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ABSTRACT 
This bachelor's thesis presents the design of a low noise amplifier for UHF band 
430 — 440 MHz. This thesis is mainly focused on stability study and matching 
networks. For this design is used Ansoft Designer program, through which it is possible 
to simulate the low noise amplifier. The ATF-54143 transistor is used as main device 
for this design. Morover, there is designed a band pass filter, which satisfies the 
requirements for this low noise amplifier. 
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INTRODUCTION 
A Low Noise Amplifier (LNA) is one of the basic functional blocks in radio 

frequency communication systems. The main function of the L N A in terms of the input 
of the analog processing chain is to amplify the signal without adding significant noise. 

The main objective of this bachelor's thesis is to design a Low Noise Amplifier 
(LNA) for UHF band 430-440MHz, with a gain or amplification of 15-20dB, a 
minimum insertion noise, and input and output impedance of 50 ohms. 

The first part discusses essential parameters and concepts for designing a L N A , 
such as noise figure, scattering parameters, stability, power gain, impedance matching 
networks, and bias circuits. In section 1.3 of the theoretical part, a band pass filter based 
on quarter-wave (A/4-wave) coaxial resonator is described. 

The second part is divided in four sub-sections where the proper design of the L N A 
and the Band-Pass Filter is described. This part also focuses on the complete simulation 
of both of them. Finally, the results regarding the realization and measurement of the 
L N A are presented. ATF-54143 transistor is used as a main device in the L N A 
designing. Simulation of the L N A has been performed using Ansoft Designer Program. 
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1 THEORETICAL PART 

1.1 About Low-Noise Amplifier (LNA) 

A Low-noise amplifier (LNA) is an electronic amplifier, which is designed to have 
some particular characteristics different from other amplifiers. The L N A generally is 
used in RF reception systems to amplify a very low-power signal and it's connected 
very close to the reception device (antenna) to reduce losses in the supply line. 

In the design of L N A it will be essential to consider the noise, which comes from 
the low-power signals and LNA's components. Therefore, the L N A will reduce the 
noise while amplifying the useful signal, thereby the amplification of the desired signal 
is obtained for its post-processing. 

1.2 Parameters of Low-Noise Amplifier (LNA) 

1.2.1 Noise Factor, Noise Figure and Noise Temperature 
The noise factor (F) is a figure that quantifies the noise power originating internally in a 
two-port network. The noise factor of a network can be defined as the radio of the 
available noise power from the two-port network with the internal noise sources to the 
available noise power without the internal noise sources [4] namely: 

k T B G A ' v J 

Where N o u t is the available noise power available from the two-port's output, k is 
the Boltzmann constant, T 0 is the temperature (standard 290 K), B is the bandwidth 
used in the measurement and G A is the two-port network available gain. Noise figure 
(NF) is the noise factor expressed in dB. 

Yet, there is still another measure of the noise of a two-port network. Equivalent 
noise temperature Te characterizes the noise properties of a two-port network in terms of 
kelvins. The relation between Te and F is: 

NF = 10 log F [dB], (1.2) 

F = (1.3) 
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Where T 0 is room temperature (290 K). Measure of the noise occurring in amplifiers is 
often performed using the Y-Factor method [5]. 

1.2.2 Scattering Parameters 
In high frequency networks, direct measurements of voltages and currents become 
problematic. Therefore incident, reflected, and transmitted voltage waves facilitate the 
description of these networks [6]. The scattering parameters (S-parameters) relate these 
waves and provide representations of the high frequency networks in RF electronics. S-
parameters are also widely used for modeling of passive and active components. 
Furthermore, the convertibility of S-parameters allows the derivation of A B C D - , Z- and 
Y-parameters [7]. 

If an amplifier is considered as a two-port network as shown in Figure 1.1 the 
scattering matrix representing such a network has the following form: 

r v r i S12 [ V I 

L v 2 - J -S21 S22. V . 
(1.4) 

Where V ^ - , V 2 ~ are the reflected wave voltages, V^, V 2

+ are the incident wave 
voltages on the ports, and Slt, S 1 2 , S 2 i , S 2 2 are the S-parameters that expressed using 
the complex numbers. The overall voltage at port 1 is V x = Vt

+ + and at port 2 is 
V2 = V 2

+ + V 2 ~ . It should be mentioned that the DC power supply port is omitted in this 
kind of two-port representation. This means that S-parameters represent an amplifier for 
specific bias conditions. Morover, the S-parameters provide the network description for 
one frequency only. 

The S-parameters expressed as a set of two equations take the following form: 

vr 
v2" 

S 1 1 V + s 1 2 V , 

S 2 1 V + s 2 2 V . 

(1.5) 

(1.6) 

Port l 5 2 i Port 2 

Sn 

Figure 1.1: S-parameters in the two-port network. 
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The S X 1 parameter can be found from (1.5) as: 

S l 1 - V 
(1.7) 

v 2

+ =o 

The condition V 2

+ = 0 in (1.7) means that there is not a wave coming from the port 2. 
In other words, we say that the port 2 is matched to a load. In majority RF systems, the 
termination impedance of the port two would have value 50Q. 

The remaining S-parameters of the two port network are found a similar way: 

_ v 2 -
S 2 1 " V v ?

+ =o 
(1.8) 

is transmission coefficient from port 1 to port 2, 

S22 
V 

v 1

+ =o 
(1.9) 

is reflection coefficient at port 2, 

S12 — 
Vi 

v 1

T =o 
(1.10) 

is the transmission coefficient from port 2 to port 1. 

Considering amplifiers, the parameters S 2 i is commonly expressed in the 
logatithmic scale and it relates to gain. Return loss (RL) which is commonly used as the 
measure of input and output matching of amplifiers can be derived, for example, for the 
input port from the parameter S 2 i as: 

R L I N = 201og (1.11) 

In other words, R L can be also understood as the decibel-difference between the 
incident power and reflected power. 

4 



Source 
Two-port 
Network 

Load 

our 

Figure 1.2: Terminated two-port network with source and load. 

1.2.3 Stability 
1.2.3.1 General Concept 

We know consider a two-port network connected to a source and terminated with 
arbitrary impedances. The corresponding reference planes represented by reflection 
coefficients are shown in Figure 1.2. The two-port network is unconditionally stable 
if the magnitudes of the reflection coefficients T i n , and r o u t are less than unity for 
passive loads [8], thus it should hold that 

f o r : | r s | < l , | r L | < l , (1.12) 

iFinl = 
^ 1 2 ^ 2 1 ^ 

i - s 2 2 r L 

< l , (1.13) 

iFoutl = s 2 2 + l — s 1 : L r s 

< l , (1.14) 

From the equations 1.13 and 1.14 is apparent that T s and TL have an effect on the 
stability as the S-parameters remain constant for a particular frequency. Depending on 
the values of Ts and TL the stability of the two-port network can be of two kinds, 
unconditionally stable or potentially unstable [7]. The unconditional stable two-port 
network will never oscillate for any passive loading connected to the network. The 
potentially unstable two-port network may oscillate if Ts and TL reflection coefficients 
do not support the stability conditions (1.13) and (1.14). 
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1.2.3.2 Stability Factors 

Source stability factors | i s and load stability factor | i L determinate the stability of a two-
port network considering only the S-parameters. 

1 - | S 2 2 I 2 

^ ~ i s 2 2 - s 1 1 A i + i s 2 1 s 1 2 r ( 1 - 1 5 ) 

1 - IS11I 2 

M̂L = C Al , IC c i ' C 1 - 1 6 ) | S 2 2 - S 1 1 A | + | S 2 1 S 1 2 | ' 

A = S 1 1 S 2 2 - S 1 2 S 2 1 . (1.17) 

Derivation of the stability factors is based on the conditions given by equations (1.13) 
and (1.14). It is enough to check only one of these two stability factors. Therefore the 
active two-port network is unconditionally stable if l i s > 1. In other words when | i s > 1 
then also | i L > 1 and vice versa. In other case, when | i s < 1 the network is potentially 
unstable. 

1.2.3.3 Stability Circles 

The potentially unstable network will not oscillate if the Ts and TL are selected from 
stable regions. The stable and unstable regions are separated by a stability circle. For 
example, the output stability circle represents all values of TL when |T I N | = 1. The 
center C L and radius r L of the circle (Figure 1.3) are given by 

(S l2-$2 lT 

I S 2 2 I 2 |Sn-s 2 2 s 1 2 . s 2 1 I2 
(1.18) 

^ _ (S22 (Sn-S 2 2 s 1 2 . S 2 1 ) . S 1 : L )* 

I S 2 2 I 2
 — |Sn-S 2 2

 — s 1 2 . s 2 1 —I2 

In addition | i L defines the distance between the center of the Smith chart and the 
unstable region in the load plane (Figure 1.3). 

Stable and unstable regions must be observed very carefully on the Smith chart 
especially if the output stability circle encloses the origin TL = 0 and if the S-parameter 
| S 2 2 | > 1 1 [ 7 ] . 

The potentially unstable two-port network can be made unconditional stable by a 
resistive loading. Although employing the resistive loading results in overall 
performance degradation it is commonly applied stabilization method for potentially 
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unstable two-port network [7]. 

Figure 1.3: Load stability circle of a two-port plotted on the Smith chart TL plane. C L is 
a complex number representing the center and r L is the radius of the circle. | i L defines 
the distance between the center of the Smith chart and the unstable region. 

1.2.4 Power Gain 
If a two-port network is connected to a generator and to a load, four signal power levels 
can be identified as it is shown in Figure 1.4 

Figure 1.4: Power relations in a two-port network. 

We denote these power levels at different positions of the circuit as available power 
from the source P a v g , available power from the two-port network P a v n , power input to 
the two-port network P i n , and power delivered to the load P L. Knowing the power 
relations in every port, transducer power gain G T , power gain G P , and the available 
power gain G A can be derived. The first mentioned gain G T is dependent on both 
impedances Z s and Z L and has the following form 

7 



g - P l - a - i r L l 2 ) | s 2 1 | 2 ( i - | r s | 2 )  
T Pavg l ( i - s 1 1 r s ) ( i - s 2 2 r L ) - s 2 1 s 1 2 r L r s | 2 ' c - ; 

The simplifified version of G T can be obtained substituting either (1.13) or (1.14) 
which also helps to derive G A and G P . For example, if we put the TL equal to the 
complex conjugate of the output reflection coefficient of the two-port network r o u t and 
substitute it to the equation (1.20), we obtain the available power gain G A . As a result, 
the G A has the following form 

r = P a v n = | S 2 l | 2 ( l - | r s | 2 ) 
A Pav g ( l - i r o u t l ^ U - S n r s i 2 ' 1 • ; 

G P is independent of Z s and has the following form 

r PL ( l - | r L | 2 ) | S 2 1 | 2 

p Pin ( i - | r i n l 2 ) U - s 2 2 r L p - u " z z ; 

G A and G P can be used to derive the so-called gain circles which are drawn on the Smith 
chart. For example, in the low noise amplifier design, it is common to locate the avaible 
gain circles together with the noise figure circles. 

In addition, gain relations as the Maximum Avaible Gain (MAG) and the 
Maximum Stable Gain (MSG) are often used in transistor data sheets for the description 
of maximum operating capabilities [8]. The first mentioned gain M A G is defined only 
when a transistor is unconditionally stable. The second mentioned gain M S G presents 
the highest theorically achievable gain if the device is terminated by passive 
terminations and stabilized at the verge of instability such that stability factor | i s or 
| i L = 1, then 

M S G = - ^ . (1.23) 
S l 2 

This gain, however, can not be achieved, because the required source and load 
terminations are situated on the circumference of the Smith chart [8]. 

1.2.5 Impedance Matching Networks 
Impedance matching is a method which transforms given impedance into desired 
impedance in order to achieve a particular performance. The performance can be the 
maximum power transfer or minimum noise figure. The first mentioned performance 
aims to achieve maximum power transfer, thereby diminish losses caused by impedance 
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mismatch. The second mentioned performance aims to minimize the noise figure by 
matching and optimum source impedance to the impedance to the generator impedance 
is called noise matching [2]. 

When designing a matching network, one should consider the following attributes 
[5]: 

• Complexity - a simple topology composed of a minimum number of passive 
components is preferred, because it is cheaper and introduces less losses. 

• Bandwidth - any type of matching network can be designed for a perfect match 
at single frequency only. Systems employing wide frequency operating range 
bring more complexity into the matching networks, because homogeneous 
conditions for every frequency component are often desired. 

• Implementation - depending on a printed circuit board (PCB) area available 
and on feasibility, a matching network can be composed of stubs, lumped 
components, or their combinations. In addition, quarter wave transformers might 
be also used for impedance matching. 

• Adjustment - adjustment components provide possibilities to optimize 
matching networks for different types of loading once a circuit is fabricated. For 
example, adjustable capacitors can be used in series or in parallel to a load. 

1.2.6 Bias Circuits 
Maintaining a stable operating point (Q-point) over temperature fluctuations is one of 
the elementary functions of the bias circuits. Biasing is a process of setting up the bias 
point. Usually this point is at the middle of the DC load line applying drain voltage and 
current [9]. In a field-effect transistor (FET), bias is the DC voltage supplied from a 
power supply which is applied at the drain. According to the selected Q-point, the 
biasing circuit is designed to operate the transistor at that Q-point. [9]. 

1.2.6.1 Passive DC Bias Circuit 

It is a type of circuit based in passive components such as resistors, capacitors and 
inductors. It is not very used because the initial Q-point chosen usually changes due to 
the temperature sensitivity, which is typical in this kind of circuit. 

Kil 

Figure 1.5: Typical ATF-54143 transistor with passive biasing. [9] 
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1.2.6.2 Active DC Bias Circuit 

This type of circuit is implemented with active components such as diode or transistor 
as well as the passive components already mentioned before. A low frequency transistor 
is usually used as a stable current source, it means that the current will be constant and 
consequently the Q point as well. On the other hand, this type of circuit is generally 
used because is not affected by influence of the temperature or other factors. For 
designing of L N A is used the following kind of bias circuit 

INPUT ci C» OUTPUT 

_ E A A A 
— R7 

Figure 1.6: Typical ATF-54143 transistor with active biasing. [9] 

1.3 Band Pass Filter 

Band Pass Filter (BPF) and Low Noise Amplifier have to be designed individually. 
Once these two blocks are designed, integration of these two blocks make a single 
module named BPF-LNA. 

The figure 1.7 shows the complete block of L N A with BPF, where these are 
connected through a matching network. 

BPF LNA 

Matching Network 

BPF-LNA (Combined) Single Module 

Figure 1.7: Complete L N A block diagram with BPF. 

In RF transmitter and receiver, filters are key components which are used to pass or to 
reject signals based on frequency. Generally, there are four types of filters such as low-
pass, high-pass, band-pass and band-stop filter. Combination of high-pass filter and 
low-pass filter make a band-pass filter (BPF) which is used to reject unwanted 
frequency bands and to pass a narrow pass-band [2]. 

10 



There are several classes of band-pass filters such as Butterworth, Chebyshev and 
elliptical BPF. BPF can be designed in some ways like using lumped components or 
distributed components. In this thesis, a quarter-wave (A/4-wave) coaxial resonator will 
be used as BPF, which will be discussed in detail in the subsequent section. 

1.3.1 Quarter-wave (1/4-wave) Coaxial Resonator 
Quarter-wave (A/4-wave) coaxial resonator is constructed by shorting the center 
conductor of a coaxial cable to the shield at the far end of the circuit. The length of the 
cable is exactly A/4 at the desired resonant frequency [2]. 

A short circuit is transformed to an open circuit a quarter wavelength away, so 
when the A/4-wave coaxial resonator is part of an oscillator circuit, it is not electrically 
even present (high impedance); however, whenever the frequency of the oscillator 
attempts to go above or below the resonator's center frequency (due to load changes, 
temperature changes, etc.), the A/4-wave section looks like a low impedance that works 
to attenuate other frequency components. The feature of a A/4-wave coaxial resonator is 
its high quality factor, "Q." 

Figure 1.8: Dimension reference for A/4-wave coaxial resonator. 

a: Dimension of the inner conductor 
b: Dimension of the outer conductor 
1: Length of the quarter-wave (A/4-wave) coaxial resonator 

Coaxial resonator is often made from sections of normal coaxial cable (both flexible and 
semi-rigid). Quality factor of a A/4-wave coaxial resonator is determined by the ratio of 
the center frequency (f0) to the 3 dB power bandwidth, as shown in the figure below. 

Figure 1.9: Q-factor quality of a A/4-wave coaxial resonator. 
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2 PRACTICAL PART 

2.1 Design and Simulation of LNA 

2.1.1 General Considerations for LNA Design 
Before starting to realize the design of a L N A , it is necessary to define objectives as 
gain, compression point, noise and others. It is important to define the purpose of the 
L N A , which will be reducing noise in the reception system. Moreover, it is necessary to 
determine the class of the amplifier such as A, B, A B , C, D, E or F. 

Once these factors are determined, the next step is to choose an appropriate 
transistor, to propose a DC operating point, to study the stability of transistor and to 
calculate the values of biasing circuit. At this point it's convenient to start simulating 
the circuit, in order to prove the behavior of the amplifier. In the case of L N A , the 
simulation will be made by Ansoft Designer program. 

Afterwards, the following step is to perform matching networks for input and 
output of the amplifier. These networks could be improved through the Ansoft Designer 
program in order to improve the objectives of the amplifier, as for example the gain, 
noise or pass-band. 

The operating point of the class A amplifier is determined between saturation region 
and cut-off region. It means that class A amplifier will work in the active region. The 
operating point is usually set in the middle of the active region (linear region). It is 
important to mention that class A amplifier is used in low-noise amplifiers because it 
has a linear behavior and low signal distortion. [10] 

2.1.2 Class A Amplifier 

300 

250 - •VGS5 

0 5 10 15 20 Vdd 
Vds(V) 

Figure 2.1: JFET characteristic curve - Load line. 
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Other features of A class amplifier are the signals of voltage and current in the output of 
the amplifier, which have the same waveforms as in the input. It means that the 
amplifier conducts over the entire range of the input cycle. 

0.2 0.4 0.6 0.8 1 

Time (nsec) 

Figure 2.2: Wavefom of a class A amplifier. 

2.1.3 Choice of the ATF-54143 Transistor 
Once the main features and objectives of the L N A are known, it is possible to choose 
the appropriate transistor. 

While choosing the appropriate transistor, there are some factors to take into 
account. First, it must operate in the frequency range of the L N A design, which is 
between 430-440 M H z of radio communication frequencies (RF). Second, the transistor 
technology should be appropriate for the L N A in order to obtain a low noise factor. 

One of the most used transistor technologies for L N A designing is currently the 
pHEMT (pseudomorphic High Electron Mobility Transistor). Due to its construction, 
this technology has good performance in the electromagnetic spectrum of the RF; such 
as high linearity, low noise figure, gain and power. 

According to this, the ATF-54143 transistor, made by Avago Technologies, was 
chosen for designing the L N A . In addition, this transistor has some favorable 
characteristics such as high compression point, adequate stability, high linear dynamic 
range and low cost factor important in modern times. 

SOURCE 

O G A T E 

Figure 2.3: Package SOT-343 and pin connections of the ATF-54143 transistor. [9] 
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Table 2.1: Scattering parameters of the ATF-54143 transistor for V D S = 3 V and 
I D S = 6 0 m A at the frequency of 0.5 GHz. [9] 

Freq. Fmin. Topt Topt Rn/50 Ga 
GHz dB Mag. Ang. - dB 
0.5 0.15 0.34 42.3 0.04 28.50 

Table 2.2: Typical noise parameters of the ATF-54143 transistor for V D S = 3 V and 
I D S = 60mA at the frequency of 0.5 GHz. [9] 

Freq. S l l S21 SI .2 S22 MSG/MAG 
GHz Mag. Ang. dB Mag. Ang. Mag. Ang. Mag. Ang. dB 

0.5 0.81 -80.8 26.04 20.05 128 0.03 52.4 0.4 -58.8 28.25 

2.1.4 Choice of an Operating Point 
The next step is to define the voltage V D S , V G S and the current IDs of the ATF-54143 
transistor in order to obtain the desired gain between 15-20 dB for the L N A designing. 

It is possible to obtain an approximate gain of the transistor using the Scattering 
parameters, which are provided by Avago Technologies. 

In the table 2.3 are shown mentioned parameters for different values of the V D s and 
IDs at the frequency of 0.5 GHz. These parameters will be replaced after in the equation 
(1.20) of the transducer power gain G T . 

Reflection coefficient to source Ts and reflection coefficient to load TL are shown in 
the equation (2.1) and (2.2). 

„ _ z s - Z 0  

S " Zs + Zo' 
_ z L - z 0 

L ~ Z L + Z 0 ' 

Since given Z L = Z s = Z 0 = 50 ft, the TL and Ts are calculated as zero. Reflection 
coefficient at the input and output is defined by 

Tin = S n + - - — = S 1 : L . (2.3) 
1 — ^ 2 2 x L 

r o u t = S 2 2 + : „ 2 1

 r

S = S 2 2 - (2.4) 
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For example for V D S = 3 V and I D S = 60 mA shown in table (2.3) the calculation of its 
transducer power gain G T will be 

p l = ( i - | r L | 2 ) | s 2 1 | 2 ( i - | r s | 2 ) 
Pavg l ( i - s 1 1 r s ) ( i - s 2 2 r L ) - s 2 1 s 1 2 r L r s | 2 

= | S 2 1 | 2 = 402 

The gain in decibel units will be 

G T ( d B ) = 10 • log(GT) = 10 • log(402) = 26.04 dB. (2.5) 

Table 2.3: Scattering parameters of the ATF-54143 transistor for different values of the 
V D S and I D S at the frequency of 0.5 GHz. [9] 

Freq.= 0.5 GHz 
V D S = 3 V V D S = 3 V V D S = 3 V V D S = 4 V 

Freq.= 0.5 GHz I n s = 40 mA I n s = 60 mA Ins = 80 mA I n s = 60 mA 

ISIII 0.83 0.81 0.80 0.81 
15,11 18.77 20.05 18.45 20.22 
\s12\ 0.036 0.03 0.04 0.03 
\s22\ 0.44 0.4 0.29 0.42 

G T [dBl 25.46 26.04 25.32 26.11 

In addition, it is important to know that there is a particular case of unilateral transducer 
power gain G T u for the condition of the parameter S 1 2 = 0, which is defined by 

| s 2 i l 2 ( i - | r s | 2 ) ( i - | r L | 2 )  
l i - S n ľ s P i i - s ^ r L i 2 • 

(2.6) 

And maximum unilateral transducer power gain G T u ( - m a x ) for the Ts = SX1* and 
PL = S 2 2* 

| S 2 i ľ 
JTu(max.) Ci - | s 1 1 p ) ( i - | s 2 2 p ) -

(2.7) 

After obtaining the approximate gain of the transistor by analysis of Scattering 
parameters, it was observed that the gain for the chosen example with values of 
V D S = 3 V and I D S = 60 mA satisfies the gain condition for the L N A designing. 

Moreover, for designing the L N A it is advisable to set the operating Q-point in the 
middle of the active zone of the transistor in order to obtain an optimal range of 
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amplification between zones of the cut-off and saturation. Figure 2.4 shows the load line 
of the ATF-54143 transistor, the operating Q-point in the middle of the active zone and 
the obtained values for V D S = 3 V, I D S = 60 mA and V G S = 0.59 V. 

Therefore, the values chosen for the operating Q-point satisfy for the appropiate 
designing of this L N A . 

Figure 2.4: Load line of the ATF-54143 transistor for the V D S = 3 V, I D S = 60 mA and 
V G S = 0.59V.[9] 

2.1.5 Transistor Stability 
This section focuses on study of stability of the ATF-54143 transistor. For this purpose 
of improving the transistor stability is used the Ansoft Designer Software Version SV2, 
which simulates the properties of this transistor as a two-port network. Therefore, 
different graphs and schemes are observed such as the Scattering parameters, the 
Rollett's stability factor (K) and stability circles on the Smith chart for the respective 
analysis of this transistor. 

Before starting the simulation, it is necessary to download the Scattering 
parameters of this transistor, which are provided by Avago Technologies for different 
operating points and frequencies. For this design were chosen V D S = 3 V, I D S = 60 mA 
at a frequency of 0.5 GHz. 

Figure 2.5 shows the basic schema of the ATF-54143 transistor stability in Ansoft 
Designer, which is analyzed independently. The next figure shows the Scattering 
parameters such as S l l 5 S 1 2 , S 2 i and S 2 2 at frequency range from 0.1 GHz to 18 GHz in 
order to verify the behavior of the transistor at this frequency range. 
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Figuře 2.5: Basic scheme of the ATF-54143 transistor stability in Ansoft Designér. 

Figure 2.6: S-parameters of the ATF-54143 transistor at the frequency range from 0.1 
GHz to 18 GHz. 

In Figure 2.7 is shown the Rollett's stability factor (K), which indicates the stability of 
the transistor for values greater than 1. In this case, it has been observed that transistor 
is stable at frequency values greater than 3.61 GHz. For frequency values less than 3.61 
GHz it is unstable. It is necessary to improve the stability of the transistor at frequency 
range from 430 MHz to 440 MHz, which is required for the L N A design. 
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Figure 2.7: Rolletťs stability factor (K). 

Other way to verify the transistor stability is using the K-factor Circle for Source (KCS) 
and K-factor Circle for Load (KCL) on the Smith chart, which indicates that there is 
stability when both circles KCS and K C L are out of the Smith chart. As Figure 2.8 
shows, the transistor is unstable at the frequency range from 430 MHz to 440 MHz 
because both circles KCS and K C L are inside of the Smith chart. 

Figure 2.8: KCS and K C L stability circles on the Smith chart. 
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In order to improve the stability of the transistor, a resistor in series of low value was 
connected to the drain of the transistor. According to the simulation results, the resistor 
value of 27 fl has been chosen because this value does not change the behavior of 
Scattering parameters at the given frequency range. 

Morover, very short transmission lines between each source lead and ground have 
been used, in this manner the stability has improved without much degeneration of the 
noise properties. These transmission lines now serve as "negative current feedback" and 
improve the stability. It has been simulated with the following parameters: length 
P = 1 mm and width W = 0.3 mm as shows Figure 2.9. 

Figure 2.9: Improving the stability of the ATF-54143 transistor. 

In figure 2.10 is shown the improving stability of the ATF-54143 transistor, but at 
frequencies below 0.8GHz the transistor is still unstable. 

18 May 2016 Ansoft Corporation 
K - Factor 
Circuit! 

16:20:51 

Y : - 2 . 5 4 G H z 3.08 M X1 = 0.80GHz 
JY1=1.00 

1F00 

K 
NWA1 

Figure 2.10: Improving stability - Rollett's stability factor (K). 
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Figure 2.11 shows the connection of biasing networks of ATF-54143 transistor 
recommended by Avago Technologies. These networks also influence the stability of 
the transistor. The values used for components were provided by Avago Technology 
and in some cases they were changed in order to improve the performance for the L N A 
designing. 

The inductor L I provides low frequency gain reduction, which can minimize the 
transistor's susceptibility to overload from nearby low frequency transmitters. L I 
provides a means of inserting gate voltage for biasing of the transistor. This requires a 
good bypass capacitor in the form of C7. This network represents a compromise 
between noise figure, input return loss and gain. 

Resistor R6 and capacitor C5 provide a low frequency resistive termination for the 
device which helps to keep the stability. The same applies to the resistor R7 and 
capacitor C6. The inductor (L2) provides a means of inserting drain voltage for biasing 
of the transistor and this also requires a good bypass capacitor in the form of C8. 

Figure 2.11: Complete scheme of the ATF-54143 transistor's stability. 

In Figure 2.12 can be observed the complete stability of the transistor by Rollet stability 
factor (K) at the shown frequency range where the centre frequency 435 M H z is 
included. 
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Figure 2.12: Stable transistor - Rollett's stability factor (K). 

It is also possible to observe the transistor stability by the stability circles on the Smith 
chart as it is shown in Figure 2.13, in this case at frequency range from 430 M H z to 440 
MHz. The KCS and K C L stability circles are outside of the Smith chart, which are the 
conditions for the stabilily of the transistor. 

Figure 2.13: Stable transistor - KCS and K C L stability circles on the Smith chart 
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Other way to find out if the transistor is stable is to verify if Scattering parameters, such 
as input reflection coefficient (S11) and output reflection coefficient (S22), are below 
0 dB at all frequency range as it is shown in Figure 2.14. A different value of these 
parameters could generate that the transistor behaves as an oscillator causing its 
inestability. 

18 May 2016 Ansoft Corporation 
Parameter S11 and S22 

Circuitl 
dB(S11) 
NWA1 

dB(S22) 
NWA1 

9.00 
F [GHz] 

18.00 

Figure 2.14: Parameters SI 1 and S22 at the frequency range from 0.1 GHz to 18 GHz. 

2.1.6 Calculating Values of the Active DC Bias Circuit 
As it was mentioned in chapter 1.2.6.2, an active DC bias circuit is used for setting the 
operating point (Q-point). This circuit has been chosen because it keeps stability of the 
Q-point. It means that the circuit is not affected by any influence of the temperature or 
other factors. 

In Figure 2.15 is shown the typical active DC bias circuit for the ATF-54143 
transistor recommended by Avago Technologies. BC807 general purpose transistor was 
chosen for this active DC bias circuit because it fulfils with requirements for this circuit. 
Equation relationships used to calculate the component values are also provided by 
Avago Technologies in the catalog of the ATF-54143 transistor. 
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Figure 2.15: Active DC bias circuit for L N A 

Before calculating component values of the active bias circuit it is necessary to define 
parameters, which the circuit should have, such as DC voltage source and the operating 
point of the ATF-54143 transistor. 

In chapter 2.1.4 was chosen the operating point for the ATF-54143 transistor. 
Therefore, the values considered are: 

• = 5 V - DC voltage source of the ATF-54143 transistor. 
• V D S = 3 V - Drain-to-source voltage of the ATF-54143 transistor. 
• I D S = 60 mA - Drain-to-source current of the ATF-54143 transistor. 
• V G S = 0.59 V - Gate-to-source voltage of the ATF-54143 transistor. 
• V B E = 0.7 V - Base-to-emitter voltage of the BC807 transistor. 
• R 7 = 3.9 fl - Resistor value used for the stability of ATF-54143 transistor 
• R 8 = 27 fl - Resistor value used for the stability of ATF-54143 transistor 
• IBB = 2 mA - Current flowing through R i / R 2 resistor voltage divider network 

(approximately). 

The equations that describe the operation of this active DC bias circuit are as follows 
[9]: 

For calculating R 3 

V E = V D S + ( I D S • (R 7 + R 8))- (2-8) 

3 + (60 • 10~ 3 • (3.9 + 27)) = 4.854 V. 
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Afterwards: 

D VDD-VE 

5 + 4.854 
6 0 ^ = 2 M 

For calculating R xandR 2: 

vB=vE-vB E 

4.854-0.7 = 4.154 V. 

R i 

VDD — IBB " (Ri + R 2 ) 

Rearranging equation (2.12) provides the following formula: 

V D D 

RI = 
,33. 

= 2077n 

2 • ^ • ( ' ^ ) 

And rearranging equation (2.11) provides the following formula: 

D _RI-(VDD-VB) 
R 2 ~ Vn ' 

2077 • (5 - 4.154) 
4.154 
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Resistor R4 is chosen to be 1 Kfl. This resistor keeps a small amount of current 
flowing through of the operating point of the BC807 transistor to help maintain bias 
stability. Resistor R5 is chosen to be 10 Kfl. This value of resistance is necessary to 
limit gate current of the ATF-54143 transistor in the presence of high signal of radio 
frequency (RF). 

2.1.7 Design of Matching Networks 
As it was mentioned in the chapter 1.2.5, the impedance matching is a method, which 
transforms given impedance into desired impedance in order to achieve a particular 
performance. For obtaining matching networks for the input and output of the L N A is 
used the tool that provides Ansoft Designer as known as "Smith Tool", which is 
necessary to configure in advance. 

To achieve the input impedance matching with impedance of 50 ft was necessary to 
set the L N A center frecuency of operation at 435MHz. After that, it was selected the 
noise parameter with reference value of Minimum noise figure (Fmin) equal to 0.13dB. 

The next step was to select the Available Gain Circle for Source (GACS) with 
reference value minor than the maximum gain, the reference value selected was equal to 
25.64dB. In this way, the circles of noise and GACS were obtained on the Smith chart. 
The value of GACS was set to in order to obtain an intersection between the circle of 
GACS and the center of the circle of the noise, the value set was 22.89 dB. 

Subsequently, it was possible to choose the suitable components for the input 
impedance matching, taking into account the center point of the Smith chart and the 
intersection between the circle of GACS and the center point of the circle of noise as the 
beginning and final of the selection of components respectively. The result of the steps 
mentioned can be observed on the Smith chart in Figure 2.16. 

The input impedance matching obtained was an inductor equal to 13.69 nH 
connected in series to microstrip line with lenght P=27.64 mm and width W=2.89 mm. 
The conection of input impedance matching network is shown in Figure 2.18. 

NC(ckt = Circuit? 
435.00MHz 
NWA1 

GACS(ckt = CircL 
435 00MHz 
NWA1 

Figure 2.16: Smith Tool - Input impedance matching 
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To achieve the output impedance matching with impedance of 50 fl was executed the 
same steps as for the input impedance matching but adding a new configuration for 
obtaining the Available Gain Circle for Load (GACL), which had as reference value the 
same value of the GACS equal to 22.89 dB. 

After the obtaining of the G A C L , it was selected the intersection between the 
GACS circle and the center point of the circle of noise in order to obtain a reference 
point into the G A C L circle. Finally, after these steps, it was possible to obtain the 
conjugate of the previous point obtained from the G A C L circle. 

This new point was the initial reference for the suitable components choosing for 
the output impedance matching and the middle of the Smith chart was the final 
reference. The result of the steps mentioned can be observed on the Smith chart in 
Figure 2.17. 

The output impedance matching obtained was a capacitor equal to 4.12 pF 
connected in series to microstrip line with lenght P=39.41 mm and width W=2.89 mm. 
The conection of output impedance matching network is shown in the figure 2.18. 

Figure 2.17: Smith Tool - Output impedance matching 

In Figure 2.18 is shown the schema of L N A with impedance matching networks 
obtained for the input and output. The dimensions of microstrip lines were obtained by 
tool "Microstrip single" of the Ansoft Designer, in which it was necessary to set the 
value of characteristic impedance, the electrical length in degrees, the center frequency 
and the parameters of substrate. The substrate used for the L N A designing is FR-4. The 
dimensions of microstrip lines obtained are shown in the schema below. For 
implementation purposes on the PCB due to space limitations, which were not suitable, 
it was decided to use an inductor 26.5 nH equivalent to the microstrip line of the output 
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impedance matching (See figure 2.23). 

Figure 2.18: Scheme of the L N A with impedance matching networks 

The figure 2.19 shows the value of the noise figure (NF) and the value of the minimun 
noise figure (Fmin) for the L N A at center frequency of 435MHz after set the impedance 
matching networks. As the graph shows, the value of the noise figure is equal to the 
value of the mininum noise figure: NF = Fmin = 0.18dB, which indicates that the 
impedance matching networks were properly designed. 

18 May 2016 Ansoft Corporation 
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Figure 2.19: Noise figure and Minimum noise figure (Fmin). 
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In the next figure 2.20 are shown the Scatering parameters and the gain of the L N A for 
the center frequency of 435 MHz. 

The gain obtained: 22.7 dB. 
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Figure 2.20: Gain of the L N A . 

2.2 Design and simulation of Band Pass Filter 

2.2.1 Designing Band Pass Filter 
As it was mentioned in the chapter 1.3, a quarter-wave (X/4-wave) coaxial resonator is 
used for the designing of band pass filter. 

Firstly, it was necessary to calculate the approximate length that will have the quarter-
wave (A/4-wave) coaxial resonator for the center frequency required, the relation used 
for this calculation is defined by [2] 

X _ v (2.15) 

A/4: Quarter-wavelength (m) 
c: Speed of light (3 • 10 8m/s) 
v: Center frequency of the L N A (435 • 10 6Hz) 

28 



The value of the quarter-wavelength of resonator obtained is 

3 • 10 8 

x

 = 435 • 10 6 

4 4 
= 0.172 m 

The value obtained of the aproximation of the quarter-wavelength of coaxial 
resonator was considered long for this design of the L N A due to disadvantages of 
portability and non-easy adapting to small places. For this reason, it was decided to use 
a coaxial resonator of approximate lenght 60mm. The disadvantage of changing the 
length of the coaxial resonator is the variation of the center frequency or resonance 
frequency. In order to keep the center frequency of the L N A design, it was necessary to 
connect a variable capacitor (Trimmer) in parallel to the coaxial resonator. 

It was used the coaxial cable LDF-2-50 (HELIAX) as resonator for this design, 
which has a good performance in RF signals. The parameters and dimensions of this 
coaxial cable are: 

- Dimension of the inner conductor: 2.74 mm 
- Dimension of the outer conductor: 10.29 mm 
- Dielectric coefficient: 1.3-1.65 
- Impedance: 50 

2.2.2 Simulating Band Pass Filter 
The next figure 2.21 shows the connection of the coaxial resonator in parallel with the 
variable capacitor C2 equal to 5pF. Additionally, the capacitors, C l l for the input and 
CIO for the output of the BPF, has been connected in order to improve the Q-factor 
quality of this filter. 

Moreover, the capacitor C11 is also intended for decoupling the DC signal from the RF 
signal. 

>oit2 

iL Ó it í 
ü Q lil d 

Figure 2.21: Band pass filtr with coaxial resonator 

29 



The parameter S21 shows the form, which the band pass filter is supposed to have. The 
parameters S l l and S22 demonstrate the stability of the filter for the frequency of 
435 MHz. These parameters indicate the favorable stability of this band pass filter. 

Figure 2.22: Simulation of the band pass filter 

2.3 Simulation of the LNA with the Band Pass Filter 

In this chapter was executed the simulation of the L N A with impedance matching 
networks and the Band pass filter both together as a principal circuit of this L N A design 
shown below in the figure 2.23. 

The objective of this simulation was the obtaining of reference values of gain and 
noise figure of the L N A , which were taken into consideration during the realization. 
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Figure 2.23: Principal scheme of the L N A 

The figure 2.24 shows the results of gain and noise figure of the L N A obtained at the 
center frequency of this design. 

From the figure the results are as follow: 
- Gain=20.90 dB 
- Noise figure=0.18 dB 
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Figure 2.24: Simulation of the L N A 
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2.4 Realization and Measurement Results of the LNA 

2.4.1 Realization Results of the LNA 
For the realization of the Printed Circuit Board (PCB) of the L N A it was used E A G L E 
PCB design software version 7.5.0. The choice of this software as designing tool for the 
PCB of the L N A was because of flexibility in its capabilities and workflow 
compatibility, an extensive fully-open component libraries to work as well as a rich 
variety of tools and also its simplicity to use. 

In the design of this L N A it has been considered the appropiate distribution of the 
spaces for the components, which have been implemented on the PCB. The location of 
the ATF-54143 transistor was defined carefully in order to obtain the lowest possible 
noise figure. To achieve this goal, it was considered during the design the shortest 
possible distance between the components of the input impedance matching network 
and the pin gate of the ATF-54143 transistor. The final design of the PCB with its real 
dimensions such as lenght 66mm, widht 45mm and height 1.5mm can be observed in 
Attachments A . l and A.2, and the electronical scheme in A.3. 

The PCB material used was FR-4 substrate, which was provided by the Faculty of 
Electrical Engineering and Communication of Brno University of Technology. The 
principal advantage of this material is its good performance in radio frequencies signals, 
which was suitable for this L N A design due to its work frequency in UHF band. 

After the fabrication of the PCB previously designed, the next step was its 
implementation with the electronical components, which have been choosen and 
calculated for this design plan presented. They were carefully soldered on the PCB in 
order to avoid any damage on them and within the conductor lines of the PCB. On the 
other hand, it is important to know that the component values used were not ideal, but 
possible closest comercial ones. However, there were some components, which were 
not neither found with comercial values, so in this case it was necesary to elaborate 
them manually such as the inductors L2, L3 and L4 as shows Attachment A . l . 
Furthermore, it was decided to incorporate capacitors in parallel to the components of 
the DC bias circuit in order to avoid the possible not wanted influence of RF signals 
over them as illustrates Attachment A . l . 

Figure 2.25: Implementation of the L N A with FR-4 substrate. 
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Figure 2.26: Low Noise Amplifier for UHF Band (430-440 MHz). 

2.4.2 Measurement Results of the LNA 
Once the implementation of the L N A was realized, the next and last step was its 
respective measurement with purpose of comparing of real and theorical values. 

This measurement took action by 2 steps: Firstly an operating point measurement and 
consequently a gain and noise figure measurement done as last. 

The values obtained from the first step can be observed in Table 2.4. The 
difference between the measured value and the theorical value of the operating point of the 
ATF-54143 transistor for VDS, IDS and VGS respectively has been due to non-ideal values of the 
bias circuit components. However, they are considered within acceptable values for this LNA 
design. 

Table 2.4: Measured value and calculated value of the operating point of the ATF-
54143 transistor. 

- Measured value Theorical value 

Vns (V) 2.7 3 
IDS (mA) 69 60 

V G S (V) 0.61 0.59 

The second step was the measurement of the gain and the noise figure of the L N A 
respectively. For the measurement of the gain was used the FSP-Scalar Network 
Analyzer (9 KHz-7 GHz) - Rohde & Schwarz and two signal attenuators, which both 
were connected to the L N A as illustrates Figure 2.27. The FSP was set to supply 
—20 dBm of power signal, after that the measured input signal at the center frequency 
of 432 MHz was —38.27 dBm. Consequently, it was possible to obtain the gain value 
of the L N A of G = 21.73 dB at the center frequency by the calculation between the 
output power signal, the input power signal and the attenuations origined in the circuit. 
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Following relation shows the calculation mentioned for the obtaining of the gain of the 
L N A : 

G = C - B (2.16) 

B = A - 30dB = -20dBm - 30dB = -50dBm 

C = D + lOdB = -38.27dBm + lOdB = -28.27dBm 

The gain is: 

G = -28.27dBm - (-50dBm) = 21.73dB 

FSP- Spectrum Analyzer 

Output Input 

-20dBm 
9 

-38.27 dBm 

ATT 10 dB 

-28.27 dBm 

LNA 

Figure 2.27 Measurement of the gain of the L N A . 

Figure 2.28 shows the result in the FSP-Scalar Network Analyzer of the Signal 
Spectrum generated in the L N A at the center frequency of 432MHz. Moreover, it is 
possible to observe the optimal Q-Factor Quality of approximately 10 Mhz bandwidth 
of the amplifier. 

The result of the gain of the L N A has been considered successful due to its 
obtained value, which was greater than the one obtained in the simulation part as shows 
Table 2.5. This result has been more than satisfactory within the range of expected 
values for this L N A design, which had a gain expectation within 15-20 dB. 
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Figure 2.28: Measurement result of the gain. 

After the measurement of the gain, it was realized the measurement of the noise figure. 
For this purpose it was used the NFA-Noise Figure Analyzer (10 MHz-26.5 GHz) -
Agilent N8975A. This measurement was under room temperature conditions of 296.5 
Kelvin (K), obtaining a result NF=2.049dB at the center frequency. The obtained value 
differs from the one simulated as it can be observed in Table 2.5. It has been concluded 
that some factors such as parameters and non-ideal values of the implemented 
components could be the cause, which affected and conveyed an influence over the 
result. 

Figure 2.29 shows the value of noise figure obtained at the center frequency of 
432 MHz. 
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A Agilent 11:08:13 May 16, 2016 Frequency 

Freq ModeK 

Fixed 
M k r l 4 3 2 M H z 2 . 0 4 0 dB 2 3 . 0 2 2 dB 

Start 432.00 MHz BH 4 MHz Points 1 
Tcold 296.50 K flvgs 10 fltt 5 / -

RF re-range required: Meas. restarted 

Stop 432.1 
Loss Off 

Start Freq 

Stop Freq 
500.000000 MHz 

Center Freq 
450.000000 MHz 

Freq Span 
100.000000 MHz 

432. 
Fixed Freq 

More 
l o f 2 

Figure 2.29: Measurement of the noise figure of the L N A . 

Table 2.5: Measured value and simulation value of the gain and noise figure of the 
ATF-54143 transistor. 

- Measured value Simulation value 
G(dB) 21.73 20.90 

NF (dB) 2.049 0.18 
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3 CONCLUSION 
The thesis presented the design of a Low Noise Amplifier (LNA) for UHF band 430-
440MHz. The main objectives of this design were to obtain a gain of 15-20dB, a 
minimum insertion noise and input and output impedance of 50 ohms. A very important 
tool used for designing and improving the L N A has been the Ansoft Designer SV2 
simulation software. The ATF-54143 transistor has been chosen as a main device due to 
its good characteristics in the electromagnetic spectrum of the RF, such as high 
linearity, low noise figure, and power gain. 

The results gained due to the implementation of the L N A at the operating center 
frequency of 432MHz and with the DC power supply of 5V for the bias circuits are: 
The gain of 21.73dB with the bandwidth quality factor Q of approximately 10MHz, and 
the noise figure of 2.049dB. The value of the gain may be considered as very 
satisfactory with respect to the requirements, and the bandwidth quality factor Q is 
within the required range. The value of the noise figure is considered as acceptable 
despite the fact that it does not match the value previously obtained in the design 
simulation. Considering the noise as a disturbance affecting all the circuits, there are 
some factors that could influence the value results of the noise figure - for example the 
component implementation on the PCB board, low quality parameters of the used 
substratum, and components without perfect parameters and values. 

The Low Noise Amplifier design developed in this Bachelor's thesis has met the 
established requirements. It has considered aspects, which would improve the 
performance of this L N A , such as the utilization of the substratum of better quality, 
utilization of discrete components, and new modeling technologies. 
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INDEX OF SIMBOLS, QUANTITIES AND 
ABBREVIATIONS 

BPF Band Pass Filter. 

dB Decibel. 

DC Direct Current. 

E-pHEMT Enhancement pseudomorphic High Electron Mobility Transistor. 

FET Field Efect Transistor. 

FR-4 Flame retardant type 4 

Fmin Minimum Noise Figure. 

L N A Low Noise Amplifier. 

GACS Available gain circle for source. 

G A C L Available gain circle for load. 

KCS K-factor circle for source. 

K C L K-factor circle for load. 

M A G Maximum Available Gain. 

M S G Maximum Stable Gain. 

NF Noise Figure. 

PCB Printed Circuit Board 

RF Radio Frequency. 

R L Return Loss. 

SMD Surface Mount Devices. 

SOT Small Outline Transistor. 

UHF Ultra High Frequency. 
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LNA DESIGN 

1 Circuit Diagram of the LNA 
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A.2 Printed Circuit Board (PCB) - Top (Component side) 

Dimensions of board 45 x 66 [mm], scale M l : l 

A.3 Printed Circuit Board (PCB) - Bottom (Connection 
side) 

Dimensions of board 45 x 66 [mm], scale M l : l 
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LIST OF COMPONENTS 

Label Value Case Description 
CI lOnF 0805 Ceramic capacitor 
C2 lOnF 0805 Ceramic capacitor 
C3 lOnF 0805 Ceramic capacitor 
C4 lOnF 0805 Ceramic capacitor 
C5 lOnF 0805 Ceramic capacitor 
C6 lOnF 0805 Ceramic capacitor 
C7 lOpF 0805 Ceramic capacitor 
C8 lOpF 0805 Ceramic capacitor 
C9 5pF 0805 Ceramic capacitor 

CIO lpF - Ceramic disc capacitor 
C l l lpF - Ceramic disc capacitor 
C12 0.8-lOpF 5201 piston Johanson Technology 
L I 470nH 0805 Johanson Technology 
L2 lOnH - Designed 
L3 13.5nH - Designed 
L4 26.5nH - Designed 
R l 2kft 0805 Multicomp 
R2 390Q 0805 Multicomp 
R3 2.7 Q 0805 Multicomp 
R4 l k f i 0805 Multicomp 
R5 lOkfi 0805 Multicomp 
R6 47Q 0805 Multicomp 
R7 3.9Q 0805 Multicomp 
R8 27Q 0805 Multicomp 
T l BC807 SOT-23 Philips 
T2 ATF-54143 SOT-343 Avago Technologies 
X I 50Q S M A Connector 
X2 50ft S M A Connector 
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