
vided that the application in question has a magnitude of the 
transfer function which approximately equals unity, i.e. 

lSZlI, '" 1 (12) 

these expressions are 

From these expressions, it is clear that the intermodulation prod- 
uct with the angular frequency 201, - y has the highest level. Note 
also that, for eqn. 13 to be valid, the separation between the tones 
should not be close to the beam mechanical resonance frequency. 

Switch application: For a certain design, the transfer function S,, 
is first found, and its derivative with respect to the switch reac- 
tance. As an example, expressions for spurious frequency compo- 
nent magnitudes are found for a single non-actuated switch on a 
transmission line. Such a switch is modelled with a variable shunt 
capacitor on a transmission line wilh characteristic impedance Z,,. 
The derivative of the transfer function S,, for this case, assuming 
the magnitude of Xis much larger that Z,, is 

(16) 
20 ZoLaA2w2 aS21 N __ = ~ 

IEI - 2x2 292 

Using eqn. 16 together with eqns. 4, 6 and 7, and replacing the 
angular frequency with frequency f; the expression for the modula- 
tion is found to be (in decibels) 

Looking at intermodulation, if the input power per tone is P, the 
voltage V,  is 

v, = (18) 
Inserting eqn. 16 into eqns. 13 - 15, and with angular frequewles 
replaced with corresponding frequencies, the expressions for inter- 
modulation products and harmonics are (in decibels) 

Note that in eqns. 19 - 21 g is the average gap with the R F  signal 
present. Since there is a DC component in the RF signal squared, 
this gap is less than the relaxed gap go. The actual value of g is 
calculated from eqns. I and 2 with 

for the case of a single tone, and 

v = \is (23) 
for the case of two simultaneous tones, each with amplitude V,. 

Conclusions: Mechanically or electrically induced beam motion in 
certain types of MEMS switches can cause problems of spurious 
frequency components. Main issues are modulation by mechanical 
resonance oscillations of the beam, and R F  third-order intemiod- 
ulation of the type 2fi -f;. The frequency separation between two 

R F  tones simultaneously passing a switch should not be close to 
the mechanical resonance frequency of the switch. 
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Microstrip ring resonator using quarter- 
wave couplers 

C.E. Saavedrd 

A microstrip ring resonator that uses quarter-wave coupled lines 
for input and output coupling is presented. The ring exhibits 8 
double reponancc due to an asymmetry in the topology of the 
structure. When the asymmetry is removed a single resonant peak 
is observed. The insertion loss of the ring is 6dB and its quality 
factor is 64. 

Introduction: Ring resonators have found use in a variety of appli- 
cations such as oscillators [l], tuned amplifiers [2], filters [3], and 
microwave substrate characterisation [4]. Recent work [5 - 91 on 
microstrip rings has focused on using enhanced coupling mecha- 
nisms. In this Letter, a ring resonator that uses quarter-wave (U4) 
edge-coupled lines as the coupling mechanism is investigated. Spe- 
cial attention is devoted to the physical structure of thc ring to 
eliminate dual modes, which manifest themselves as a double-reso- 
nance in the frequency response of the ring. 

Square ring resonator with strong coupling: A square ring resonator 
with input and output U4 couplers is depicted in Fig. la. The ring 
was etched on a substrate with a relative dielectric constant of 2.2 
and a thickness of 0.127". The length of each side of the ring is 
3.65 mm, and the coupling gap is 0.1 mm. The width of the trans- 
mission lines and the resonator strip is 0.38mm, which corre- 
sponds to a 500  impedance for the substrate used. 

The frequency response of the ring was measured with a vector 
network analyser using a thru-reflect-line (TRL) calibration to de- 
embed the coaxial-to-microstrip transition of the test fixture. The 
results are plotted in Fig. 1b. The double resonance at 14.24 and 
14.45 GHz can be explained by considering the topology of the 
ring. Referring to Fig. lu, the impedance of the ring in regions 1 
and 3 differs from that of regions 2 and 4 because the coupled 
lines load the ring. The ring structure in Fig. 1 is not symmetric 
about the x or y axes which leads to the split-resonant behaviour 
because two modes are excited in the ring [8, 91. 

Symmetric ring re,'e.Fonator: When the ring is loaded with coupled 
lines on all four sides, as depicted in Fig. 2a, the slructure 
bccomes essentially symmetric and the double-resonance disap- 
pears since the impedance is uniform throughout the structure. 
The measured frequency response of the ring is shown in Fig. 2h. 
The key features that distinguish this ring resonator from other 
rings that use strong coupling mechanisms are its relatively low 
insertion loss and high quality factor (Q-factor). For the ring 
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under consideration, the insertion loss is 4 . O d B  at the resonant 
frequency of 14.4 GHz. Using the expression 

Q = wO/AW 

where 00 is the resonant frequency and Aa is the 3 dB bandwidth, 
the Q-factor is found to be 64. The quality factor can be further 
increased at the expense of insertion loss by weakening the mu- 
pling in and out of the ring. This is achieved by increasing the gap 
between the ring and the input and output transmission lines. The 
gap between the ring and the U4 lines in regions 2 and 4 has to 
increase by the same amount in order to preserve the symmetry of 
the ling. 

a 

-60 
12.5 13.5 14.5 15.5 16.5 

frequency, GHz 
b (881/1 

Fig. 1 Square ring resonator with quarter-wave coupling mechani,sm and 
frequency response 
a Square ring resonator 
b Frequency response 

- return loss 
__ insertion loss 

To predict the resonant frequency of a square ring resonator, 
the effect of the mitered bends has to be taken into account. To a 
first approximation, the bends add a length of line, 1, to each side 
of the resonator. For a ring, the resonant length is given by the 
expression 

where c is the speed of light, f, is the resonant frequency, and celr 
is the effective dielectric constant. For the ring in Fig. 26 this 
expression yields h, = 15.11 mm using eer/ = 1.88. Therefore, the 
mitered ends add a length I = [15.18mm - 4*(3.65mm)l/4 = 
O.128mm to each side of the ring. 

Conclusions; Microstrip ring resonators using a strong coupling 
mechanism have been investigated. If the resonator is asymmetric, 
resonance splitting is observed because dual modes are excited in 
the structure. The asymmetry of the structure can be removed by 
loading the ring around its entire periphery with coupled lines. 
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Burst-error-correcting algorithm for Reed- 
Solomon codes 

-60 1 I 
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frequency, GHz 
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Fig. 2 Symmetric resonator und frequency response 
a Symmetric resonator 
b Frequency response 
- . _ ~  return loss 
__ insertion loss 
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Liuguo Yin, Jianhua Lu, K. Ben Letaief and 
Youshou wu 

A new decoding algorithm for burst-error-correction is proposed. 
The proposed algorithm can effectively correct burst errors of 
length approaching n ~ k symbols for (n, k) Reed-Solomon (RS) 
codes. Compared with existing algorithms, the algorithm enables 
much faster decoding with far less computational complexity. 

Introduction: Reed-Solomon (RS) codes have been proven to be 
very effective in correcting burst errors, whereas conventional 
decoding algorithms often assume that the occurrence of a symbol 
error is independent of that of others, and burst errors are treated 
as the same as random errors in the decoding procedure. Accord- 
ing to the Singleton bound, the maximum length of burst errors 
that can be corrected by a (n. k) RS code is (n - k)/2. Recent stud- 
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