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Abstract---Two types of small-sized wideband loss and two short stubs are connected at 90” and 
CVT- (constant VSWR impedance transformer) 270” points of the ring to reject DC and even- 
and CCT- (constant conductance impedance multiples of a design center frequency. To reduce 
transformer) ring filters are introduced, designed, the size of the ring filters, four 90” transmission 
simulated and one of two, a CCT-ring filter, is lines are replaced with small-sized impedance 
tested. They consist of CVTs and CCTs, and two transformers, CVTs and CCTs [9], [lo] and the two 
short stubs are connected at 90” and 270” positions types of small-sized ring filters are named CVT- 
of each ring. The circumference of the ring can be and CCT-ring filters. The circumference of the ring 
reduced theoretically up to 60” and Lwo of many can be reduced up to 60” and two cases having 
cases having about 300” circumferences are about 300” circumferences are simulated, compared. 
simulated. The simulated results show more than The simulated results show more than 100 % 
100% fractional bandwidth, which can be obtained fractional bandwidths with return losses less than 
with more than 5 stages in conventional design -15 dB, which can be obtained with more than 5 
techniques. A CCT ring filter suggested in this stages in conventional filter design techniques. To 
paper has been fabricated in microstrip technology verify the performances, a CCT ring filter has been 
and the measured results show good agreement measured and the measured results show good 
with the simulated ones. agreements with the simulated ones. 

I. Introduction 
II. Analyses 

It is well known that ring resonators have low 
radiation loss, high Q factors and two orthogonal 
resonant modes. Because of these special properties, 
ring resonators have widely been used for the 
measurements [1], [2], band-pass filters and 
duplexers [3]. Microstrip open- and closed-ring 
resonators were intensively discussed [4], [5] and 
mixers, oscillators and tuning filters have been 
realized based on circuit theory concepts [61. 
However, these circuits suffer from high insertion 
loss due to the gap discontinuities and inaccurate 
analyses of the gap capacitances, which can not be 
neglected. 

The hand-pass -design techniques have been 
discussed based on quarter wave impedance 
transformers and the design bandwidths may range 
from narrow band on up to such wide bandwidths, 
their fractional bandwidths greater than 135 % [7]. 
In this paper, wideband, small-sized ring filters are 
introduced, designed and measured. The ring filter 
was for the first time introduced as a wideband 
180” phase shifter [8] where feeding lines ax 
directly coupled to a ring to reinforce high insertion 

A conventional ring filter [8] is depicted in Fig. 
1 where the feeding lines are directly connected to 
the ring. The circumference of the ring is one 
wavelength and two short stubs are each L/4 long. 

The power excited at port 0 is divided depending 
on the power ratio, d, to d, and the divided power 
is combined at port 0. If the two short stubs do not 
exist, all the power excited at port 0 will be 
delivered to port 0 at all frequencies with a perfect 
matching at multiples of a design center frequency. 
Therefore, each stub is necessary to reject the 
power at the even multiples of the design center 
frequency and to achieve a filter characteristic as a 
resonator. Therefore, the ring filter can be 
understood in such way that two filters are 
connected in parallel. With the design method of 
ring hybrids or three-port power dividers with 
arbitrary termination impedances and power 
divisions [l I]-[14], the characteristic impedances 
of the transmission lines are 
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(1) 

Fig. 1. A conventional ring filter. 

The 90 ’ transmission lines with Z, , Z,,, Z,, 

and Z,, in Fig. 1 are all the impedance 

transfotmers to transform a real impedance into 
another one. To reduce the size of them, two types 
of small-sized impedance transformers, CVTs and 
CCTs [9], [IO] are good candidates. Fig. 2 shows 
three different impedance transformers. All the 
impedance transformers in Fig. 2 are those to 
transform a real impedance IR into unity. Thus, 
the IR means an impedance transformation ratio. 
A quarter wave impedance transformer with its 

characteristic impedance fi is shown in Fig. 2(a), 
whereas a CVT and CCT in Fig. 2. (b) and (c), 
respectively. All the values of z~, zb, Z~ and zd 

together with 0, , 0, , 0, and 0, may be 
calculated on a Smith chart and how to derive 
numerically are explained [9]. 

ccLT and zLcm in Fig. 3 are given as 

~L.Ccr = 
ZJR 

jIR tan 0, + zc 

(2) expresses both of real and imaginary parts of 
z~,~ are changed at the same time with a 

different value of z0 but that only imaginary part 

of ~L,Ccr is varied with the changes in zc. Thus, 

zI must be unity as demonstrated in the previous 

work [9] but z, can have other values including the 
unity. 

(a) (cl 

Fig. 2. Three types of impedance transformers. 

(a) A quarter wave impedance transformer. 

(b) CVT. 

(c) CCT. 
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(b) 

Fig. 3. Small-sized wideband ring filters. 

(a) A CVT ring filter. 

(b) A CCT ring filter. 

Table I. 

DESIGN DATA AND SIMULATED RESULTS FOR A 
CONVENTIONAL RING FILTER. CVT- AND CCT- 
RING FILTERS. 

Con. Ring filter 

z, =z, =50n 

Z, =85Q 

-%I = z, 

= z,, = z, 
=70.71 n Z, = 72.4 R 

0, = 68.7” 
I I 

Bandwidth with insertion loss less than -O.ldB 

0.47-1.53 GHz 0.48-1.52 GHz 0.48-1.52 GHz 

Bandwidth with return loss less than -15 dB 

0.46-1.54 GHz 10.43-1.57 GHz 10.44.1.56 GHz 

CVT Ring filter 

z, =50n 

Z,, ~8.50 

z, =50n 

CCT ring filter 1 

0, = 10” 

The four transmission lines with a quarter wave 
long in Fig. 1 are impedance transformers and they 
can therefore be replaced with the CVTs and CCTs. 
The resulting ring filters are shown in Fig, 3. 

(a) Insertion losses 
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Fig. 4. Simulated results of three ring filters. 

(a) .Insertion losses. 

(b) Return losses. 

The CVT ring filter is illustrated in Fig. 3(a) and 
the CCT ring filter in Fig. 3(b). 

All the data needed for the design of three ring 
filters, a conventional, CVT and CCT ring filters 
are given in Table I and simulated results of them 
are plotted in Fig. 4 where “Con-Ring” is the 
conventional ring filter shown in Fig. 1 and “CVT- 
Ring “ and “CCT-Ring” are the CVT- and CCT- 
ring filters in Fig. 3 (a) and (b), respectively. The 
insertion loss frequency responses are plotted in 
Fig. 4(a) and reflection coefficients in Fig. 4(b). 
They both are also summarized in Table I. The 
output results of the three ring filters show about 
same performances even if the length of each 
transmission line and the circuit configurations are 
different from each other. As given in Table I, all 
the three ring filters have more than 100 % 
fractional bandwidth with less than 0.1 dB 



attenuation and less than -15 dB reflection 
coefficients. The relation between the fractional 
bandwidth and VSWR is defined as 

VSWR= 1+(2w)* [71 where o is a fractional 
bandwidth. The formula can be applicable for the 
narrow band filter with w < 0.2 but implies that the 
filters with more than 100 % fractional bandwidths 
and reflection coefficients less than -15 dB can not 

easily be achieved. 

Based on the design data, a CCT ring filter has 
been fabricated in microship technology. It has 
been designed at the center frequency of 3 GHz 
and measured performances are plotted in Fig. 5. 

dB 

-20 
0.5 3 Frequency[GHz] 5.5 

Fig. 5. Measured results of the CCT- ring filter. 

III. Conclusions 

In this paper, small-sized wideband ring filters 
are introduced, designed and tested. They consist 
of two types of small-sized impedance transformers, 
CVTs and CCTs and two short stubs are connected 
at 90” and 270” positions of the ring to reject even- 
multiples of the design frequency and DC. They 
are designed in such way that the power excited at 
input is divided and the divided power is combined 
at output. Therefore, they may have wideband 
properties which can be achieved with more than 5 
stage filters in conventional filter design techniques. 

Acknowledgement 

This work has been supported by a BK21 
(Brain Korea 21 ) program at KAIST and authors 
thank for the support. 

References 

111 

PI 

[31 

PI 

[51 

[Cl 

[71 

1. Wolff and N. Knoppik, “Microstip ring resonator and 
dispersion measurement on microstip lines,” Electronic. 
Len., vol. 7, No. 26, pp. 779.781, Dec. 197,. 

1. Wolff, “Microstip bandpass filter degenerate mode5 of 
a microstrip ring rwxatcr,” Elecrronic. Lert., vol. 8, No. 
12, pp. 302.303, Jun. ,972. 

H. Yabuki, M. Sagawa, M. Matsuo and M. Makimoto, 
“Stripline dual-mode ring rescmafors and their applicatmn 
tn MCmWaYe *ewes,” IEEE Trans. Microwave The”? 
Tech, vol. 44, pp. 723.729, May ,996, 

1. Wolff and V. Tripathi, “The microsmp open-ring 
resonator,” IEEE Trans. Microwave Theory Tech., vol. 
MlT32, pp. 102-107, Jan. ,984. 

V. Tripathi and 1. Wolff, “Pelturbation analysis and 
*.sgn equatians for open- and closed-ring microstrip 
RSO”amb,“ ,EEE Trans. M;crowo”e Theor) Tech., “0,. 
M’lT32, pp. 40%4,0, Apr. ,984. 

K. Chang, 8. Martine M. Fuchen and J. L. Kline, “On 
the study of microstip ring and varactor-tunned tig 
circuits,” IEEE Trans. Microwove Theory Tech., vol. 
MW-35, pp. 1288.1295, Dec. ,987. 

0. Matthaa, L. Young and E. M. T. Jones, Microwave 
mrers, Ir”pe*nce-Morching Networks, nnd Coupltng 
Srruc”ms,“ Artech House Books. Dedham, MA, ,980, pp. 
562, pp. 52,. 

H.-R. Ahn and lngo Wolff, “Now, ring filter as a wide- 
band ,80° lransmissmn-line.” in ,999 European 
Microwave Conference Proceedings, Mumch (Germany), 
Vol. ,,,., pp. 95.98, Oct. ,999. 

H.-R. Ahn and 1. Wolff, “Genera, design equations of 
three-port power dividers, small-sized impedance 
transformers, and their applications to small-sled three- 
port 3dB power dividers,” IEEE Tmns. Mtcrowove 
Theory Tech, vol. 49, pp. 1277-1288, July. ZOO,. 

H.-R. Ahn and Ingo Wolff, “Asymmetric three-port 45’ 
power dividers composed of CVT’S and CCTS,“ in 
EUMC ZWI Digest, England, vol. 3, pp. 165.168. Sep. 
200,. 

H.-R. Ah,, and 1. Wolff, “Asymmetnc nng hybrid phase- 
shifters and attenuators,” IEEE Trans. Microwave Theory 
Tech., vol. 50, pp. ,146.,155, Apri,,2002. 

H.-R. Ahn and 1. Wolff, “Arbitrary termination 
impedances, arbttrary power division and small-sized ring 
hybrids:’ IEEE Tmns. Microwave Theory Tech., vol. 44, 
pp. 224,.2247, Dec. ,997. 

H.-R. Ah”, I.-S. Chang and S.-W. Yun, “Mmiaturized 3. 
dB ring hybrid terminated by arbihary impedances,” IEEE 
Tram. Microwove Theory Tech., vol. 42, pp. 2216-2241, 
Dec. ,994. 

H.-R. Ahn and 1. Wolff, ‘Three-port 3.dB power divider 
terminated by different impedances and its application to 
MMIC,” IEEE Tmns. hficrowave Theory Tech., vol. 47, 
pp. 786-794, June ,999. 

1610 


	MTT025
	Return to Contents


