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Abstract-A 1V, 1GHz low noise amplifier (LNA) has been designed
and simulated using Spectre simulator in a standard TSMC
0.18um CMOS technology. With low power and noise optimization
techniques, the amplifier provides a gain of 24 dB, a noise figure of
only 1.2 dB, power dissipation of 14 mW from a 1 V power supply.

I. INTRODUCTION

CMOS transistors have been consistently scaled to smaller
feature sizes and continue to reduced towards sub-0.lum
lengths. However,as the channel length decreases, so does the
gate oxide thickness, dictating a decrease in the supply voltage.
Commonly a low noise amplifier (LNA) is a key component in
RF front-end receiver which poses a challenge in terms of meet-
ing high gain, low noise figure and linearity requirement at low
power supply(such as 1V). The primary role of the LNA is to
lower the overall noise figure of the entire RF front-end, noise
optimization is considered as one of the most critical steps in
the LNA design procedure.

The noise figure (NF) of LNA should not exceed a 3 dB,
assuming it has a gain more than 10 dB [1]. The design of LNA
is full of trade-offs between optimum gain, lowest noise figure,
high linearity and low power consumption. Cascode topology is
one of the most popular topology used for CMOS LNA design,
which provides high gain, low noise, but it is not suitable for
low power supply. The consideration for noise optimization of
LNA is illustrated in Section II. The proposed LNA design suit-
able for 1V power supply is analyzed in Section III. Spectre
simulation results and a comparison with other reported LNAs
are presented in Section IV.

II. NOISE FIGURE AND OPTIMIZATION

A. Noise Figure
An LNA determines the performance of the communication
systems. It needs higher linearity and sufficient gain to over-
come the next stage noise but not to overload. A system noise
factor is defined as:
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where F, (n=1,2,3,....) is the noise factor of each stage,
G,(n=1,2,3,...)is the gain of each stage. In our circumstances,
F, is the noise factor of the LNA and G is the gain of the LNA
which implies that higher gain and lower noise of LNA will
lower the total noise of the system. Noise figure represents how

much the given system degrades the signal-to-noise ratio, which
is defined as:

TotalOutputNoisePower 2)

NF = 101
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CMOS LNA design provides high level of integration at low
cost but it is a big challenge to achieve low noise performance
because of the noisy nature of MOS device. The dominant noise
source in MOS devices is channel noise:[2]

)
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Where g, is the zero-bias drain conductance of the device. vy is
a bias dependent factor which, for long channel device satisfies

% <y <1 ,but for short channel devices can be as large as two or

three, depending on bias condition. Another source of noise in
MOS devices is the noise generated by the distributed gate
resistance. This noise can be modeled by a series resistance in
the gate circuit and an accompanying with noise generator,
which results in:

2 :
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where § is the coefficient of gate noise, normally equal to 4/3
for long channel devices and 1, is the gate resistance. The gate
resistance can be minimized through interdigitation without the
need of increased power dissipation, thus it is rendered insignif-
icant [2]. If the sizes of the MOS transistors are carefully cho-
sen, the optimum @, which is simply a ratio of g, /Cg can be
obtained. Therefore, the minimum noise figure can be achieved

according to [3]:
Frin = 1+ 2 ¥00 el )
t

If & were zero, the minimum noise figure would be 0dB[4].

204



International Journal of Electrical, Electronic and Communication Sciences

B. Noise Optimization Techniques

A. Classical Noise Matching

In this technique, the LNA is designed for minimum NF by add-
ing a matching circuit between the source and input of the
amplifier [4]. By using this technique in Fig.1, at the input port
in order to provide a 50 ohms impedence matching. There are
several disadvantages in using this technique: The extra resistor
contributes its own thermal noise to the output, which equals
the noise contribution of the source resistance. This means that
there would be an immediate 3dB increase in the noise figure.
Furthermore, the input signal is attenuated by the resistor termi-
nation before reaching the active device, which cuases a redcu-
tion in gain.Thus,one cannot obtain both input matching and
minimum NF simultaneously. The large noise penalty due to the
use of resistive termination is the main limitation of the classi-
cal noise matching.

—
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Figure 1. Schematic of a casecode LNA topology used to apply classical
Noise Matching technique.

B. Simultaneous Noise and Input matching

To achieve lower noise and higher gain, the casecode with the
inductor degeneration topology is employed and shown in
figure2.

Neglecting the gate drain capacitances, the input impedance
of the LNA shown in Figurel is:

SmL 1
Zin = ?j+®+s(l‘s+Lg>+Rg (6)

where g, and Cg are the transconductance and the gate-to-
source capacitance of the input device M, respectively. L, and

L, are the gate and source inductors and Ry is the effective gate

resistance of M; given by Rg =Ry/ (3n2L) where R, is the
sheet resistance of the gate polysilicon,W and L are the gate
width and length of the transister M; respectively and n is the
number of fingers [2].

At the resonant operating frequency(w), the input matching
requires that:

Z. =R =wlL @)

The C, source degeneration inductance Ly is chosen  together
with W, to provide the desired input resistance Rs, the real
term can be made equal to 50 ohm without the existence of a
real noisy resistor. Then, the input impedence of the LNA is
matched to source resistance Ry when the above condition is

met.
III. PROPOSED DESIGN APPROACH

For LNA design, inductive source degeneration is used to
achieve good input matching without adding thermal noise
introduced by real resistor. The cascode topology shown in Fig-
ure 2 is a popular configuration for LNA design but it is not

g
RFin .—-C—’m-—/\w/g\/M
L

ARDEY

gnd
Figure 2. Schematic of a casecode topology with inductively degenerated .

suitable for low voltage supply applications.
The proposed topology is shown in Figure 3, which works

Figure 3. Common-source common-gate topology

for low power supply applications such as 1V, Inductive source
degeneration is also used to achieve good input matching and
reduce noise figure. The first stage is inductively degenerated
common-source amplifier formed by transistor M. Followed
by a common-gate configurated transistor M;. The value of LC
tank of M, is carefully chosen to achieve a resonance fre-
quency of 1GHz and is required to have a much higher imped-
ance than that of the input impedance looked at the source of
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M;. It provides a DC bias current path and a high impedance
branch to force the RF signal to flow into the source of M;
through a big DC coupling capacitance C

The input impedence of the LC tank (Ly Cq) is

mzLdz szdz )
Zy=Ry+——=—p—=R,0; ®)
d d
Then,
1
E1” — Q)
R,0d

where Ry and Qg are the resistance and the quality factor asso-
ciated with the inductor Ly
The input impedence at the source of the common gate transis-
tor M is:
R; = # -4 (10)
ml " °mbl °m2
where g, is the bulk transconductance.

IV. Simulation Results

The complete circuit is shown in Figure 4. The LNA first
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Figure 4. Complete schematic of proposed common-soure, common-gate
LNA

stage of the LNA M, transister is inductively degenerated is a
common-source amplifier followed by M; configured as com-
mon-gate device. My, sets the dc bias for M. M, is configured
as the buffer stage for LNA output matching. C; between M,
and M; is blocking DC and provides ac path to let RF signal
flow into the source of common-gate transistor M;. In our case,

it is designed to be 20 pF. Inductors which are smaller than 5 nH
are placed on chip otherwise, they are off-chip. As shown in
Figure 4 only the framed components are on-chip.

The proposed circuit was simulated using Spectre simulator
in 0.18um CMOS process. Figure 5 shows a forward power
gain (S,;) of 24 dB at 1 GHz. After noise optimization a low
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Figure 5. Power gain of proposed LNA
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Figure 6. Noise figure of proposed LNA
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Figure 7. S11 of proposed LNA

noise figure of 1.2 dB at 1 GHz is achieved and shown in Figure
6.

The S-parameters of the LNA are illustrated in Figure 7 and
Figure 8 respectively. The S;; shows a good input match of -
21dB. The S;, shows a good output match with the output
buffer which achieves -15dB.The S, at IGHz is -74.9 dB.The
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Figure 8. S22 of proposed LNA
IIP3 simulation result of the LNA is shown in Figure 9. A two-
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Figure 9. IIp3 simulation of the proposed LNA

tone signal which are chosen close to each other has been
applied to the input port. The input-referred third-order inter-
cept points (IIP3) is -29dBm.

The layout of the LNA is shown in Figure 9. The chip area is

Figure 10. Layout of the proposed LNA

Imm x 1mm. This work is placed alongside with other recent

reported LNA in Table 1. It shows that with the noise optimiza-

Table 1: Comparison of Various Recent Reported LNAs

fo 51 16 7 18] (11 | This Work
Freq.(GHz) | 09 0.9 0.9 1 1 1
NF(dB) |2 25 |6 3.5 2.7 12
S, dB) [17.5 |9 17 22 122 |24
P3gpm |-6 4.7 |-14 12 21 29
Power(mw) | N/A |10 78 27 17 14
Tech(um)  |.35 05 |08 1.0 |05 0.18

tion techniques the proposed LNA achieves a much lower noise
figure than other LNAs.

V. CONCLUSIONS

In this paper, a new CMOS low noise amplifier using com-
mon-source inductive source degeneration followed by com-
mon-gate configurations is proposed. The proposed topology is
suitable for low power supply application and works good at 1
V voltage supply. Spectre simulation using TSMC 0.18um
CMOS technology shows a low noise figure of 1.2 dB, high
power gain (S,;) of 24 dB and low power consumption of 14

mW from 1 V power supply.
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