
characteristic is practically without variation. Gain of 8 dBi and
VSWR of less than 2 at 220-MHz frequency have been obtained.
The concept of the presented antenna array may be used for
frequencies from some hundreds of MHz to about 30 GHz.
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ABSTRACT: The realization of wideband amplifiers with shunt-series
shunt-shunt dual-feedback configuration with commercially available
0.35-�m SiGe BiCMOS technology is reported. The SiGe HBT used
here has ft of 67 GHz and BVceo of 2.5 V. The experimental results
show that power gain is 10 dB from DC to 12 GHz for a shunt-series
shunt-shunt wideband amplifier, with the help of the emitter capacitive
peaking technique. Input- and output-return losses are better than 10 dB
for the same frequency range. Noise figure increases from 8 to 12 dB
for frequencies from 1 to 18 GHz. OP1dB and OIP3 are 0 dBm and 12
dBm at 1 GHz, respectively. Total current consumption is 11 mA at 3.3
V supply voltage. © 2004 Wiley Periodicals, Inc. Microwave Opt
Technol Lett 40: 518–520, 2004; Published online in Wiley InterScience
(www.interscience.wiley.com). DOI 10.1002/mop.20021
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INTRODUCTION

Wideband amplifiers [1–4] are used in a variety of modern com-
munication systems. The Kukielka wideband amplifier is one of
the most popular circuit topologies among all kinds of wideband
amplifiers. The matched-impedance Kukielka wideband amplifier

is achieved by using a shunt-series shunt-shunt dual-feedback
configuration. In this work, SiGe HBT Kukielka wideband ampli-
fiers are demonstrated by a commercially available foundry ser-
vice. The 0.35-�m SiGe BiCMOS process is very economical
because it is fabricated using the inexpensive I-line photolithog-
raphy technique instead of the expensive deep-UV technique, and
even the phase-shift mask photolithography technique is used for
feature length of 0.25 �m and below.

The circuit schematic of the designed shunt-series shunt-shunt
SiGe HBT wideband amplifier is shown in Figure 1. A Darlington
pair is used in the second stage to improve the frequency response.
The resistors Rf 1 and Rf 2 in Figure 1 are the global feedback and
local feedback resistors, respectively. The resistor Rf 1 is shunting
at input and Rf 2 is shunting at output, in order to lower the terminal
impedance to 50� for the terminal impedance matching. The
emitter peaking capacitors Ce1 and Ce2 are shown in Figure 1. The
emitter capacitive peaking technique is used to overcome the

Figure 1 Circuit schematic of the shunt-series shunt-shunt SiGe HBT
wideband amplifier

Figure 2 Die photo of the shunt-series shunt-shunt dual feedback SiGe
HBT wideband amplifier
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intrinsic over-damped frequency response of the shunt-series
shunt-shunt wideband amplifier and thus enhance the bandwidth
[2, 5, 6]. The design principles of gain, bandwidth, and input/
output return loss have been well established [5] for the shunt-
series shunt-shunt wideband amplifier. Thus, 10-dB gain and in-
put/output return loss of better than 10 dB are designed and
demonstrated from DC to 12 GHz in this work.

MEASUREMENT RESULTS

Figure 2 illustrates the die photo of the fabricated SiGe HBT dual-
feedback amplifier. The SiGe HBT device used here has ft of 67 GHz
and BVceo of 2.5 V. The amplifier has a coplanar ground-signal-
ground pad to facilitate on-wafer probing. The size of all the SiGe
HBT transistors in Figure 2 is 0.3 � 9.9 �m. The small emitter width
reduces the intrinsic base resistance and intrinsic base-collector junc-
tion capacitor for higher fmax. The die size is 0.7 � 0.7 mm. Most of
the die area is not fully utilized to facilitate the on-wafer measurement
and the die size of the wideband feedback amplifier can be easily
compacted into 0.4 � 0.4 mm.

The first stage consumes 3 mA and the second stage consumes
8 mA at 3.3-V supply voltage. Figure 3 shows the forward trans-
mission gain, input-return loss, reverse transmission gain, and
output-return loss for 3.3-V supply voltage. The shunt-series
shunt-shunt dual feedback. SiGe wideband amplifier has 12 GHz
of 3-dB gain bandwidth, S11 and S22 are below �10 dB for the
measurement range from DC to 18 GHz, as illustrated in Figure 3
for 3.3-V supply voltage.

The rf performance of the same SiGe wideband amplifier at
2.5-V supply voltage is also illustrated in Figure 4. The total bias
current is 5 mA at 2.5-V supply voltage. The gain and bandwidth
have been reduced to 8 dB and 8 GHz, respectively, as illustrated
in Figure 4. Both bias conditions show that the terminal impedance
matching is very good and the matching bandwidth is even higher
than the 3-dB gain bandwidth.

Figures 5 and 6 illustrate the noise and power performances at
both bias conditions. Noise performance is about one-half to one
dB better at 3.3-V supply voltage. Noise figure increases from 8 to
12 dB for frequencies from 1 to 18 GHz at 3.3-V supply voltage.
OP1dB and OIP3 of the wideband amplifier, operating at 3.3-V
supply voltage as a function of frequency, are illustrated in Figure
7. OP1dB and OIP3 are 0 and 12 dBm at 1 GHz, respectively. Both
OP1dB and OIP3 decrease when the frequency becomes higher.
OP1dB and OIP3 become �9 and 3 dBm at 12 GHz, respectively.
OIP3 is about 12-dB higher than OP1dB for the measured frequency
range.

CONCLUSION

This work has demonstrated a 10-dB gain DC–12-GHz SiGe HBT
shunt-series shunt-shunt feedback wideband amplifiers by using a
commercially available 0.35-�m SiGe BiCMOS foundry. The
total current consumption is 11 mA at 3.3-V supply voltage. The
experimental results show that power gain is 10 dB and input/
output return loss is below 10 dB from DC to 12 GHz for the
wideband amplifier at 3.3-V supply voltage. Noise figure increases
from 8 to 12 dB for frequencies from 1 to 18 GHz. Both OP1dB and

Figure 3 Measurement results of the SiGe HBT wideband amplifier with
Vcc � 3.3 V and Itotal � 11 mA

Figure 4 Measurement results of the SiGe HBT wideband amplifier with
Vcc � 2.5 V and Itotal � 5 mA

Figure 5 Measured noise figures of the SiGe HBT wideband amplifier

Figure 6 Measured power performance of the SiGe HBT wideband
amplifier at 3.3-V supply voltage
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OIP3 are a function of frequency. OP1dB and OIP3 are 0 and 12
dBm at 1 GHz, respectively. Both OP1dB and OIP3 decrease when
frequency becomes higher. OP1dB and OIP3 become �9 and 3
dBm at 12 GHz, respectively.
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ABSTRACT: An enhanced cavity model for analyzing microstrip patch
antenna is presented. The predicted resonant frequency and resonant
resistance of the antenna are in good agreement with measured data.
Theoretical results of the enhanced model are also compared with some
commonly used models to determine their range of validity. © 2004
Wiley Periodicals, Inc. Microwave Opt Technol Lett 40: 520–523,
2004; Published online in Wiley InterScience (www.interscience.wiley.
com). DOI 10.1002/mop.20022
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1. INTRODUCTION

A conventional microstrip antenna is usually comprised of a me-
tallic patch deposited on one side of the substrate and a ground
plane on the other side. Over the years, many models [1–6] have

been used to analyze microstrip patch geometry. Among them, the
cavity model with perfect magnetic conducting (PMC) walls has
been useful in providing insight regarding the radiation mecha-
nisms of microstrip patch, but has also provided inaccurate pre-
diction of its resonant frequent and resonant resistance. In this
model, the thickness t of the microstrip patch antenna’s substrate
has been assumed to be electrically thin (usually on the order of
0.01�0) and a low dielectric constant has been used. These two
assumptions made by the analytical models no longer hold because
the microstrip patch antenna is increasingly used in the millimeter-
wave region. To achieve miniaturization and larger bandwidth,
thicker and higher dielectric substrate is also commonly used.
Hence, a better analytical model or technique is needed to char-
acterize the microstrip patch antenna.

2. ENHANCED MODEL

The enhanced cavity model is based on Carver and Coffey’s [2, 3]
design equations formulated for microstrip patch resonator using
the modal-expansion technique. In this approach, the patch is
viewed as a thin TMz-mode cavity supporting quasi-discrete
TMmn modes transverse to z, where m and n are the mode numbers
associated with the x and y directions, respectively. The field
between the patch and the ground plane is expanded in terms of a
series of eigenfunctions with their corresponding eigenvalues. For
a nonradiating cavity, these eigenvalues are positive and real and
are defined as kx � n�/a and ky � m�/b. For the cavity to
radiate, the interior fields must be related to the exterior fields. This
is achieved by imposing impedance boundary conditions at the
four walls by making use of fictitious complex wall admittances
Yw to represent the external stored and radiated energy effects.
Consider a microstrip patch antenna (shown in Fig. 1) of resonant
length b (��d/ 2) along the y direction and width a (�2b), the
following transcendental equation is obtained [3]:

tan�kyb� �
2ky�y

ky
2 � �y

2 , (1)

where

�y � j
2��0

�0

t

a
YwFy�a

b� ,

Fy � 0.7747 � 0.5977�a

b
� 1� � 0.1638�a

b
� 1� 2

.

The wall admittance Yw is multiplied by a factor Fy to take into
consideration the effect of the aspect ratio a/b on the accuracy of
the mode vectors used to represent the actual field distribution at
the radiating edges. Better agreement between the predicted and
measured results was found in comparison to Fy � 1. The wall

Figure 1 Rectangular microstrip patch antenna used in the experiment
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