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Abstract

This is a part of the project “Radio telescope eyst working at 1.42 GHz, which includes
designing of patch antenna and LNA. The main ohjeadf this thesis is to design a two stage
low noise amplifier for a radio telescope systerarking at the frequency 1.42 GHz. Finally our
aim is to design a two stage LNA, match, connedttast together with patch antenna to reduce
the system complexity and signal loss.

The requirements to design a two stage low noispliben (LNA) were well studied, topics
including RF basic theory, layout and fabricatidrRé circuits. A number of tools are available
to design and simulate low noise amplifiers but simmulation work was done using advanced
design system (ADS 2004 A).

The design process includes selection of a prdpeice, stability check of the device, biasing,
designing of matching networks and layout of tol@sign and fabrication. A lot of time has been
spent on designing of impedance matching netwatki¢ation and testing of the design circuits
andfinally a two stage low noise amplifier (LNA) wagsigned. After the fabrication work, the
circuits were tested by the spectrum analyzer iwéen 9 KHz to 25 GHz frequency range.

Finally the resulting noise figure 0.299 dB andnga#.25 dB are obtained from the simulation.
While measuring the values from the fabricateduiirboard, we found that bias point is not
stable due to self oscillations in the amplifieagsts at lower frequencies like 149 MHz for first
stage and 355 MHz for second stage.
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1

Introduction

1.1Background

Radio astronomy deals the celestial objects inuthigerse by collecting and analyzing radio
waves which are emitted by those objdais The radio astronomers observe an entire range of
celestial bodies consisting galaxies, planetsssfarlsars and x-ray sources. The first identified
astronomical radio source was invented by Karl @unsky in the early 1930’s who is working
as engineer in Bell Laboratories. By receiving andlyzing these radio emissions the scientists
can extract the information about celestial bodllesits motion, size, composition, temperature,
structure, evaluation and other properties. Theoradhves emitting from celestial bodies are
detected by specially arranged antennas, callecbRa&dkescopes.

Most of the material between stars is gas andrisists of individual atoms and molecules. The
most abundant element in this gas is hydrogen laisdheutral hydrogen will emits radio waves
having a frequency 1420 MHz and a wavelength o€r2l These radio waves are used in radio
astronomy to extract the information about amounck \2elocity of hydrogen in galaxy.

Neutral hydrogen consists of one proton and onerele and the orbital motion of the proton and
electron also have spin. The spin of the electrmh@oton can be either parallel or anti-parallel
because of magnetic interaction between the pestidf electron and proton aligned in same
direction (parallel) will produce more energy thapposite direction (anti-parallel). When the
hydrogen atoms switch from parallel to anti-patatigection, they emit radio waves with a
wavelength of 21 cm and a corresponding frequehdyt®0 MHz. this is called 21 cm line. So a
radio telescope tuned to this frequency is useabserve the great clouds of neutral hydrogen in
the galaxy.

The first world’s Radio Telescope was invented byt& Reber in 1937. The majority of the
radio telescopes use a parabolic reflecting antéomaceive radio emissions coming from the
celestial bodies. The basic principle behind thdi®delescope is that the incoming radio waves
coming from the astronomical objects are refleddgdhe parabolic surface to produce an image
at the focal point of the parabola. Then the sigraak filtered, amplified and finally analyzed
using computer. The sensitivity of the radio Tetgsri.e., the ability to detect the weak signals
coming from the radio emissions is depends on tha and efficiency of the antenna. And the
sensitivity of the radio receiver is used to detead amplify weak signals coming from the Radio
sources

The function of any Radio System like Radio telg&]@], Radar, Cellular Network, depends on
the performance of the receiver, antennas andrtfpgagation of radio waves between the source
and destination. So the receiver is a key parhinRadio System and can be able to detect even
weak signals among other strong signals. Therefdngh-quality receiver must have a good low
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noise amplifier, mixer, IF amplifier and demodulat®he basic block diagram of radio receiver
is as shown in below figurel,

Y Antenna

Band _
pass Mixer
filter
ngD Filter W -
LNA IF amplifier
LO

Figure 1 Block diagram of a Typical Radio Receiy&}

Receivers are generally heterodyne or superheteodgn nature[3], meaning that if an
intermediate frequency coming from the mixer stégks in audio frequency range, then it is
called as heterodyne receivers. Similarly for Egfrency, if it falls in Radio frequency range it is
called as superhetrodyne receiver. In the abovekld@agram an antenna will receive the signals
from the space and feed to the next stagd.a® Noise Amplifier which is an important part in
receiver because the overall performance of theivecdepends on the characteristics of the low
noise amplifier. So by designing a high-quality lowise amplifier we can design a good
receiver.

Next the low noise amplifier (LNA) will amplify theeceived signals coming from the antenna to
the detectable signal level and feed to the nexgest.e. IF amplifier, where it is again amplified

and is finally given to demodulator section. At thied the demodulator recovers the original
analog signal.

1.2 Purpose and Motivation

The Halmstad University, School of information swe, Computer and Electrical Engineering,
has an ongoing project on Radio astronomy. Thewireglesigning a patch antenna and a low
noise amplifier working at 1.42 GHz frequency foeit Radio Astronomy project.

A radio telescope system is used at this frequet@ymeasure the great clouds of neutral
hydrogen found in the galaxy. To collect such radaves at that particular frequency it needs
one good receiving system, which includes parabdiéh antenna, patch antenna, LNA and
mixer.
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The main objective of this thesis is to design a stage L-band LNA to extract a portion of our
galaxy, which is full of hydrogen. Since most oé tinydrogen in space emits radio waves at 1.42
GHz this is called as 21 cm lifé]. An advanced designing system (ADS 2004 A) tooised to
design and simulation of a two stage LNA as, ftsige is for minimum noise figure and second
stage for maximum gain. Finally this LNA is matclnnect and test together with patch antenna
to reduce the system components and signal loss.

1.3 Target Specifications

Parameters Specifications

Operating frequency 1GHz

Gain >20dB

Noise figure <0.5dB

Stability factor Should be unconditionally stable
Bandwidth More than 20 MHz

1.40Outline of Thesis

Chapter 2- Related works
The information about related work in low noise &frggy (LNA) from past few years and
compared proposed LNA to other research LNA is desd in this chapter.

Chapter 3 Theoretical Background
Short description of RF Fundamental, LNA architegtuntroduction of LNA

Chapter 4 LNA Design Process

Describe a two stage LNA design process which gedutransistor selection, checking the
stability, design biasing and matching networkspkfier layout, and total design and simulation
results.

Chapter 5 Fabrication and Test plan
Fabrication process, component size, material dmat type of components needs for testing the
circuits is described in this chapter.

Chapter 6 Conclusion and Future work
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2

Related work

This chapter discusses the most recent work ol and the comparison between proposed
LNA and other LNAs. Since past few years, the dewelent of low noise amplifier (LNA) is
increasing day by day in all communication systentge low noise amplifier is most important
block in any receiving system because the receisystem sensitivity is generally determined by
its gain and noise figure. Most of the high frequehNAs, such as L-band, X-band, Ku-band
LNAs are designed in GaAs, CMOS, JFET, PHMET andI®ET technologies and are used in
wide variety of applications like military aircraftwireless communications, Radar
communication, GPS applications and Radio astronoitythe same time, low voltage, low
power, ability to operate over a wide temperatamege and better performandé$ are always
the design targets, especially for designing LNARaxio astronomy application.

There is wide range of options on designing an LNA&gan be either single ended or differential
and it can also be single stage or multistage, ritpg on type of application and specifications.
For every design options there are advantages @adw@ntages. For instance the single ended
architecture has one disadvantage that it is vensive to parasitic ground inductance. A
differential LNA can solve this problem but withfférential LNA, the noise figure is higher than
single ended design optiofb]. A multi stage LNA will provide higher gain but theroblem is
that it is difficult to maintain stability than siie stage LNA. The trade-offs are not avoidable.
The selection of design option depends on typgplieation and specific design goals.

In the literature, most of the LNAs are designethgisnductive degeneration architecture. For
every different frequency of operation and techgglthe load, stability, biasing and matching
networks are slightly different. Also to reach betperformance such as low power, low noise,
high gain and more stability, there are more temhes available.

It is seen that there has been a change in tremards designing a low noise amplifiers in last
few years using CMOS, Bipolar, GaAs FET technolsgiehe tablel gives recent developments
in low noise amplifier technologies and resultsiigi1992 to 2006;

Author NF | Gain IP3/-1dB | Power | fo Technology | year
(dB) | (dB) (mW) | (GHz)

Gramegna,G, 1 13 -1.5 8.6 0.92 0.35pum 2001

[6] CMOS

Gatta.H7] |2 17.5 -6.5 N/A | 09 0.35um 2001
CMOS

Hung-Wei 2.1 | N/A 0.8 10 5 CMOS 2005

[8]
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Guochi 0.47 | 20.5 18 11.8 2.14 CMOS 2006
Huang[9]
Namsookim | 1.2 | 16.2 8 N/A Low and | 0.25um 2005
[10] High CMOS
frequency
Adiseno[11] | 4.6 18-26 1.5 36 0.9, 1.8CMOS 2003
2.4 LNA
Weigd12] 1.6 17.5 10.7 9 1.9 0.35um 2002
CMOS
Bentonetal | 2.7 28 N/A 208 1.6 GaAs 1992
[13] FET
Cioffi [14] 2.2 17.4 N/A 10 1.6 1 um GaAs| 1992
FET
Imai et al. 2.5 11.5 9 / N/A 14 1.6 0.3um 1994
[15] GaAs FET
Table 1LNA Architectures Results
Where

N/A = Not applicable

CMOS =Complementary metal-oxide—semiconductor
NF= Noise figure
fo= Operating frequency




Theoretical Background

3

Theoretical Background

3.1 Introduction to LNA

Low noise amplifiers are the mainstay of radio fregcy communication receivers and by
knowing the specifications we can estimate the al/aoise performance of the RF Receivers.
An electrical device which is used to boost theirddssignal power received at the front of
communication system, while adding as little n@sd distortion as possible is called Low Noise
Amplifier.

LNA is placed as a first component of the receisygtem. The noise figure of all the following
stages in the receiving system is reduced by prmoyid low noise amplifier with high gain and
low noise figure, thus it is very important for themv noise amplifier to amplify the received
signal power by without introducing internal noise.

Low noise amplifiers are used in a wide varietyapiplications such as RF communication
systems, cellular telephone, two way radio, pernsditatal assistant (PDA), personal computer
(PC), and laptop computer with other communicatigstems. Low noise amplifiers are used in
many systems where low-level signals must be semsed amplified. Typically low noise
amplifier used in communication transceiver for émeplification of weak electrical signals.

3.2 LNA Architecture

In the designing of low noise amplifiers, the imaoit goals are minimizing the noise figure of
the amplifier,[16] producing higher gain, low power consumption anadpcing stable 50 ohm
input impedance. To achieve all these goals diffedleNA architectures are available. In
following paragraph some of the LNA architectures described.

There are four widely used LNA architectures; they

* Resistive termination

* 1/gy termination,

e Shunt series feedback
* Inductive degeneration.

Depending upon the requirements and the input ieupesl these can be simplified as follows,
[16]

3.2.1 Resistive Termination

In resistive termination architectyra resistor is added at the input side of the arepltb get
stable 50 ohm impedance, but will introduce someaemoise factor in the amplifigl6]. The
effect of the termination resistor is explainedad®ws
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Zin

L,

Figure 2 Resistive TerminatiofiL6]

_ TotalOutputNoise
TotalOutputNoisedueto thesource

The noise factor with termination resistor is givmnfollowing equation (3.1)

1+ Pnal +KkTBGa = 2+ m ......... (31)

kTBGe kTBGe

Where

Pnai= Available noise power due to internal noise sesr

B = Bandwidth over which the noise is measured

Ga = Available power gain

K = Boltzmann’s constant

T = Temperature

The noise factor without termination resistor igegi by equation (3.2)

Ee T e (3.2)

4kTBGe
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From the resulting equations we can see that bgdaoting a termination resistor the noise figure
is increased by some percentage, The resistor mdigsh is added to the output, and the input
attenuation makes the architecture unattractivaltreg high penalty noise figure, for a more
general situation wherein a good input terminaisodesired.

3.2.2 1/g, Termination

In this architecture, a source or emitter of comrgate or common base configuration is used as
the input terminatior{16]. This architecture produce lower noise factors gam to resistive
termination.

L5

Figure 3 1/g, Terminationg16]

3.2.3 Shunt Series Feedback

This technique uses resistive shunt-series feedioggtovide input and output impedance of low
noise amplifier[16]. The amplifiers which use shunt-series feedbackitecture will dissipate
higher powers compare to other architectures ahatigsimilar noise performance.

L
)

Figure 4 Shunt-series Feedba[l6]
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3.2.4 Inductive Degeneration

Inductive degeneration architecture is most comgaskd in GaAs MESFET amplifiers. These
amplifiers use inductive source or emitter degeim@rdo provide a real term in the impedance.
This architecture providd46] better noise factor than above mentioned architest

For our proposed low noise amplifier (LNA), Indweti Degeneration Architecture is used
because of its low noise figure.

Figure 5 Inductive Degeneratiofi6]

3.3 Radio Frequency (RF) Basic Concepts

RF Theory is most important for designing any Rdélequency (RF) circuits and there are many
topics to discuss but basic Radio Frequency (R&Qrshconcepts will be discussed in this thesis
for necessary understanding to design Radio Freyu@F) amplifiers.

3.3.1 Noise Figure

Noise figure is commonly used to define extra ngeeerated by a circuit or system. It can also
be said that, the ratio betwegh7] SNR at input to the SNR at output, and is expksee
decibels|t is expressed by following Equation

SNRin

NF =10 log
SNRout

INAB..vvoveceeeeieieieeeenn (3.3)

Where
NF= Noise figure
SNR, = Signal to Noise ratio at the input of a citaui system

SNRy,: = Signal to Noise ratio of the circuit or systehoatput.

10
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Or simply define by

TotalOutputNoisePower
NF =10 log :
OutputNoisedueto InputSourceonly

3.3.1.1 Noise Figure of Cascading Stages

in dB

In most cases the received signal strerf8] is very weak, and it is difficult to amplify the
signal to the detectable signal level by using amglifier. Therefore multi-stage amplifiers are

used to accomplish this task.

Noise figure of the cascaded amplifiers can beutaled by Friis formula which is given in

following Equation.

Sin

MF1 MF2 | MFG MNFk
31 5l 33 il ke

Sout

Figure 6 Cascaded Noisy StagHs3]

Where

NF = Noise figure

NF1, NF ...NFK = Noise figures of respecting stages in the syste
Gy, Go....... G = Gain of respected stages in the system.

3.3.2 Scattering Parameters

Scatter parameters are also called S-paramii@}sand are related to the port parameters used
in two port network theories. These parameters bandescribed by impedance (Z) and
admittance (Y). At microwave frequencies S-paransetge very simple to measure. At high

11
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frequencies, as compared to other kind of portrpatars, S-parameters are simpler and provide
detailed information about modeling problem.

S-parameters are defined in terms of the travelrages which are scattered or reflected in the
two port network when a circuit or network is coatael to a transmission line with characteristic
impedance £

3.3.2.1 Definition of S-parameters

Z0 521 Z0
i | S| -—w
bl—— _ — 12
--%mm.voltage norm.valtage™—

amplitude amplitude
h ﬁ

L1 1

Figure 7 Two Port Network$19]

The LNA is characterize[d 9] by the scattering matrix in Equation 3.5

bi|_[Su Se|a 5
b, s, S,|a, T < B

Where @ represents the normalized incident voltage waaeetmg towards the two-port network
and h isthe normalized Reflected voltage wave reflecteckldemm the two-port network given

by

a1=\/z'_0 ....................................... (3.6)
— Eil

a, _\/Z—o ....................................... (3.7)

b, = (3.8)

12
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B, = e (3.9)

Where

Ei = Incident voltage wave measured in volts

E; = Reflected voltage wave measured in volts

From the Equation 3.5, the parameteks, &, S1 and S, which represent reflection and

transmission coefficients, are called Scatteringupeeters of the two port network and are
measured at port 1 and port 2. The matrix for tipggameters is;

S - |:Sll S12:|
S21 S22

From Figure 7, The Scattering-parameters measurdtieaspecific locations are defined as
follows

Sy=-2when a=0 ..ccooiiiiiiiiinnnnn. (3.10)
al
S,=-2when a=0 ...ccooeoiiiiiiiininnnn, (3.11)
a
S,=-2when @a=0 ...ccoooeviiiiiniinnnnnn, (3.12)
2
S, =a—1 when a=0 ....oocovviiiiiiniineeee, (3.13)
2

Where

S11= Input reflection coefficient

Sy2= Output reflection coefficient

Si12= Reverse transmission gain

S;;= Forward transmission gain

a1, @ = Normalized incident voltage wave traveling todsathe two-port network

b;, b, = Normalized Reflected voltage wave reflected ack the two-port network

13
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3.3.3 Stability

Before going to start the design of low noise afrglffirst the stability of the devices being used
in the designing of LNA is checked. The stabilifytioe Low Noise Amplifier or its tendency to
oscillate at a range of frequencies is very impurta any LNA design and can be calculated by
using stability factor K and\ [19], which are given below

2 2 2
K = e M SV e (3.14)
2S,,[S.|
and
A= Sll* 822- 812* 521 .......................... (315)

Where

S11= Input reflection coefficient
Sy2= Output reflection coefficient
Si2= Reverse transmission gain
Sy1= Forward transmission gain

A device is unconditionally stable when K>1 afsdl. This characteristic means that the device
does not oscillate over a range of frequencies vaitly combination of source and load

impedance. If any amplifier satisfies any one @& tonditions then the amplifier is said to be
potentially stable amplifier. Unfortunately all tlieevices are not unconditionally stable. If any
amplifier is not unconditionally stable it resultse shifting of bias point or even destroy the
transistor. But fortunately the designer can siabithe amplifier by using some stabilizing

technigues which are explained in the followingtesc

3.3.3.1 Stabilizing Techniques

By introducing some resistij&9] feedback at input side and resistive loading gputside, the
designer can stabilize the amplifiers. Disadvantagnis technique is that it fails for designing
low noise amplifier because the resistive termoraiintroduce some extra noise to the amplifier.
In such cases the stabilization is done by progidimductors in emitter or source side, as the
inductors are noiseless devices.

3.3.4 Transistor Biasing

Before applying an input signal to the amplifieiepecent point is needed to be set or bias point
[20] at the middle of the load line. The process ofisgtthe bias point at the middle of the DC
load line by applying collector voltage and colt@cturrent is called Biasing .For every amplifier
design, the designer can choose any of the follgwjpes of biasing circuits available.

14
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* Fixed bias
e Collector to base bias
» Voltage divider bias

3.3.4.1 Fixed Bias

This is also called as base biasing method. Inrti@ghod a base resist@0] R, is connected in
between collector supply voltage and base of thaststor. But it is thermally unstable and
causes Q-point variations, which results degradaifeamplifier gain and noise figure.

Vce

Figure 8 Fixed Biagq20]
Applying KVL in figure 8 and we can get

Ve =16Rg +Vee

Ve =V,
Thereforel ; = ——F&

Sincel. = Byl;

| = Boc (Vcc _VBE)
c R,

Again applying KVL V.. =l R, +V
ThereforeV. =V —I R.

15
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Where

Ig= Base current

Rg=Base resistor

Ic= Collector current

Rc= Collector resistor

Vcc= Supply voltage

Boc= Varies from device to device resulting in theiaton of Ic
Vge= Base to emitter voltage

Vce=Collector to emitter voltage

3.3.4.2 Collector to Base Bias

This method is also referred to as self bias, is thethod[20] a base resistor is connected
directly between the collector and base of thesistar which provides forward bias. This
arrangement is called self biasing. This self lsiasuit overcomes thermal instability which is a
problem in fixed biasing network.

Vce

RC J7IC

R J71 C

B B

G /H—O output
I ¢

| B\\ANPN

E

input ©

Figure 9 Collector to Base Bigg0]
We applying KVL in figure 9 and can write
VCC :VRC +VRB +VBE
:(IC +IB)RC +IBRB +VBE
:lgDCIBRC +IBRC + I BRB +VBE

:(IBDCIB +1)IBRC +IBRB +VBE

16



Theoretical Background

I, = Vee ~Vee
Ry + (:BDC +1)Rc

Veo = Vee _(ICQ +IB)RC
=Vee ~ lgRewhenfye >>1

3.3.4.3 Voltage Divider Bias

This is also called as Potential Divider Biasingndng all of the above mentioned biasing
techniques this is most widely used biasing teamipecause of tH20] greater operating point
stability. But only the disadvantage is that it\pdes more noise figure due to more number of

resistors.

Vce

L % . L

Figure10 Voltage Divider Biag20]
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OVcee VCCT
ICJ7 Rc
R
IIJ7 R] !
I C
Vss e 4]39
C N N— NPN
R
R Rgs = E
12J7 R; —
l ﬂ Vis | IEJ7 % R

Figure 11 Voltage Divider Circuit§20]

From the figure 11, we apply KVL and can write

VBB = LVcc
R+R

Res = 3
R,

Ves =l sRes +Vee + 1eRe
=l gRgg + Ve +(ﬁDC +1)| s Re

| VBB _VBE
B =
RBB + (ﬁoc +1)RE

| = ﬁDC (VBB _VBE)
« Res * (ﬁoc +1)RE

Veeo =Vee — (Rc + RE)I CQWhen:BDc >>1

18
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3.3.5 Smith Chart

Most widely used graphical tool for RF designersatve RF circuit problems is Smith chart. It
was invented by Bell Laboratories Engineer Philipit8 in 1930’s[21], to solve any matching
network which are mathematical solutions. It plays important role in essential part of the
process to easily see and estimate the range dlbddges in the line or load impedance
application. It is easy to use and faster tool thayst computer programs. The general smith
chart diagram is given below

- —

Figurel2 The smith Chaif21]

By using above smith chart RF circuit problems udahg noise factor optimization, stability
analysis and impedance matching circuits etc cafolmed. Among all the RF circuit problems
above, designing of impedance matching circuitgery hard and important. The center point in
Smith chart represents normalized impedance Z £258hich is the load in case of perfectly
matched circuit. At the extreme left side of $nthart there is a point represents short circuit
that means Z = @ and the in extreme right side there is one pehith represents open circuit
it means Z =0 Q. Points elsewhere on unity circle represents pesestance values and points
on arcs will represents reactance values.

19
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In impedance chart all circles are started from thyatrside. A large circle means decreasing
resistance and it is noted as R. It does not matteare you are on the same circle; always
resistance value is same on this circle. Thereadheer reactance curve in the smith chart which
starts from the right hand side and stretch owt iiicreasing arcs is the reactance (jx).the bigger
the arch is the smaller the reactance value.

Figure 13 Constant Resistance Circleq]

ot LEACTANES Lo
W T )

F
™,

- o = ____.-".
N - T | . - A&
gl ol

ive Reactance T

Figure 14 Constant Reactance Circlq]
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Along the horizontal line in the middle, the reade is always zero because there is only
resistive part. (R = 0).At this horizontal line eofdthe right side is open (Re) and the left side
circuit is shorted (R = 0).

Admittance chart (Y) is just like impedance. Isimply inverse of Z (Y = 1/Z) .graphically it is
possible by rotating the smith chart £&®ound. An impedance value can also be turned 180
around to find the admittance value. When both mlapee and admittance chart shows in one
figure than it is called normalized impedance adohitance coordinates smith chart. It is often
referred to as a ZY smith chart. Figure 15 shovesdbmbination of impedance and admittance
smith chart.

() Source

Figure 15 Combination of Z and Y Smith Ch4&1]
Admittance chart contains both real and imaginany pame as impedance has Y = G B
Where
G = Conductance

B = Susceptance

21
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Many sources and loads have values greater thah®0¢Z = 50+j100, £ = 100+j100).The
smith chart can not represent this value so théhsahiart shows normalized impedance values.
To transform to a normalized value first we havé&row the characteristic impedance valye Z
(50 Ohm, 75 Ohm) then simply divided the actuateadf Zs or Z, with characteristic impedance
Zoi.e.z =4/Zyporz =4/2,.

3.3.6 Impedance Matching

Impedance matching is an important and necessattyeimesign of RF circuit0] in order to
transfer the maximum power from source to its |dadiront end of any sensitive receiver it is
very important that there is such maximum powaendfer, even if there is any loss in the circuit,
carrying a weak signal levels cannot be toleratafhile designing such front end circuit's
uttermost care has to be taken so that each devibe system is well matched to its load.

There is a well known theorem for DC circuits. Maxim Power Transfer theoreffl] states
that a maximum power will be transferred from seutc load when the load resistance iR
equal to source resistance Rs. From Figure 1éibeadeducted that

Rs=1Q

VY =N

\is . §
1

Figure 16 Circuit

_ RL
V, = R +R (Vg) v, (3.16)
Setting \6 =1 and R = 1 we get,
_ RL
T R (3.17)
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Then power into Ris

P, = \%2 ....................................................... (3.18)
)

P = 1+RRL ............................................... (3.19)

P = (1+R|; 7 (3.20)

P1 versus Rplot is shown in Figure 17

F1

1

01 1.0 10
FL
Figure 17 Power Graplfi21]

For AC circuits the same theorem states that thamrman power will be transfer from source to
its load when the load impedance qual to complex conjugate of source impedance Z

The complex conjugate refers to complex impedarsénly the same real part with an opposite
reactance. This is easier to show, if the sourcpedance is £= R+jX then its complex
conjugate would be&= R-jX
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Figure 18 showing the basic block diagram of maigimetwork for single stage amplifier

Input Output
Matching < Transistor » Matching
Network Network é
Z;= 500 Zs Z Z>,=50Q

Figure 18 Showing the Basic Diagram of Matching Network @me Devicd21]

There are many ways to implement matching netwsoksetimes using two element LC network
or 7-element filter which depends on the type ofliaption. To illustrate a two element LC
network with an example, how an impedance matchurscbetween source and load, see the
Figures from 19 (a) to 19 (d).

The first step is to determine the load impedanterwthe —333Q capacitor is connected
parallel to the 100@ load resistor. Using Equation 3.21, the equivajgntallel impedance is
calculated which is shown in Figure 19 (b). Andaflg to finish the impedance matching
network, add calculated equivalent parallel impegano the + j30@ which is shown in Figure
19 (c).Which causes + j30Q inductor and — j30@ capacitor to cancel each other resulting a
100Q load resistor value which is shown in Figure 1P (d

Rs=100 Q
W ‘
—— 333 %\ RL=1000 Q

Figure 19 (a)
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« = KR 1004300 ..o, (3.21)
Xc+tR
O
—— 300
R.=100 Q
Zx

Figure 19 (b)

o

+300
4300

R;=100 Q

Figure 19 (c)
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1000

|

Figure 19 (d)

3.3.7 Gain
The ratio between the signal outputs of a systeignal input of a system is called gain. For
LNA design there are three power gain definitiopgears in the literature.

» Transducer power gain
» Operating power gain (£
» Available power gain (&)

3.3.7.1 Transducer Power Gain (@)
The ratio of the powdP?2] delivered to the load and the power available ftbensource is called
Transducer power gain.

3.3.7.2 Operating Power Gain (G)
The ratio between powe[82] delivered to the load and the power input to teevork is called
Operational Power Gain.

715/’ cal (3.23)
G, | e e |

3.3.7.3 Available Power Gain (&)
The ratio between the power availaf#2] from the network and power from the source isechll
Available Power Gain.
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_ 1_|/_S|2
A=
|1_811/_s|

1
1_|/_out|2

2
7/Sal

Beside these three gain definitions, there aresthdlitional gain definitions that can be use for
LNA design.

* Maximum unilateral transducer power gain,3
* Maximum transducer power gain £&)
* Maximum stability gain (Gsg

3.3.7.4 Maximum Unilateral Transducer Power Gain (Gmx)
Gumx IS the transducer power gain with assumpf{@2] of S, to be zero and the source- load
impedances are conjugate matched to the LNATise= S*; andlN, = S*;,,

1
= |821|2

‘1_|811|2

1
‘1_|822

umx |2

3.3.7.5 Maximum Transducer Power Gain (Gax)
Gmax IS the simultaneous conjugate matching power ¢2#), when input and output both are
conjugate matchelds = *in and " = *out when 3, is small and Gy is close to Gax.

G —@(K—\/Kz—l) ........................... (3.26)

max
S|

Where
K= Stability

3.3.7.6 Maximum Stability Gain (Gnsg
Gmsgls the maximum of Gawhen stability 22] is greater than one is still satisfied.
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4

LNA Design Process

Low noise figure and gain are the most criticalnp®iin designing an LNA at single frequency.
That is the reason there are many different degigoposed in past. Here, below, a design is
proposed for two stages LNA at 1.42 GHz frequertay. LNA design there are some steps
followed and all the figures and tables in this ptlea are taken from simulation results of our
designed LNA using Advanced Design System (ADS)v&ate.

4.1 Transistor Selection

This is one of the most important steps in desig@now noise amplifier (LNA). Different types
of transistors are available, for example, MESFHEMT and PHEMT which can be used for
LNA application. According to our specificationsa&s PHEMT transistor has been used for two
stage low noise amplifier due to its low noise figand high gain. Table 2 shows three different
types of transistors and specifications of thesesistors at 2 GHz frequenf24].

Part No Gate width Bias point Noise Figur&ain (dB)
(dB)

ATF-33143 | 1600u 4V,80mA | 0.5 15.0

ATF-34143 | 800u 4V,60mA | 0.5 17.5

ATF-35143 | 400 2V,10mA | 0.4 18.0

Table 2: Compare Different Transist{24]

Out of the three transistors from table 2, Agilait--35143 PHEMT transistor is chosen for two
stage low noise amplifier (LNA), and datasheet fbis transistor was downloaded from
Avagotech website and is included in appendix eacthgilent's ATF-35143 being small in size
gives low noise and support wide range of freques¢450 MHZ to 10 GHz) and also it is a
surface mount plastic package, good for future[24f

4.2 Checking the Stability

Before designing any low noise amplifier (LNA) eyetesigner has to check the stability of the
device chosen for design. Manually, the calculatiane very long but it is much quicker to

simulate in any circuit simulating tool, for thiD% simulator was used to check the stability of
the device and it was found that the selected ABE43 is potentially stable to the desired

frequency at 1.42 GHz. To stabilize at frequenaygeabetween 1 GHz to 1.98 GHz. one inductor
value 1.8 nH was added to the source side of teetfansistor. The Figure 20 and Table 3 show
the stability of the device over a range from 1 Gél2 GHz frequencies.

29



Low Noise Amplifier for Radio Telescope at 1.42 GHz

A F Term + 1 Term
: Termm1: - : : ) : | Term2
. MNurm="1 T T s ] MNum=2 -
. Z=50 Ohm. . . . .sERO . UBER 11 | Z=50 0hm
— SHF SHR2 -

_l:_ ’ T Fileffasi1432ps2pt 0 0 Filegfasig4zizdgopt 0 _i_

TL
e s
S JL=18nH -

R=

Figure 20 Stability Circuit with Ideal Components

Frequency (GHz) K A
1.000 2.746 0.106
1.140 2.820 0.080
1.280 2.881 0.061
1.420 2.928 0.048
1.560 2.980 0.039
1.700 3.044 0.036
1.840 3.088 0.036
1.980 3.112 0.038

Table 3K andA value from 1 GHz to 2 GHz

4.3 Design a Biasing and Matching Networks

The next step is to check the DC bias point of thaasistors and to design corresponding biasing
networks. For the desired application bias poiMds(= 2 V, Ids=10 mA) are chosen for first
transistor and (Vds =2 V, lds = 30 mA) for secorathsistor .The Figure 21, Figure 22, Figure 23
and Table 4 below show the dc bias set up for tavasistors and the corresponding results.

e

5
V_DC =
T SR {;-'L.:”
— Vdo=wgs V
l . '| o |_Proba _L Eﬁgi
—— |_Probel

ATF35143 T
ATE1

Vido=wds W

Figure 21 DC Bias Set Up for Two Transistors

30



LNA Design Process

80 | vgs=0.000
60—
E | vgs=-0.200
— 40— m1
o . vgs=-0.400
S 20— .
o vgs=-0.600
| |
— 0 vgs=:Y-868
'20III\|III\‘IIII‘IIII|\III|I\II
0.0 0.5 1.0 1.5 2.0 2.5 3.0
vds
m1 m2
vds=2.000 vds=2.000
| _Probe1.i=28.94m | Probe1.i=0.013
vgs=-0.400000 vgs=-0.600000
Figure 22 DC Bias Curves for Two Transistors
First stage Second stage
Vds =2V Vds =2 V
Vgs =-0.65V Vgs =-0.39 V
Ids =10 mA Ids =30 mA

Table 4 DC Bias Point for Two Transistors
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31
T FAl

Term

] Term .
Term1 L9 C
Nurri=1 =47 rH C13 Term
750 Ohm R=  C=10pF ;‘f‘g”n:é
L -
= Lo =
L=56 nH
R=
vy m
e il
R4 C
Vie=3Y C15

Figure 23 Bias Networks with Ideal Components for Two Staly\

Next step after designing biasing networks for tvamsistors was to build matching circuits for
two stages low noise amplifier (LNA). To design Isunatching networks smith chart was used
from ADS software. The following Figure 24 to Figu27 show the input, intermediate, output
and total matching circuit for two stage LNA.

2.00 pF

o 0

9.00nH

Figure 24 Input Matching
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432 nH

—— 1.02pF

Figure 26 Output Matching
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Figure 27 Total Matching Network for Two Stage LNA

Utilizing the ideal components provided by the o§@an ADS software component pallet, a two
stage low noise amplifier design was proposed.| Ideaponents cannot be used for layout and
fabrication of LNA with respect to real componenfhe process of amplifier layout and
fabrication will be explained in layout and fabtica sections.

4.3.1 Simulation Results of Two Stage Low Noise Artifter with Ideal Components
In this section simulated results of noise figw&attering parameters, gain, and stability chart of
proposed LNA design are showing

A0
. m2
30—
— = 20__
o= 4]
L7 L L0 ]
TEE o] mj
_1|j__
_ZDIIII|IIII|IIII|IIII|IIII|IIII
1.0 1.9 2.0 2.9 3.0 3.4 4.0
freq, GHz
[mZ m5
freq=1.420GHz freq=1.420GHz
dB(5(2,1))=27.310 dB(S(1,1))=-5.803

[m6
freq=1.420GHz
dB(S5(2,2))=-10.746

Figure 28 LNA Simplified Schematic S-Parameters
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StabFact

nft2)

T m8
& —
3
2]
11—
00—
-1 IIII|IIII|IIII|IIII|IIII|IIII
1.0 15 2.0 2.5 3.0 3.5 4.0
freq, GHz
m8
freq=1.420GHz
StabFact1=4.072
Figure 29 LNA Simplified Schematic Stability Plot
1.2
1.D—_
III.B—_
D.E—_
04 m1
I:|-2IIII|IIII|IIII|IIII|IIII|IIII
1.0 1.5 2.0 25 3.0 3.5 4.0

freq, GHz

[m1
freq=1.420GHz
nf(2)=0.322

Figure 30 LNA Simplified Schematic Noise Figure Plot
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34

32—
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MWaxGain

24

1.0 1.4 20 25 3.0 3.5 4.0

freq, GHz

[m7
freq=1.420GHz
MaxGain1=29.015

Figure 31 LNA Simplified Schematic Gain Plot

4.4 Layout of LNA

To make a layout for any RF circuits the designseds a real component foot prints. For this
task, design kit from Murata manufacturers was doaged which includes all the real
components. Finally ideal components of two stdgea were replaced with real components
and a layout using ADS software. Figure 32 to Feged below shows the final layout of LNA
schematic with ideal and real components and laythe Figure 33 is divided into several parts
and it is showing in the appendix section.
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Figure 33 LNA Final Layout Schematic for Two Stage LNA withicrostrip Line
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W W3
V2 V4

Figure 34 LNA Final Layout

FFin
FFaout

Where

RFin = Input signal

RFout = Output signal

V; = Gate voltage (-0.64 V)
V, = Drain voltage (2 V)

V3 = Gate voltage (-0.40 V)
V4 = Drain voltage (2 V)

4.4.1 Simulation Results of Final Layout
The following Figure 35 to Figure 38 shows the dated results of final layout of LNA with
real components and all the graphs have taken &chranced design systems (ADS) software.

38



LNA Design Process
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Figure 35LNA Final Layout Schematic S-parameters
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Figure 36 LNA Final Layout Schematic Stability Plot
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Figure 37 LNA Final Layout Schematic Noise Figure
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Figure 38 LNA Simplified Schematic Gain Plot
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4.5 Comparing Results

In our designed L-band two stage LNA, we used Gs&sinology for the Radio Astronomy
application to provide low power, low cost, opevatl ability over a wide range of temperature,
lower noise figure and higher gain. The sub ciscuit this design are similarly related to
traditional LNA but still there are few slight déifences. We have selected Rogers R03003
material for fabrication because of its low dietextoss at higher frequencies and in biasing we
use bipolar power sources due to their low noigar&, high gain and high efficiency. From
architecture point of view, inductive degeneratanshitecture is used in our LNA design and
finally the most important difference from othesearches on LNA is that, our two stage LNA at
1.42 GHz is designed to connect, match and tegthieg with the patch antenna used in Radio
telescope systems.

In all radio telescopes, the sensitivity is the minportant parameter to consider because the
sensitivity of the radio telescope is used to ¢ifety detect the weak natural radio emissions
coming from the galaxies. So a noise figure isrniwst important parameter in radio telescope as
the sensitivity is depending on its value, the $mndl is, the higher is the sensitivity of the
telescope. From our simulation of two stage LNA, ashieved noise figure 0.299 dB and gain
24.25 dB. By comparing our results with LNA’s expkd in reference§l3], [14], [15], the
difference is that RC elements have been usedéanothers biasing networks and matching
networks, while LC elements have been used in @sifg and matching networks. Using RC
networks they achieve more stability with a relelyvhigher noise figure but the use of LC
networks gives us a lesser noise figure and ledslisy. Comparing our achieved results from the
other previously research works on LNA (R&8], [14], [15]) shows that our project is much
more efficient to the radio astronomy applicatidog to super low noise figure and high gain.
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5

Fabrication and Test plan

5.1 Fabrication of LNA

To fabricate whole two stage low noise amplifier3R03 material was used because R03003 has
low dielectric loss at high frequencies. For thertjgular fabrication of total design R03003
material with dielectric constast = 3, standard thickness (T) = 0.50 mm and standapger
cladding (U) = 1/um was used. The data sheet of RO3003 materiabisrsin appendix section.

In order to connect the RF input signal port antbouport of Fabricated LNA board to the
Network Analyzer, two SMA connectors at both inpaotl output ports were used.

Initially the fabrication work was started by seleg a material RO3003 with the components
case size 060@.52 X 0.76) mmBut after making a layout file which is used tbriaate all the
components on the material, it was realized thiatvery difficult to solder such small component
case sizes. Therefore the component case sizescivanged to 1206 (3.2 X 1.6) mm in order to
solder easily on the fabrication material. Now fedted circuit is showing in Figure 39

O ;

- -
- . ind
—— =1 - A ———— o : ’ P—
“" ¥ .“_/ -
RF in - - RF out
| -
ALt o
O 0

Figure 39 Fabricated Circuit

5.2 Test Plan

The final step of this project is to test the residlthe circuit board of LNA. In the process of
etching board bigger die size of all the componems used for soldering purpose and for
measurement. For both RF input and RF output 50sdhemsmission line was used.
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Before starting the measurement of LNA, first cdesation was a dc level measurement. If there
is any problem in dc levels it will affect the paminance of the circuit board of LNA design.

In order to Test and Measure this fabricated taget_ow Noise Amplifier board, the following
equipments are required.

» Power supply unit +7 V (dual power)
» Digital Multimeters

* Breadboard

» Connection wires

» Spectrum analyzer

* Network analyzer

Before going to Test the total two stages LNA,iatly test was initiated by checking the bias
point of an individual transistors separately oadut board.

Important precautions are to be considered betarérgg the measurement of LNA circuit board

» Before applying supply voltages to the transistarak all the connections carefully.

* Turn on the power supply unit

» Always start to apply the supply voltages from ¢fag¢e side of the transistor slowly in
steps of 0.1 V to required gate voltage.

» Slowly apply supply voltage to drain side of thensistor.

According to the DC simulations the Required Gatéage is -0.64 V for (2 V, 10 mA) bias
point in first stage and -0.39 V for (2 V, 30 mA@ab point in second stage respectively. To apply
such bias voltages to the transistors precauticre wo be made by providing a drain and gate
resistors to the transistors. For this reason tation of the resistor values according to two bias
points of the two transistors were made, for fatstge transistor the drain resistor is ZD@&nd
gate resistor is 1.5k and for second stage the drain resistor iQ66

Vopp=+4V
Rp=200 Q
R =1.5KQ D
Vee=-15V ATF 35143
o—ANANN____ |G
(2v, 10 mA)
S

Figure 40 Bias Setup for a Single Transistor in First Stage
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Vopp=+4V
Rp =66 Q
D
Rg=1.5KQ
Veg = - 15V O—[\/W G (é\-l\-/F:?g)::-:)

(7]

Figure 41 Bias Setup for a Single Transistor in Second&tag

Then initially the bias point test was started pplging gate voltage to the Gate side of transistor
and then applied the required drain voltage todfan of the Transistor from the dual power
supply unit. But whenever two supply voltages te thansistor with above arrangement were
applied, no stable bias point was achieved meathiag the required bias point voltages are
fluctuating. It was further tested by a spectrunalgrer, which showed that the test circuit is
oscillating.

Then it was decided to change the bias set uptta g&ble bias point. For this an extra feedback

resistor was used (from drain to gate side of tsémg in addition to the drain resistor and gate
resistor. This arrangement is show in followingufigs

VGG='3V o VDD=+7V

R, =3.3KQ R,=36KQ Rp = 470 Q

|
D
o s ATF 35143
v ,10 mA)
S

Figure 42 Bias Setup for First stage with Extra FeedbackdRas
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VGG='3 \% Vpp=+7V

R;=1.2KQ R,=1.4KQ Rp = 160 Q

|
D
ol G ATF 35143
(2v,30 mA)
S

Figure 43 Bias Setup for Second stage with Extra Feedbasksie

Once again the test was conducted but the outcoazete same. Again test was made with
spectrum analyzer to check whether the circuitsigliating or not and it showed that the circuit
is still oscillating at lower frequencies like 1884z and 355 MHz for two stages respectively.
There are some general reasons for unstable bimistpey are listed below

» Due to long connecting wires in bread board arravege for bias point selection which
will acts as like oscillator at lower frequencies.

» Any improper soldering in test board.

* Inherent design problem

Then the circuit was trouble-shoot according tovabmentioned points and was tested by
spectrum analyzer, which showed that again it ¢sllaing the required bias point. Finally it was
decided to check the other reason for oscillatimgich included improper soldering. After re-
soldering some components, the circuit was tesgagheby spectrum analyzer and it shows that
the circuit was still oscillating. It was decidddat this problem is due to the inherent design
problem and the only solution is that redesigndineuit will rectify the problem. This task was
not achieved because of time restraints.
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6

Conclusions and Future Work

The main goal of this thesis was to design a tvegestiow noise amplifier for radio telescope
system working at 1.42 GHz frequency to extract amglify the received signals coming from
galaxies. The thesis can be used for educationgdoga in Halmstad University. Finally the
designed LNA is to connect, match and test togetitlr patch antenna to reduce the system
components and signal loss.

The simulation results of the two stage low noisglfier design and layout were successful and
reached all the target specifications. In the psapathe first stage was designed for low noise
figure and second stage for high gain. From thaikition we got the noise figure 0.299 dB and
gain 24.25 dB. While measuring the values fromféiicated circuit board, we found that bias
point is not stable due to self oscillations in &frgy at lower frequencies like 149 MHz for first
stage and 355 MHz for second stage. This probles tarekled in several ways but it did not
work because of its inherent design problem.

For future work it is strongly recommended thatcs@lecare is to be taken while connecting
wires between components on the board and the geolsapply. Also effort to reduce the
complexity of the circuit with fewer components Maelp. Another important point is tried to
redesign the stability circuits at lower frequesdie make the circuits stable at lower frequencies.
After that the designed two stage LNA can connaettch and test together with patch antenna.

During this time, we feel that we have gathered stadied enormous information on how radio
telescopes and low noise amplifiers (LNA) worksr Sionulation, advanced design systems
software was used but it was new for us. We leaitot of new tools from this software and used
them in our design process. The best thing abasitttbrk has been our experience in doing a lot
of practical work
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Appendix

In this section, showing the datasheet of ATF 35fr4Bsistor and the datasheet of material
(Rogers RO3003) which is used for our fabricatiomcpss

Datasheets of ATF 35143

Freq. S" 521 512 522 MSG/MAG
GHz Mag. Ang. dB Mag. Ang. dB Mag. Ang. Mag. Ang. dB

0.50 0.99 -18.75 | 15.89 6.23 164.76 | -32.40 | 0.024 77.63 0.63 -14.09 24.14
0.75 0.97 -29.11 | 15.79 6.16 155.98 | -28.87 | 0.036 70.58 0.61 -19.69 22.30
1.00 0.95 -38.28 | 15.61 6.03 148.42 | -26.56 | 0.047 64.88 0.60 -26.10 21.08
1.50 0.91 85.52 | 15.17 5.73 13392 | -23.61 | 0.066 54.16 0.57 -38.73 19.39
1.75 0.89 -63.78 | 14.92 5.57 127.01 | -22.62 | 0.074 49.11 0.56 -44.79 18.75
2.00 0.86 -711.82 | 14.65 5.40 120.27 | -21.72 | 0.082 44.08 0.54 -50.70 18.19
2.50 0.81 -87.59 | 1411 5.08 107.36 | -20.35 | 0.096 34.60 0.51 -61.95 17.23
3.00 0.76 | -103.22 | 13.54 4.76 95.04 | -19.41 | 0.107 2511 0.47 -12.47 16.48
4.00 0.66 | -134.81 | 12.40 417 71.95 | -18.27 | 0.a22 8.04 0.41 -91.47 15.34
5.00 0.61 |-165.34 | 11.29 3.67 5043 | -17.65 | 0131 -5.97 0.34 | -110.05 14.47
6.00 0.58 165.88 | 10.27 3.26 30.28 | -17.33 | 0.136 -20.15 0.27 | -129.24 13.80
7.00 0.57 137.00 9.27 291 1068 | -17.14 | 0.139 -33.84 0.21 -150.49 13.21
8.00 0.58 110.78 8.33 2.61 -8.09 | -17.14 | 0.139 -45.60 017 | 17477 1273
9.00 0.61 86.75 1.32 232 -26.38 | -17.20 | 0138 | -57.65 0.13 154.01 10.69
10.00 0.65 66.25 6.44 2.10 -43.90 | -17.20 | 0.38 | -68.22 0.11 118.18 9.85
11.00 0.69 46.88 5.54 1.89 -61.97 | -17.27 | 0137 -19.30 0.14 78.36 9.16
12.00 0.72 21.76 4.56 1.69 -79.90 | -17.39 | 0135 | -90.87 0.19 49.57 8.34
13.00 0.74 8.62 3.45 1.49 -97.18 | -17.79 | 0129 | -102.19 0.26 20.95 7.35

14.00 0.77 -b.28 2.33 131 | -112.82 | -18.20 | 0.123 | -110.80 0.33 9.45 6.51
15.00 0.82 -16.03 1.29 1.16 | -128.66 | -18.56 | 0.118 | -120.09 0.39 -1.98 6.51

16.00 0.82 -28.32 0.19 1.02 | -144.87 | -18.79 | 0115 | -120.92 | 0.45 -22.30 5.48
17.00 0.84 -40.43 | -0.87 0.91 |-159.49 | -18.79 | 0.115 | -139.60 0.51 -32.23 5.24
18.00 0.86 66.14 | -1.99 0.80 |-175.19 | -19.33 | 0.108 | -1498.17 0.57 -44.43 472

Table 5 Scattering Parameters of ATF 35143 Transistogs V2 V, Ibs = 10 mA)[24]
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FI‘EI‘.]. FI'IiI'I rupl Hl.-"!ﬂ]l Ea
GHz dB Mag. Ang. - dB
0.5 0.10 0.88 5.0 0.15 20.5
0.9 0.11 0.84 14.0 0.15 19.0
1.0 0.12 0.83 16.0 0.15 18.6
1.5 0.17 0.77 26.0 0.15 17.5
1.8 0.20 0.74 31.9 0.15 16.9
2.0 0.23 0.71 31.3 0.14 16.4
2.5 0.29 0.66 48.6 0.14 15.7
3.0 0.34 0.60 60.6 0.12 15.0
4.0 0.46 0.52 86.8 0.12 13.6
5.0 0.58 0.45 115.3 0.08 12.4
6.0 0.69 0.40 145.8 0.05 11.3
7.0 0.81 0.37 177.7 0.05 10.3
8.0 0.92 0.35 -149.3 0.07 9.5
9.0 1.04 0.35 -115.6 0.12 8.8
10.0 1.16 0.37 -81.8 0.22 8.3

Table 6 Typical Noise Parameters of ATF 351/23]

a0

[ =]
(431

— =]
o (=]
¥ "
/;
&

-
(=
<
‘
¥
£
¥
=
@

L5
3
!

MSG/MAG and 521 (dB)
'
£
I

[=]
¥

0 5 10 15 20
FREQUENCY (GHz)

Figure 44 MSG/MAG and | & |? vs Frequency
at 2V, 10 mA24]

50



Appendix

FI'EI'.'. S" SH 512 522 MSG/MAG
GHz Mag. Ang. dB Mag. Ang. dB Mag. Ang. Mag. Ang. dB

0.50 0.99 -20.85 | 18.17 8.10 163.16 | -33.56 | 0.021 77.39 0.49 -15.99 26.87
0.75 0.96 -32.34 | 18.02 7.96 163.79 | -30.17 | 0.031 70.55 0.47 -22.00 24.10
1.00 0.94 4236 | 1177 1.13 145.67 | -27.96 [ 0.040 65.08 0.46 -29.03 22.86
1.50 0.88 -61.08 | 17.18 1.22 130.36 | -25.04 | 0.056 54.79 0.43 -42.64 2111
1.75 0.85 -69.98 | 16.85 6.96 123.20 | -24.01 | 0.063 50.12 0.41 -48.96 2042
2.00 0.82 -18.53 | 16.50 6.69 116.28 | -23.22 | 0.069 45.58 0.39 -55.19 19.86
2.50 0.76 96.14 | 1581 6.17 103.17 | -21.94 | 0.080 37.15 0.36 -66.91 18.87
3.00 0.70 | -111.48 | 1511 5.69 90.68 | -21.01 [ 0.089 29.29 0.34 -17.74 18.06
4.00 0.61 | -143.89 | 13.73 4.86 68.24 | -19.83 | 0.102 14.76 0.28 -97.29 16.78
5.00 0.56 | -174.56 | 12.486 4.20 47.48 | -19.02 | 0.112 1.63 0.23 | -117.24 15.74
6.00 0.55 157.19 | 11.31 3.68 28.10 | -18.49 [ 0.119 -10.98 017 | -139.78 14.90
7.00 0.55 129.18 | 10.22 3.24 9.28 | -18.13 | 0.124 | -23.67 0.13 | -169.09 14.17
8.00 0.56 104.19 9.20 2.88 -8.75 | -17.79 | 0.129 3472 0.11 165.22 11.98
9.00 0.60 81.48 8.15 2.56 -26.37 | -17.59 | 0.132 | -46.33 0.1 112.23 10.82
10.00 0.64 62.07 1.24 2.30 -43.37 | -17.33 | 0.136 | -57.43 0.13 77.30 10.15
11.00 0.68 43.83 6.29 2.06 -60.90 | -17.20 | 0.138 | -B68.78 0.18 51.74 9.51
12.00 0.72 25.46 5.27 1.84 -18.22 | -17.14 | 0139 -81.32 0.24 32.67 8.1

13.00 0.74 6.81 4.14 1.61 -94.88 | -17.33 | 0136 | -93.1 0.31 17.81 1.87
14.00 0.77 -6.74 3.0 141 [ -110.07 | -17.65 | 0.131 | -103.06 0.38 0.45 1.08
15.00 0.82 -17.21 1.94 125 |[-125.15 | -17.86 | 0.128 | -112.88 0.43 -15.44 1.06
16.00 0.83 -28.31 0.87 111 [ -140.80 | -18.06 | 0.125 | -123.55 0.49 -29.37 6.13

17.00 0.85 -41.30 | -0.15 098 |[-154.83 | -18.13 | 0.124 | -134.43 0.54 -38.55 5.89
18.00 0.87 56.87 | -1.24 0.87 [-170.03 | 1866 | 0.118 | -144.88 0.60 -49.70 5.39

Table 7 Scattering Parameters of ATF 35143 Transistogs V2 V, Ibs = 30 mA)[24]

FI‘EI‘.]. FI'IiI'I rnpl Hl.-"!ﬂ]l Ea
GH:z dB Mag. Ang. - dB
0.5 0.11 0.87 21 0.18 21.6
0.9 0.15 0.81 12.1 0.17 20.2
1.0 0.16 0.80 145 0.16 19.9
1.5 0.22 0.73 26.3 0.15 18.7
1.8 0.25 0.69 334 0.15 18.0
2.0 0.27 0.66 38.1 0.14 17.7
2.5 0.33 0.60 50.6 0.13 17.0
3.0 0.39 0.54 64.2 0.12 16.2
4.0 0.52 0.45 94.0 0.10 14.8
5.0 0.64 0.39 126.5 0.07 13.5
6.0 0.77 0.34 160.6 0.05 12.4
7.0 0.90 0.33 -164.7 0.06 11.4
8.0 1.02 0.33 -130.3 0.10 10.5
9.0 1.15 0.36 -91.5 0.18 9.7
10.0 1.28 0.40 -67.0 0.30 9.1

Table 8 Typical Noise Parameters of ATF 35143 Transisip4$
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Figure 48 Gain Chart$24]

Datasheet of Rogers’s (RO3003) Material

Typical Values

RO3000* Senies High Frequency Laminates

PROPERTY TYPICAL VALLE ™ DIRECTION UNIT CONDITION TEST METHOD
ROID03 RO3M0E | ROE010
Dielectric Constant e 3000047 6.1620.16 | 10.220.30 z 10GHz 23°C IPC-TM.E250
2565
DEspation Factar 00z 0.0020 00023 z 10GHz 23°C IPC-TH-250
2555
Thermal Coefficient 13 -180 -ZB0 z ppmétC 1GHZ0-100"C IPC.TM.E5D
afe, 2568
Dimansional staciky 0.5 0.5 0.5 Y mm.m COND A AETM D2ET
Volme Resktivky o’ i i MQ=Cm COND A IPC 2.56.17.1
Suface Reslstivky o’ o 1? M0 COND A IPC 2.56.17.1
Tenslie Moduls 2068 2058 1063 XY MFa 23 &5TM DE38
{300 (300 {300y [kpd)
Water Absorption <01 «0.1 <01 % DZ4/23 IPC-TM.E250
2.6.2.1
Speckic Heat 0.93 093 0.83 JrgiK Calculated
{022 {022 [0.22) [BTUAESF)
Thermal Conductivky 0.50 Q.81 0.65 WAamsK 1o0tC AETM CE1E
Coafficlent of Thermal 17 17 17 Y PpmTC -B5to 288°C AETH DE296-84
Expansion 24 24 24 z
Td E00 a0 500 T TEA ASTM D 3ESD
Color Tan Tan QI White
Dty 21 ZE 1.0 gmiscm?
Coppser Peal Sirength 31 21 2.4 MWemm After solder IPC-TM-2.4E
(17.6) {12.2) [13.4) {IE1n) fioat
Flammabiity N0 4ND a4y LL
Lead Fres Frocess
Compatible Yes =3 Yes

Table 9 Typical Value of RO3003 Materi§25]
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Here final schematic of low noise figure are diddeto several parts
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Figure 49 Parts 1 of Final Schematic
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Figure 50 Part 2 of Final Schematic
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Figure 51 Part 3 of Final Schematic (Biasing Section)
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Abbreviations

Abbreviations

y_

FET Field effect transistor

PHEMT Pseudomorphic high electron-mobilit
transistor

HEMT High Electron Mobility Transistor

LNA Low Noise Amplifier

Si1 Input reflection coefficient

S Reverse transmission gain

S Output reflection coefficient

S = Forward gain

GaAs Gallium arsenide

MESFET Metal-Semiconductor Field Effe
Transistor

MMIC Monolithic Microwave Integrated Circuit

PC Personal computer

PDA Personal digital assistant

ADS Advanced design systems

ct
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