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Abstract: The objective of the project is to design a Low Noise Amplifier(LNA). The amplifier is designed for different
specific parameters depending on the application. Typical parameters are maximum transducer gain, output power, low noise,
circuit stability. Here a LNA is designed to obtain an optimum gain with minimum noise figure for a design frequency. In the
project transistor BFP 420 with a DC operating point (VDS=1.5v, ID=15ma) and designed for a maximum center
frequency(f=2.4Ghz). The entire design is carried out with the AWR Microwave Office design tool and the simulation results
for each of the stages are clearly presented.[1].

Keywords: low noise amplifier; WiMAX; AWR MWO; Gain; noise figure.

Introduction

The demand for compact, high gain, low noise and low cost amplifier has increased significantly for the antenna design with
the improvement in the wireless communication technology in recent years. Here we described the bilateral design procedure
of a low noise amplifier for given parameters. Maximum transducer gain and less noise figure should be achieved. Low
Noise Amplifiers (LNA) are used for amplification of extremely weak input signals. The LNA is usually placed in the first
stage of a microwave receiver circuit because the first stage decides the quality factor of the receiver. The first stage affects
the overall noise figure of the receiver and thereby placement of a LNA in this stage reduces the overall cost of the amplifier.
The most important parameters and keywords for a LNA design are gain, noise figure, non-linearity, stability and matching.
The applications of LNA are in GPS receivers, Cellular phones, Wireless LANS, satellite communications etc. WiMAX is an
acronym for worldwide interoperability for microwave access. The system is based on the IEEE 802.16 standard that is
also known as Wireless MAN.[3] WiMAX works similar to wifi protocol as it can be used in wireless networking. The
second generation protocol i.e. WiMAX it effectively utilizes bandwidth, avoids interference and it allows higher data rates
over long distances. WiMAX channel capacity initially offer about 40 Mbps capacity per wireless channels for both fixed
and portable applications. The properties of WiMAX are it has broad bandwidth and a data rate of 134Mbps in 28MHz
channel and it supports multiple services such as IPV6, ATM, Ethernet etc. WiMAX supports adaptive antennas and space
time coding. The advantages of WiMAX are last mile connectivity, routing between the networks, flexibility and scalabilty.
WiIMAX can support voice and video as well as Internet data. WiMAX can operate at a variety of spectrum bands: 2.3 GHz,
2.5 GHz, and 3.5 GHz for licensed band and 5.8 GHz for unlicensed band. LNA is a key component in WiMAX systems,
which is placed at the front-end of a radio receiver circuit, so that losses in the feed line become less critical. When using a
low noise amplifier, noise is reduced by the noise figure and the gain of the amplifier. As the first stage of the receiver,
LNA’s are required to have a high gain and low Noise Figure.[1-3].
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Fig 1: General transistor amplifier circuit
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Fig 2: flowchart for LNA design

LNA design steps
» The first step in designing a LNA is choosing a suitable transistor.[2]
» After choosing a transistor first check for the stability, the stability factor K>1 and 6<1 for unconditional stability
> If the stability condition didn’t satisfy, then draw load and source stability circle else draw input and output
matching circuit.
» If the circle intersect the smith chart implies that transistor is unstable. So use the stabilization technique to make it
stable.
»  Finally implement the circuit and simulate.

Design Using S-Parameters

S-parameters are widely used than with Y-parameters because of their ease to measure and work. They are easy to
comprehend, convenient and provide a wealth of information at a glance. [4]

S-parameters can be characterized by their two port networks. S-parameters help in calculation of maximum available gain,
potential instabilities, input and output impedances and transducer gain. S-parameters also allow the calculation of optimum
source and load impedances, to choose the source and load impedances for a specified transducer gain.
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Fig 3: Two port network

Given specifications are: Transistor BFP-420, Frequency=2.4GHZ
Bias: VDS=1.5v, ID=15mA
The S-parameters of the Transistor for the given specifications are shown in table I:
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Table I: S-parameters

S- Polar Form Rectangular Form
Parameter

Sn 0.494 £ 160.90 -0.467+0.16171
Si2 0.0754£4232 0.056+0.05081

Sa 529 /5283 2.66+4.5761

Sx» 0.186 222791 -0.125-0.13841

1. Reflection co-efficients are found as:

—Bl+4/B2-4[C
_ZBl:yB, -4 =-0.7160 — 0.1376i = 0.729 / — 169.2

5 2c
~B, £4/B," —4[c,| )
I = =0.0147 + 0.5727i = 0.577 £88.52
2IC, |
Where,

B,=1+[S,[ - [S,[ -|a]" =1.0621
C, =S, - AS," =-0.4945 +0.0956 i

C,=S, — AS," =0.0078 — 0.2739 i
A=(Sy;*S,)— (S, *S,) =0.116 — 0.350 i

2. To find the length of the stub lines:

For Source: For Load:
I, =-0.7160-0.1376i T —004 I =0.0147 + 0.5727i T, =0.05
[
T, =0.183 " Toen =0.344 El =0.05* 360
e El =0.04*360 SO
El =0.183*360 £l - 147" El =0.344*360 El =18°
El = 65.88° S El =125.5°
Theoritical calculation of Gain
G, = ;2 =1.29dB
1- |FS|
G, =[S, =14.33dB
G, = LF"Z =1.21dB
L-S,0|

GT,, =G,*G,*G, =16.7dB

Matching network

Network matching is a matching of source impedance to a load impedance to maximize the power transfer between source
and load. It can be done in two ways either by inserting capacitive and inductive elements or by inserting a combination of
transmission line and a stub line that produces same impedance effect as of the reactive elements and matches the network to
the characteristic impedance. Using stub line matching technique the lengths of the stub lines can be found using the smith
chart. [2]

The input and output matching networks along with the specified transistor BFP 420 along with DC operating point is shown
in Fig 4:
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Fig 4: Schematic of Ideal Low Noise Amplifie
The ideal response of amplifier circuit is shown in Fig5.
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Fig 5: Response of Ideal Amplifier
From the above Fig 5 the calculated theoretical gain 16.7dB is verified with the simulation result.

Stability

Stability is the ability of an amplifier to maintain effectiveness in its nominal operating characteristics inspite of large
changes in the environment such as physical temperature, signal frequency, source or load conditions etc.[7]

Stability refers to an amplifier's immunity to causing spurious oscillation. The first step in designing a LNA is determining its
stability factor. It is important to check the stability of an amplifier because otherwise the amplifier may function like an
oscillator. [4] The stability of the amplifier increases for an increase in the frequency. At frequency of 1GHz amplifier has
stability lower than one and increases until the maximum is reached at our desired frequency of 2.4GHZ.
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Fig 6: Stability k and p sweep

The circuit is unconditionally stable as the values of k and p are greater than one at the designed frequency.
The stability decreases down to one at higher frequencies.

In order to obtain stability also for low frequencies such as at 1 GHz the following circuit was introduced using a resistor and
a capacitor in parallel. The best stability was obtained by using the tuning tool of MWO.
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Fig 7: Stability circuit with improved LNA

The s-parameters and the resulting stability for the above circuit is shown in Fig 8.
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Fig 8: S-parameters and p-sweep for improved LNA

From the Fig 8 itis seen that the circuit is stable at all the frequencies.

Design using stability network and microstrip lines
By using real transmission lines i.e. Microstrip lines the design can be improved. We use the substrate GaAs here with
dielectric constant=3.55, tan 6=0.0025 and copper thickness=17um.

p-test for unconditional stability
The theoretical stability can be verified by using p-test. The value of p should be greater than one in order to prove that the
circuit is unconditionally stable.[8]
2
1—|sy|

- =1.74
Sy — Asn |+ |512521|

H = |
Where A =S11S2 - S1,5x

Microstrip lines design circuit
The design of low noise amplifier using microstrip lines is shown in Fig 9.

Design Procedure

» Arresistor and capacitor is added in parallel at the output port in order to have the stability also at low frequencies.

» The ideal transmission line is added in series with the parallel resistance because the gain decreases when resistor

is added.

»  The ideal transmission line is replaced with the microstrip line(MSTUB) which can be understood from fig 9.The
dimension of this line can be calculated using Txline calculator in AWR. In the below fig10 shown the general
physical characteristics were applied to all Microstrip lines.

» To add resistor and other additional components in the circuit extra Microstrip lines are added in the circuit.
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» Inthe fig 9 we can see that all the lines were connected with the help of T-junction.
» When a T-junction is inserted the extra length is added. In order to compensate that extra length a short open line
is added at the 3rd port of T-junction.This can be done by using tuning tool of MWO.[5]
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Fig 9: Design of LNA using Microstrip Lines

&1 TXLINE 2003 - Microstrip e—" | l::
Microstrip | Stripline | CPW | CPW Ground | Round Coaxial | Siotline | Coupled MSLine | Coupled Stripline |
Material Parameters
Dielectric |GaAs ~ | Conductor = [
Dielectric Constant 129 Conductivity [s88E~07 [s/m =l ,I‘ s T
Loss Tangent W CawnR, m
Electrical Characteristics Physical Characteristic
Impedance [50 [ohms  ~| Physical Length (L) |15.0585 [mm ~1
Frequency |10 |GHz ~1 <= Width (W)  [0.588377 [mm ~1
Electrical Length |90 [deg ~1 Height(H) [08128 [mm ~1
Phase Constant [180 [degrm  ~ | -_—p Thickness (T) |0.007 [mm ~1
Effective Diel. Const. |10
Loss [10 [aBm  ~]

Fig 10: Txline calculator

The stability p-sweep, noise figure, s-parameters are simulated for the above amplifier circuit with microstrip lines and can
be observed in the Fig 11.
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Fig 11: Simulation results of Microstrip circuit

Design of amplifier using biasing network

A radial stub line of length A/4 is added at both the ports which acts as an open line for the RF signal. An additional line is
connected to provide a port to connect the DC power source. Blocking capacitors are added to isolate the RF signal from the
DC power source at the base and collector terminal.
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Fig 12: Design of LNA using Biasing Network

The stability p-sweep, S-parameters and noise figure for the above biasing network is shown in Fig 13.
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Fig 13: S-parameter sweep for the biasing network

Cascading of two stage amplifier circuit

In a single stage amplifier we cannot get sufficient gain and bandwidth and moreover we didn’t have matched input and
output impedance. For better performance and amplification multiple amplifiers are cascaded to overcome such problems. To
increase the voltage gain of the amplifier multiple amplifiers are cascaded together.
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Fig 14: cascading of two stage amplifier circuit

The S-parameters and noise figure for the above circuit is shown in Fig 15.
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Fig 15: s-parameters of cascaded amplifier
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From the above figure it is seen that the gain of the amplifier is increased and a quite increase in the noise figure.

Recent work

In paper [2] the LNA has been designed for low frequency of 1800MHz and CMOS 0.35um technology has been used and
for this low frequency the noise figure achieved is high. In [2] wide band LNA has been designed using HEMT transistor
and coupler for low frequency band only. Here the coupler is used to achieve high gain but it is not cost efficient and
complexity is also more. In [8], the author designed LNA using MESFET transistor for 5 to 6 GHz frequency range. For
matching network LC combination has been used. The Gain achieved is 15.83db. The author achieved the poor stability in
the design and noise figure increases as the frequency is increased. In [7], different combination of matching networks has
been used for the design of LNA. The gain achieved is minimum and noise figure is high at 6 GHz frequency. L-L Duality
matching network has been used for input and output matching [4]. The stability achieved is minimum and gain also
minimum at 6GHz frequency. The LNA proposed in [1] does not work in low frequency and consumes high power.

Conclusion

The objective to design a low noise amplifier for maximum gain was reached by using computation methods from
Microwave office as well as the Smith chart. With the help of the theoretical design the ideal transmission lines were
realized. The gain was optimized by introducing resistors at the output port. By using the Microwave Office tuning tool the
stability was improved for operation at lower frequencies. The microstrips lines were successfully implemented from the
ideal lines, further real microstrip elements were added and optimized for stability using the MWO tuning tool. The biasing
network for RF-DC decoupling was included from which the final layout of the low noise amplifier obtained. Finally a gain
of 16.5dB and noise figure around 2.2 dB and good return loss is obtained.

Future work
In the future, the designs will be fabricated and measured. The fabricated results will be compared to the simulation results
for analysis. The fabrication results are important for this project commercialized value for future used.
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