Figure 6 The comparison of the practical ﬁlter insertion loss, the circle
is the speciﬁcations

ﬁlter design.
[Example 3] The given bandpass ﬁlter speciﬁcations are [14]:
The centre frequency is f0 ⫽ 985 MHz.
The fractional bandwidth is FBW ⫽ 0.10359.
The return loss in the passband is RL ⫽ 20 dB.
40 dB rejection bandwidth is 125.5 MHz.
1. The normalized frequencies are 1 ⫽ ⫾ 1.2300 rad/s (LA1
⫽ 40 dB).
2. According to the ﬁlter speciﬁcations and (7) the traditional
ﬁlter degree is 12.
3. In [14], the ﬁlter degree is 8 and the number of transmission
zeros is 2, which are shown in Table 5.
4. In terms of the method in this paper, the ﬁlter degree is 7 and
the number of transmission zeros is 4, which are shown in
Table 5.
By applying the frequency transformation from a lowpass
prototype to a practical bandpass ﬁlter, the comparison of the
practical ﬁlter insertion loss between the traditional method, the
method in [14], and the new method is shown in Figure 6. From
Table 5 and Figure 6, we know that the new method is effective
in the bandpass ﬁlter design. Tables 6 and 7 show the expressing of coefﬁcient a for k ⫽ 3 and 4, respectively.
5. CONCLUSIONS

The general Chebyshev ﬁlter has been widely used in modern
communication because of the excellent performance. This article
presents a new method, which can determine the ﬁlter degree and
transmission zeros simultaneously. The ﬁlter designed by this
method has the least degree and the optimum position of transmission zeros. This method will shorten the circle of the design,
and be useful for the practice.
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Ultra wide band (UWB) transceivers are drawing attention for high
data rate radio applications. As a key element for the radio transceiver, the UWB LNA warrants a number of design challenges,
such as wide band input matching, a sufﬁcient/constant power
gain, low power, high linearity, and low noise ﬁgure (NF). With
narrow band LNA, the simultaneous noise and input matching
(SNIM) technique [1] are popular to minimize the NF. However,
the SNIM, in principle, can be satisﬁed only at a single frequency.
The UWB LNA design technique that satisﬁed the SNIM condi-
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tion has yet been reported. This article presents an LNA design
approach that achieves SNIM over the limited range of frequencies
but still ultra wide-band, e.g., 3–5 GHz range.
2. UWB LNA DESIGN

Figure 1 shows the cascode ampliﬁer topology, which is popular
for the SNIM technique-based narrow band LNA design, where vin
represents the input signal and VB the dc biasing. For the ampliﬁer
shown in Figure 1, the input impedance (Zin1) and the optimum
source impedance (Zopt1) are given in [1]
Z in ⫽

gmLs
1
⫹ sLs ⫹
,
Cgs
sCgs

(1)

Figure 2 Optimum source impedance and the complex conjugate input
impedance of the LNA for the frequency range of 3–5 GHz. (a) Zin1 and
Zopt1 (b) Zin2 and Zopt2 (c) Zin3 and Zopt3 (d) Zin4 and Zopt4

1
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兴⫺m
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,

(3)

gm and Cgs the transconductance and gate-source capacitance of
transistor M1, respectively, Ls the degeneration inductance, and m,
␣, ␦, ␥, and c are the constants. The simultaneously noise- and
input-matched LNA design requires the condition of the complex
conjugate of Zin1 being equal to Zopt1 (Zin1* ⫽ Zopt1). From (1) and
(2), with technology scaling, the imaginary components of Zin1*
and Zopt1 are nearly equal as m approaches 1. Therefore, to satisfy
SNIM, the values of gm, Cgs, and Ls have to be chosen to make
Re[Zin1*] ⫽ Re[Zopt1]. From (1), (2), and (3), Re[Zopt1] is inversely
proportional to the frequency whereas Re[Zin1*] is not. Therefore,
in principle, the SNIM can be satisﬁed only at one frequency,
which limits the technique to the narrow band design.
In the Smith Chart shown in Figure 2, the two curves labeled by
(a) represents the Zin1* (dashed line) and Zopt1 (solid line) of the
LNA shown in Figure 1, respectively. Figure 2(a) shows the
simultaneously noise- and input-matched condition at 4 GHz. In
Figure 2(a), Zin1* and Zopt1 are equal at 4 GHz and diverges with
* and Zopt1 of the Cascode Ampliﬁer Shown in
TABLE 1 Zin1
Figure 1

Figure 1
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A cascode ampliﬁer with inductive source degeneration

Z*in1
Zopt1

3.0 GHz

4.0 GHz

5.0 GHz

130 ⫺ j280
140 ⫹ j275

125 ⫺ j215
120 ⫹ j195

120 ⫺ j175
105 ⫹ j150
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Figure 3

Proposed 3–5 GHz SNIM UWB LNA schematic

frequency in both directions. However, in Figure 2(a), over the
frequency range of 3–5 GHz, which is the group-1 UWB band [4],
the two curves are still in close proximity. Table 1 shows the
values of Zin1* and Zopt1 at 3, 4, and 5 GHz. Because of this
proximity, from the simulations it can be shown that the impedance matched to Zopt1 can provide more than 15 dB of matching to
Zin1 at 3 and 5 GHz. This indicates that over the limited range of
frequencies, say 3–5 GHz range, the wide band matching circuit
for Zopt1 can satisfy the matching for Zin1 as well. Therefore,
contrary to the initial observations as discussed above, this opens
up the possibility of the ultra wide simultaneous noise and input
matched LNA design.
For the UWB impedance matching, the adoption of band
pass ﬁlter topology is popular [2, 3]. Figure 3 shows the
complete schematic of the proposed UWB LNA schematic,
which includes the band pass ﬁlter type input matching circuit
and the output parts. In Figure 3, Rd and Ld represent the
conventional resistive loading with inductive peaking, and the
output buffer (composed of M3 and IB) is added for measurement purpose only. The Lg1, Cs, and Lg2 in Figure 3 constitute
the wide band matching circuit between the source impedance
(in this case Rs ⫽ 50 ⍀) and Zopt1. The step by step selection for
the values of Lg1, Cs, and Lg2 and the corresponding change of
Zopt and Zin* are shown in Figures 2(b)–2(d), respectively. In
Figures 2(b)–2(d), the values of Lg1, Cs, and Lg2 are initially
adjusted to make Im[Zopt2] ⫽ 0, Re[Zopt3] ⫽ 50 ⍀, and
Im[Zopt4] ⫽ 0, respectively, at 4 GHz. In that case, the LNA
shown in Figure 3 becomes simultaneously noise- and inputmatched at 4 GHz. Then, the values of Lg1, Cs, and Lg2 are
tweaked in such a way that the ﬁnal curve of Zopt4 is located in
close proximity to the 50-⍀ point of the Smith Chart, like a
circle as shown in the Figure 2(d). Since Zopt4 in Figure 2(d)
does not exactly fall on 50 ⍀ over the frequency range of 3–5
GHz, the ﬁnal NF of the UWB LNA is not exactly equal to the
minimum NF (NFmin) of the cascode ampliﬁer. However, because of the closeness of Zopt4 to 50 ⍀, the noise ﬁgure
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Figure 4 Simulated performance of the UWB SNIM LNA (a) NF and
NFmin (b) S11
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degradation from NFmin can be very small, especially when the
cascode ampliﬁer is designed for small values of noise resistance. The noise resistance of the cascode ampliﬁer can be
reduced by increasing the gm of the transistor M1 [1]. Note also
that, in Figure 2(d), the corresponding Zin4* is located close
enough to 50 ⍀ providing acceptable input impedance matching
as well. Therefore, based on the design process as described
above, it can be said that a UWB LNA can be designed to
satisfy the pseudo-SNIM condition. Figure 4 shows the simulated NF and the input return loss of the proposed UWB LNA
shown in Figure 3. As can be seen in Figure 3, the NF is nearly
equal to NFmin, and the input return loss is greater than 10 dB
over the frequency range of 3–5 GHz.
3. MEASUREMENT RESULTS

The UWB LNA shown in Figure 3 is implemented in 0.18 m
technology and dissipates 4 mA, excluding buffer, from 1.8 V
supply. In the implemented LNA, contrary to the simulations
shown in Figure 4, the on-chip matching components (Lg1, Cs,
and Lg2) are used and the measurements are done by the
on-wafer probing. The adoption of the on-chip inductors predicts signiﬁcantly higher NF than what is shown in Figure 4.

Figure 6

The chip micrograph of the fabricated UWB LNA

Figure 5 shows the measured and simulated gain (S21), input
return loss (S11), and NF and NFmin as a function of frequency.
In Figure 5, the measured and simulated values of S21 and S11
show considerable discrepancy at frequency higher than 4 GHz.
The discrepancies can be referred to the inaccuracies of the
component model at high frequencies, especially the bond pad.
Because of the exclusion of the bond pad parasitic in the
simulation, the measured result shows early gain drop at frequencies higher than 4 GHz. The gain reduction at high frequencies led to the corresponding premature increase in the
measured NF in Figure 5(b). Overall, the implemented chip
shows greater than 8 dB of return loss, maximum gain of 10.5
dB, and NF of 3– 6 dB over the frequency range of 2– 4 GHz.
In spite of the discrepancy between the measurement and the
simulation, the measured results support the proposed idea of
UWB SNIM LNA design technique. Figure 6 shows the chip
micrograph of the implemented LNA where the size is 820 ⫻
1200 m2.
4. CONCLUSION

This paper reports a UWB LNA design technique that satisﬁes the
simultaneous noise and input matching condition. The article analyses and identiﬁes the fundamental limitation of the narrow band
SNIM technique for the UWB application. By investigating the
frequency behavior of the optimum source impedance and the
complex conjugate of the input impedance of a cascode topology,
the authors present a pseudo-SNIM UWB LNA design technique
along with principles. A simultaneously noise- and input-matched
UWB LNA is implemented in 0.18 m CMOS technology and
measurements show higher than 8 dB of input return loss, maximum gain of 10.5 dB, and noise ﬁgure of 3.9 – 6 dB over 2– 4 GHz
while dissipating 4 mA from a 1.8V supply. The measured results
support the proposed concept of pseudo-SNIM UWB LNA design
technique.
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ABSTRACT: In this paper, a ﬁrst investigation on critical issues for a
ﬁre-detection ground-based Ku-band radiometer antenna design is addressed. A printed technology with standard dielectrics has been employed, to reach low cost, simplicity in realization, and easy integrability with the electronic front-end. The antenna has been designed as an
array of patches, where number of elements, spacings, and feeding currents has been optimized to fulﬁll requirements of low side lobe level
and good crosspolarization. For the radio frequency front-end, the receiver architecture is a direct-conversion topology, because it is well
suited to be monolithically integrated in a single chip. © 2007 Wiley
Periodicals, Inc. Microwave Opt Technol Lett 49: 2279 –2282, 2007;
Published online in Wiley InterScience (www.interscience.wiley.com).
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1. INTRODUCTION

Microwave radiometers (MRs) are widely employed on satellite/
aircraft installations for remote sensing of the earth. In the industry, radiometers can be used for remote measurement of temperatures in ovens, converters, and other places where the use of
conventional contacting temperature sensors or infrared cameras is
impossible because of high temperatures, smoke, or water vapor.
However, MRs can often not compete with these conventional
sensors, which are in general cheaper and simpler to build. Nevertheless, recently they have been started to be employed in ﬁre
detection [1] [2], where MRs offer several advantages with respect
to the well-established Infra-Red (IR) technology [3]. The microwave signals penetrate all materials, except of metals, allowing
detection also through thick smoke and vapor, and making the
measurement less sensitive to environmental conditions. The thermal microwave noise radiation comes from a thicker surface layer
than the infrared radiation does. In contrast, the longer wavelength,
compared to IR systems, reduces the spatial resolution, but contemporarily the higher frequency requires a more expensive electronic front-end. Consequently, antenna and Radio Frequency (RF)
front-end must be properly designed and calibrated. In particular,
the application to ground-based wildﬁre detection in forest environment is here investigated.
In these contests, the antenna design plays a key role. Its
internal temperature and directivity pattern drastically affect the
receiver front-end sensitivity. In particular, maximum directivity,
narrow beamwidth, and low side lode level (SLL) are desirable
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features, to reduce unwanted signals and relax the noise ﬁgure
(NF) of the low noise ampliﬁer (LNA). For these reasons, parabolic reﬂectors have been employed in the past, but recently also
microstrip array antennas have been investigated as good candidates to accomplish the above requirements. In this work, a patch
array antenna for a wildﬁre detector operating at 13 GHz is
optimized for ground-based applications. This goal is pursued in
the framework of a national Italian university research program.
To fulﬁll the overall requirements, the antenna specs have been
deﬁned from the RF electronic demands, for which analogs sections are integrated on a single chip based on 90 nm CMOS
technology. As discussed later, the antenna design has started from
a simple uniform array conﬁguration, to set the more appropriate
feeding technique and choose dielectric materials [4, 5]. This can
also give a ﬁrst rough inspect on the radiometer efﬁciency. Then,
a suitable tapering has been introduced to reach the desired SLL;
this reduces power accepted through minor lobes [6, 7]. This
aspect is of primary importance in the present application, where
the antenna can be placed also closed to the terrain. Thus, eventual
unwanted radiations can affect the overall performance of the
system.
This paper is organized as follows. A ﬁrst section summarizes
the typical radiometric concepts which are joined to the antennas
parameters. Then, the design is described, by starting from the
choice of single antenna element, and carrying on the feasibility
study about the array. Finally, some ﬁrst numerical results demonstrate the performance of the so designed microstrip array antenna.
2. RADIOMETRY AND ANTENNA PARAMETERS

In general, a body at temperature T ⬎ 0 K emits electromagnetic
radiation with a power P(f, T, , ) in a certain direction of space
, , and frequency f. In [2], some results for microwave emissions
of different known materials involved in forest ﬁres are shown.
Referring to a typical scenario shown in Figure 1, let us now
consider now an antenna with effective area Aeff, receiving power
from a body in the direction , . The received power can be
expressed in terms of the brightness temperature at the antenna [8]
as

冕

1
⌬f
P R共 f,T,,兲 ⫽ Aeff2k 2 兩F共,兲兩2 T共 f,,兲 d⍀
2


(1)

4

which includes the normalized antenna pattern F(, )
[9] and the standard deﬁnition of antenna temperature T ant

Figure 1 Typical scenario in the ﬁre detection through passive radiometer antennas
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