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ABSTRACT: For design and characterization of packaged RF-band
transistor amplifiers, test fixtures consisting of coaxial connectors and
planar-type transmission lines are frequently used. We present a method
of extracting 3D field simulation parameters of these test fixtures and
demonstrate that a circuit model of the test fixtures can be constructed
by pure 3D field simulation using the extracted material constants. The
developed circuit model predicts measurement results within 0.5 dB.
© 2006 Wiley Periodicals, Inc. Microwave Opt Technol Lett 48:
498–500, 2006; Published online in Wiley InterScience (www.interscience.
wiley.com). DOI 10.1002/mop.21390
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1. INTRODUCTION

Three-dimensional (3D) field simulation of a whole RF circuit
would be an ideal way of predicting the performance, since com-
plete electromagnetic interaction between components is automat-
ically included in the simulation results [1]. The field simulation of
active components is not yet realistic, but it becomes quite possible
to obtain the circuit parameters of passive test fixtures. The pa-
rameters of the 3D simulation are the effective dielectric constant
of materials, the dimensions of simulated structures, the boundary
conditions for problem regions, the convergence criterions, and so
on. Among them, the most important parameter is the effective
dielectric constant of the used materials. For example, the dielec-
tric constant of typical FR4 substrates is in the range of 4.2 to 4.9
[2]. This uncertainty could result in �50% variation of the char-
acteristic impedance and the S-parameters response of the test
fixtures [3].

The usual test fixtures consist of coaxial connectors and planar-
type transmission lines. A conventional way of modeling them has
been the series of high-cost RF probe measurements and de-
embeddings of circuit parameters [4]. Furthermore, such circuit
modeling necessarily includes the transition region between the
coaxial connector and the transmission line. It is extremely diffi-
cult to obtain accurate de-embedding of the transition model
parameters.

In this paper, we first show a unique way of separately mea-
suring the dielectric constants of the test fixtures. The main idea is
to design the test jigs, which have the same type of transition
regions and differ only in the electrical length of the uniform
regions. The effective dielectric constants of each region can be
extracted from the difference in the measured propagation delays
of the test jigs, and the consideration of the cumbersome transition
region can be avoided. The 3D field simulation of an RF amplifier
test fixtures using the obtained effective dielectric constant pro-
vides the multiport S-parameters. Here, the field simulation auto-
matically handles the characteristic of the transition region. The
obtained multiport S-parameters are used in the circuit simulation
with active components and the results of the circuit simulation are
in reasonable agreement with measured results.

2. EXTRACTION OF EFFECTIVE DIELECTRIC CONSTANT
OF TEST FIXTURES

Figures 1(a)–1(c) show three types of test jigs. The short-SMA
short microstrip line (SSSM)-type test jig has a 30-mm-long FR4
microstrip line between 14-mm-long standard SMA connectors.
The long-SMA short-microstrip line (LSSM)-type test jig has a
30-mm-long FR4 microstrip line between 32-mm-long SMA con-
nectors. The long-SMA long-microstrip line (LSLM)-type test jig

Figure 1 Designed test jigs: (a) SSSM-type; (b) LSSM-type; (c) LSLM-
type

Figure 2 Designed test fixtures for the LDMOS transistor amplifier: (a)
photography; (b) segmented 3D field simulation model of the left-side of
the test fixtures; (c) segmented 3D field simulation model of the right-side
of the test fixtures
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has a 60-mm-long FR4 microstrip line between 32-mm-long SMA
connectors.

The effective dielectric constant of the SMA connector is
obtained from the electrical-delay difference between the SSSM-
type and LSSM-type, and the effective dielectric constant of the
microstrip line is obtained from the electrical-delay difference
between the LSSM-type and LSLM-type test jigs. By comparing
the measurement results from the test jigs of the same type but
with different physical lengths of a particular uniform regions, the
propagation velocity of the uniform region is obtained. The key
point of this idea is that the propagation delay, which is obtained,
does not depend on the details of the transition regions that are
inevitably included in the test jigs. Therefore, the effective dielec-
tric constants of each uniform region are calculated from the
measured propagation-delay differences. Eq. (1) shows the rela-
tionship between the difference in the physical length and the
effective dielectric constant:
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where �l is the difference in the physical length, �t is the differ-
ence in the propagation times, c is equal to the speed of light, and
�eff is the effective dielectric constant of the uniform regions. The
electric delays are measured with the electrical delay modification
function of the HP 8753ES VNA. The measured electrical-delay
values of the SSSM-, LSSM-, and LSLM-type test jigs are 0.161,

0.316, and 0.493 ns, respectively. The extracted effective dielectric
constant of SMA connector and that of the microstrip line are
calculated to be 1.667 and 3.182, respectively. Notice that the
dielectric constant of the microstrip line is a function of the
frequency when the frequency is larger than 3 GHz (dispersion
effect) [5]. In this case, a modified form of Eq. (1), including
frequency-dependent dielectric constant, can be used.

3. 3D FIELD SIMULATION MODEL OF TEST FIXTURES

Figure 2(a) shows the fabricated test fixtures for a RF-band LD-
MOS transistor amplifier. The segmentation of the test fixtures is
performed for efficient 3D simulations. Figures 2(b) and 2(c) show
the corresponding segmented 3D field simulation models. The
input-side and output-side test fixtures are segmented into three
sections, respectively. They are consisted of the SMA-to-micro-
strip line section, including both the nonuniform region and the
uniform SMA region, the uniform microstrip line section, and the
bias network section that includes the transistor launcher.

4. EXPERIMENTAL VERIFICATION

Figures 3(a) and 3(b) show the S-parameters of the through-
connected input-side and output-side test fixtures. The simulated
results can predict the measured characteristics of the test fixtures
within 0.5-dB accuracy in the frequency range from 1.8 to 2.4
GHz.

Figure 3 S-parameters responses of the through-connected left- and
right-side of the test fixtures: (a) S11 and S22 responses; (b) �S21� responses

Figure 4 S-parameter responses of the impedance-matched transistor
amplifier embedded in the test fixtures: (a) S11 and S22 responses; (b) �S21�
responses
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The intrinsic characteristics of LDMOS transistor amplifier can
be extracted by removing the simulated characteristics of the input
side and output side of test fixtures from the overall measured
characteristics. In addition, impedance-matching networks are de-
signed with these extracted S-parameters of the LDMOS transistor
amplifier. The transistor used in this work is an MRF21030 LD-
MOS 30W transistor provided by Freescale Semiconductor, Inc.,
and biased such that IDS_DQ is equal to 200 mA. Figures 4(a) and
4(b) show the measured and simulated S-parameters of the imped-
ance matched transistor amplifier in the frequency range from 2.0
to 2.3 GHz. The maximum deviations of the measured �S11�, �S21�,
and �S22� from the simulated �S11�, �S21�, and �S22� are 0.66, 0.17,
and 0.13 dB, respectively. The simulated characteristics of imped-
ance matching blocks can accurately predict the measured ones, as
shown in Figures 4(a) and 4(b).

5. CONCLUSION

In this paper, we have presented a method of extracting 3D field
simulation parameters of RF-band transistor amplifier test fixtures
and demonstrated that a circuit model of the test fixtures can be
constructed via pure 3D field simulation using the extracted ma-
terial constants. The developed circuit model predicts measure-
ment results within 0.5 dB.
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ABSTRACT: A simple square-slot antenna capable of providing a very
wide impedance bandwidth of larger than 9 GHz is presented. The ul-
tra-wideband operation for the proposed antenna is realized by using a
novel feeding mechanism of loading an offset rectangular stub at the
end of the microstrip feed line. With the proper offset distance of rect-
angular stub chosen, the proposed antenna can operate in the 2.78–
12.02-GHz frequency range and covers the UWB operating bandwidth
of 3.1–10.6 GHz. The antenna radiation patterns at 3, 5.3, 7.9, and 10
GHz are also presented. © 2006 Wiley Periodicals, Inc. Microwave Opt
Technol Lett 48: 500–502, 2006; Published online in Wiley Inter-
Science (www.interscience.wiley.com). DOI 10.1002/mop.21391
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1. INTRODUCTION

Recent interest in the development of ultra-wideband (UWB)
communication systems has prompted the study of UWB antennas.
Printed wide-slot antennas are promising candidates for UWB
systems because of their broadband characteristics. At present,
several UWB designs of wide-slot antennas have been reported,
including the uses of a circular slot with elliptic or rectangular
microstrip-fed structures [1–3], a volcano-smoke slot with a CPW-
fed structure [4], and a tapered-slot-fed annular slot [5]. However,
it is noted that among wide-slot antennas with various shapes, the
square-slot antenna is simple in geometry, but it has the drawback
of providing a relatively smaller impedance bandwidth and has
rarely been researched with the goal of UWB operation. Therefore,
efforts to further improve the bandwidth of the square-slot antenna
are needed for applications in UWB systems.

In this paper, we propose a novel feed structure for the square-
slot antenna that can achieve a good impedance matching over a
much wider frequency range. The feed structure is composed of an
offset rectangular stub connected at the end of the microstrip feed
line. The offset of the rectangular stub has a predominant role in
achieving the UWB performance. Details of the antenna design are
described, and experimental results of the proposed antenna are
presented and discussed.

2. ANTENNA DESIGN

Figure 1 shows the geometry of the proposed UWB square slot
antenna. The square slot (size 31 � 31 mm2) is etched on an FR4
microwave substrate of thickness 0.8 mm and relatively permit-
tivity 4.4. A 50� microstrip feed line with an offset rectangular
stub (size L � W) is printed on the back side of the microwave
substrate. Here, the centerline of the rectangular stub is placed on
an offset distance of d from the centerline (Y-axis) of the feed line.
The spacing between the rectangular stub and edge of the ground
plane is S.

For a square slot antenna with a conventional rectangular
microstrip-fed structure (d � 0 in Fig. 1), the dimensions (L and
W) of the rectangular stub and the spacing S are optimized in order
to achieve the widest possible bandwidth operation. But the re-
sultant antenna provides inadequate coverage at the UWB operat-
ing bandwidth of 3.1–10.6 GHz. However, for the proposed an-
tenna with an offset rectangular microstrip-fed structure, the offset
distance of the rectangular stub is found to have a great effect on

Figure 1 Geometry of the proposed UWB square-slot antenna fed by an
offset rectangular microstrip line

500 MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 48, No. 3, March 2006 DOI 10.1002/mop


