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Abstract

This paper deals with the design of wideband CMOS low-noise
amplifier (LNA) that combines a narrowband LNA topology with
a resistive shunt feedback. The resistive shunt feedback provides
wideband input matching by reducing the Q-factor of the
narrowband LNA input and flattens the gain. The output peaking
network is designed using bridged-shunt-series peaking network
to achieve bandwidth extension. The proposed wideband
amplifier is implemented in 0.13-um CMOS technology for a 3-
8GHz UWB system. Simulation is performed using the SPICE

software and the BSIMV3 model for the 0.13-pum CMOS process.

The measured gain is greater than 16dB and the noise spectral
density of -180 to -188dB. The total power consumption of the
wideband low-noise amplifier is 11.8mW.

Keywords: CMOS, feedback, low noise amplifier (LNA),
peaking, bandwidth extension.

1. Introduction

Ultra wideband radio, potentially offers higher
communication speeds than traditional narrowband
transceivers. The advantage of the UWB transceiver over
narrowband systems is low cost, low power, and high data
rate due to the large bandwidth. A significant difference
between traditional radio transmission and UWB radio
transmission is that traditional communications systems
transmit data by varying the power level, frequency, and/or
phase of a sinusoidal wave. However, in UWB radio, data
is transmitted either as impulse radio (IR) or multiband
orthogonal frequency division multiplex (OFDM). The IR
UWB transmits data based on the transmission of very
short pulses. In some cases, impulse transmitters are
employed where the pulses do not modulate a carrier. This

technique results in lower data rate and lower design
complexity compared to the OFDM system. On the other
hand, in the multiband OFDM technique each band with
528 MHz width encodes the data using QPSK modulation.
Using this technique a data rate of 480 Mb/s can be
achieved. However, the design of this system is more
challenging. One of the major challenges in wideband
communications systems is the design of a wideband low-
noise amplifier (LNA). As the first active component in the
receiver chain, the LNA should offer sufficient gain and
low noise to keep the overall receiver noise figure as low
as possible. In most applications, it is desirable to obtain
wideband on-chip input matching to a 50Q antenna/filter,
good linearity, and low power consumption. In addition,
gain-flatness over the entire frequency range of interest is
necessary to meet the design specifications. Among
wideband designs, distributed and common-gate amplifiers
suffers from high noise figure. Additionally, cascading of
several stages degrades the linearity of the LNA [5]-[6].
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Figure 1.Source inductor degenerated LNA.
This paper introduces the source inductor degeneration
with resistive feedback topology to achieve wideband input
matching and the bridge-shunt-series peaking network to
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achieve the wideband output response. In bridge-shunt-
series peaking network, better bandwidth extension ratio
(BWER) is achieved using capacitive splitting-an inductor
is inserted to separate the total load capacitance into two
constituent components [1].

2. Wideband LNA Design

Figure 1 shows the source inductor degenerated LNA
topology. In figure 1, the inductor Ls is added for
simultaneous noise and input matching and Lg for the
impedance matching between the source resistance Rs and
the input of LNA [7]. A proposed Wideband LNA design
can be achieved by using the resistive feedback topology
with narrowband LNA design as shown in figure 2(a). This
feedback amplifier consisting of a cascade transistor pair
M, and M, as shown in figure 2(a). Capacitor Cr blocks the
DC voltage to the gate of the M;. The bias voltage Vpias
provides DC bias for the input transistor M;. The bias
voltage Vyiss can be generated by designing the voltage
divider using CMOS [10]. The cascade transistor improves
the isolation and reduces the Miller capacitance while the
voltage gain of input transistor M; should be small.
Inductor Ly performs series resonance with Cqs of M, for
input impedance matching.
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To broaden 3 dB bandwidth, the LNA employs the
bridged-shunt-series peaking network as shown in figure
2(a) and to achieve wideband output matching source
follower buffer can be designed. Figure 2(b) shows the
small-signal equivalent circuit for the input part of the
proposed wideband LNA. In Fig. 2(b), the resistor R, =
[R¢ /(1-A))] represents the Miller equivalent input
resistance of R, where A, is the open loop gain of the
LNA. From figure 2(a) and (b), the value of R can be
much larger than the conventional resistive shunt feedback.
However, in the proposed topology input impedance is
determined by wr Ls. The important role of the Ry is to
reduce the Q-factor of the circuit. The Q-factor of the
circuit in figure 2(b) is given by
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Equitation (3) indicates that by properly selecting the
value of the feedback resistor R;, small value of Q-factor
can be achieved. The bandwidth is inversely proportional
to the Q-factor of the circuit so, wide bandwidth can be

achieved.
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Figure 2 Proposed Wideband LNA. (a) Schematic, (b) small-signal
equivalent circuit at the input.

For Rs>> R, Ry >> R, and gy, Ry >> 1, the noise factor of
the amplifier is given by

2

R 1

F>1+—{1+ } + 7 (4)
f gmle gmle

Where y = 2 for short channel technique. From equation

(3) and (4), it can be seen that the feedback resistor Ry is

the key component to get the tradeoff between gain and
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noise figure. From above all equations components values
are calculated, which are shown in table 1.

Table 1
List of Component Values of Wideband LNA
Components Values
L 0.14nH
Ly 2nH
L, 3.5nH
L, 4.2nH
R¢ 800Q
Cs 2pF
(WI/L), 260/0.13
(WI/L), 200/0.13
R 50Q

3. Simulation Results

The CMOS wideband LNA with resistive feedback
topology and bridge-shunt-series peaking network is
designed using 0.13-um CMOS technology. The supply
voltage Vg is 1.2V. The proposed LNA design is
simulated using the SPICE software. Figure 3 shows the
simulated gain of designed wideband LNA. As shown in
figure 3, the gain at 3.2GHz is 25 dB which is maximum.
At 5GHz, the measured gain is 17dB (min.). So, the
proposed design of LNA provides Gain more than 16dB
over the entire range of 3-8GHz. Noise performance of the
proposed LNA can be achieved in terms of Noise spectral
density. Figure 4 (a), (b) shows the simulated noise
spectral density in volts and dB’s, respectively. The
proposed LNA design provides the noise spectral density
of -180dB to -188dB. From noise spectral density noise
figure is calculated, which is 2.6dB (min) achieved. Figure
5 shows the power response of the proposed LNA design.
The power consumption of the proposed LNA is 11.8mW.
Table 2 summarizes the performance of proposed
LNA.
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Figure 3. Simulated gain response of proposed LNA.
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Figure 4. Simulated noise spectral density in (a) pv, (b) dB.
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Figure 5. Simulated power response of proposed LNA.

Table 2
Performance Summary
Technology 0.13-um CMOS
Supply voltage 1.2v
Frequency 3-8GHz
Gain >16dB

Noise spectral density -188dB (min)
Noise Figure 2.6dB (min)

Power consumption 11.8mwW

4. Conclusion

A compact wideband LNA has been designed in 0.13-um
CMOS technology for wideband and low power
application. The proposed LNA design uses the resistive
shunt feedback topology with inductor degeneration
topology. At the output side bandwidth can be extended
using bridge-shunt-series network by dividing the load
capacitance in two components. The amplifier achieved a
bandwidth more than 5GHz, a gain more than 16dB and
better noise performance with lower power consumption.
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