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The subject of this study is a Small Radio Telescope (SRT), which is a radio astronomy
kit for radio astronomers and students. In the course of this study, the SRT was set up
and made available to the Helsinki Observatory.

The work on this study started by getting acquainted with the functioning of the SRT,
gathering the necessary schemes and making sure that all the necessary components
to set up the SRT were available. The different components were carefully tested be-
fore starting the actual assembling, which meant that hands-on work was needed
throughout the process.

The task of making the SRT system operational and ready for future observations was
successful. This thesis also serves as an introductory brochure for future SRT users,
where the fundamentals of radio astronomy as well as the SRT system are explained
step-by-step. Finally, receiver properties and the low-noise amplifier and band-pass
filter are explored in more detail.

The block diagrams relating to the testing of the SRT parts are presented in the appen-
dices as well as the schematics and assembly instructions.
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1 Introduction

This study explores a Small Radio Telescope (SRT) belonging to the Helsinki Universi-
ty Observatory where the SRT telescope is located. The Observatory was designed by
Architect C. L. Engel and Professor of Astronomy F. G. W. Argelander. It was built in
1830’s and has contributed in various forms in the field of astronomy, including teach-
ing and observations. Probably the most well-known and certainly the most laborious
work, in the form of man hours, that Helsinki Observatory was involved with, was the
international Carte du Ciel project. This project started in 1887 and combined the re-
sources of twenty observatories around the world in an attempt to catalogue and map
out the positions of over four million stars [17]. Today the Observatory works under the
Department of Physic. It is part of the Helsinki University Museum and it venues exhibi-
tions about astronomy and history of astronomy for school children and tourists alike.

In the beginning of this project, the telescope was not in operation because it was dis-
sembled during the restoration project of the University premises. In order to serve the
needs of the observatory, the preparations for this study included making the radio tel-

escope operational.

The purpose of this study is to provide information for Observatory staff and other in-
terested users at Ursa, regarding the basics of radio astronomy and the functions and
operations of this particular radio telescope, with special focus on its receiver proper-

ties. The main research questions are:

What is radio astronomy?

How does the SRT function technically?
- What are the components of the SRT?

What are the characteristics of a radio astronomy telescope receiver?

Providing answers to these questions forms the structure of this study. First basics of
radio astronomy and the basics of the SRT system are explained. Then, the receiver is
described in closer detail. After this, the reader is introduced to the process of testing

the low-noise amplifier and the band-pass filter.



2 Basics of Radio Astronomy

2.1 The Jansky Unit

The optical region was for a long time the only part of the electromagnetic spectrum
that astronomers took advantage of. In 1932, Karl Jansky, examining the interference
caused by lightning storms, discovered by chance the noise that was sent by the Milky
Way. After that, radio astronomy has developed gradually into an important part of as-
tronomy [14, p. 255].

In radio astronomy the incoming signals are often very weak. When measuring different
apparent radio sources strengths, radio astronomers use flux unit, which is called jan-
sky (Jy). One jansky is equivalent to 1072° watts per square metre per hertz. To give
an example, a mobile phone in the moon emitting 1 watt power to all directions, would
be measured on earth as a 510719 watts per square metre. A radio astronomy ob-
server on the Earth’s surface would see this as a strong radio source. For example if a
mobile phone, which operates in a 200 kHz wide band, is placed in the Moon the ob-
server on Earth will perceive it as 250 jansky. However, in real-life radio astronomy
observations, the flux density in strong signals is typically tens of janskys and in weaker

sources only milli janskys (mJy) or even less [8, p. 245].

While the SRT is not capable of such accurate measurements, the fundamentals are
still the same. Radio astronomy equipment must be able to measure very weak incom-

ing signals and separate those from harmful manmade emissions.

2.2 Hydrogen Line

In this study, the frequency in which observations are made is 1.42 GHz, which is
probably the most important frequency in radio astronomy. One of the reasons is that
the emissions of the radio sky that are observed by radio astronomers are not the light
from the stars, but radio waves from the gas and dust clouds that are remnants of su-
pernova or star explosions. The 21 cm hydrogen line has been used to chart the struc-
ture of our galaxy, known as the Milky Way. The 21 cm hydrogen line is in fact one of

the most precisely measured physical properties [13, p. 312].



2.3 Electro Magnetic Waves

2.3.1 Signals from Space without a Wire

When looking up at the stars at night, with the naked eye or with the world’s largest
telescope, our eyes receive radiation from the stars. This visible radiation is what we
call light.

The radio astronomer observing the stars with a radio telescope receives radiation
known as radio waves instead of visible light. Although more complex instruments than
the naked eye are needed for analyzing these radio waves, the observer of radio
waves can build up a picture of the radio universe that is just as real a picture or a chart
of any visible objects of the universe. The radio astronomer observes different frequen-

cies of radiation known as the electromagnetic spectrum (Figure 1).
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Figure 1. Different frequencies of the electromagnetic spectrum
2.3.2 Electromagnetic Spectrum

Maxwell, on the basis of the calculated speed of electromagnetic waves (EM waves),
argued that light must be an electromagnetic wave. These so called Maxwell’s equa-
tions were published in 1864 [14]. This idea was soon to come generally accepted

when EM waves were experimentally detected.

Electromagnetic waves, or EM radiation, have been produced or detected over a wide

range of frequencies. They are usually categorized as shown in Figure 1 above. The



figure is a rough model because the shifts, for example from radio waves to infrared,

are not sharp in real life.

2.3.3 Two Windows to Space from the Earth’s Surface

The EM radiation coming from space into our atmosphere comes from different
sources, such as stars, planets, our own galaxy the Milky Way and black holes. The
vastness of space is not fully known to man, which is why new objects and emitters can
be found using the radio wave window. Different galaxies, for example, are very strong
radio emitters, which is why radio astronomy has made progress in unraveling the mys-
teries surrounding the galaxies known as quasars. A quasar has an unusual spectral
line. When combining the results from optical and radio wave astronomy, and with the
help of redshift calculations, the quasar known as 3C273 was the first quasar ever to
be identified. 3C273 was found in 1963 and it is still the optically brightest quasar in our
sky. The most important qualities of quasars are their strong radiation levels and rapid
changes in their brightness. Quasars are 100-1000 times brighter than the regular gal-

axies.

Different sources emit different kinds of waves. For example our own star, the Sun,
sends a wide variety of EM radiation towards our planet. The Sun’s EM radiation in-

cludes every radiation type listed in Figure 1 [6, p. 69].

Figure 2 demonstrates two so called windows that are transparent to incoming radio
and visible optic waves. Black areas will be filtered out in the atmosphere and therefore
never reach the Earth’s surface. Because of this, should one wish to make observa-
tions on the Earth’s surface, the windows that make observations possible are: the vis-

ible or optic window and the radio window (Figure 2).

RADIOWAVES
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Figure 2. Only radio waves and visible -waves can penetrate the atmosphere

To give an idea; the optic window is roughly between [375 000 to 1 000 000] GHz (Gi-
ga 10°) and the radio window is between [0.015 to 1300] GHZ. [16].

These frequencies can also be seen as wavelengths, and it can be described as [5, p.
669]

=l o

where 4 is the wavelength in meters, c is the light speed in free space and f is the fre-

quency.

When moving in free space, the speed of EM wave is assumed to be fixed to the speed
of light, denoted as ¢, which is 300,000,000 meters per second. Wavelength is then
inversely proportional to frequency of the wave: the higher the frequency the shorter
the wavelengths and vice versa [5, p. 325].

When seen as wavelengths, the A for the optic window is between [800 to 300] nm

(nano 107%) where radio window is between [20 to 0.0003] meters.

2.3.4 Picking up the Wanted Radiation

The SRT device that is the focus of this study is designed to make observations in a

specific frequency, which is 1.42 GHz, in the radio window (Figure 3).

SRT WINDOW

Figure 3. Radio waves picked up by the SRT



Because of our blindness to radio waves, no naked eye observations can be made in
radio astronomy. Therefore we have to rely on a man-made apparatuses to take a look
through the radio window.

The wavelengths of radio astronomy are much (about one million times) larger than the
wavelength of light, as noted above. This puts the radio astronomer in a difficult posi-
tion, because the energy from radiation decreases as the wavelength gets longer. This
involves great difficulty in achieving good resolving power compared to optical tele-
scopes. To give an example, a 5 metre diameter optical telescope has the resolving
power that is approximately 36 000 times greater than a 78 metre diameter radio tele-
scope working in 300 MHz frequency at the Jordell Bank Observatory in Cheshire,
England. [6, p. 216).

This is a problem that has been solved with a modern type of telescope known as the
Very Large Array (VLA). The VLA consists of 27 independent antennas, each having a
25 metre diameter dish. The antennas are placed alongside in three 21 kilometres long
lines. With the help of modern technology, it is possible to combine this wide array of
radio telescope signals into one spot and make it work as one gigantic radio telescope
antenna. This type of procedure is called aperture synthesis. The VLA works as an
interferometer, which means that it operates by multiplying the data from each pair of
telescopes together to form patterns and eventually chart the observations. Said VLA,
called the Karl G. Jansky Very Large Array, located in New Mexico, operates as if it

were a single dish system with one 36 kilometre diameter antenna [9].

3 Description of the SRT System

The SRT is a radio astronomy Kkit. It is designed for students and amateur observers
interested in radio astronomy. It is designed to receive a 21-cm wavelength radiation,
and the frequency in which observations are made is 1.42 GHz. The main parts of the
SRT Kkit, as shown below in Figure 4, are

- the 2.3 metre diameter antenna dish,

- the mount for the antenna, which includes a gearbox and an actuator for moving
the antenna,

- the receiver,



- the ground controller and the coaxial cables, and

- the PC with a JAVA-based control software.

2-way communication via

coaxial cable
CONTROLLER PC GROUND RECEIVER

CONTROLLER

EEEEEEEEEN Via RS-232

MOTOR
&
GEARBOX

END USER

power for antennas motors

Figure 4. SRT mechanics
3.1 Antenna Basics

Antennas come in many different shapes and sizes. The antenna used for a mobile
phone and the antenna used in a radio telescope are totally different in their uses and
in their size as well. There are different criteria for characterizing them. In radio astron-
omy, essential characteristic of the antenna is its ability to distinguish signals coming
from different directions. If the antenna could not give any indication of the direction of
the signal, it would have no use in radio astronomy. The antennas in radio astronomy
are said to be directive. Directivity is a measure how focused the antenna’s radiation
pattern is. In other words, directivity enables to get more power in to the telescopes

receiver.

Every antenna has its own radiation pattern. Figure 5 below shows the differences in
the radiation patterns of a parabolic antenna versus a dipole antenna. The picture
shows how efficiently each antenna will receive EM radiation from different angles.
Usually the pattern will contain a big main lobe and smaller side lobes. The radiation

pattern can also consist of such angles from which the antenna does not receive any-



thing. Parabolic antennas used by radio astronomers will have better directivity than
dipole antennas, because they are to receive signals from a fixed direction. In contrast,
antennas for cell phones should have a low directivity because the signal can come
from any direction, and the antenna should be able to pick it up [8, p. 139].

SRT PARABOLIC MAINLOBE DIPOLE
ANTENNA ANTENNA

270
270

180
180" [}

MULTIPLE SIDE LOBES

Figure 5. Parabolic antenna and dipole antennas patterns [3]

If the antenna’s physical size is smaller than the wavelength used, its main lobe will
inevitably be wider than in a telescope with a much larger antenna compared to the
wavelength used. This is the reason why radio telescope antennas are so colossal in

physical size: they will use the size to get the telescope more directive.

Gain is another fundamental parameter. It describes how much power the antenna is
transmitting from a source. An antenna with a 3 dB gain means that the power received
by the antenna will be twice as much as what would be received by an antenna with a
0 dB gain. Furthermore, antennas that are small in relation to the wavelength at which
they operate are usually very inefficient. A cellular phone has a gain of 0 dB, while the

gain of a big radio telescope antenna can be as high as 40 to 50 dB [2].
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The SRT uses a parabolic dish which is made of four individual sections. Each section
is constructed from aluminum mesh supported by a lightweight aluminum frame, as
seen in appendix 1. The holes in the mesh are seen as a mirror by the incoming
waves, i.e. the holes will reflect the energy, if the holes are less than one tenth of the
wavelength used. That is why the parabolic antenna can be made of lightweight alumi-
num mesh as shown in Figure 6 [6, p. 216). After reflected by the antenna, the wave is
caught by the antenna feed (appendix 2). The antenna feed is located at the apex of

the parabolic reflector.

07

MIRROR ALUMINUM MESH CONSTRUCT

Figure 6. An aluminum mesh construct working as a mirror reflector
3.2 Receiver Basics

The receiver can be described as the essential part of the system. It is a part where all
the radio wave energy is concentrated. The incoming energy is physical power from
radio waves, thus analog, and after the signal leaves the receiver, it is digitalized into
bits. The block diagram and schematics of the receiver can be seen in appendices 4
and 5.

As mentioned earlier in Section 2.1, the incoming radio wave signals have very small
power. The receiver needs to amplify that power without distorting it in the process.

This is why the amplifying part will be of great importance.

The receiver itself always produces an unwanted and unavoidable noise signal which is

of the same nature as the wanted signal. In other words, distinguishing between the
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noise that comes from the receiver and the one that comes from sky is one of the fun-

damental issues in radio astronomy receivers.

3.3 Rest of the SRT Parts

3.3.1 The Ground Controller and Communications with PC

The ground controller provides the DC power to the antennas main motor gearbox, 2-
way serial communication with the digital receiver on the antenna and finally it has an
RS-232 serial port for connecting the software on user PC. The schematics for the

ground controller can be found in appendix 7.

Communication between the ground controller and the PC is done using the RS-232
serial port. In many modern PC’s the RS-232 port does not exist because of an inven-
tion we know as the USB port. In such cases the user will be able to manage by using
a USB-t0-RS-232 converter.

3.3.2 The Motorized, Two-Axis Mount

The Cassi mount is an azimuth-elevation (AZ/EL) mount that rotates the antenna in two
axes; vertical and horizontal. These instructions can be found in appendix 3. The verti-
cal altitude movement is done by a linear actuator attached to the antenna’s frame,
which operates with 24V DC supplied by the ground controller. The horizontal move-
ment is done by the motor, with the needed 24V DC again supplied by the ground con-
troller that rotates the motor gearbox located on top of the mast, just under the antenna

itself.

The main motor gearbox assembly (Figure 7), where all the power connections from
the ground controller unit are located, weighs 70 kilograms and has a reed micro switch
attached to its worm gears in order to keep track of the turnings of the drives, and that
way keep track of the antenna’s position. The motor activates when it receives the
keyword “move” from the ground controller. The keyword is followed by a byte which

gives the number of “counts” of the reed micro switch on the drive gear to move [10].
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Figure 7. The SRT mount and gearbox [1]
3.3.3 PC and Control Software

The control software, which is JAVA-based, was obtained from the MIT Haystack Ob-
servatory website. Being JAVA-based, the software is portable to most common oper-
ating systems. Interface for the telescope control is an active window and with that the
user can control the telescope functions. Just like any other graphical user interface,
the telescope functions are available either by a mouse clicking or typing text com-

mands into text box. Also the combination of those two above methods are valid.

Before starting to use the SRT for the first time, the user needs to access an ASCII file
labeled srt.cat. That file contains all the necessary information that the software is go-
ing to use, including telescope station latitude and longitude, telescope azimuth and
elevation limits and the appropriated mount that will be used. The srt.cat file also in-
cludes the value for the noise diode calibration and ready co-ordinates for a few sky
objects.

4 Focusing on the Receiver

The next part in the chain is the receiver. In a radio telescope the receiver plays a part
that is similar to the photographic plate at the focusing point of an optical telescope. It
is the point where the received electromagnetic waves are focused on and converted

into bits, in order to be communicated to the user software and PC (Figure 8).
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Analog signal

2.
Digitalsignal Receiver

USER PC

Figure 8. Signal path in SRT system

In order to select the wanted signal from any unwanted signals, we need selectivity. In
most cases the power level of the signal a radio telescope receives is quite small and
the power received from the background may be much higher than this. That is where
the amplifying part and the sensitivity of the system will be of great importance.

Therefore the focus in this chapter is in the receiver’s sensitivity, selectivity and internal
noise. The reader should note that what is said of sensitivity, noise and selectivity is
mainly true for any RF receiver. Also a closer look will be taken at the architecture of

the SRT’s receiver and its advantages in picking up the wanted signal.

4.1 Receiver Sensitivity and System Noise

As explained in Section 2.1 above, a mobile phone in the moon emitting 1 watt power
would be seen as a very strong source for radio astronomy’s observations on the

Earth’s surface. This illustrates how sensitive the receivers are in radio astronomy.

Receiver sensitivity is without a doubt one of the key specifications. The ability of the
receiver to pick up the wanted radio signals as efficiently as possible is significant in
any application. There are a number of methods and figures that are used to describe
the receiver’s sensitivity. This study concentrates on the following basic elements: sig-

nal to noise ratio (SNR), noise factor and noise figure and lastly noise temperature.
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Noise can be defined as any random interference unrelated to the signal of interest [12,
p. 37]. Unfortunately it is present in all circuits, generated by different components of
the system; resistors, bipolar devices HEMT’s. Basically every component wants to
introduce its own noise into the system. Noise is very much the same hissing sound as
can be heard from an amplifier with no output. Back in the day when there was no tele-
vision transmission during the night, you could hear the same hissing sound with
“snowflakes” on the televisions screen. The gentle hissing sound was generated in the

systems own components. It presents a limitation on many aspects of performance.

Noise is something that is present in all electronic and RF circuits. Noise arises from
many causes and sources. It originates from the movement of the charges. Electrons
bump into each other continuously, the faster and the warmer the material is. This col-
liding will cause electrons to emit radiation. This radiation is what we call thermal noise
and it is said to be white noise, which means it is not fixed to any one frequency but all
frequencies [11, p. 232].

What makes matters complicated is the fact that in radio astronomy the noise is actual-
ly a useful signal. The fundamental challenge in radio astronomy is how to determine

the unwanted noise from the wanted noise.

4.1.1 SNR or Signal to Noise Ratio

The signal-to-noise ratio (SNR) is an important parameter. The SNR can be defined as
the ratio of the signal power to the total noise power. Mainly because of computational
convenience, most of the receiver parts are characterized by their noise figure, which is
expressed in decibels (dB). Figure 9 below demonstrates the noise created by the am-

plifier. The SNR is smaller after than before the amplifier.
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Figure 9. The amplifier introduces its own noise to the signal
4.1.2 Noise Factor and Noise Figure

In many analog circuits, the SNR is an important parameter to understand, but most
receivers are characterized by their noise factor. The most common definition is [12, p.
39]

SNR,
SNR ,ut

noise factor =
where S N R;,, and S N R,,; are the SNR measured at the input and output.
To understand the physical meaning of the equation, noise factor can be seen as a

figure of how much the SNR degrades as the signal passes through the system.

A system that has no additional noise introduced, then

SNR,,=SNR,,
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That means, in theory, the noise factor of a noiseless system is 1.

In reality, however, [12, p. 40]
noise factor > 1.

Noise factor was described in natural numbers. When defining the same in decibels
(dB) we have [12, p. 40]

noise figure (dB) = 10 log,, (noise factor).

So the figures compare the noise performance of a system to that of an ideal noiseless

system.
How sensitive a receiver can be is directly proportional to the receiver’s noise factor.

The receiver noise is usually expressed by the equivalent noise temperature
Ty oceiver- It is the temperature to which the radiation resistance of the antenna would

have to be raised in order to produce, the same noise power as the complete receiver
[15, p.42].

4.1.3 Noise Temperature
Noise figure can also be defined as a Noise Temperature [7, p. 260]

To + Tsys

noise figure =
To

where To is the reference temperature (usually 290°K) and Ty, is the temperature of

the system.

In temperature terms; if the receiver is assumed perfect and introduces no noise, then

Treceiver =0,

which equals

noise figure = 1.
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The value of T;ceiper depends on the circuits and amplifying devices in the receiver.

The overall system temperature measured at the output of a receiver can be broken

down as follows [7, p. 240]

Tsystem antenna + Treceiver'

where Tgntenna 1S @antenna temperature, due to external radiation, partly from the sky

and also interference from the ground and Tyeceiper IS NOise temperature of the re-

ceiver.

This total noise temperature determines the sensitivity of the radio telescope system
and also the receiver can be specified from standpoint of noise by its noise tempera-

ture Treceiver- N radio astronomy telescopes, the receiver sensitivity is of primary

importance, because doubling the system noise temperature will extend the measure-

ment period to four times [14, p. 257]. Also, the stability must be good.

4.2  Selectivity

Selectivity is one of the receiver’s two main functions. One is to amplify the incoming
signal and the other is to separate the wanted signal out of the unwanted ones. A re-
ceiver’s ability to respond only to the wanted signal, or frequency or channel, and reject
other unwanted signals nearby in frequency, such as Global Positioning System (GPS)
and many different types of wireless communications done with cellular devices, is im-
portant one. Selectivity can be seen as one of the major specifications of any radio

receiver for whatever application.

4.3 The Superheterodyne Receiver

The receiver in the SRT system is based on superheterodyne architecture. The term
superheterodyning simply means creating a beat frequency that is lower than the origi-
nal signal frequency (RF) captured by the systems antenna. The lower beat frequency
is created by using the local oscillator (LO). The SRT uses a phase locked oscillator. It

means that with the help of crystal, the LO is forced to oscillate at the frequency of the
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crystal. The crystal is like a tuning fork whose resonant frequency remains constant.
The RF signal of the receiver is mixed with the LO signal to form a lower intermediate
frequency (IF) in order process the signal more easily. Basically this means adding two
frequencies together in order to get one with lower frequency. When signal frequency
has been reduced, the signal processing comes much easier. Figure 10 below illus-

trates how the downconversion is made.

| W Y WY W V/ W

| | |
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Figure 10. Superheterodyning

4.3.1 Mixer

The mixer is a circuit in the middle, where the signal frequency is converted down-
wards. For example, if a sinusoidal RF signal waveform contains 10 000 000 cycles,
i.e. the signal frequency is 10 GHz and LO signal, has the frequency of 9 GHz, the IF
frequency will be 1 GHz. So mixer forms a signal frequency that is the subtraction from
RF and LO -signals 10 -9 = 1.

The waveform that passes the switch is: (RF - signal waveform) x LO switching func-

tion.

In the SRT, the local oscillator must be set at a frequency that will “heterodyne” the
original 1.42 GHz to the desired IF frequency of 0.5 to 3 MHZ’s, as seen in appendix 8.
This means the local oscillator must be set accordingly so that the difference frequency
will be in between the desired IF frequency range, which in SRT system is, 0.5 to 3
MHZz’s.
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4.3.2 Advantages of a Superheterodyne Receiver

One of the main advantages of using a superheterodyne receiver is that it reduces the
signal from very high frequency sources where components would not work properly. In
SRT the observed frequencies are high at 1.42 GHz. Although in Metsahovi Radio Ob-
servatory in Kirkkonummi, which is much more sophisticated system, the telescope is
capable of making observations up to 300 GHz. However, even when working with
frequencies over 1 GHz, many ordinary components cease to function. For example,
the most modern computer processors for PC systems work today at 3 GHz and there
are many physical reasons for why the speeds are not in tens or hundreds of GHZ's. A
superheterodyne receiver also allows many components to operate at a fixed IF fre-

quency which helps the optimization and designing of the system.

Another advantage is that by using a superheterodyne receiver, it is very easy to im-
prove the selectivity. In SRT receiver, as in television and in radio receivers, a user
wants to tune the receiver into different channels or frequencies. So, besides sensitive,

the receiver needs also to be selective.

5 Testing the Low-Noise Amplifier and the Band-Pass Filter

5.1 The Low-Noise Amplifier (LNA)

The performance of any radio telescope or any system that uses the RF is determined
by both the power delivered to the antenna, bigger antenna equals more power gath-
ered, and the sensitivity of the receiver, particularly the noise of the LNA. The noise

temperature of the receiver is given by [7, p. 263]

Treceiver =T1 + — + —+

where Ty, T, and T5 are noise temperatures and G;and G, are the gains of each part.

Because the LNA is the first stage of gain in the receiver path, its noise figure adds
directly to the noise figure of the system. This is the reason why it is important to put
much emphasis on the LNA. The LNA schematics can be seen in appendix 6. Above
mentioned equation can be used to find the noise temperature of the actual receiver

when the noise temperatures and the available power gains are known.
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A typical receiver having two RF amplifier stages followed by a mixer and an IF ampli-
fier is shown in Figure 11 below.

1 stRF
amplifier 2 nd RF Mixer IF
‘ > (LNA) amplifier .
amplifier
Gy,T, G2, T, Gz T; Al
Local
oscillator
Figure 11. Receiver path with two amplifiers

5.2 The Band-Pass Filter (BPF)

One simple method of minimizing noise in a system is to limit the frequencies that enter
the system. This type of bandwidth limitation is done by using the band-pass filter
(BPF), because when using a circuit bandwidth greater than that required by the signal,
it allows additional noise frequencies to enter the LNA and rest of the circuit (Figure
12). The BPF will pass the wanted 1.42 GHz signal and provide good rejection for the
unwanted frequencies. These unwanted interference frequencies come from many
different sources. GPS, Personal Communications Service (PCS), different satellites
and airborne transponder signals which are all operating in frequencies around SRT'’s
1.42 GHz hydrogen line. Thus, the 1.42 GHz is surrounded by interference from other
systems and applications. Also, when BPF adds very little noise on its own to the sys-
tem itself, it will protect the rest of the receiver parts from unwanted, manmade interfer-
ence, which is especially true in urban surroundings where the SRT is located [11, p.
134].
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Figure 13 is from the network analyzer that has SRT’s band-pass filter attached to it. It
is a wide spectrum picture, just to enhance the BPF’s role in the system. The spectrum
is ranging from 0.3 GHz up to 6 GHz, from left to right. The yellow line at the bottom of
the screen is our signal going through the filter. The red line in the middle of the screen
is the level where there is no insertion loss which means those frequencies will pass
through the filter without any obstacles.

Looking at Figure 13, the signal is seen peaking at 1.41 GHz where the filter makes no
attenuation to the signal. This type of filtering is a very efficient way to limit the band-

width and the noise entering the receiver.

The closer together the yellow and red lines are, the more of the original RF signal gets
permitted through at that given frequency. As is evident from the peak, in this case only
the specific signal frequency, 1.410 GHz, is permitted to go through.

5.3 Testing the Amplifier and the Filter

In SRT, the receiver is attached to the antenna mount, which means that it is located
outdoors while the controlling PC is indoors. The cables and connections that the SRT
system needs in order to work are then minimized. For example the LNA, which is at-
tached next to the receiver, is powered by the +5V carrier through the coaxial cable.

When testing the LNA itself in the network analyzer, some arrangements needed to be
made. Firstly, the LNA needed the 5V DC power for DC biasing and secondly, because
of the outboard DC power used, a DC block connector (Figure 14) was needed be-
cause otherwise the dc signal coming from outboard power would have interfered with

the network analyzers readings.



24

Figure 14. DC block connector assembled in FR4 plate

After that, a block connector was simply made from two BNC connectors attached to
FR4 plate. Then one 10 pF conductor was soldered to FR4 plate in between the BNC'’s
and it was matched to 50 ohms using microstrip line calculator. EM Talk’s Microstrip
Line Calculator [4] was used in order to resolve the needed measures that the con-

nector needed.

After the DC block connector the LNA was opened and 2 wires for +5V and ground
were soldered in (Figure 15). Crude and robust in construct, but in practice the DC

block connector worked soundly.
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Figure 15. Complete LNA setup in network analyzer with DC block connector.

After the setup was made, the LNA was put into test, which it passed nicely. Figure 16
demonstrates that the gain the LNA gave was 18.8 dB at 1.42 GHz, which was what
the datasheet of the given ATF-34143 HEMT transistor said it would produce. The
HEMT datasheet is attached here as appendix 9.
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CHY TRN  log MAG 2 dBs REF @ dB
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Figure 16. LNA in network analyzer

6 Summary

In this thesis the SRT system has been studied as one entity. The SRT system was
examined and set up in order to make it operational for future observations. The fun-
damentals of radio astronomy and the SRT system were explained. In radio astronomy
there are many different types of systems and implementations, yet all of these sys-
tems have common qualities. The description of these common qualities was consid-
ered to form a basis for all who are interested in working with the SRT system, or with

radio astronomy in general.

The most sensitive parts of the SRT system were probed and weaknesses were found.
In the SRT’s outside surroundings, the weather conditions and the normal physical
wear of the parts and joints will be a negative influence to the system in the future, un-
less these issues are addressed and attended to. Further insulation into the wiring and

into the box that encloses the receiver, LNA and band-pass filter will make it more resil-
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ient against weather, moisture, wear out failure and corrosion. These findings will help
resolve the possible future inconveniences, when the SRT will be operational every day

of the year.

The University staff was also given a demonstration of how the system works and what
was done during this study. This left them better equipped to use the SRT to its maxi-

mum capacity and to make many interesting observations in the future.
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Antenna Assembly Instructions

Antenna Assembly Instructions

Required Tools:

1-1/2" & 7/16” Open End Wrenches
1 - 16” Adjustable Wrench

1 - Steel Tape Measure

1 - 7/16” Socket and Ratchet

1 - 3/4” Open End Wrench

Step 1. It 1s necessary to assemble the reflector on a flat surface to ensure proper
alignment of the sections. It 1s a good 1dea to protect the surface finish by placing
cardboard. etc., under the edge of the reflector. Begin by assembling any two quadrants
with the 1/47-20 x 27 bolts through the three outermost pre-drilled and the mnermost hole
of the sections on the Quad 7.5 antenna. Use 1/4” flat washers on both sides of the nib,
at each assembly point. Finger Tighten Only At This Time.

Figure 1. Place all four quadrants on a flat surface prior to assembly.

Figure 2. Only mstall the outer 2 bolts (7.5-foot dish) or outer 3 bolts (10-foot dish)
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Step 2. Repeat step 1 by assembling the remaining two quadrants. Now vou have two
halves. The two halves can be bolted together remembering to Finger Tighten Only at
this time. Now make sure all the quadrants are properly joined and flush at each
assembly point. THIS IS VERY IMPORTANT TO ASSURE THE CURVE OF THE
REFLECTOR IS MAINTAINED AND SUPPORTED CORRECTLY. Wrench tighten
all bolts at this time.

Figure 3. Assembly of the parabolic dish as described in the mstructions above.

Step 3. You may stand the assembled reflector on edge for easy access to the center.
Attach the center hub plates to the antenna by mserting four 5/16” x 27 camrage bolts
through the front plate. between the ribs. and through the rear plate on the backside of the
reflector. Be sure to use 5/16” washers on the rear hub plate. SECURELY TIGHTEN
THE CARRIAGE BOLTS WITH A WRENCH.

Step 4. This step involves attaching the quad feed supports. Carefully lay the antenna
down on 1ts back so the reflective surface 1s facing up.

Holes are dnilled in each reflector section to accommodate the Quad Feed Support.

Attach the end of the feed support rod with the round hole to the outside perimeter of the
antenna with 1/47-20 x 1-1/2” bolts. The feed supports attach through holes in the face of
the reflector. The slotted end of the feed support rod attaches to the feed hom with
1/47-20 x 3/4” bolts. THE FEED SUPPORTS SHOULD BE POSITIONED
EQUALLY TO PROPERLY CENTER THE FEED HORN.

Figure 4. SRT feed hom

When mstalling the feed supports place the head of
the 1/4-20 bolt inside the feed. This creates a
lower profile than placing the nut and lock washer
inside the feed.
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Secure the slotted ends of the feed supports to the feed hom.

Figure 5. Properly installed feed homn.

Figure 6. Antenna assembly

The dish 1s now ready to be
mounted on the two-axis mount
using the mounting ring
provided.
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Antenna Feed
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Cassi Mount Assembly Instructions

Assembly Instructions for
CASSI Mount

This 1s the supplemental assembly instructions for the AZ/EL CASSI mount supplied with the Small Radio
Telescope kit. The mount comes partially assembled and wired but requires some user assembly.
Documentation describing the rest of the installation of the SRT can be found on the website. A special
complied version of the software has been produced with appropriate defaults for the
new mount.

The CASSI mount comes on a pallet contaming the main motor gearbox assembly. a
screw jack linear actuator for the elevation axis and left and right dish ring riser arms
located in a separate box on the pallet. The main gearbox weighs over 120 Ibs and
needs 2-3 people to lift onto the mast. The mast needs to be made of 3 inch schedule

40 steel pipe and extend at least four feet above the ground for the 7.5 foot dish. See
separate documentation for constructing the pier and mast assembly. =

Z A

The flat end (door) of the gear box nominally points north but the exact orientation depends on the setting
of the iternal limit switch and the Az software limit set up in the SRT.CAT file located in the directory
containing the java code for the SRT system. The software and controller are not needed for initial
assembly of the mount but will be needed to attach the feed hom and receiver.

Once the motor gearbox is on the mast locate and mount the elevation linear actuator
and attach it to the lifter arm extending up from the cradle which forms the elevation
axis. The linear actuator is preconfigured and should not be activated or have its end
rod rotated by hand as this sets one of the limit switches and can damage the unit if
done incorrectly (see manufacturer mstructions in the box). The gearmotor at the
end of the actuator should point up when attached to the lifter arm.

Locate the two riser arms shipped in the actuator box located on the pallet. The “T~
shaped arm should be mounted on the same end of the cradle where the lifter arm is
located. Attach the arms by removing the two % inch
nuts and sandwich the arms between the two
washers. A small amount of grease can be applied to
aid in movement and prevent rust. Only hand tighten
the nuts for now. The second nuts are used as
locking nuts to prevent loosening.

Locate the dish mounting ring which 1s part of the
dish shipment and attach it to the riser arms. The
ring should attach in only one orientation. Once the
ring 1s attached to the riser arms you can tighten the
elevation nuts short of binding the movement of the
ring. The end rod of the elevation lmear actuator can
now be attached to a small tab on the mounting ring.
The ring should be 1n a horizontal position (dish =
looking at zenith). The sections of the dish should now be assembled and the completed dish lifted up and
positioned on the mounting ring. Attach using bolts provided.

There are two versions of the mount
which differ in how the 9 conductor
and elevation actuator cables are
routed to the screw down blocks
inside the gearbox. See the
appropriate figure. Locate the 9
conductor cable which connects the




controller to the antenna mount. Remove about 3 inches of the outer insulating jacket and strip and solder
the ends of each of the conductors about 3/8 inch. Route the 9 conductor cable up through the bottom of
the mount and attach the ends to the screw down block according to the wiring diagram.

The Az motor and reed sensor should already be connected to their
associated side of the screw down block. Strip about 2 inches of the
outer jacket of the linear actuator cable and strip about 3/8 inch from each
of the conductors and solder all but the black conductor. Route the cable
from the actuator through the right (or left) hole in the bottom of the
mount and attach according to the wiring diagram. The black conductor
for the cable must share a connection with the Az reed switch by
including it in the wire nut connection already 1n place.

Finally, route the 2 conductor cable for the calibrator through the hole on the bottom of the mount and
attach according to the wiring diagram. When routing the calibrator cable from the mount to the calibrator
take care that it will not get hung up as the system rotates. I use electrical tape to attach it to the lifter arm
exactly like the cable from the linear actuator before going to the actual calibrator.

To gain access to the dish and attach the receiver to the support legs you
will need to install the software and connect the 9 conductor cable to the
controller. The SRT.CAT file needs to be modified by commenting out the
keyword “SIMULATE ANTENNA" by inserting a asterisk (*) in the first
column of that line. When the software 1s started up and the controller is on
the dish should go to its zero point as defined in the SRT.CAT file which 1s
due north at nearly zero degrees elevation. The orientation of the mount
and the elevation of the dish when at these limits should agree with the first
numbers associated with the AZLIMITS and ELLIMITS keywords.
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SRT Receiver Block Diagram
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SRT Receiver Schematics
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SRT LNA Schematics
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Appendix 7

SRT Ground Controller Schematics
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SRT Receiver Characteristics

Digital Receiver

L.O. Frequency range

L.O. Tuning steps

L.O. Settle time

Rejection of LSB image
Bandwidth/Resolution Modes

(Currently supported in ver 1.0 firmware)

I.F. Center

6 dB I.F. range

Preamp frequency range

Typical system temperature
Typical L.O. leakage out of preamp

Preamp input for dB
from out of band signals

Preamp input for intermodulation interference

Control

compression
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1370-1800 MHz
40 kHz

<5ms

>20 dB

1200/8 kHz*
500/8 kHz
250/4 kHz
125/2 kHz

800 kHz

0.5-3 MHz
1400-1440 MHz
150K

-105dBm

-24 dBm

-30 dBm
RS-232 2400 baud

* The 1200 kHz wideband is synthesized using 3 500 kHz bands stitched together from a frequency scan.

Digital Receiver Board

hREL

DX SR SIS
USRI




ATF-34143 HEMT Datasheet

ATF-34143
Low Noise Pseudomorphic HEMT
in a Surface Mount Plastic Package

Data Sheet

Description
Avago's ATF-34143 is a high dynamic range, low noise

PHEMT housed in a 4-ead 5C-70(50T-343) surface mount
plastic package.

Basad on its featured performance, ATF-24143 is ideal for

the first stage of base station LMA due to the excellent

combination of low noise figure and high linearity!'l. The

davice is also suitable for applications in Wireless LAN,

WLL/RLL, MMDS, and other systems reguiring super low

noise figure with good intercept in the 450 MHz to 10 GHz

frequancy range.

Note:

1. From the same PHEMT FET family, the larger gaometry ATF-33143
may also be considerad sither for the higher linzarity performance

of easier circuit design for stability in the lower frequancy bands
{B00- 200 MHz).

Surface Mount Package - SOT-343

Pin Connections and Package Marking

o [T T [T ] sourc

Fo]
-9

SOURE |:|:|: =i D] GATE

Mote: Top View. Package marking providas
orientation and identification.

“4p" = Dewice coda

“x" = Date code character. A new character
is assigned for each month, year.
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AvaGo

TECHMOGLEGIES

Features

= Lead-free Option Available

= Low Moise Figure

« Excellent Uniformity in Product Specifications
= 800 micron Gate Width

=« Low Cost Surface Mount Small Plastic Package
50T-343 (4 lead S5C-70)

=+ Tape-and-Reel Packaging Option Available
Specifications

1.9 GHz; 4V, 60 mA (Typ.)

« (.5 dB Noise Figura

=+ 17.5 dB Assodated Gain

« 20dBm Qutput Power at 1 dB Gain Comprassion
« 31.5 dBm Output 3™ Order Intercept

Applications

=+ Tower Mountad Amplifier and Low Noise Amplifier
for GSM/TDMASCDMA Base Stations

«+ LNA for Wirelass LAN, WLL/RLL and MMDS
Applications

= General Purpose Discrate PHEMT for other Ultra Low
MNoise Applications

Attention: Dbserve precautions for
handling electrostatic sensitive devices.
‘ ESD Machine Mol (Class &)
ESD Human Body Model (Class 0}
m Refer to Avaga Application Note ADD4R:

Bectrstatic Disctharge Domage and (ontml




ATF-34143 Absolute Maximum Ratings'l
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Absolute
Symbal Parameter Units Maximum Notes: o
- = 1. Oparation of this device above any one of
Vg Drrain - Source Valtage™ v 5.5 these paramaters may cause permanent
Vos (Gate - Source VioltagaR! v -5 damage. ) B
Vol 2. Assumes DC quizscent conditions,
Voo Gate Drain Violtage v -5 3. Wz = 0 wolts.
o Drain Current!® mA lges™ 4 Spurce lead temperature is 25°C Derate
— amWAC for T, = 40°C
141 . .
Pie Total Power Dissipation e 725 5. Thermal resistance measured using 150°C
Pimax RF Input Power dBm 17 Ligquid Crystal Mazsurement method.
T h T o °C 160 6 Un_der Iargg signal cnndn_mni, ¥z may
H anne’ empersiure Twing positive and the drain current may
Terg Storage Temperature C -65 to 160 excaed by, These conditions are acceptable
8. Thermal Resistance ™! W 165 & long a5 the madmum Py, and Py e

ratings are not exceeded.

Product Consistency Distribution Charts™
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Figure &, Gain @ 1 GHz, 41, 60 mk.
L5L=16.0, Nominal=17.5, USL=19.0

7. Distribution data sample size is 450 samples taken from 9 different wafers. Future wafers allocated to this product may have nominal values

anywhare within the upper and lower spac limits.

8. Maasuraments made on production test board This dinuit reprasants a trade-off betwean an optimal noise match and a realizeable match basad
on production tast requirements. Circuit losses have baen de-smbaddad from actual measuremients.



KTF-34143 Electrical Specifications
Ta= 25°C, RF parameters measurad in a test circuit for a typical device
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Symbol  Parameters and Test Conditions Unis: ~ Min. Typl  Max.
(P Saturated Drain Current Vps =15V, Vgs=0V mA 90 118 145
V" PinchoffVolage Vo= 15V Ipg= 10%0flyy, ¥V 065 <05 035
Iy Ouiescent Bias Current Vige=-034V Vs =4V m#A — 60 —
gl Transconductance Vgs =15V, gg = lgszVp  mmhao 180 230 —
leza (Gate to Drain Leakage Cument Van =5V wh 500
Igas Gate Leakage Current V=V =-4V pA — 30 300
NF Moiss Figure f=2GHz Vg =4V Ip:=60mA  dB 0.5 0.8
Vi =4V, Ips = 30 mA 05
f= 500 MHz Ve =4V, [z —G0mA _ dB 04
G, Associated Gain f=2GHz Vs =4V, lps = 60 mA de 16 175 19
Vps =4V, lpg =30 mA 17
f= 000 MHz Vg =4V Ip;=60mA  dB 15
OF2  Output 31 Order f=12GHz Ve =4V lpe=60mA  dBm 20 31§
Intarcopt Pointld 45 dBm P,/ Tana Vipe =3V, Iy =30 MA 0
f= 900 MHz Vps =4V lps=60mA  dBm E}
+5 dBm P,/ Tone
Pdn 1 dB Compressed f=2GHz V=4V, lps=60mA  dBm 0
Intercept Point!3 Vips =4V Ips =30 mA 19
f=1000 MHz Ve =4V lpe=60mA  dBm 185
Motes:
1. Guaranteed at wafer probe level
2. Typical value determinad from a sample size of 450 parts from 9 wafas.
3, Using production test board.
Inout 50 Chm Input 50 0hm Output
i’ _ | Transmission Matzhing Circuit Transmission [ v
Lina Including r_mag=030 Ut Line Inciuding
(Gate Bias T I_ang = 56" Drain Bias T
(0.5dB loss) (0.4 dB loss) (0.5 dB loss)

Figure 5. Blodk diagram of 2 GHz production test beard used for Moise Figure, Asadated Gain, F1dE, and 0IP3 measurements. This drouit represents a trade-off
between an optimal noise match and assodated impedance matching drcuit losses. Girouit losses have been de-embedded from actual measurements,



ATF-34143 Typical Performance Curves
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1. Mazsurements made on a fixed toned production test board that was tunad for optimal gain match with reasonable noise figure 2t 4V 60 mA
s, Thils circuit represents a trade-off between optimal neise match, masimum gain match, and a realizable match based on preduction tes
beoard requirements. Gincuit losses have been de-embedded from actual measurements.

2. Py measurements are performed with passive biasing. Quicescent drain currant, lps,, is set with zero BF drive applied. As Py is approached,
the drain current may increase or decreass depending on frequency and de bias point. At lower values of |g; the device is running dloser o class
B &s power output approaches Py g, This results in higher PAE (power added afficiency) when compared to a device that is driven by a constant
CUITENt source 35 is typically dane with active biasing. As an example, &taYps =4V and lpsg = 10mA, lyincreases to 62 mA as a Pyg of +12 dBm

is approached.



ATF-34143 Typical Performance Curves, continued
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Figure 15. Pyg, IP3 vs. Frequency and Temperatureat Vp;  Figure 16. WF, Gain, 0P1dB and QIP3 vs. [y at 4 ¥ and
=4V =t mL Il 3.9 GHz Tuned for Noise Figure. 11!
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Figuee 18, Py vs. I Aetive Bias Tuned for NF @ 2V, 60
mhat2 CHe

Figure 19. Pygq . | Active: Bias Tuned for min F g
¥, 50 mh at 900 MHz.

1. Prgz maasuraments are performed with passive biasing. Quicescant drain currant, Iy, is sat with zero AF drive applied. As Py is approached,
the drain currant may increase or decrease depending on frequency and di bizs point. At lower values of Ingg the device is running closer to class

B a5 power output approachas Pqgg. This results in higher PAE {power addad effidancy) when compared to a device that is driven by a constant
current source as is typically done with active biasing. As an example, at a Vg = 4V and lpsp = 10 mA, |y increases to 82 mA as a Py g of +18 dBm

is approached.

HNSE FISGURE( JE}
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ATF-34143 Fower Parameters tuned for Power, Ypg =4V, lysg = 120 mA

Ganma Gamma
freq Pig Iy Gy PAbLye Pragn la PALE; Oui_mag  Dut_ang
(GHz) {dBm)  (md) (dB % (4Em) (mh} (%) (Mag) [Degreas)
9 204 114 57 27 218 108 44 03 136
15 217 118 213 32 231 95 53 K] 152
18 213 111 205 30 230 105 47 0.3 164
2 220 106 195 7 2.7 15 50 ¥ 171
4 223 10 127 40 236 1 47 0.2% -135
€ 233 11= 9.2 41 2%2 121 44 0.21 R

ATF-34143 Fower Parameters tuned far Power, Yo =4V, lpgy = 60 mA

Ganma Gamma
freg Pig Iy Gra PAbyp Pidpm 4 PAE 45 Oui_mag  Dut ang
(Hz) (dBm)  (m) (B} %] (dBm) (m} (%) (Mag) [Degrees)
ce 18.2 75 275 22 205 7 36 048 102
15 187 58 243 12 08 £g 51 0% 17
12 188 57 230 13 21 7l 45 040 126
: 18.8 59 223 32 i ] Bl 47 0.40 131
4 203 66 133 EL 220 77 48 0.5 -162
£ 213 79 9.9 7 215 102 46 0.18 77

= '
] 'I—_‘-'I\
o
. / i} ~
: = 2z
- N R N B iz
2= 5 j—" U i s 7 Y
n.i ¥ - = fl-' =
) " [
W _ R -
/ el "I L] === P —
[ = —_—lml — _I:;l
. 51
I'J” 0 1 ] " n W H L Ll w =
Pig (d2m) PigidEay)
Fiqure 20. Swept Powe: Tuned for Power ﬁg{!—!l.!re_pll’lml’l.dfﬂpwznzilh,
18R, V=1V, gy =12mA. V=l =s0ml.

Mrtes:

1. Py measurzments ars performed with pasive biasing Quicacent crain cament, lpso, i sst with zem BF dive applisd Az P, g is aporoached,
ihe drin cuTent may indrease or decrzase dependng on frequency and de Bias pant. Atlower values of Ips; the dewice is running closr 1o dass
B =5 power outputapproachies: Pgg. This resalts in highes PAE {power sdded efficiency) when com parad to 2 devics thatis driven by & constant
cuwment source as i typically done wiith active biasing. Asam exzmple, at aViog = 4V and bgp = 12 mA, |y increases t» 62 mA as aPyg of +19 cBm
is approached.

2. PAE(%) = [{Pourt - PinpPdc) x 100

3. Gamma outis the “eflecton coefficient of the matching dnouit presered tothe output of the cevice.



ATF-34143 Typical Scattering Parameters, Vs =3V, Ij;=20m!

Freq. S S S S MEG/MAG
GHz Mag. Ang. B Mag. Ang. dB Mag. Ang. Mag. Ang. dB
05 006 37 3007 10079 153 2002 0038 68 040 ET 2450
048 091 60 19.68 9.642 137 -26.02 0.050 56 0 -56 22.85
10 087 76 1896 BE67 126 -2429 0061 48 03z 7 2162
15 081 104 1743 7443 106 -2237 0077 EFRR -98 19.85
18 078 115 1670 6.843 98 2162 0083 B 028 -1 19.16
20 075 -126 16.00 6.306 90 2101 0.088 px] 0.26 -120 18.55
25 072 -145 4N 5438 75 -20.45 0.09% 15 0.25 -140 17.58
10 069  -162 1356 4762 62 -1983 0102 7 023 1% 1669
40 065 166 1161 3.806 3 1909 0I11 8 oz 174 1535
50 064 139 1001 1165 16 1849 019 21 022 146 1425
&0 065 114 865 2706 5 -18.06 0125 35 023 118 13.35
70 066 B9 733 2316 -7 1779 00® 0 49 035 91 1091
80 069 &7 608 2017 47 1752 0133 62 0 &7 a7
9.0 072 48 490 1758 66  -1739 0135 75 0 46 879
100 07s 30 391 1568 86 1708 0140 88 039 28 831
10 077 10 288 1393 -105 -16.85 0.142 -103 043 10 756
120 050 =10 1.74 1222 -136 =16.95 0.142 -118 047 =10 6.83
130 083 -29 038 142 -145 -17.39 013z -132 053 -28 618
140 085 44 096 0895 -161 1786 028 -145 058 42 562
150 0.86 &5 206 0789 177 1813 0024 -156 062 57 504
160 085 72 300 o701 186 1813 DM 188 085 70 186
170 085 -84 47 0E15 149 -18.06 0125 177 068 -B. 1.00
180 088 101 571 Q518 133 -1B94 013 165 @71 103 252
ATF-34143 Typical Noise Parameters
Vs = 3V, Ips = 20 mA
Freq. Frin Top Ryss Gy E \ |
GHz & Mag. Ang. - dB afa
05 0.10 0.90 13 0,16 218 g
] =]
09 on 0.85 7 0,14 183 3
s ow om s on e 35 [ DS
n L., A 4 !“ 5
18 017 0.74 L7 ik [} 160 . ™
20 019 0.7 i} 009 156 " = -
5 0.23 065 33 007 148 5
30 0.29 059 102 0.06 140
40 042 051 138 003 126 T o v o o o w
oo e omom o
7.0 0.79 042 s 010 94 ?;E};:m and 5y . Frequenty
a0 .82 045 82 018 1]
9.0 .04 051 £3 030 a0
1010 116 061 -3 046 75
Motes:

1. Fmin values 2t 2 GHz and highar are basad on measuramants whils ths Fmins below 2 CHz have baen arapolatzd. The Fmin values are based
on & setof 16 noise figure measurements made at 16 different impedarces using an ATN NP test system. From these measurements a tue Fmin

is caloulated. Refer to the noise parameter application section for more information.

2. 5 and noise parameters are measured on a microstrip line made on 0,025 inch thick alumina camier. The input reference plane is at the end of the
gate lead. The ourput reference plane is at the end of the drain lead. The parameters include the effiact of four plated throwgh via holes connedt-
ing source landing pads on top of the test carier to the microstrip ground plane on the bottom side of the camier. Two 0.020 inch diameter via
holes are placed within 0.010inch from each source lead contact point, one via on each side of that point.
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ATF-34143 Typical Scattering Parameters, Yo = 3V, Ips= 40 mA

Freq. Sn S Su Su MSE/MAG
Gz Mag.  Ang. 8 Mag.  Ang. (1] Mag. Ang.  Mag.  Ang. a8
05 0.06 a0 2132 A5 151 3046 0030 &8 020 L) 3589
08 089 £4 3079 10880 135 2733 003 55 0M -0 2408
10 085 81 1086 0856 124 26AE 0052 40 oM ] 2282
15 079  -109 1829 82090 104 2361 0086 3 0213 -8 2095
18 076 131 1750 7495 96 -2397 007 7 013 W 1024
0 074 131 1675 GAT6 88 -2238 0076 7 oa;m A4 1957
25 070 150 1533 5830 74 2151 0084 19 03 e 1845
EX] 067 167 1419 5120 61 -2092 0080 12 0z A% 1755
40 054 162 1218 4063 @ 1983 000 1 021 157 1600
L] 0G4 135 10.54 3.365 16 -19.02 0012 -14 022 13 14.78
6.0 [T 111 9.15 2867 -5 -18.34 021 -28 0.24 105 1291
70 066 BY 7.80 2454 -26 -17.86 0128 42 028 8 11.03
BO 059 65 6.55 2125 46 -17.46 0.134 -55 032 (] 993
2.0 073 46 533 1.848 -5 -17.20 0.138 59 037 40 [.07
10,0 076 28 433 1.647 -84 -16.83 0744 -84 041 23 B.59
1.0 078 9 330 1.462 =104 -16.65 0047 -29 045 5 7.84
120 080 1 215 1281 123 665 0047 114 050 14 7.15
120 083 30 072 1095 142 1708 0040 1300 0SS n 650
140 086 44 053 0941 -158 1752 0033 142 080 45 L.06
150 0E7 6 -161 0831 174 772 0030 154 064 59 539
160 086 71 <260 0741 169 1772 0030 -166 056 -3 411
170 056 B8 -372 0652 153 1779 0aB 179 069 -BB 343
180 088 102 515 0553 13 1864 Q7 166 072 10 2.95
ATF-34143 Typical Noise Parameters
Vs =3V, Ips =40 mA
Freg. Frin Lope Rasy 6, »
GHz (1] Mag. Ang. - (1] sk
0.5 010 087 13 0.6 1o _\‘&
0.9 013 082 bl 013 196 A \_\""
10 014 080 Eb] 0,13 192 ] iy
15 017 073 50 Y] 177 L. .
18 0.2 070 61 009 171 g . o Iy
20 0 056 68 008 167 e =~
25 0.20 050 7 006 158 ’ B
10 035 054 106 0.05 149 s -
40 047 046 144 003 134 "
ED 06 041 -178 003 121 001 4 & & MO W oW M
6.0 072 039 142 006 109 FREAUENCY (he]
7.0 0.85 041 109 0.12 9.9 Figure 24. MSG/MAG 3nd 5t vs. Frequency
80 0.97 045 a0 021 91 at IV 40 mA,
2.0 1.00 052 £ 034 84
100 132 041 38 050 80
m.

1. Fmin values &t 2 GHz and higher are based on measurements while the Fmins below 2 GHz have been extrapolated, The Fmin values are based
on 2 set of 16 noise figura measurements made at 16 differant impadances using an ATN NPS tast system. From these measurements a true Fmin

is caloulated. Refer to the noise parameter application saction for more information.

2. S and noise parametars are measurad on a microstrip line made on 0.025 inch thick aheminz carrier. Tha input refarenca plane is at the and of the
gate laad. The output referance plane it 2t the and of the drain lzad. The parameters include the effact of four plated through via holes connect-
ing source landing pads on top of the test carmer o the microstrip ground plane on the bottom side of the carier. Two 0.020 inch diameter via
holes are placed within 0.010inch from each source lead contact point, one via on each side of that paint.

Appendix 9
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ATF-34143 Typical Scattering Parametars, Vs =4V, lps =40 mA
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Freq. Sn S0 Sz 512 MSG/MAG
GHz Miag. Ang. dB Mag. Ang. de Mag.  Ang. Mag. Amg. de
05 0.95 0 7156 11973 51 0.03 0030 5B 033 39 26.01
08 0.89 65 102 112532 135 004 0042 56 037 -63 24.28
10 0.85 82 019 10217 123 005 0051 48 026 -80 23.02
15 0.78 -109 18.49 8.405 104 006 0084 36 024 -109 .18
18 073 RE 16.93 7.024 a7 007 0074 7 022 131 20.46
10 070 -150 15.57 £.002 73 008 0081 19 021 -150 19,77
15 067 167 14.35 Pk &1 009 0087 12 020 -187 1870
10 064 162 1234 4141 37 010 0098 -1 019 165 17.75
40 063 135 10.70 1418 16 an 0108 13 030 138 16.26
50 0,64 m 932 2973 ] 0z 07 -7 021 m 15.02
60 066 &7 7.9 1506 rii} 0z 0114 wi] 0.4 fiil 1183
] 0459 &5 6.74 2173 46 013 0330 -54 079 &3 114
B0 072 47 5.55 1894 65 01 03 68 034 a2 10.09
9.0 0.76 8 455 1.689 -85 014 0 82 038 6 924
100 0.78 g 353 1501 -104 0I5 0045 a7 0.42 B 879
10 0.80 -1 239 1317 124 0I5 045 o113 047 -1 B.09
120 0.84 -9 .02 1125 2143 014 040 -128 053 -1 7.35
130 .86 42 -0.30 0966 160 013 0133 14 056 -43 6.76
140 0.87 56 138 0853 176 012 0330 182 0.62 58 6.19
150 0.86 72 -2.40 0.759 167 012 0331 -168 065 -n 562
160 0.86 88 353 0.666 151 013 0330 -180 0.58 -86 4.43
174 0.8 -6z 4.9 8563 134 Az 8118 [ an 103 160
180 .80 -101.85 4.9 0.563 134 012 0119 168 071 -103 315
ATF-34142 Typical Noise Parameters
Vos =4V lps =40 mA
req. Foin Top Russ 6, »
GHz B Mag. Ang. . dB el
05 010 08T 13 0.16 228 3.\
0% 013 082 27 014 194 m e
1o 0.14 050 N 0.3 189 LY -
15 017 073 a9 o1 174 g3 A )
13 0.20 0.70 60 0.0 169 B w PRI e
- -
0 0.22 056 67 009 164 s ki e
25 0.28 0.60 a5 007 156 ~|
X 0.34 0.54 104 005 148 0 =
40 045 045 142 003 133 s "1
] 0.57 0.40 180 0.03 120 L L
6.0 0.69 038 144 005 109 FREQUENCY (Gt
7.0 0.81 039 111 o 99 Figure 25, MSGMAG and |5, . Frequency
80 094 043 -a2 020 21 atdy mh
90 106 051 Y 0.32 85
100 119 062 40 047 a1
Motes:

1. Fmin values at 2 GHz and higher ars based on miezsuraments while the Fmins below 2 GHz have been extrapolated. The Fmin values are based
«on 2 et of 16 noize figune measuraments made 3t 16 different impadances using an ATH NPS tast system. From thesa maasuramants 3 true Fmin
s cabculatad. Raefer o the noise paramater application section fior more information.

2. 5 and noise parame-ters are measwured on a micrestrip line made on 0025 inch thick alemina carmer. The input reference plane is at the end of the
«gate lead. The output reference plane is at the end of the drain lead. The parameters include the effect of four plated throwgh via holes connect-
fing source landing pads on top of the test carriar to the microstrip ground plane on the bortom side of the carfer Two 0020 inch diameter via
holes are placed within 0.010 inch from each source bkead contact point, one via on each side of that point.



ATF-34143 Typical Scattering Parameters, s = 4V, I =60mA
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Freq. 1] n n I MSe/MAG
GHz Mag. L de Mag, Ang. (1] Mag. Ang. Mag. Ang. (13
05 095 41 2181 12454 150 -31.06  0DZB 68 029 41 2648
08 089 65 2133 1165 134 -2808 0039 57 0M &7 24.75
10 D8S $3 2046 10549 123 -2656 0047 4 0B -84 2351
15 078 111 1874 8646 103 -4 0060 ® 0l 114 2159
18 075 -122 1792 7873 95 1374 0065 13 an -175 2083
0 073 133 Ie 7307 8 -B317 006 9 00 -13% 2019
15 D68 151 1578 6149 73 -1238 0076 7 019 -5 19.08
0 D&7 168 1456 5345 60 -21.62 0083 15 019 n 18.09
40 064 161 1253 4237 7 -105 00% i 08 162 16.53
50 063 134 1088 3500 16 -19.58 0105 -10 019 135 15.23
60 064 m 949 2983 R T - T/ § 1 LT R ¥ 109 12.89
70 D66 4] 8.15 2.557 26 1877 012 38 0M B4 11.22
B0 069 65 £.92 2217 46 -17.79 0B 51 026 67 10.21
9.0 073 46 572 1932 65 1746 0134 65 033 12 9.36
100 0.76 18 4.73 1723 4 -1695 0142 -T9 036 5 5.94
10 0.78 9 0 153 14 1671 0146 -4 042 7 8.23
120 081 - 257 13 14 16T 046 AN 0.47 -1z 7.56
130 084 30 120 L1488 143 702 04 126 052 -9 6.94
40 0.6 44 02 0986 <150 1746 003 139 056 43 6.37
150 D87 55 121 0ETO 175 1759 013 150 062 5B 5.78
160 0.6 72 - 0F7s 168 1759 013 163 045 - 4.50
170 0.6 B8 -3 0580 151 -17E5 013 -17E 046 -85 .79
180 DED 10099 481 0575 135 -1842 01 169 N 104 .33
ATF-34143 Typical Noise Parameters
Vs =4V, Ips =60 mA
Freq. Foin Ton Ron 6
GHr (1] Mag. Ana. - B N
0.5 on 054 15 014 45 n—‘\é e
0.9 014 078 0 012 207 . ~§,‘_
10 015 077 34 o2 0.2 5 = g
15 0.20 059 53 010 185 E'ﬁ 0 et
18 0.2 056 62 o0 17.7 c P e I
20 0.26 062 72 00 17.2 "1~
15 033 055 91 007 16.3 o -1
10 039 050 1 005 154 5
4.0 053 043 149 03 137 -
50 067 030 a7 o004 123 L R
6.0 0.81 039 137 07 1.1 FREOUENCE (GH)
7.0 0.96 042 104 014 100 Figure 26. MSGMAG and |5y, vs. Frequency
80 110 047 76 026 9.2 at4V, s0mi.
9.0 125 054 53 041 86
100 1.39 062 a7 060 82
m:

. Fmin walues st 2 GHz and higher are based on measurements while the Frnins beliow 2 GHz have been exrapolated. The Fmin walues are based

on a set of 16 noise figure measurements made at 16 different impedances using an ATH KPS test systam_ From these measurements a true Fmin
iscalculated. Refer ta tha noise paramater applicztion ssetion for mare information.

b

% and noiss parametars are measured on a microstrip line made on 0,025 inch thick zlumina camies. The input refarence plane & at the end of the

gate lead. The output reference plane is at the end of the drain lead. The parameters include the effect of four plated throwgh via holes connect-
ing source landing pads on top of the test carmier to the microstrip ground plane on the bottom side of the camier. Two 0.020 inch diameter via
holes are placed within 0.010inch from each source lead contact point, one via om each side of that point.

10



Noise Parameter Applications Information

Foin valugs at 2 GHz and higher are basad on measura-
ments while the F;.. bolow 2 GHz have been extrapo-
lated. The F_;, values are based on a sat of 16 noise figura
measuraments made at 16 different impedances using an
ATM NP3 test system. From these measurements, a true
Frmin 15 Calculated. Fp;, represents the true minimum noise
figure of the device when the device is presented with an
impedance matching network that transforms the source
impedance, typically 5002, to an impedance represented
[y the reflection coefficient I'. The designer must design
@ matching network that will present I, to the device with
minimal associated circuit losses. The noise figure of the
completed amplifier is equal to the noise figure of the
device plus the losses of the matching natwork praceding
the device. The noise figure of the device is aqual to F;,
only when the device is presented with I';. Ifthe reflection
coefficient of the matching network is other than I, then
the noise figure of the device will be greater than F;,
basad on the following eguation.

NF=F_+4R, -T2
Zo (T+T 30T

Where R,,/Z, is the normalized noisa resistance, I, is the
aptimum reflection coefficient required to produce Fo,
and I, is the reflection coefficient of the source imped-
ance actually presanted to tha davice. The losses of the
matching networks are non-zero and they will also add

to tha noisa figura of tha davica craating a highar ampli-
fiar noise figura. Tha losses of the matching networks
arg ralated to the Q of the components and associated
primtad drcuit board loss. T, is typically fairly low at highar
frequencies and incraases as fraquency is lowearad. Largar
gate width devices will typically have a lower I, as com-
parad to narrower gate width davicos.

Typically for FETs, the higher I',) usually infers that an im-
pedance much higher than 500 is required for the device
to produce Fo.. At VHF frequendies and aven lower L
Band frequencies, the required impedance can be in the
vicinity of several thousand ohms. Matching to such a
high impedance requires very hi-Q components in order
to minimize crcuit losses. As an example at 300 MHz,
when airwwound coils (Q>100) are used for matching
networks, the loss can still be up to 0.25 dB which will add
directly to the noise figure of the device. Using muiltilayer
molded inductors with Qs in the 30 to 50 range results
in additional loss over the airwound coil. Losses as high
a5 0.5 dB or greater add to the typical 0.15 dB F_,, of the
davica craating an amplifizr noisa figurs of naarly 0.65 dB.
A discussion concarning calculated and maasurad circuit
losses and their effect on amplifier noise figure is coverad
in Avago Application 1085.

Appendix 9
11 (14)



ATF-34143 SC-70 4 Lead, High Frequency Nonlinear Model
Optimized for 0.1-6.0 GHz

EGUATION La=).4 nH

EQUATION Lb=0.1 nH
EQUATION Le=0.8 nH
EQUATION Ld=0.6 nH
EQUATION RE=04 OH
EGUATION Ca=0.15 pF
EQUATION Cb=0.45 pF

L

LOSSYL

* v

GATE_IN>——"""
L=Lc

¢ v C=Ca

L=Lb
R=Rb

SOURCE >——"""

LOSEYL
L

R=0.1 OH

L=La

L=lb
R=Rb

This model can be usad as a design tool. It has been tested

LOSSYL

Lb
RAb
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pr 3 SOURCE
L=le-5

LOSSYL L
L. WL

=~y DRAIN_OUT
L=ld

data in this data sheet. For futurg improvements Avago
on MD5 for various specifications. However, for more  resarves the right to change these modals without prior
precise and accurate design, please refier to the measured

natice.

ATF-34143 Die Model
* STATZ MESFET MODEL *
MODEL = FET
105 megel Giate model Parasitics Breakdown Nolse
NFET=yes DELTA=2 RG=1 BSPWD=1 FNC=01e+&
PFET= GSCAP=3 RD=Ad GSREV=0 A=17
IDSMO0=3 C%? pF = FWD=1 P=g5
VTO=-0.85 G =3 LG=LgnH GDREV=0D =2
EETA=Bata GCD=Cod pF LD=Ld nH VJR=1
LAMEDA=0.08 L5=LsnH 15=1 n&
ALPHA=4.0 CDS=Cds p= IR=1 n&
B=0.8 CRF=1 IMAX=.1
TNOM=27 RC=Rc *Tl=
IDSTC= N=
VBET EG=
Modal seal factars (W=FET width in microng) 0
EQUATION Cde=0.01-W/200
EQUATION Beta=0.06<W/200
EQUATION Rd=200/W
, NFETMESFET
EQUATION Re=.5-200/W
EQUATION Cge=0.2-W/200
GE—* MODEL=FET

EQUATION Cgd=0.04-W/200
EQUATION Lg=0.03=-200/W

EQUATION Ld=0.03-200/W
EQUATION Ls=0.01-200/W
EQUATION Re=500-200/W

W=800 pm

L
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Part Number Ordering Information

Ho, of
Part Humber Deviges Container
ATF-34143-TRIG 3000 7" Reel
ATF-14143-TRIG 10000 13" Reel
ATF-34143-BLKG 100 antistatic bag
Package Dimensions Recommended PCB Pad Layout for
SC-704L/507-343 Avago’s 5C70 4L/50T-343 Products

e
. 051
_._| |3néx[m] !_._

o 0o
Q % 115 04)85C u n

L]
—| I _"| |'_¢o.m51
—_— a5
founas)
- - - mm
f * Dimensians in Tnches]
] Az 7 l
b T H J _t
—=|b = b —-r| l‘*— «
[MMERSIONS {mm]
SIMEIL MY, MAL
115 135
[1] .85 135 NOTES:
HE 150 140 1. &l dimensions are in mm.
[] .50 1.1 2. Dimensions are inJusive of plating.
[M 0.80 100 3. Dimensions are exdusive of mold flash & metal burr.
1] 0.00 o 4. Wil spegifications mmply to EU SC70.
1] [ 040 5. Die is fading up for medd and facing down for trimform,
7] [ 070 e reverse trimform.
T 0 020 &. Package surface t» be mirror finish.
L [Al] 046
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Device Orientation
BEEL
4mm
[ (8] & =] o o0 -
T g
TOPVIEW p—

COVER TAPE

Tape Dimensions for Outline 4T

=\

olold & 0 O

bl 10| |o] |a] |#] |
\

-

(B_
@
—

14 [CARRIER TAPE THICKHESS) Ty (COVER TAFE THICKNESS)
0" MAX Ka 167 MAX.
Ag L
DESCRIFTION SYMBOL | SZE(mm) | SIZE INCHES)
CAVITY LENGTH ™ 2402010 0.084 : 0.004
WIDTH By 2402040 1.084 & 0.004
DEPTH Ky 120 £ 0.10 0.047 £ 0,004
PITCH P 400 2010 0157 + 0.004
BOTTOM HOLE DIAMETER 4 100 + 035 0.038 + L0
PERFORATION | DIAMETER D 1552010 0.061 + 0002
PTCH Py 4002010 D157 £ 0.004
POEITION E 175 2 010 0068 £ 0.004
GCARRIER TAPE | WIDTH W 800+ 030 - 010 | 0.5 » 001Z
THICKNEES Y 0254 2 002 00100 + 0.0008
COVERTAPE | WIDTH C 5402010 0.205 + 0004
TAPE THICKHESS Th QUEZ = 000 0.0025 + 0.0004
DISTANCE CAVITY TO PERFORATION F 2502 005 0.138 £ 0.002
(WIDTH DIRECTION)
GAYITY TO PERFORATION Pa 2001005 0.078 + 0.002
(LENGTH DIRECTION)

Fod pinduct infodmation and 2 complits list of distiibutols, ploase oo b oul web sit: — WWW.avagotadh.com
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