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Abstract

In this paper, we have designed low noise amplifier using 2 stage Cascade topology. We have focused on intermediate matching
network design of amplifier for low noise figure and selection of transistor PHEMT is based on noise figure as well as quiescent
point required for 0 grid voltage so that amplifier will need only single DC supply i.e. Vdd. Depends upon different topologies
used for LNA design with wide band requirement, we chose cascaded topology for good gain with low noise amplifier and
optimized for greater bandwidth.

Practical inductors are bulky as well as counter intuitive elements for high frequency as they behave as capacitors and to reduce
S11. Several windings in inductors make them resistive which increases noise by 0.2-0.4 dB. So we proposed inductor-less input
matching network for both stages so that we can increase bandwidth as well as perfect match for low noise figure. This LNA is
designed using Advanced Design System (ADS) software to provide 0.5 dB noise figure with power gain of 25 dB and 1-2.5 GHz
Bandwidth. So it can be used an L-Band satellite modem that is used in an asset tracking application. Layout is designed using
muruta manufacturing lumped components and Aluminum Nitride (AIN) substrate having high dielectric constant and high

thermal conductivity.
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1. INTRODUCTION

In every RF receiver system LNA plays key role as our
received signal is very weak. Using proper transistor and
topology, LNA design for respective bandwidth as well as
desired gain is crucial task. While increasing Gain-
Bandwidth product, it’s difficult to reduce factors like noise
figure as well as return loss. Single stage amplifier design
rarely meet this requirement [1]. So we moved towards
multistage amplifier topology with quiet changes in
intermediate stage design.

High electron mobility transistor (HEMT) provide low noise
figure, high gain but moderate input return loss [2] i.e. S11.
So our design approach works on noise figure as well as
S11. As in [5], Ahmed H. Akgiray, has tested the noise
performance of GaAs mHEMT and InP pHEMT transistors
for both room temperature and cryogenic temperatures.
Biasing is provided at Q-point where grid voltage is closer
to 0 volt. So LNA circuit becomes less complicated with
single DC supply.

loana Giangu and Valentin Buiculescu have proposed LNA
design for two stage amplifier working in millimeter wave
domain [3] in which intermediate stage design provide
matching for S11 of second stage transistor to conjugate of
S22 of first stage transistor.

When we referred muruta manufacturing component’s
datasheet, it was observed that for vary low value of
inductor, resonant frequency is 6 GHz and it reduces as it’s
size increases where size is proportional to its inductance.
Parasitic capacitance generated between two adjacent
windings inside inductor separated by insulation limits
inductive response up to 6 GHz frequency for small

practical values and it is difficult to obtain very low noise
figure with such inductors which introduce little resistive
response too. So we figure out performance of practical
inductor over noise figure as well as bandwidth. Increasing
value of inductor

So proposed work introduced input, output and intermediate
matching network design for low noise figure as well as
return loss. Aluminum Nitride (AIN) substrate have high
thermal conductivity as well as good dielectric properties,
used for MLIN and MTEE.

2. SELECTION OF TRANSISTOR AND BIASING

Key element of HEMT s its Hetero-junction PN junction
that uses different types of material either side of it. The
most common materials used aluminum gallium arsenide
(AlGaAs) and gallium arsenide (GaAs). We have chosen
Avago’s ATF-34143 which is a high dynamic range, low
noise PHEMT housed in a 4-lead SC-70 (SOT-343) surface
mount plastic package, as per requirements. Biasing is done
as per Q-point requirement where Vgs is nearly 0 volt. So
amplifier is biased at 4V, 40 mA. Fig.1 shows HEMT
voltage current characteristics. Biasing is done using AVX
CR series resistance of 59 KQ having +/- 1% tolerance and
inductor is tuned in series.

Desired matching topology of inputs of both transistors is
only capacitor based, so selection of this transistor is done
on basis of some properties like noise figure circle and S22.
It helps us to minimize inductance required to be generated
in our intermediate and input matching network.
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3. AMPLIFIER DESIGN

Two ports of 50 Q are connected either side of transistor and
stability of single transistor is checked. As shown in Fig. 2.
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Fig -1: 1-V curve characteristics for DC biasing
Term l
Term1 sp_hp_ATF-34143 4 19990129
= | Num=1 SNP1
Z=50 Ohm Bias="phemt: Vds=4V Id=40mA"
TJ? Frequency="{0.50 - 18.00} GHz"
= 1
2% | SPARAMETERS | —
S_Param %%
SP1 GaCircle
MH]M] Start=1.0 GHz e T .
StabFact Stop=3 GHz @ G;C|‘réle1
Step= NeCrele GaCircle1=ga_circle(S,,,2,0)

StabFact CalcNoise=yes
StabFact1
StabFact1=stab_fact(S)

NsCircle
NsCircle1
NsCircle1=ns_circle(,NFmin,Sopt,Rn/50,51,2,0.001)

Fig -2: S-parameter simulation of ATF-34143

Performance of single transistor is checked based on S
parameter. Fig. 3 shows power gain of ATF-34143 without
any flat response whereas input return loss is not good as
shown in fig. 4. In Fig. 5, it’s observed that noise factor is
below 0.6 dB but stability is needed to be achieved.

Series resistance in matching network can increase stability
and decrese return loss but noise figure get affected so
ignored that method. Instead of it, cascaded topology is
prefered.
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Fig -3: Power gain (S21) in dB
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Fig -5: Noise figure (NF) and stability factor (K)

Intermediate stage can be designed by matching S11 of 2™
stage to S22* of first stage but this can introduce little
change in noise figure so we have matched S22* to input
impedance point which is common to noise figure circles
varying with frequency, so that it will have low noise figure
for greater bandwidth. Available gain circles intercept noise
figure circles so we have ignored it.

Fig. 6 shows two impedances to be matched for intermediate
matching network where m2 is S22 at 1.8 GHz and m1 is
input impedance chosen for low noise figure. Obtained gain
for single transistor is noticed to be 15 to 16 dB from
available gain circles so available gain after cascading is
assumed to be in range of 25 to 30 dB. But after insertion of
MLIN and MTEE, performance is needed to improved using
optimization. Also it will be challenging task as practical
value of capacitors and inductors won’t match with
theoretical optimized values. These matching networks are
implemented without using single resistor and lumped
components are muruta manufacturing measurement based
components.
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Fig -7: Intermediate matching network with ideal
component

After using Smith chart utility tool available in ADS,
matching network for intermediate stage is designed as
shown in fig. 7 and optimized for flatness of S21 and then
same procedure is applied for input side of first stage for low
noise figure as well as low return loss. Quality factor of
inductors matters lot while design constraints are noise figure
as well as bandwidth, because vendor’s inductors have some
frequency constraints regarding their performance. As
inductor’s value increases its frequency use limited, so
inductors are chosen from LQG series 11A case style where
LQG11A12NJ00 is higher value of inductor chosen which
works within 4 GHz and SMT GRH series Capacitors are
used for implementation.

Noise figure introduced by 2 stage cascaded topology is
given as,
Fo-1
iy

F[:[:E:Fl +

Where, F1 and F2 are noise figure of two stages respectively
and G1 denote gain of first stage. So overall noise figure is
very low.

Designing T-network of L-C components at output stage will
gives us following schematic of LNA as shown in fig. 8. AIN
substrate have good dielectric properties for wideband
application and high thermal conductivity. MLIN and MTEE
are connected in the circuit and optimized. We analyzed
performance of Thickness of substrate (H) for 15 mil, 20 mil,
25 mil and 30 mil and chose 20 mil for better S-parameter
response. Relative dielectric constant (€r) is 8.6, copper is
conductor and loss tangent TanD is 0.004. Surface roughness
is 0.002 mil. Optimization tool in ADS set parameters of

substrate components for our desired goal. Vias are
connected at grounds and three ports are introduced in
layout.

Simulation of overall circuits gives good noise figure
response up to 3.5 GHz as shown in fig. and flat response of
power gain is obtained above 24 dB up to 2.8 GHz.

Rollet’s stability constant (K) is obtained above 2 without
using resistor in the circuit as shown in fig.
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Fig -10: Noise figure in dB

Components are optimized to give VSWR less than 2 i.e.
S11 and S22 less than -10 dB. Ultra low Noise figure is
achieved by this LNA. Simulation of complete LNA with
micro strip transmission lines are shown in fig. 13.
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Fig -12: Stability Factor (K) Reverse Transmission
Coefficient (S12)
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Fig -13: Simulation of schematic of complete LNA in ADS
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Fig. 14 shows bottom view of layout of designed LNA using
ATF-34143 using AIN substrate made micro strip lines.

Simulation results shows that noise figure obtained is 0.5 dB
from 1 to 2.8 GHz and maximum noise figure is 0.64 at 1
GHz. Input and output VSWR s less than 2 as S11 and S22
is less than -10 dB. VSWR is 2 to 3 in between 2.5-2.8 GHz.
Reverse transmission coefficient is less than -40 and Stability
factor is more than 2 for desired frequency band and for
worst case, 1.7 at 2.8 GHz dB as shown in fig. 12.

Table 1 shows comparison of designed LNA to other
proposed LNA. And it claims the advantage of low noise
figure of 0.5 dB with power gain greater than 24 dB for 1 to
2.8 GHz which can be used in Satellite modem at Receiver
section, Amateur radio, Surveillance radar, Mobile
communication etc.

Table -1: Comparison between proposed work and related
published work

Parameters
References ™ Bandwidth Noise Power Gain

(GHz) figure (dB) (dB)
[7] Single point at 1 0.6 17.49

[1] Single point at 2.4 2.6 11.2

[6] 2-11 1.6-4 >25

[4] 11.7-12.7 1.7 15

[8] 2.1-25 1.9-26 11.9

[2] 0.6-1.2 0.56 35

This Work 1-2.8 0.52 >24

4. CONCLUSION

We have designed 0.5 dB low noise amplifier for 1-2.8 GHz
frequency range using cascaded topology for gain of >24 dB
and layout is designed using AIN substrate. Performance of
circuit is observed to be improved due to capacitor based
input matching network for both stages where good
bandwidth as well low noise figure is achieved.
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