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Abstract - The paper presents a two stage LNA for the
wireless applications which comes under a larger bandwidth
of 1GHz to 4GHz. The LNA uses ATF-55143 pHEMT low noise
MOSFET transistor with a supply voltage of 2.7V. The LNA
design has multi-stage topology, which includes 3 transistors.
First stage is a CS topology while current reused topology is
used to design second stage. Entire simulation is conducted by
using Advanced Design System (ADS) tool. The result shows
the good Gain of 24.519dB and Noise Figure of 0.68dB at the
operating frequency of 2GHz. The Return Loss S11 and S22 are
-14 dB and -11 dB respectively.
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1. INTRODUCTION

Nowadays in the wireless communication, new
technology aims for the smaller footprint chip. The top
popular source of wireless communication is mobile phone,
whose wireless standards such as GPS, GSM (3G), LTE (4G),
DCS, DECT, PCS-1900, WCDMA, Wireless LAN, WIFI and
Bluetooth falls under a wide bandwidth of 1GHz to 4 GHz (L
and S bands) [1].

Low noise amplifier is the forepart of each receiver,
which is known as an electronic intensifier, used to enhance
the undesirable signals [2]. In the overall performance of RF
receiver, the LNA plays a critical role and its design is mainly
depended on the parameters such as stability, gain, NF,
operating frequency range, input-output return loss and
linearity. While designing a LNA designer should take care of
these parameters.

A number of different transceiver architectures have
been proposed for the applications such as
radio/mobile/satellite communication, military telemetry
and weather/surface ship radar. Pseudomorphic high
electron mobility transistors (pHEMT) are the best choice for
these applications as they can provide low NF and a
maximum gain. The pHEMT also demonstrate low ON
resistance and a large OFF resistance. A shunt resistive
feedback CMOS LNA has been designed in [3]. For
polarization adjustable satellite receiver a low cost dual
band LNA is presented in [4]. For wireless devices and
wireless communication systems a frontend LNA is designed

in [5]. In all these architectures, the first block of receiver is
LNA. Designing LNA with wide band characteristics,
minimum noise and high gain is challenging. Compared to
single stage LNA, the gain produced by two-stage LNA is
more.

To characterize the performance of the LNA different
configurations/topologies are used in [6]. The LNA is
designed for Zigbee standard at the working frequency of 2.4
GHz. Results shows that the lowest noise figure is produced
by CS inductively degenerated low noise amplifier with FDC.
A CS-cascode LNA with FDC produces highest linearity and
from common source inductive degenerated LNA, highest
gain is obtained. A cascade-CR structure is used to achieve a
low power consumption and high power gain with
intermediate inductors. It also provides a sufficient noise
performance level with a better good input-output matching
and an acceptable linearity.

The proposed wideband LNA design has 2 stages with LC
- input and output matching networks. The CS topology with
inductively degenerated source has been implemented in the
first stage to have low noise figure and maintain the forward
and reverse return losses below -10 dB. The current reuse
technique utilizes a two stage cascade to share the same
current source. CR-topology used at second stage to obtain
gain more than 22dB.

Remaining structure of the paper is as follows. In section
II, the LNA parameters are discussed. The design
methodology of LNA is presented in Section III. Section IV
discuss about the simulation results. Section V addresses the
conclusion.

2. LNA PARAMETERS

There are some important parameters which checks the
functionality of an LNA.
2.1 Noise Figure

Before One of the most important performance
parameter of a LNA is the noise factor (F) or noise figure

(NF). The NF of areceiver system, according to Friis formula
is given by equation:
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Where n=1, 2, 3, ...

Equation (1) shows that the first stage of the receiver will
be the most significant contributor for entire NF of the
system. The NF of a system can be expressed in decibel, that
is:

NF =10 log,,(F) @

2.2 Gain

There are three different gains associated with LNA they
are power gain (Gg), available gain () and transducer

power gain (G). Mathematical expression of these gains are
discussed below

P
G, = —=
Py (3)
P
G, = AVN
Pays (4)
P
Pays (5)

Where P; is the power delivered to the load of the
system, Py, is the power given as input to the transistor,
Py is the power available from the source of the system

and P, is the power available from the transistor [7].

2.3 S-Parameters

S-Parameters that is scattering matrix describes the
connection between inputs and outputs of electrical circuits.

2.4 Stability

A two-port network is unconditionally stable if the real
part of Zin > 0 and Zout > 0; for all passive load and source
impedance at a given wide range of frequencies. The stability
criteriais K> 1 and A <1.
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(6)

A= 151,555 — 51554 )

3. DESIGN METHODOLOGY OF LNA

Different types of transistors are available, which can be
used for LNA applications. As the proposed LNA design works
on a larger bandwidth of 1 GHz to 4 GHz, in order to achieve
the low noise figure at the first stage and the maximum gain
at the second stage, a GaAs pHEMT ATF-55143 transistor is
used. It provides an excellent combination of low noise
performance for a wider frequency range, high power output
and high gain.

After selecting a transistor, the next step of designing is
finding the Bias point. Here the transistor is biased on the

basis of Ipz —V,s; curves of the transistor. The
specifications for biasing point are as follows: V,; = 2.7V
and I,; = 10m4.

LNA'’s first stage is designed by using CS topology. The
protection has to be provided to DC biasing circuit from the
high frequency effects of the termination ports so that the
biasing of the active device the S-parameters should not
change. In the middle of the DC biasing circuit and
termination port, inductors are inserted to protect the
biasing circuit from the effects of the termination ports.
Means DC_Feeds are replaced with inductors (L). DC
blocking capacitors are used, to protect termination ports
from the DC voltage and DC current. Means DC_Block are
replaced by capacitors (C). Two inductors are added at
source in order to maintain return loss.

The current-reused topology (CS-CS) is designed at
second stage. Itis designed in order to obtain gain more than
22dB. Using CS-CS and CS-CG current-reused topologies, an
experiment conducted by utilizing ADS software in [8].
According to the results both topologies produce nearly the
same gain, but the CS-CS CR topology provides lowest NF
and low power consumption with better linearity. As the
common gate has substantial gate noise, common source is
selected to reduce NF. Degenerating inductor at the source
plays an important role in gain, return loss and stability.
Figurel shows the proposed LNA for the bandwidth of 1 GHz
to 4 GHz.

Vdd

Vgs

L1 Cl1

B H—{ =

Fig -1: Two-stage proposed LNA circuit
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4. RESULTS AND DISCUSSION
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A low NF is achieved through lumped matching. The
minimum noise figure of 0.675dB is achieved at 2.2 GHz. As
shown in figure3 the noise figure is less than 1.2dB for
overall bandwidth. The simulated return loss of LNA is
shown in Figure4. An input return loss of -14.129dB is
achieved at 2GHz. While an output return loss of -11.080dB
and -70.363dB of reverse gain is observed at the same

operating frequency. The returnloss 5, and 5, are below
-10dB for overall bandwidth.
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Fig -2: Stability factor of the wide-band LNA :/ -\ |
The simulation results of LNA for the selected bandwidth 25_:/ \\ /////
are provided in this section. Stability, NF, return loss, gain i} \\\_/////
are the results and their simulation plots are shown in ]
figures 2~5. According to stability criteria the designed LNA L 0 LA e e e s s
is unconditionally stable. Here K>1; for all the frequencies as 1.0 12 2 23 I 3.2 40
shown in Figure2. freq, GHz
aps 12 r Fig -5: Gain of wide band LNA
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[1] 4 2-Stage 0.5-3 2 22
Cascode
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Cascode
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| — The designed LNA achieves a peak Gain of 28.23dB at
1.2GHz. At the operating frequency 24.519dB of gain is
'2010' T '1\5‘ T ‘2\0' T ‘2I5‘ T '3\0‘ " ‘3I5' T '40 achieved. The table-1 shows the comparison of the designed
' ‘ ' ' ‘ ' ‘ LNA with other reported LNA designs. Where Fo is the
freq, GHz

Fig -4: Return loss of wide band LNA (in dB)

operating frequency.
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Table -2: Comparison of Return Loss values

Ref. VDD Frequency | S11 (dB) S22 (dB)
v) (GHz)

[1] 4 0.5-3 below -6 Below -6

[3] 1.2 2.4 -9.170 -6.204

[5] 4 5-6 -12 -11

[6] 1.2 2.4 -9.408 -4.730

This 2.7 1-4 -11.875 to -10.799 to

Work -14.979 -18.614

This 2.7 2 (Fo) -14.129 -11.080

Work

5. CONCLUSION

The trade-off between the NF and gain is observed in the
proposed ultra-wideband low noise amplifier design. By
compromising one parameter, the other one can be
improved. A peak gain of 28.23dB is achieved at 1.2GHz;
0.675dB is the minimum noise figure, achieved at 2.2 GHz.
The return loss S11 and S22 are observed below -10dB for
overall bandwidth.
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