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Figure 4 TDC output versus time interval of FOG. [Color ﬁgure can be
viewed in the online issue, which is available at www.interscience.wiley.
com]

To verify our idea of time interpolation within one clock period
using dedicated carry lines, a simpliﬁed TDC based on counter and
time interpolation methods was implemented in an FPGA. The
block diagram of the simpliﬁed TDC is shown in Figure 3. Dedicated carry lines of an FPGA are used as delay cells to perform
time interpolation within the system clock period and to realize the
ﬁne time measurement. Two gray-code counters, working on inphase and out-of-phase system clocks, respectively, are designed
to get the stable value of the coarse time measurement. The ﬁne
time code and the coarse time counter value, along with the
channel identiﬁer, are then written into a ﬁrst-in ﬁrst-out (FIFO)
buffer. Experiments have been done to verify the performance of
the TDC. Figure 4 shows the output response of TDC. Thus, we
will obtain angular velocity from Eq. (9).
4. CONCLUSION

We have successfully constructed a coupled resonator ﬁber-optic
gyroscope system using the slow light and time interval measurement for the ﬁrst time. The investigations demonstrate the feasibility of achieving high sensitive ﬁber optic gyroscope for navigation purposes. This novel gyroscope will have all-solid
conﬁguration, compact size, and is also expected to achieve high
resolution than conventional ﬁber-optic gyroscope. This method is
a new direction for designing high-performance FOG in practical
applications.

© 2008 Wiley Periodicals, Inc.
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ABSTRACT: To enhance performance of microwave ﬁlter, one of the
most effective methods is to insert transmission zeros in the stop-bands.
A modiﬁed end-coupled microstrip line structure is combined with a
hairpin resonator in this research. Using the combination technique and
cross coupling, a miniature wideband microstrip bandpass ﬁlter is proposed
on the MgTa1.5Nb0.5O6 microwave dielectric ceramic substrate. © 2008
Wiley Periodicals, Inc. Microwave Opt Technol Lett 50: 3223–3225, 2008;
Published online in Wiley InterScience (www.interscience.wiley.com).
DOI 10.1002/mop.23943
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Microstrip line ﬁlters have found wide applications in RF and
microwave circuits and many modiﬁed methods were used to
improve the characteristics of microstrip line ﬁlters. In [1], the
authors used inline stepped-impedance resonators (SIR) and cross
coupling technique to accomplish a single-band ﬁlter and the ﬁrst
harmonic could be pushed to 4f0. In [2], the authors fabricated a
wide-band ﬁlter on the RO3003 substrate with an operating frequency of 5 GHz and a bandwidth of 20%, and the response of
pass band was affected by the variation of impedance. And in [3],
the authors used /2 SIR resonators to accomplish dual-band
(2.45/5.2 GHz) ﬁlters by the parallel-coupled microstrip line structures, and the bandwidth of the ﬁlters was controllable by the
variation of coupling. In [4], the authors modiﬁed the parallelcoupled bandpass ﬁlters, and the transmission zeros beside the
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operating frequency could be controlled independently. All of the
above ﬁlters were fabricated on the RO substrates; however, there
were few reports about the microwave devices developed on the
microwave ceramic substrates. In this article, the end-coupled
microstrip line structure was combined with a high impedance /2
cross coupling resonator [5], a new type of miniature microstrip
dual-band ﬁlter was developed on the MgTa1.5Nb0.5O6 (MTN)
microwave dielectric ceramic substrates [6]. The MTN ceramic
exhibited high dielectric constant (r ⫽ 27.9) that would decrease
the size of ﬁlters and high quality factor (Q ⫻ f ⫽ 33,100 GHz)
that would improve the characteristics of the ﬁlters obviously. The
design procedures and the characteristics of the ﬁlters would be
well investigated.
2. THE DESIGNED PROCEDURES

2.1. Step 1: The Modiﬁed End-Coupled Structure
Figure 1(a) showed the basic end-coupled microstrip line structure,
where the upper microstrip line was a /2 cross coupling resonator
with operating frequency of 5.5 GHz, and the simulated result of
return loss was shown in Figure 2(a). For the purpose of the
insertion of transmission zeros between the pass bands, the modiﬁed end-coupled microstrip line structure with a /2 cross coupling resonator was introduced, as Figure 1(b) showed. Although
the total length of the upper /2 cross coupling resonator was
unchanged, as D of the resonator ﬁxed at 0.4 mm and the L
increased gradually, because of the variation of coupling, it was
found that two transmission zeros were generated as L was greater
than 3 mm, and the ripple of the ﬁrst harmonic could be reduced
effectively, which revealed a phenomenon of f1/f0 ⬎ 2. Figure 2(b)
showed a better modiﬁed end-coupled wideband ﬁlter with a /2
cross coupling resonator (L ⫽ 2 mm and D ⫽ 2.4 mm), the
stop-band rejection between two pass bands was ⫺44 dB, and the
depth of transmission zeros were ⫺83 and ⫺60 dB, respectively.
However, the major drawback for this structure was that the upper
skirt of 5.2 GHz was still not good enough.

Figure 2 Simulated S21 results of the different designed structures

2.2. Step 2: Using a /2 Hairpin Resonator to Generate a Zero
Figure 1(c) shows end-coupled microstrip line structure with a /2
hairpin resonator (resonated frequency 5.2 GHz), owing to the
variation of coupling and the variation of the /2 hairpin resonator,
a transmission zero generated at the upper skirt of 5.2 GHz as the
size of resonator (X and Y2) increased, which could be used to low
down the upper skirt of 5.2 GHz in Figure 2(b). As Y2 ﬁxed at 1.8
mm and X increased, the zero would move toward lower frequency, furthermore, the depth of zero increased as X increased,
the variation of coupling would be the reason. As X was ﬁxed at
2.6 mm and Y2 increased, the zero would move toward lower
frequency, too. For X ⫽ 2.6 mm and Y2 ⫽ 1.8 mm the designed
ﬁlter would have the optimal characteristics.
2.3. Step 3: Combining Above Two Structures
To improve the upper skirt in Figure 2(c), a /2 U-shaped hairpin
resonator was added into the modiﬁed end-coupled microstrip line
structure to conquer the disadvantage. The /2 hairpin resonator
was added on the other side of the couple line, as shown in Figure
1(d), as the length of Y2 increased gradually, a transmission zero
would be generated at the right-side of 5.2 GHz, and that would
improve the upper skirt of 5.2 GHz obviously.
3. THE FABRICATION OF THE FILTERS ON THE
MGTA1.5NB0.5O6 CERAMIC SUBSTRATE

Figure 1 The structures of the designed wideband ﬁlter
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The parameters of the proposed ﬁlter were showed in Figure 3, the
size of this ﬁlters was only 26.3 mm ⫻5.5 mm. The mask was
designed according to the simulated patterns, and then the Ag/Pd
paste was used to print the ﬁlter patterns on the MgTa1.5Nb0.5O6
ceramic substrates by a screen printer. Then the printed pattern was
ﬁred under the condition 800°C/30min in an oven. Finally, two
SMA connectors were soldered to each ﬁlter, and the characteristics of the ﬁlters were measured by an impedance analyzer (HP8720). The simulated and measured results of the fabricated ﬁlter
are compared in Figure 4. For simulation, the bandwidth was
18.6% (970 MHz), and insertion loss is 0.38 dB; and for measurement, the bandwidth was 18.3% (955 MHz), and insertion loss is
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characteristics of stop-band obviously. The insertion loss of the
ﬁlters was all smaller than 0.8 dB because of the use of high
quality factor ceramic substrates and the combination coupling
method. The basic end-coupled microstrip line structure was combined to a /2 cross coupling resonator and a /2 hairpin resonator,
a miniature wideband ﬁlters had been accomplished on the
MgTa1.5Nb0.5O6 microwave dielectric ceramic substrate.
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Figure 3 The parameters of the proposed ﬁlter

0.72 dB, which is suitable for the use of modern communication
systems.
4. CONCLUSIONS

In this article, three deeply transmission zeros (⫺75 dB, ⫺56 dB,
⫺68 dB) are inserted to modify the characteristic of the ﬁlters,
whereas two zeros are located in the stopbands, and the third zero
is located at the upper skirt of 5.2 GHz, all these zeros improve the

© 2008 Wiley Periodicals, Inc.
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ABSTRACT: A novel dual-band module transmitter is presented in this
article. It works as a power ampliﬁer at 2.4 GHz that satisﬁes the
802.11b/g wireless LAN standard and performs as an active frequency
doubler at 6.8 GHz with the stop band characteristics of defected
ground structure (DGS). The equivalent circuit unit and the stop band
characteristics of the microstrip DGS are analyzed and simulated. For
the proposed transmitter, second harmonic suppression is below ⫺52.6
dBc in the ampliﬁer mode, and fundamental suppression is below ⫺41
dBc in the frequency doubler mode. It achieves 13.7 dBm of P1 dB and
its gain is 16.5 dB at ampliﬁer mode, and its maximum output is 7.8
dBm at 6.8 GHz in frequency double mode. © 2008 Wiley Periodicals,
Inc. Microwave Opt Technol Lett 50: 3225–3228, 2008; Published online in Wiley InterScience (www.interscience.wiley.com). DOI 10.1002/
mop.23935
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1. INTRODUCTION

Figure 4

Simulated and measured results of the ﬁlters
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High speed wireless LAN technology is crucial in modern communication system, and it propagates rapidly in the infrastructure
of ofﬁce and home environments. In 2002, the IEEE extended the
802.11b standard to higher data rates up to 54 Mbps in the 2.4 GHz
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