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Abstrucfs - A 'new wideband amplifier, which is
suitable for Ultra-wideband (UWB) system, i s proposed
in this paper. The proposed amplifier achieves wideband
input matching and bell-shaped overall frequency
response by combining the frequency response
characteristics of a high pass filter and a conventional
amplifier, respectively. The simulation results based on
a TSMC 0.18 prn CMOS technology show a peak
power gain of 10 dB, input retum loss (Si,) of larger
them 10 dB over the -3 dB bandwidth from 2.7 to 9.3
GHz, and minimum noise figure of 3.3 dB in pass-band.
The wideband amplifier dissipates 7 mA from a 2 V
supply.

the amplifier, leading to larger ch ) area and
degradation of noise performance due to parasitic
components.
In this paper, the proposed wideband amplifier
combines the frequency response characteristic of a
high pass filter (HPF) with that of a conventional
amplifier to achieve wideband input matching and wide
bandwidth.
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1. Introduction
In recent years, ultra-wideband system has emerged
as a prominent technology in wireless communication
systems. The application of UWB technology is
expected to imaging system, ground penetrating radars,
and wireless home network, etc.. For the wireless home
network application, the unlicensed UWB frequency
band is allocated from 3.1 to 10.6 GHz [ I ] and it can
provide higher data-rate with its wide bandwidth than
that of other current wireless communications systems.
However, all circuits for UWB system should have
wideband characteristics. Especially, the wideband
amplifier for the UWB system is required to have
wideband input matching and wide bandwidth. In
addition, the frequency response shape of the amplifier
is recommended to have bell-shaped like a band pass
filter to suppress strong interferers.
Recently, there are numbers of reported UWB low
noise amplifiers (LNA) adopting a 3'd-section passive
band pass filter (BPF) at the input node of the amplifier
to achieve wideband input matching and wide
bandwidth, which have the shape of frequency response
like that of band pass filter [Z], [3]. However, they use
many passive reactive components at the input stage of
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2.

Design of amplifier

Fig. 1 shows the combination of frequency response of
high pass filter and low pass filer (LPF) achieve that of
band pass filter in linear system. As shown in Fig. 1, the
upper and lower -3 dB cut-off frequency (WH andwL) of
the BPF can be decided by the -3 dB cut-off frequency
of LPF and HPF, respectively.

HPF

LPF

BPF

Figure
I . Frequency response of BPF with combination
of that of HPF and LPF,respectively.

In Fig. 1, the LPF can be replaced with a general
resistively loaded amplifier, which inherently shows
low pass response characteristic with some passband
voltage gain. From this simple concept, an amplifier
with band pass characteristicscan be implemented.
Fig. 2 shows the proposed wideband amplifier
combined with a HPF. As can be seen in Fig. 2, a HPF
is embedded into the input'of the cascode amplifier. The
adoption of HPF instead of BPF can reduce noise figure
of overall amplifier because the number of passive
component at the input gate of amplifier decreases. In
Fig. 2, HPF is consisted of C1,L , , and C2(CL=, and CGS,)
and the cascode amplifier M,and iw, adopts the shuntis
peaking load (LLand &). The wideband buffer (M3)
used for the wideband output matching.

In general, HPF can be designed with T type or l
7 type
141. In Fig. 2, a - T type HPF is chosen to reduce the

number of inductors and simplify the bias circuit of the
cascode amplifier. In addition, to achieve high
attenuation characteristics for out of band, a Chebyshev
3rd-sectionmethod is adopted in this work. In Fig. 2, the
-3 dB cut-orfrequency ISgiven by:

Initially, HPF is connected into the input of an
amplifier, the values of passive components are selected
as C1= I pF, L I = 2.6 nH, and C, = 1 pF, respectively.
From these values, simulation results for the HPF show
input resonance frequency of 4 GHz and attenuation of 10 dB at 1.7 GHz. In addition, the -3 dB cut-off
frequency o f HPF is decided at 2.3 GHz. When the HPF
is finally combined into the input of the amplifier, the
value of C, is optimized as 0.4 pF.
vu

shunt-peaking inductor LL is used as an additional
control parameter, which can improve the 3-dB
bandwidth without any additional dc power
consumption [ 5 ] . In Fig. 2, source degeneration inductor
Ls is adopted to generate real term (50 Q) for improving
the power matching between HPF and amplifier. In Fig.
2, C,, is connected between the gate and source node of
M , to reduce the size of input transistor MI, leading to
less dc power consumption under the same value of
gate-source voltage of MI ( V G S ~[ti].
) Gain and noise
figure of overall amplifik, however, are not affected.
Moreover, the smaller size of transistor reduces
parasitic capacitances at drain node of transistors, so
that it can help to extend the -3 dB bandwidth. In Fig. 2,
the value of C
,,, is 350 fF.
From the simulation, voltage -gain of the amplifier
shows 10 d B ' i n the pass-band. The input resonant
circuit of the amplifier in Fig. 2, which includes C,,,
C,,, and Ls, resonates at 9 GHz.
Other design parameters in Fig. 2 are M, = 240/0.'18
pm, MJ = 80 /O.18 pm, and LS = 0.9 nH, respectively.
h=r

m%,

RPdhlmsr,

In Fig. 2, the cascode amplifier inherently shows low
pass frequency response characteristic due to its
dokinant pole at the drain n d e of M2. The dominant
pole of amplifier is given by:

Where R L is resistive load and CL total parasitic
capacitances at the drain node of M2.From (2), to
control the -3 dB cut-off frequency of the cascode
amplifier, Rr or Cr can be changed. Because the total
parasitic capxitances CL is difficult to control, RL can
be more easily used to control the bandwidth. In Fig. 2,
the -3 dB bandwidth of the amplifier is decided at 9.5
GHz with RL = 90 R and LL = 2.6 nH, considering
reasonable gain and noise characteristics. In Fig. 2, the
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Figure 3. Simulated of SII and SZ1for HPF, the cascode
amplifier, and the cascode amplifier combined with
HPF, respectively: (a) input ream loss (SIJ and @I)
fresuency response characteristics (SI)

Fig. 3-(a) and (b) show the simulated S I , and S2, for
HPF, the cascode amplifier and the cascode amplifier
combined with HPF, respectively. In Fig. 3 4 4 , the S,,
of HPF and the cascode amplifier resonate at 4 and 9
GHz, respectively, so that the input return loss of overall
amplifier combined with HPF in Fig. 3-(a) can be
achieved larger than 10 dB over 3.1 12.9 GHz. In this
way, wideband input matching can be achieved over
interested frequency band by controlling each input
resonance frequency of HPF and amplifier, respectively.
In Fig. 3-(b), the simulated Szl of HPF shows the
conventional high pass frequency response with
insertion loss of 0.4 dB and the -3 dB cut-off frequency
of 2.3 GHz. The S2, trace of the cascode amplifier
shows inherent low pass frequency response with gain
of 9.8 dB and the -3 dB cut-off frequency of 9.5 GHz.
The combined S1, of the cascode amplifier with HPF
clearly shows overall bell-shaped band-pass frequency
9.3 GHz. Fig. 4 shows the
response over 2.7
simulation result of the proposed amplifier’s noise
figure. The minimum value of NF is 3.3 dB at 3.6 GHz
and maximum value of 5.9 dB at 10.6 GHz in pass band.
Fig. 5 shows the simulated input-referred IP3 of - 0.3
dBm in the proposed amplifier. The two-tone test is
performed at 4 and 4.5 GHz. Fig. 6 shows layout
photograph of the proposed amplifier.
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Figure 5 . Simulated two-tone test o f the proposed
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Figure 6 . Layout (l,OOO pm x 800 ptn).

3. SUMMARY
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Figure 4. Simulated mise figure of the proposed
amplifier.

The new wideband amplifier, which combines a 3rdsection HPF with a cascode amplifier, is presented and
the design concept is also discussed. The proposed
amplifier can achieve wideband input matching and
bell-shaped overall frequency response over UWB
frequency band. The simulation results based on a
TSMC 0.18 pm CMOS technology show the -3 dB
bandwidth of 2.7 9.3 GHz, return loss (S,J of greater
than 10 dB over 3.1 - 12.9 GHz, peak power gain of 10
dB, and minimum noise figure of 3.3 dB in pass-band,
while consuming only 7 mA from a 2 V supply.
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