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Abstract—In this work, we present a novel DC-bias network for multi-
harmonic microwave circuits based on an arbitrarily width-modulated
microstrip line. The arbitrary shape of the width-modulated microstrip
line is obtained by using multiple microstrip taper sections. The
method is illustrated through the design of four different DC-bias
networks blocking from 1 to 4 harmonic components of a 2.5 GHz
signal. The designs with an optimum shape for the arbitrarily width-
modulated microstrip line have been manufactured and measured,
obtaining a good agreement between the simulated and measured
behavior.

1. INTRODUCTION

Over the last years, the increasing demand of low cost compact
microwave systems with high functionality and low DC-power
consumption [1,2], has motivated the development of different
techniques for the harmonic optimization of microwave circuits [3—
8]. Circuits with an optimized harmonic content require DC feeding
networks that avoid the power transfer to the DC-source at these
harmonics. For circuits that are implemented in microstrip technology;,
generally these feeding networks are based on structures with radial
stubs [9-11]. Nevertheless, radial stub based structures which are used
to implement a feeding network with a high number of blocking bands
tend to have a very narrowband blocking behavior which increases
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considerably the sensibility to model and manufacture errors. As
an alternative to microstrip radial stub based networks, DC-biasing
through resistors or RF-chokes can be considered [12]. With the latter,
a wideband behavior can be obtained covering the frequency range of
the harmonic content to be blocked. Due to the lack of good models
that characterize the frequency behavior of these components in the
whole frequency range of interest, their usability as bias networks in
microwave circuits with an optimized harmonic content is limited.

For the design of multiband microwave filters, the usability of
width modulated microstrip lines has been shown in [13-20], where
for the shape of the width-modulation known functions as for example
sinusoidal [13], gaussian [16, 18], chirped sinusoidal or fourier transform
based functions [14, 15,17, 19, 20] have been proposed.

In this work, we present a new type of multiharmonic DC-bias
network, based on an Arbitrarily Width-modulated Microstrip Line
(AWMML). The shape of the width-modulation is optimized to obtain
a high input-impedance at the desired frequency bands. The arbitrarily
width modulated microstrip line is formed by a large number of tapered
microstrip sections of the same length, which are optimized in order
to obtain a bias-network with the desired frequency response.

The paper is organized as follows. In Section 2, the structure of
an arbitrarily width-modulated microstrip line constituted by a large
number of tapered microstrip sections is presented, together with the
used optimization process in order to obtain the desired frequency
response. In Section 3, different optimized multi-harmonic DC-
bias networks are analyzed through microwave schematic simulations
using distributed elements models for the microstrip taper sections as
well as through Method of Moments (MoM) based electromagnetic
simulations. The blocking behavior of the different bias networks is
studied in Section 4, analyzing their influence in the behavior of a
microstrip line when they are connected to the latter. In Section 5,
the measured behavior of the different manufactured networks is shown
and compared with the simulated results.

2. ARBITRARILY WIDTH-MODULATED MICROSTRIP
LINE

The structure of an arbitrarily width-modulated microstrip line is
shown in Fig. 1. The AWMML is formed by a large number of tapered
microstrip sections of length AL = £ (Fig. 1(a)) with L the total
length of the AWMML and N the number of sections (Fig. 1(b)). In
order to obtain a continuous width modulating function, the begin-
width wy, 1 of a particular tapered microstrip section is the same as
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Figure 1. Bias network based on an AWMML. (a) Connection
of tapered microstrip sections. (b) Arbitrarily Width-Modulated
Microstrip Line. (¢) Structure of the bias network.

the end-width wy,_1,2 of the previous section (Fig. 1(a)). The structure
of the bias network is obtained by completing the AWMML, on the RF-
side with a small microstrip line in order to asure an easy connection
to the high-frequency part of the microwave circuit, and on the DC-
side with a transmission line and a wider microstrip section for the
mounting of resistors, capacitors and the DC-feed cable. During the
optimization process of the AWMML, the length L and the begin- and
end-width of every tapered microstrip section are varied in order to
obtain the desired frequency response of the bias network.

In a first stage, the design of the bias network is implemented
with distributed element models for the microstrip components in the
schematic simulator of Agilent Advanced Design System (ADS), using
the 0.75mm thick ROGERS 3003 substrate with ¢, = 3 and tand =
0.0013 at 10 GHz. For the different designs of the bias networks,
N = 200 tapered sections have been used for the implementation of
the AWMML. In the optimization process a condition of minimum
input impedance is imposed at severall frequencies in the different
desired blocking bands of the bias networks, which are satisfied through
the optimization of the begin- and end-width of the tapered sections
together with the length L of the AWMML. Once the AWMML
parameters that satisfy the impedance requirements for the imput
impedance of the bias network are found, the layout is created from
the schematic model, and the behavior of the structure is analyzed
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using the ADS MoM simulator. In the next section, this optimization
procedure is illustrated through the design of four different bias
networks.

3. DESIGN AND ANALYSIS OF AWMML BASED BIAS
NETWORKS

The flexibility that is obtained when using an AWMML, is illustrated
through the design of four different AWMMIL-based bias networks
having blocking bands at a number M of harmonics of 2.5 GHz (M =
1,...,4. During the optimization process of the different bias networks
in the schematic simulator, the input impedance Z;, of the structures
with the DC-terminal connected to ground (Fig. 2), is evaluated
in every blocking band at a number of frequencies. A minimum
|Zin| of 1kOhm along a blocking bandwidth of 200 MHz centered
at every blocked harmonic component is imposed. The resulting
optimized bias networks are illustrated in Fig. 3, with respectively
one (Fig. 3(a)), two (Fig. 3(b)), three (Fig. 3(c)), and four (Fig. 3(d))
blocking bands. The input impedance of the designs simulated with
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Figure 2. Used configuration for the optimization of the
AWMMLbased bias networks.
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Figure 3. Bias networks based on a AWMML optimized for different
blocking bands at: (a) 2.5 GHz. (b) 2.5 GHz and 5GHz. (c) 2.5 GHz,
5GHz and 7.5 GHz. (d) 2.5 GHz, 5 GHz, 7.5 GHz and 10 GHz.
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Figure 4. Comparison between schematic and electromagnetic
simulations of the designs of Fig. 3.

the ADS schematic simulator, using distributed element models for the
microstrip components, are shown in Fig. 4.

Once the design has been obtained in the schematic simulator,
the layout is exported and simulated with the MoM based ADS
electromagnetic simulator. Small differences between the results
obtained with the schematic simulator and the MoM simulator are
corrected by changing the length L and thus AL of the AWMML
structure. The input-impedance of the corrected designs obtained
through electromagnetic simulations are compared with the results
obtained with the schematic simulator in Fig. 4. Note that although
the maximum values of Z;, calculated with the electromagnetic
simulations are lower than the ones simulated with the schematic
models, a sufficiently high impedance is obtained in all the blocking
bands.
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4. BLOCKING BEHAVIOR OF THE BIAS NETWORKS

The way the bias network affects a microwave circuit is studied using
the configuration of Fig. 5, where the RF-side of the bias network is
connected to a microstrip line and the DC-side is connected through a
resistor Rpc to ground.

The configuration of Fig. 5 is obtained by creating in the MoM-
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Figure 5. AWMML based bias network connected to a microstrip line
and to a DC-feed resistor Rpc.
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Figure 6. S-parameter |Sa1| for Rpc values 0.01 €, 50€2, and 10k2,
corresponding with the designs of Fig. 3.
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simulator environment a component, which is characterized through
electromagnetic simulations of the layout of the bias network connected
to the microstrip line, and imported in the schematic simulator where
it is completed with the resistor Rpc and the S-parameters analysis
ports. A good blocking behavior of the bias network is found when
the scattering parameter |Sa1|, measured between the two ports of the
microstrip line (Fig. 5), is not affected by variations in the value of
Rpe.

The result of this analysis is shown in Fig. 6, where the variation
of the parameter |So1| in the blocking bands is presented for three
different values of Rpc (0.019, 50, and 10kS2). From Fig. 6 it can
be seen that the influence of the bias networks on the behavior of
the microstrip line leads to a variation in |S2;| which is smaller than
0.4dB for the blocking band at 2.5 GHz, and smaller than 0.1dB for
the blocking bands at higher harmonic components (Fig. 6).

5. EXPERIMENTAL RESULTS

The used configuration of Fig. 5 enables the experimental validation
of the designed bias networks. The four AWMML bias networks
connected to a microstrip line have been manufactured obtaining the
circuits of Fig. 7.

The behavior of the four manufactured bias networks has been
analyzed through the measurement of the S-parameter |S2;| between
the two ports of the microstrip line, for the Rpc values 0.01 82, 50 €2,
and 10kQ. The measured variation of [Sa1| in the blocking bands is
shown in Fig. 8. As can be observed from the measurements of Fig. 8,
the influence of the bias networks on the behavior of the microstrip
line is very small as predicted by the simulated results of Fig. 6.

Figure 7. Manufactured AWMML based bias networks connected to
a microstrip line, corresponding with the designs of Fig. 3.
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Figure 8. Measured S-parameter |So1| for Rpc values 0.01€2, 50 2,
and 10k, corresponding with the designs of Fig. 3.

6. CONCLUSIONS

A novel type of multiharmonic bias network based on an Arbitrarily
Width-modulated Microstrip Line has been presented. Four different
AWMML based networks have been designed for different blocking
bands centered at 2.5 GHz, 5 GHz, 7.5 GHz and 10 GHz. The blocking
behavior of the bias networks has been studied when they are connected
to a microstrip line. The four designs have been manufactured
and measured obtaining a good agreement between experimental and
simulated results.

ACKNOWLEDGMENT

This work was supported by the “Ministerio de Ciencia e Innovacién”
of Spain and “FEDER”, under projects TEC2008/-01638 (INVEMTA)
and CONSOLIDER-INGENIO CSD2008-00068 (TERASENSE), by
the “Gobierno del Principado de Asturias” under the “Plan de Ciencia
y Tecnologia (PCTI)”/“FEDER-FSE” by the grant BP08-082, the



Progress In Electromagnetics Research Letters, Vol. 11, 2009 127

projects FC-08-EQUIP-06 and PEST08-02, and by the “Catedra
Telefénica” Universidad de Oviedo and “Fundacién CTIC”.

REFERENCES

1.

10.

Vazquez, C., S. Ver Hoeye, G. Ledén, M. Fernandez, L. F. Herran,
and F. Las Heras, “Transmitting polarization agile microstrip
antenna based on injection locked oscillators,” Journal of
Electromagnetic Waves and Applications, Vol. 22, No. 17-18,
2427-2437, 2008.

Ver Hoeye, S., C. Vazquez, M. Fernandez, L. F. Herran, and F. Las
Heras, “Receiving phased antenna array based on injection-locked
harmonic self-oscillating mixers,” IEEE Transactions on Antennas
and Propagation, Vol. 57, No. 3, 645-651, 2009.

Ver Hoeye, S., F. Ramirez, and A. Sudrez, “Nonlinear
optimization tools for the design of high-efficiency microwave
oscillators,” IEEE Microwave and Wireless Components Letters,
Vol. 14, No. 5, 189-191, 2004.

Herran, L. F., S. Ver Hoeye, and F. Las Heras, “Nonlinear
optimization tools for the design of microwave high-conversion
gain harmonic self-oscillating mixers,” IEEE Microwave and
Wireless Components Letters, Vol. 16, No. 1, 16—18, 2006.

Fernandez, M., S. Ver Hoeye, L. F. Herrdn, and F. Las Heras,
“Nonlinear optimization of wide-band harmonic self-oscillating
mixers,” IFEEE Microwave and Wireless Components Letters,
Vol. 18, No. 5, 347-349, 2008.

Fernandez, M., S. Ver Hoeye, L. F. Herrdn, and F. Las Heras,
“Design of high-gain wide-band harmonic self-oscillating mixers,”
International Journal of Circuit Theory and Applications, 2009.
Ver Hoeye, S., L. F. Herrdan, M. Fernandez, and F. Las Heras,
“Design and analysis of a microwave large-range variable phase-
shifter based on an injection-locked harmonic self-oscillating
mixer,” IEFE Microwave and Wireless Components Letters,

Vol. 16, No. 6, 342-344, 2006.

Ver Hoeye, S., M. Gonzéilez, M. Fernandez, C. Vizquez,
L. F. Herran, and F. Las Heras, “Harmonic optimization
of rationally synchronized oscillators,” IFEE Microwave and
Wireless Components Letters, Vol. 19, No. 5, 317-319, 2009.

Giannini, F., C. Paoloni, and M. Ruggieri, “CAD-oriented lossy
models for radial stubs,” IEEE Transactions on Microwave Theory
and Techniques, Vol. 36, No. 2, 305-313, 1988.

Sorrentino, R. and L. Roselli, “A new simple and accurate formula



128

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ver Hoeye et al.

for microstrip radial stub,” IEEE Microwave and Guided Wave
Letters, Vol. 2, No. 12, 480—482, 1992.

Shamsinejad, S., M. Soleimani, M. Tayarani, and N. Komjani,
“Novel even harmonic mixer for 3G movile receivers,” Progress In

Electromagnetics Research M, Vol. 1, 69-77, 2008.

Liang, J. and H. Y. D. Yang, “Varactor loaded tunable printed
PIFA,” Progress In FElectromagnetics Research B, Vol. 15, 113—
131, 2009.

Nair, N. V. and A. K. Mallick, “An analysis of a width-modulated
microstrip periodic structure,” IEEE Transactions on Microwave
Theory and Techniques, Vol. 32, No. 2, 200-204, 1984.

Lyons, W. G., R. S. Withers, J. M. Hamm, and A. C. Anderson,
“High-T, superconductive line structures and signal conditioning
networks,” IEEFE Transactions on Magnetics, Vol. 27, No. 2, 2932—
2935, 1991.

Cheung, H. C. H., M. Holroyd, F. Huang, M. J. Lancaster,
B. Aschermann, M. Getta, G. Mller, and H. Schlick, “125%
bandwidth superconducting chirp filters,” IEFEE Transactions on
Applied Superconductivity, Vol. 7, No. 2, 2359-2362, 1997.

Laso, M. A. G., T. Lopetegi, M. J. Erro, D. Benito, M. J. Garde,
M. A. Muriel, M. Sorolla, and M. Guglielmi, “Chirped delay
lines in microstrip technology,” IEFEE Microwave and Wireless
Components Letters, Vol. 11, No. 12, 486—488, 2001.

Rao, X. S., L. Chen, C. Y. Tan, J. Lu, and C. K. Ong, “Design
of one-dimensional microstrip bandstop filters with continuous
patterns based on fourier trasform,” IEE Electronics Letters,
Vol. 39, No. 1, 64-65, 2003.

Laso, M. A. G., T. Lopetegi, M. J. Erro, D. Benito, M. J. Garde,
M. A. Muriel, M. Sorolla, and M. Guglielmi, “Real-time
spectrum analysis in microstrip technology,” IFEE Transactions
on Microwave Theory and Techniques, Vol. 51, No. 3, 705-717,
2003.

Schwartz, J. D., J. Azaa, and D. V. Plant, “A fully electronic
system for the time magnification of ultra-wideband signals,”
IEEFE Transactions on Microwave Theory and Techniques, Vol. 55,
No. 2, 327-334, 2007.

Schwartz, J. D., M. M. Guttman, J. Azaa, and D. V. Plant, “Mul-
tichannel filters using chirped bandgap structures in microstrip
technology,” IEEE Microwave and Wireless Components Letters,
Vol. 17, No. 8, 577-579, 2007.



