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ABSTRACT

In this paper, a low noise amplifier having high gain
and low noise by using input and inter stage matching
circuits has been designed. A current-reused two-stage
common-source topology is adopted, which can obtain
high gain and low power consumption. Deterioration of
noise characteristics according to the source inductive
degeneration matching is compensated by adopting additional
matching circuits. Moreover trade-offs among noise, gain,
linearity, impedance matching, and power dissipation have
been considered. In this design, 0.18-mm CMOS process is
employed for the simulation. The simulated results show
that the designed low noise amplifier can provide high
power gain and low noise characteristics.
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1. Introduction

Low noise amplifier (LNA) is a key building block in
modern electrical system. LNA amplifies a very weak
signal at the front end of the wireless receiver. The first
stage in wireless receiver has the most significant effect
on the noise performance of the entire system because

the effect of noise from subsequent stages are reduced by

stage in wireless receiver is required to have minimum
noise figure and maximum gain. Moreover, in designing
the LNA, trade-offs among noise, gain, linearity,
impedance matching, and power consumption should be
considered [3], [4]. In particular, the main process of
LNA design is to simultaneously perform input matching
and noise matching under a given amount of power
consumption. In this paper, a current-reused two-stage
common-source LNA topology utilizing input stage,
inter stage, and output stage matching circuits is
designed, which can obtain high gain and low noise

characteristics.

I, Designed System Architecture

A simplified schematic of the cascode LNA topology
is shown in Fig. 1 [5]. The miller effect can be
eliminated in cascode structure, which improves isolation
between input and output matching circuits [6]. That is,
inverse leakage signal can be effectively suppressed. In
addition, in order to reduce power consumption in the
cascode structure, the size of the transistor M1 should be
sufficiently small. That is, the gate-source capacitance
(Cys) of transistor M1 should be small, which requires a
large value of Ls. However, when the value of Ly is
increased, minimum achieveble noise figure(NF) increases,
which causes deterioration of noise characteristics. By
adding C,,, deterioration of noise characteristics can be
prevented without increasing the size of the transistor
M1. However, since the gain decreases as the value of
C.. increases, it is important to select C,, and Ls with
adequate values
trade-offs.

in consideration of performance
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Fig. 2 Schematic of designed LNA

Moreover, adding C,, leads to a decrease in power
consumption, which can deteriorate linearity. In order to
improve the linearity, the value of transconductance of
transistor M1 must be increased, but this means an
increase in power consumption. Therefore, it becomes
difficult to overcome the trade-off between linearity and
current consumption in a design where the amount of
usable power is limited. Thus, in a design requiring low
power consumption, the current-reused method can be
effectively used [3], [7]. By combining cascode and
current-reused method, low power consumption and
high gain can be obtained.

Designed current-reused two-stage common-source
LNA topology is shown in Fig. 2. The designed topology
can achieve high gain characteristic through low power
consumption, but it has a disadvantage of deteriorating
the noise figure. Thus, to prevent deterioration of the

noise figure, an input matching circuit is utilized.
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Fig. 4 Noise figure of the designed LNA
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Fig. 5 1IP3 of the designed LNA
Table. 1 Design parameters
Parameter Value
L(,‘ 24 nH
C 320 fF
C; 50 fF
Cex 145 fF
Ls 0.5 nH
L, 2nH
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Parameter Value

L, 10 nH

Rp 900 &

Cs 630 fF

Cy 500 fF
M1(W/L) 60 um/0.18 um
M2(W/L) 60 um/0.18 pm

Table. 2 Performance summary

Parameter Value

Target Frequency 2 GHz

NF 0.5dB

S21 20.3 dB

S11 -17.4 dB

1IP3 -12.1 dBm

Power dissipation 5.3 mW
Supply voltage 1.8V

CMOS Technology 0.18 um

In the source inductive degeneration matching

scheme, a relatively high bias current is required to
achieve simultaneous power and noise matching. Therefore,
if this scheme is used in a design that requires low power
consumption, noise figure becomes worse. Thus, to
prevent deterioration of the noise figure, an input
matching scheme is also used. Previously, input matching
was performed only through Lg, C., and Ls. By adding
C; and C,, input matching can be performed effectively
even when low power consumption is required. That is,
value of Ls can be reduced to improve gain and noise
figure while maintaining input matching through
adjustment of Lg, C;, and C; values.

Furthermore, the two transistors M1 and M2 share the
same bias current to reduce power consumption. The
amplified signal from the transistor M1 is applied to the
gate of the transistor M2 through the coupling capacitor
Cy, and the capacitor Cs acts as a by-pass capacitor for
the transistor M2. In the designed structure, Lg, C;, C>,
Ce.x, and Lg are adopted for simultaneous power and noise
matching. In addition, L, and Rp were used for output
matching, and an LC network (L;-Cy) between the gain
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stages was used for inter stage matching.

In order to obtain the minimum noise figure and
maximum gain, the value of ¥ of transistor M1 must be
determined. After that, the size of the transistor M1 is
determined in consideration of the available power
budget. As the size of the transistor M1 becomes smaller,
power consumption decreases, but the cut-off frequency
also decreases, thus it is important to determine an
appropriate size of transistor M1. In this design, when
Vs is equal to about 600 mV, it shows the maximum
gain and minimum noise characteristics.

Fig. 3 shows power gain (S21) of about 21.3 dB at 2
GHz. Noise figure (NF) of the designed LNA is shown
in Fig. 4. It represents a value of about 0.5 dB at 2 GHz.
Third order input intercept point (IIP3) is shown in Fig.
5. The extrapolated lines intersect on about - 12.1 dBm.
Moreover, design parameters are shown in the Table 1.
Various components including capacitors, inductors, and
resistors are adopted to implemented the designed
structure. Performance of designed LNA is summarized
in the Table 2. It has been designed to target of the 2
GHz and implemented using 0.18-um CMOS process.

I, Conclusion

In this paper, LNA utilizing various matching circuits
is designed. current-reused two-stage common-source
topology is adopted, which can obtain a high gain
through low power consumption. Deterioration of noise
figure according to current-reused two-stage common-
source topology and inductive source degeneration
matching is compensated by utilizing additional

matching circuits.
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