al'Mg;0-mode circular-disk filter. Due to these two inputusing a gap-coupled input. Therefore, if both the tap and gap input
coupled structures, a wide range of narrow-band filters can be achieeedpled structures are used hand-in-hand, there is no limit for FBW
without inserting the feed line more thanr= 0.237. that can be achieved for this type of filter.
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< 390 mm this paper is only applicable to tAEM:0 mode of circular-disk res-

onators because of their unique current distribution. This tap-coupled
input does not hold for other modes in the circular disk.

The tap-coupled input can provide stronger input coupling compared
to the gap- or pin-coupled input. Therefore, the tap input coupled will
widen the FBW range in the design of a narrow-band filter. We have
also shown the decision point (with respect to the extethtctor) in
determining the best input structure for designingThid,;, mode of
a circular-disk narrow-band filter. By making this decision, the pertur-
bation of the disk resonator can be minimized.

Fig.5. Layout of a high-temperature superconductor five-pole disk filter usir{?l We have also prov.lded a p.|0t of th.e normallzed charge den5|t¥ for
the TMj10 mode. eTMoi0 mode of circular disks. This plot is not normally found in

the literature because most researchers are only interested in the current
distribution of this mode. Experimental results of an high-temperature
superconductor five-pole filter is also shown in support of the new tap
input structure.
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Fig. 6. Experimental results of the five-pole YBCO filter at 60 K.

lll. FILTER EXAMPLE REFERENCES

To show the validity of the newly proposed input structure, a 1]
five-pole Chebyshev filter was fabricated and tested [11]. The FBW of
this filter is approximately 0.5%. The inter-resonator couplings can be
determined usingm Sonnet [6]. By simulation of two circular-disk (2]
resonators, two resonant peaks can be observed. The coupling
coefficients between the disks can then be computed based on [12]. [3]

The layout of the filter is shown in Fig. 5. The filter was fabricated
using yttrium—barium—copper—oxide (YBCO) microstrip on sapphire
substrate with thickness of 0.33 mm and dielectric constant of 9.6.1%

H. Chaloupka, M. Jeck, B. Gurzinski, and S. Kolesov, “Superconducting
planar disk resonators and filters with high power handling capability,”
Electron. Letf vol. 32, pp. 1735-1737, 1996.

T. Hayashi, T. Mikazuki, N. Suzuki, and Y. Nagai, “Coupling structure
for superconducting disk filtersElectron. Lettvol. 30, pp. 1424-1425,
1994.

A. P. Jenkins, K. S. Kale, D. J. Edwards, and D. Dew-Hughes, “Mi-
crostrip disk resonators for filters fabricated from TBCCO thin films,”
IEEE Trans. Appl. Supercondugctol. 7, pp. 2793-2796, June 1997.

] S. Kolesov, H. Chaloupka, A. Baumfalk, F.-J Goertz, and M. Klauda,
“High temperature superconducting disk resonator filters with high

The filter was cooled down to 60 K using a closed-cycle cryostat and
the measurement was made using an HP8720A network analyzer. The

measured results are shown in Fig. 6. The midband insertion loss ig5]

measured at 0.8 dB at 12.14 GHz. The insertion loss may seem low

compared to other high-temperature superconductor filters, which op-¢

erated at lower frequency, and have been published in the literature.

The high insertion loss can be attributed to the dramatic increase of7]
the surface resistance as frequency increases since high-temperatul®

superconductor thin-film surface resistance is direct proportional to

the frequency square. A transmission zero is observed at the high-fre[9]

quency region. This observation occurs due to coupling between input
and output (i.e., coupled through between input and output). As a re-

sult, a higher selectivity at the upper sideband occurs at the expense 3¢l

the lower sideband.

[11]

IV. CONCLUSION

(12]

We have introduced a new input coupling structure for'thd o
mode of a circular-disk resonator. The tap-coupled input discussed in

power handling capability,” ifProc. Int. Superconduct. Electron. Canf.
vol. 3, 1997, pp. 272-274.

M. J. LancasterPassive Microwave Device Applications of High-Tem-
perature Superconductars Cambridge, U.K.: Cambridge Univ. Press,
1997.

J. Watkins, “Circular resonant structures in microstrigléctron. Lett.

vol. 5, no. 21, pp. 524-525, 1969.

EM User’s Manual Sonnet Software, Liverpool, NY, 1993.

G. L. Matthaei and G. L. Hey-Shipton, “Novel staggered resonator array
superconducting 2.3-GHz bandpass filtel?EE Trans. Microwave
Theory and Techvol. 41, pp. 2345-2352, Dec. 1993.

——, “Novel staggered resonator array superconducting 2.3-GHz
bandpass filter,” IHEEE MTT-S Int. Microwave Symp. Djd.993, pp.
1269-1272.

G. Matthaei, L. Young, and E. M. T. Jones, “Microwave filters,” in
Impedance-Matching Networks, And Coupling Structuresorwood,

MA: Artech House, 1964.

K. S. K. Yeo, M. J. Lancaster, and J. S. Hong, “5-pole high-temperature
superconducting bandpass filter at 12 GHz using high pdliér o
mode of microstrip circular patch,” iRroc. Asia—Pacific Microwave
Conf, 2000, pp. 596-599.

J. S. Hong and M. J. Lancaster, “Couplings of microstrip square
open-loop resonators for cross-coupled planar microwave filtHtEE
Trans. Microwave Theory and Tealol. 44, pp. 2099-2109, Nov. 1996.



	IEEE TMTT 50 (4) cs
	00993431



