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Abstract

This thesis is based on the document “Signal cbhaihe ‘Ka/Q Band Ground Propagation
Terminals for the Alphasat TDP5 Scientific Experitiavritten by Gerald Faustmann in May
2010 during a project with JOANNEUM RESEARCH.

The above mentioned document focuses on the preliidesign of a ground terminal for
the simultaneous reception of two beacons, eathlarorthogonal polarizations in Ka-and Q-
band. These beacons shall be simultaneously reteind the attenuation, scintillation and
depolarisation of the two signals shall be measaretlevaluated

The present document refines these data and thgnddscuments created. The work

conducted during this thesis is mainly deicatedh® design, procurement, integration, and
testing of the second down conversion stage.desribed in detail and the components used
are depicted in detail. Additionally, of course,peeview of the antenna design and the
outdoor unit, based on the data already avail&blaesented.

Zusammenfassung

Dieses Dokument basiert auf der Projektarbeit “8ligrhain of the ‘Ka/Q Band Ground
Propagation Terminals for the Alphasat TDP5 Sdienixperiment™ von Gerald Faustmann
datiert Mai 2010

Obige Arbeit war auf die Suche nach geeigneten Korapten fir die Alphasat Bodenstation
ausgerichtet. Diese Bodenstation soll zwei Bakeradeg im Ka-Band und Q-Band, jedes
Band in zwei orthogonalen Polarisationen, empfanged charakteristische Eigenschaften
der Ubertragung wie Dampfung, Szintillation und Digpisation messen.

Die vorliegende Arbeit beschatftigt sich nun mit #ernauswahl der Komponenten und deren
Zusammenbau. Der Fokus dieser Arbeit liegt dabkdau zweiten Konversionsstufe, da die
sog. ,Outdoor unit* und die Antenne noch in derrm@lags- und Designphase sind. Naturlich
werden auch diese wesentlichen Teile des Termadl8asis der bereits vorliegenden Daten
beschrieben.
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Introduction and Motivation

This thesis covers the integration of the Alphageipagation terminal also known as
‘the Terminal’. This project is launched by the &pean space agency and is divided into
several stages.

From [Ref. 18.]:

Communications experiments: The main aim is to ssssever-the-air, the
performance of links operating at Q/V band in cowjion with Interference and
Fading Mitigation Techniques (noticeably ACM), inetperspective of deploying
future high-capacity systems utilizing that band tbe feeder-link (and lower
frequency bands for the user-link.

Scientific experiment: The main aim is to obtairdiidnal Q/V-band propagation
data that are indispensable for optimizing modeateBite systems design, and to
assess the system-level impact of data coming frompagation measurements,
databases and channel simulators,

Technology experiment: to verify the in-flight penhance of innovative hardware,
with particular regard to devices based on Micre&ro-Mechanical Systems
(MEMS).

In particular this thesis is concerned about tr@pagation effects in the atmosphere in Q -
and Ka band. The Q/V band mentioned above is nusigabecause other experiments are
also payload of the Alphasat satellite. but theppgation experiment is using 19.704 GHz for
Ka-band and 39.402 for Q-band. Further detaildheflieacons are provided in section 2.1 on
page 19.
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18 Introduction and Motivation
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Figure 1-1 Overview Alphasat project [Ref. 18.]

In Figure 1-1, the structure of the experiment li®ven. The development of the space
segment is within the responsibility of the Itali&F company SPACE ENGINEERING
located in Rome, while the ground communication prmpagation experiments have been
assigned to JOANNEUM RESEARCH.

This diploma thesis has been written during a pto@ the author with JOANNEUM
RESEARCH to develop and integrate a prototype gfaund receiver terminal, based on
COTS.

Preliminary work was done under a different corttrachich was mainly the selection of
potential components and suppliers. The pafignal chain of the ‘Ka/Q Band Ground
Propagation Terminals for the Alphasat TDP5 ScientExperiment”’[Ref. 19.], therefore

worked as a base document for this thesis.

During this thesis the above mentioned paper wieisally reviewed as well as some redesign

was applied in particular to the so called “outdooit” which consists of antenna and feed
and the first down conversion unit.
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2 General

The functional frame for the Terminal has been [ged by ESA in the Statement of work
[Ref. 3.]. Section 2.1 and 2.2 are summarizinggpecifications and functional requirements
with reference to the document above.

2.1 Beacon specification
2.1.1 Orbital characteristics

» Geosynchronous orbit with variable inclination sateeding +3 deg
» [East-West Station Keeping Box Half-Width equal tb @eg

» Compensation of inclination-induced yaw error;

» 3-axes control with 0.12 deg accuracy on each axis;

» Satellite repointing (up to 0.05°, TBC).

2.1.2 Beacon specifications

* Frequencies: Ka @ 19.704 and Q @ 39.402 GHz

* The polarization of the Q band beacon is 45° deggli.
* The polarization of the Ka band beacon is lineatica.
* EIRP of Q —band beacon > 26.5 dBW

* EIRP of Ka —band beacon > 19.5 dBW

2.1.3 Oscillator drift of space segment

TDP5-SSG-PER-0540 Q-Band Beacon + 5x10-7 over 24 h
Frequency stability: + 5x10-7 over 30 days
+ 5x10-7 over 3 years.

2.1.4 Phase Noise Oscillators
The beacon characteristics of the space segmerdegieted in Table 2-1 The oscillators

used to convert the RF to the IF1 frequency shooldexceed these limits to avoid further
contamination of the signal.

Q Band Ka Band
-22 dBc/Hz at 10 Hz from carrier -30 dBc/Hz at 10 Hz from carrier
-42 dBc/Hz at 100 Hz from carrier -50 dBc/Hz at 100 Hz from carrier
-52 dBc/Hz at 1 kHz from carrier -60 dBc/Hz at 1 kHz from carrier
-62 dBc/Hz at 10 kHz from carrier -70 dBc/Hz at 10 kHz from carrier
-82 dBc/Hz at 100 kHz from carrier -90 dBc/Hz at 100 kHz from carrier
-82 dBc/Hz at 100 MHz from carrier -90 dBc/Hz at 100 MHz from carrier

Table 2-1 Space segment specifications of the twansmitted beacons

Institute for communication networks and sateliée@nmunications



20 General

2.2 Functional Requirements
2.2.1 Environmental specification
* Air temperature
Operational temperature: -40°C ... +45°C
Survival temperature: -50°C ... +50°C
* Wind speed
Operational up to 90 km/h
Survival up to 140 km/h

* Relative humidity
Operational humidity: 0% ... 99%

2.2.2 Measured Parameters

. Total atmospheric attenuation, Atot [dB].
Accuracy shall be 0.1 [dB] within a 0.1 ... 20 dBaage.

. Atmospheric noise temperature, Tsky [K].
Accuracy shall be 1 K within the 10 ... 150 K range

. Atmospheric excess attenuation, Aexc [dB].
Accuracy 0.1 [dB] withina 0 ... 20 dB a range.

. Atmospheric crosspolar discrimination, XPD [dB].
Accuracy 0.3 [dB] within a 10 ... 30 dB a range.

. Scintillation standard deviation and frequency spegc.

2.2.3 Receiver Specification

. The minimum required C/N shall be 5 dB

. Receiver noise temperature shall not exceed 40fr Kd band

. Receiver noise temperature shall not exceed 60fF K foand

. Receiver bandwidth shall be 1 KHz

. Receiver antenna XPD shall be higher than 35 dB

. The average terminal operational period shall b8®% of the year during the nominal
life period of the Alphasat TDP5 scientific expeeim (3 years).
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2.2.4 Antenna Specification

* Receiver antenna half power beam wiStiall be lower than 0.7 deg at Ka band Shall be
lower than 0.55 deg at Q band

» Receiver antenna efficien8hall be higher than 60 %

* Max antenna diamete$hall be lower than 1.5 m (TBC)

* Receiver antenna XPBhall be higher than 35 dB

2.2.5 Requirements for Pointing:

“Antenna Pointing Deviation: Ball be lower than 0.06 deg with 90 Km/h constaimdispeed. “

For the prototype no pointing device is implementestause the Q — band beacon will not be
in orbit at the time of the outdoor testing campaig

2.2.6 Requirements for De-icing and blower

“Antenna de-icing/blower systemAntenna surface shall be dry within 10 min from the

switch on of the system (for icy conditions or @lative humidity > 90 %) or from the end of
rainfall / snowfall event

Institute for communication networks and satellitenmunications






Design concept

3 Design concept

The Terminal consists of three main units:

1. Antennaand F

eed

23

2. First down conversion and signal conditioning stage
3. Second down conversion and signal conditioningestag

Additional devices are included in the Terminal ¢ only roughly described during this

thesis. In particular:

4. Signal post processing

5. Web interface

After several design iterations the design depiateBigure 3-1 has been chosen. (A larger

and remote control

view is depicted in ANNEX A Figurell-1)
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Schematic of complete system (indoor and outdoor)

All devices close to the antenna are connected to an ethernet bus in the outdoor
unit, so only one ethernet cable has to be ducted ta the indoor unit.

The GPS-based NTP Server provides 10MHz reference frequency outputs to the
indoor unit, and no separate oscillator is required. Additionally, a GPS slave OCXO
is considered in the cutdoor unit, for perfect synchranization of oscillators. 2
boards considered as sensors/actualors-to-network interface.

Figure 3-1 System desig

n schematic
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24 Design concept

3.1 Description

The Terminal is based on a modular design allovitrey control of optional devices like
meteorological instruments or a radiometer.

The power to the Terminal shall be supplied fron220V/50Hz source which could be
optionally supported with an UPS.

The signal will be received by a dual band feed @aildctor, where the development focus
lies on the feed to provide the necessary XPD asifsgd in section 2.2.3 on page 20. The
antenna has to provide four outputs as waveguide

The LNB will amplify and down convert each RF sigt@an IF in the range of GHz to
allow a transmission over a commercial RF cabld &itceptable losses. The first LNB will
fix the noise figure following the Friis formula pieted in Equ. 1.

ZN: T

T = !

Dev_ref s In_le Equ. 1
1=

where:

N ... Total number of components in sigrtaio

Th ... Noise temperature of the actual device

Gi ... Gain of device i in signal chain

Toev ref ... TOtal System noise at reference point

The target for the LNB was therefore to get as mg&im as possible with the lowest noise
figure that could be achieved. For this the desgam outsourced the development of the
LNB to ACORDE Ltd. Details can be found in sectmB on page 30.

After the four signals of interest have been predii¢hey are transmitted to the indoor unit,
where the incoming IF1 is further converted to B8 bf currently 10.7 MHz which is then
fed into a signal acquisition card, which samples ihcoming IF signals and applies further
processing. A scheme of this procedure is givefigare 3-2.

Ka CPOL

First Down < LRl

Conversion
Procured
Antenna + Feed f—7 72—
Input: 2 x 19.704 4—I
Input: 2 x 39.402
Output: 4 x ~ 1GHz : Q CPOL

Q XPOL

2nd Down

Signal Processing c )
onversion

Input: 4 x IF1 (~1GHz)

Input: 4 x 10.7 MH
Hle i i Output: 4 x 10.7 MHz

F W W W
s A A A

Figure 3-2 Stages of signal processing

Institute for communication networks and satellisenmunications



Design concept 25

After the signals have been processed the dataredsin a common storage. This storage can
be accessed by the local control computer, whicktshthe web interface and monitors
auxiliary devices.

The data generated by the Terminal can be sen¢nodic intervals to a remote computer,

because it is meant to operate mainly unattendbis Jending procedure is automatically

launched by the local control computer, but thenlieal can be manually checked or data can
be acquired by using the web-interface, which alavprivileged user to obtain data, and
view the current status of the Terminal.

The internal communication within the Terminal istablished by a local area network
(LAN), basically consisting of two Ethernet hubsieolocated in the outdoor unit and the
other in the indoor unit.

Two microcontroller systems located in the indood autdoor unit are monitoring system
relevant signals like temperature and voltagessé&lsgnals are also provided on the LAN
and received by the local control computer whiatre them time tagged to the common
storage.

The common time base necessary for this is defread a GPS based NTP server located in
the indoor unit. Additionally this GPS receiver ypistes a 10 MHz reference signal to the
signal acquisition card and the second down cormwestage.

Because it is necessary that all RF elements recgicoherent reference signal it is not
recommended that the internal 10 MHz signal is alsed for the outdoor unit via cabling,
because the maximum cable length will be 30 mebta second GPS receiver is installed
for the outdoor unit providing an additional refece signal.
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4 Antenna and feed

The antenna and feed required for system recept®still under development, so only a
brief overview of the intended design can be predid

The antenna is meant to have a prime focus refleasodepicted in Figure 4-1. Obviously
this design has a few disadvantages:

* Shadowing of the reflector from the waveguides
* Further attenuation from waveguides
* More noise directly contributing to noise figurausad by additional attenuation.

Connection Panel. |
Power Supply

RF Cabling hd
Ethernet |
external devices

RF Cables

Figure 4-1 Prime focus antenna principle
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5 Outdoor unit

The scheme depicted in Figure 5-1 shows the basictibnalities of the outdoor unit. These

are:

* LNB for down-converting the RF signal
* System monitoring

* Internal LAN communication
* GPS slaved reference signal

Outdoor unit

OUTDOOR UNIT

29

Ka-band CPOL (IF1)

<
< Ka-band XPOL (IF1)
< Q-band CPOL (IF1)
Q-band XPOL (IF1
[] L4
10MHz 1~
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S— . i e
™ GPS time :_R:ef #2 #4 (24V) —P.
receiver + |
| 10MHz ' J
reference p— Regulated DC
- — . nat BENEY)
Sque ;
[ Suppressor Rl

.

The Outdoor unit will be located in a thermallyleted aluminium housing which stabilizes

ACORDE Ka/Q LNB

e
&
Ny

Regulated DC
Bl #2 (9V)

Power
| Distribution
{220VAC)

Temperature
Sensor #2 ’
Thermal '
Actuator #2 |

Figure 5-1 Outdoor unit schematic
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Board 2
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=pp- Ethernet HUB
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Q CPOL

Q XPOL

Ka XPOL
o

the temperature inside in a range of +/- 10°C.

5.1 Power supply:

The outdoor unit will be powered from a 220V poweard from indoors, which is UV —
resistant and all connections will be waterproofP&7 level. Within the unit, the power will
be distributed to several regulated DC power sepgroviding power to within the same
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5.2 Signal transmission to indoor unit:

For signal transmission, four UV-resistant coaxiables will be routed to the indoor unit.
Again all connections are IP67 standard. A suitatalele type has already been identified
which losses are lower than 10dB for a length eh30

5.3 First Downconversion stage

At the beginning of the project it was planned &velop the first down conversion unit by
JOANNEUM RESEARCH itself. After finding out that mbmmercially available LNA or
LNB in Q-band would fulfil the specifications witho further customization (Which would
significantly raise the costs of the equipment)e tthesign team decided to completely
outsource the development of the first down conwarstage to ACORDE Ltd. This resulted
in higher costs for the first unit caused by NRBn(rrecurring engineering) for the initial
development, but given the specification sent f®GORDE the price for the following units
are able to compete in the market.

For the selection of ACORDE Ltd. as supplier, itswaery important to the design team to
find an experienced company located in Europe lmwvaéventually visits and meetings on
site. Further the development of a solution frone dvand is eventually cheaper than the
customization of each subpart, as well as it isgnuieed that all subparts are harmonized to
work together.

In Figure 5-2 and Figure 5-3 the preliminary desighthe two LNB - modules are depicted.

Note, that subharmonic mixers are used to redueectimplexity of the local oscillator
circuits.

| RF | IF @ 1001 MHz |

|

jE= 2 |

o ii

| : <HTHOAA&H =]+

I | l

| T
> - LR

A N :

Figure 5-2 Ka-Band LNB basic block Diagram [Ref. 6]

Institute for communication networks and satellisenmunications



Outdoor unit 31

Figure 5-3 Q-Band LNB basic block Diagram [Ref. 6]

For both frequency bands, the incoming RF-sign&dsinto a waveguide transition based on
micro-strip technology. Then the signal is amptifiend after filtering converted by a sub-
harmonic mixer into the IF1 for each band. The loweleband of the IF1 will be further

amplified and sent to the output. In addition, tenapure compensation is applied to avoid
gain variations. This issue will be further disae section 5.3.1.
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5.3.1 Thermal management

For attenuation measurements, it is required tlegain of the signal chain is independent of
the environment temperature. Therefore, the LNBdated in a thermally stabilized housing,

depicted in Figure 5-4, which stabilizes the terapge inside between +/- 10°C around a
specific operational temperature which is stilbedefined.

:Hc:-'lr radiazor Regian #41
L

JRiNow difection
Al

Ka CPOL

i . --
el L=,
7 a5un ¢ Rain Soean
L .

#
-

Q CPOL

-
_ = Heat radiaior Region 22

01 XPOL

Microcontroller
board #1

Ka XPOL

|
| —

%
L e
SFiler

ma

Figure 5-4 Thermal stabilization of the outdoor unt

Figure 5-5

Under these conditions the LNB operates with a gaatbility of +/- 0.25 dB. This can be
obtained by applying the following procedure to ttwnversion chain. In Figure 5-2 and
Figure 5-3 we can see the preliminary design oft¢éngperature stabilization. In general, it.is
a thermally isolated housing. The outdoor unit regpuheating and cooling and this can be
achieved by using Peltier-elements. It is adviséblase an automatic temperature controller
from the same supplier, because of the strong meanlity of the elements. The lifetime of
these elements is limited.

For both bands the temperature compensation tdkes pfter down conversion. The first

step is to actively compensate gain variations byierocontroller thermometer driving an

analogue variable attenuator. The second attenuat@ passive one with an opposite
temperature characteristic than the amplifiers. Kgfure 5-2 and Figure 5-3) on the previous
pages.
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5.3.2 RF input signal and IF frequency

In the tables below, the input frequencies as a®the interface used are listed:

Input Type Frequency (RF)
Ka — band co-polar waveguide WR42 19701MHz
Ka — band cross-polar waveguide WR4P 19701MHz
Oscillator — reference — Ka SMA 10MHz
Q — band co-polar waveguide WR28 39402 MHz
Q — band cross-polar waveguide WR28 39402 MHz
Oscillator — reference — Q SMA 10 MHz

Table 5-1 Front LNB input connections

Output Type Frequency (IF1)
Ka — band co-polar SMA 1001MHz
Ka — band cross-polar SMA 1001MHz
Q — band co-polar SMA 1002MHz
Q — band cross-polar SMA 1002MHz

Table 5-2 Front LNB output connections

To simplify the down conversion, the IF1 of the talwains are not equal. By exploiting this
possibility, the LO can be derived directly fronethOMHz reference and multiplication by
factor two is sufficient. By doing this the complgxof generating a suitable LO is
significantly reduced.

This variation in IF1 is allowed because in the oset down conversion stage two
programmable oscillators are used, which allow ridependently compensate drifts or
differences of IFd, and IFL in 1 kHz steps.
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5.3.3 Total gain and noise characteristic

Two important figures of the LNB are the gain ar tnoise introduced. Preliminary
information to this respect is given in Figure as& Table 5-3.

WR-42 LNA LNA LINA IRBPF - SubHarm LPF ATH IF

Varighle ~ ATN SAW IF Thermal ATN
Transition Mixer Amplifier ATN Filter Amplifier ATN
5.—( >{>>F—®
Cascade
Total
N (e6) 03 18 18 18 3 12 1 3 35 5 3 2 13 3 233
Gain (dB) a3 12 12 12 3 12 1 3 s £ 3 ] 124 5 3 3760
OIP3 (dBm) 100 165 165 165 100 i 100 1000 2 00 100 100 395 100 100 1419
Figure 27: Preliminary Ka-band LNB design cascade calculations
WR28  LNA  IRBPF  SubHarm  Hybid  LPF ATN  IFAmpliier Variable = ATN © SAW IF Thermal  ATN
Transition Mixer Coupler ATN Filter Amplifier ATN
J
5 el e L e e e £ e Kl e ] e L S £ L ;
Lascade
Total
NF (dB) 05 22 3 4 15 1 3 35 5 5 2 13 3 297
Gain (dB) 05 17 3 13 35 - 3 215 5 E 2 174 g 3 3790
OIP3 (dBm) 100 2 100 5 100 100 100 23 100 100 100 335 100 100 1485
Figure 28: Preliminary Q-band LNB design cascade calculations
Figure 5-6 Preliminary chain calculations [Ref. 6]
MODULE NF (dB) Gain (dB)
Ka-band twin LNB chains < 2.4 > 37
Q-band twin LNB chains <3 >37

Table 5-3 LNB characteristics [Ref. 6]

The maximum gain that could be achieved is 60dBfiXdhe noise figure a high gain is

advisable even if the noise figure increases. Fdetailed analysis of the link budget please
refer to section 7.
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5.3.4 Mechanical design of LNB

The LNB will be housed in an industrial standardect¢hat is robust and can be mounted to a
metal frame
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Figure 5-7 Preliminary mechanical design of LNB [RE& 6]

5.4 GPS Receiver outdoor

For synchronous down conversion in both mixer stageommon reference is used. In this
design a frequency of 10 MHz is chosen, becausheitommon availability. At the first
place a single GPS receiver providing the referemgpeal has been taken into account, but at
a later point the design team decided to use sepdeaices for indoor and outdoor devices to
avoid possible phase variations by the coaxialecéivht would be required to transmit the
reference signal to the outdoor unit.

Therefore, a compact receiver with integrated simaglule is chosen. This device is rall
mountable and compact. It is located in the housihthe outdoor unit so no real outdoor
capability is required. As depicted in Figure 5hE tdevice is powered by a 24 V power

supply.
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Figure 5-8 GPS 161 DHSx/HQ

The device is equipped with a serial port whereiaddvs PC could be connected using the
included software “GPSMon32”. With this softwaret is possible to define the
communication parameters and most important the tés&gram sent from the GPS receiver.

For this project, “NMEA” was chosen, because itvdel the position of the antenna and is
the standard protocol for GPS applications.
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5.4.1 Reference sine signal of 10 MHz

The GPS module includes an integrated sine gemeratdetailed block diagram is depicted
in Figure 5-9.

DA ] i [t [ " [ v ] " [ s [ 1 e
_,| EL"";‘I-:':EI'!' —-{ u:_;?rélﬂ l—v 10 MEz, sme wave
4’|I-Lcd|!|::'ﬁs 4>| J;ﬁi[ I—r 1 MHz, sine wave

of i _.J m;ﬁ:fﬂ J_. 10) ML, sine wanie

Meinberg offers several quality standards for dstmts. The selected quality option for the

Figure 5-9 Sine wave former SD04 Block diagram [ReB]

Terminal is “OCX0O-HQ”. The theoretical charactéds are depicted in Table 5-4 O.

(pulse per sec)

TCXO 0CX0 LO 0CX0 MQ 0CX0 HO 0CX0 DHO Rubidium
(only available for 3U
models)
short term stability e " 10 2 12 1
e G 2-10 1-10 2-10 510 2-10 210
EXSEIEIS) O [ < +250 nsec < +250 nsec < +100 nsec < +100 nsec < +100 nsec < +100 nsec

1Hz -60dBC/HZ
10Kz -80dBC/Hz

1Hz -60dBC/HZ
10Hz -80dBc/Hz

1Hz -75dBe/HE
10Hz -110dBc/Hz

1Hz = -B5dBc/Hz
10Hz = -115dBc/Hz

1Hz = -B0cdBc/Hz
10Hz = -110dBc/Hz

1Hz -75dBe/Hz
10Hz -89dBc/Hz

CIRESE MBS 100Hz -1200Bc/Hz | 100Hz -1200Bc/Hz | 100Hz -1300Be/Hz | 100Hz < -1300BcHz | 100Hz < -1250Be/Hz 100Hz -1280B0/Hz
1kHz -1300Bc/Hz | 1kHz -1300Be/Hz | 1kHz -1400Bc/Hz | 1kHz < -1400Bc/Hz | 1kHz < -1350Bo/Hz 1kHz - 140dBc/Hz

accuracy #1107 +2.107° +1.510° £5-10°"0 2l E +2.10"

free run, one day +1Hz Hote) +0 2Hz Meten) +15mHz Moten +5mHz Hote) +1mHz Hetet) +0 2mHz Metety

accuracy +1-107° 4107 1107 +5107° #1107 +5-107""

free run, one year +1Hz (ot 24z (Hotel) +1Hz Hote 10 5Hz Hote? 10 1Hz Hote? +5mHz Metel)

accuracy

GPS-synchrenous, averaged +190M +1-10M 1510712 +1.10712 L1102 £11012

24h

:;ce“:zg":;g“;:v +4.3 msec + 855 s + 65 s +27 s +4.5 |3 1.1 s

accuracy of time

free run, one year + 165 +635 +163 + 788 ms + 158 ms +8ms

temperature dependant drift +1-10° +2-107 +5-10°% +1-10% Rl +6-107"

free run (-20...70°C) (0. B0°C) (-20...70°C) (5..70°C) (5..70°C) (-25..70°C)

Note 1:

The accuracy in Hertz is based on the standard frequency of 10 MHz. For example: Accuracy of TCXKO (free run one day) is +1 A7 AOMHZ = £ 1 HE

Table 5-4 Oscillator data of the GPS from HP [Ref8]
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The following specifications have been providedrfirACORDE, so that the LNB can fulfil
the receiver requirements (Cf. section 2.1.4 arefk?)

Distance from carrier Attenuation
100 Hz -135 dBc/Hz
1 KHz -145 dBc/Hz
10 KHz -155 dBc/Hz

Table 5-5 Phase noise requirements for the LNB spiéed by ACORDE [Ref. 6]

In Figure 5-10 the measured phase noise provideddigberg is depicted. We can see that
the specifications above are not totally met batAllphasat beacon carries no information so
the risk of masking any signal is practically ngisgent. Masking means that the spurious of
the oscillator is already larger than a signahat frequency.

A discussion with ACORDE Ltd. project members ré=ailin the conclusion that the
reference is sufficient.

TEC 512404

T £(f) Phase Noise at 10.0 MHz (dBc/Hz) ©

_— 25 dB/Div
25.0 \
0.0
",
-25.0 AW
-50.0 \\
-75.0 AS
-100.0 \\
-125.0 \x,& —
-150.0 R
-175.0
_200'90—*1 10-3 10-2 10-' 10° 10' 102 103 104 105 106
Offset Frequency (Hz) Time Constant: oo
Input 10.0 MHz -2 dBm Reference 10.0 MHz 7 dBm

GPS161/HQ/SIN

Figure 5-10 measured phase noise of Sinus module@PS 161 [Ref. 7]
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5.5 Microcontroller board

In the outdoor unit, at least one AVR Net 10 micecontroller board based on the
ATMEGA 32 CPU will be installed [Ref. 12.]. This &al will be used to monitor voltages
and temperatures within the unit and provide alaant warnings if necessary. In addition it
controls the GPS receiver via serial interface bbam the position of the antenna and
eventually allow remote configuration. This islstihder discussion because the receiver does
not have a serial ASCII protocol, but a binary one.

For the outdoor unit is still under design, no Hiert details can be provided at this stage of
design. For a general functionality analysis, ppe&der to the indoor unit chapter 6.1.8

5.6 Ethernet bus

The communication to the indoor unit is fully based an Ethernet link. Therefore an
industrial hub will be installed to which all dee& shall be connected. In case there is no
LAN interface available in any of the componenésconverter will be installed. The devices
connected will be:

* The micro controller board

e The LNB

* Any other optional device like a pointing systermadiometer or a meteorological station
All information sent to the LAN network will be readed in the local control PC located in
the indoor unit, and stored in the common databalsa all devices connected to the LAN
interface will be accessible from the control pargr

5.7 Mechanical design

The mechanical frame of the outdoor unit was stiltler design, at the time of writing.
Therefore only a few characteristics can be disulisd this early stage. The unit should be
light weight and therefore housed in a frame ofrahium profiles. The size of the LNB is
already known and it will be the heaviest part too.

On one hand enough space must be available to g@toper ventilation, but on the other
hand the size should be compact, because the haiit lse mounted to the back of the

reflector of the antenna. The antenna and outdoibishall be balanced to ease positioning in
case this option is installed.
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6 Indoor unit

The indoor unit of the terminal as depicted in Fegy6-1 is responsible for the control of the
Terminal as well as the housing of the data stofag¢he collected data. It is housed in an
industrial 19” rack that allows robust mountingatifnecessary devices.

To outdoor unit INDOOR UNIT Main Power
4 uprs | Supply
(AC 220V, 50Hz)
Regulated DC
r 1 1 Power Source
Surge | * rrrra ) ) (e 5
Suppressor |
E I s 2 , v 3! Local : v
' | | Controller ==
0] sonvor o FOMHE Ret. | Ethanor iU ! de | L IES
e I I H]
10MH Ref#4 k-4 ]__| | % | 8E

-t T I
L---1 I | ey e e e |
10MH Ref#3 117 p—t—x mm—mm e ———

Sy

I

| |

I |

Ka-band CPOL (IF1) » beeere : > - }
IF1 to IF2 Ka-band XPOL (IF2) | .| & |

Ka-band XPOL (IF1) »| Downconversion 17| & |
Q-band CPOL (IF1) > Qband CPOL(F2) : > Eé }
Q-band XPOL (IF1) P L.bang XPOL (T 2) : » - i

Figure 6-1 Indoor unit components

The signal arrives at the indoor unit already d@enverted to IF1 with very low power, due
to the attenuation of the transmission cable arsfricions for pre-amplification in the
outdoor unit LNB, but this issue will be furtheisdussed in section 7 during the link budget
analysis.

Another down conversion unit is installed to convke IF1 to IF2, which is more suitable for
the signal acquisition card. Again a GPS slavedresifce oscillator is providing the 10 MHz
signal for the down conversion. This GPS receiveo @rovides a NTP signal where the
common time stamp of the system will be providetheoLAN-network.

A local control computer is installed, which isagharge of the control and monitoring of the
Terminal.

The central communication point is the industriainslard Ethernet interface located in the
rack. The Ethernet hub is powered from a 24 V stethghower supply (15 W) and mounted
on a DIN rail at the back of the 19” rack unit.

The power to the indoor unit is supplied from 220¢/Hz mains.
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6.1 Second Down conversion stage

The IF1 of approximately 1GHz cannot be directlgl feto the signal processing unit. The
acquisition card can be configured for a sampliatg rof 160 MSPS or 180 MSPS. This
allows according to the law of Shannon a maximupuirfrequency of less than 80 MHz or
90 MHz. In practice the IF2 has to be much loweadbieve a qualitatively good signal.

A market survey showed that in the frequency ramigaround 1 GHz a lot of devices are
commercially available, because this band is aljreminmercially used in GPS applications.
Besides, a band pass-filter was chosen with aeé&mguency of 10.7 MHz.

By selecting this specific filter, the IF2 is nowdd to 10.7 MHz too. An overview of the
design of the conversion stage is depicted in Eigu2 on the next page.
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Figure 6-2 Simplified schematic of second down cearsion stage

In Figure 6-2, all relevant signal paths are deguiciThe legend below shows the meaning of
each coloured line.

B ... RFandLO signals
10 MHz Reference signal
B ... Powerlines
Communication lines (LAN or serial)

B ... Control and monitoring lines from pC
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6.1.1 Description

The backside of the conversion unit is located lenrtght of Figure 6-2. A total number of
ten SMA connectors is installed at this side f@uinand output purposes.

* 2inputs for Q- and Ka-band Reference signal predidy GPS slaved oscillator
e 2inputs for Q-band XPOL & CPOL at IF1

e 2 inputs for Ka-band XPOL & CPOL at IF1

e 2 outputs for Q-band XPOL & CPOL at IF2

e 2 outputs for Ka-band XPOL & CPOL at IF2

6.1.2 RF Design

Each of the four lines are identical except for thet that the LO frequency may differ
because of the different IF1 for Q- and Ka- banlderfore, only one line will be described
here as an example. In Figure 6-3, the electrdamatic of the down conversion is depicted.
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(any colour)  Gable components for signal processing Ka/Q Band Ground Propagation Terminals for the Alphasat TDP5 Scientific Experiment
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"7 ies | Second downsconvertion stage, placed in the indoor unit. This scheme
@ DC power (8V) )}\\ assumes different values for IF1 in Ka and Q bands
Y% /
/4///4/

Figure 6-3 RF design of ¥ down conversion stage

To allow maximum flexibility, a programmable PLO svachosen to counteract any
unexpected frequency drift of the beacon or iflthé is not exactly 1 GHz. For independent
treatment of Q- and Ka-band, two oscillators amegeen. In fact it turned out that the first
down conversion unit provides two different IF's1&01 MHz for Ka-Band and 1002 MHz

for Q-band. The devices used are listed in Figedeof the next page
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Device Supplier
Mixer ZEM 4300 + Mini Circuits
Filter SBP10.7 + Mini Circuits
Power divider ZAPD 21 + Mini Circuits
Programmable PLO ANS3 - 800 - 1200 ATlantecRF

Figure 6-4 Device list of second down conversion iin

Figure 6-5 Mixers, power divider, pass band filterand attached temp. sensors

-
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6.1.3 Mixing the signal

The down conversion is a totally passive procedur&igure 6-7 the scheme of the electrical
circuits is depicted. Basically two signals are tiplied by using the logarithmic dependency
of the diode current from the voltage. One cantBatno additional power is required, except
the reference signal and the signal to be

Pout

converted. A

Therefore it expects that sufficient signal el
power is available. Note that the signal . 7
power is limited by the compression pus ,dg,’ e
point P@1dB to maintain a linear - :

function of the mixer.

Due to the fact that this converter is
totally passive and no amplifiers are
installed, the compression point needs to
be observed only for the mixer.

The compression point is defined as the
input power level where the output
power is 1dB lower than linearly
expected. Figure 6-6 Definition of compression point

In Figure 6-7 the specifications of the

mixer in use are depicted. The theoretical compyagsoint is +1 dBm, but to obtain a linear
behaviour the input signal needs to be signifigalativer.

* Pin

Electrical Specifications

FREQUENCY CONVERSION LOSS LO-RF ISOLATION LO-IF ISOLATION
(MHz) (dB) (dB) (dB)
Mid-Band
LO/RF IF Total L U L u
e Range

fi, X o Max. Tp. Min. Typ. Min. Tp. Min. Typ. Min.

300-4300 DC-1000 | .65 0.06 9.5 40 20 30 17 i5 8 15 8
1 dB COMP: +1 dBm typ. L =low range [f to 101 U = upper range [10 1 tof ]

Electrical Schematic

JEOHE

Figure 6-7 Mixer Minicircuits ZEM 4300+ Specifications [Ref. 10]

In Figure 6-8 on the next page the measured coiovelsss is depicted.
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Typical Performance Data

Frequency Conversion Isolation Isolation VSWR VSWR
(MHz) Loss L-R L-l RF Port LO Port
(dB) (dB) (dB) (1) (:1)
LO LO LO LO LO

RF LO +7dBm +7dBm +7dBm +7dBm +7dBm
300.00 400.00 7.36 51.34 31.66 5.75 4.40
414.29 514.29 6.29 64.83 33.69 3.35 2.89
528.57 428 57 5.08 49.72 36.96 2.55 2.85
757.14 657.14 496 41.17 38.13 1.71 2.19
1000.00 900.00 5.45 37.81 30.37 255 2.08
1214.29 1114.29 6.1 36.73 26.04 3.13 1.99
1442.86 1342.86 6.61 35.66 22.90 3.50 1.85
1671.43 1571.43 6.86 34.88 19.27 4.13 1.68
1800.00 1800.00 7.03 33.74 17.66 448 1.61
2000.00 1900.00 7.13 33.54 17.52 5.06 1.57
2128.57 2028.67 7.43 33.70 17.76 5.38 1.47
2471.43 2371.43 8.04 33.24 18.85 5.56 1.41
2700.00 2000.00 8.34 33.45 19.52 5.51 1.37
2814.29 2714.29 8.52 34.07 19.86 5.27 1.36
3000.00 2900.00 8.85 33.99 19.95 5.77 1.58
3157.14 3057.14 9.03 33.55 19.48 6.97 1.60
3500.00 3400.00 g.22 32.04 18.72 8.72 2.03
3728.57 3628.57 9.04 30.42 18.47 8.23 2.39
4000.00 3900.00 8.91 29.46 20.82 7.47 2.43
4300.00 4200.00 8.41 33.24 24.62 6.26 213

Table 6-1 Minicircuits Mixer ZEM 4300+ Performance data [Ref. 10]

Conversion loss of ZEM 4300+ related to Input power

T

T | i s aai inan L0530 Wbe 505 50003 ) BB 180 S

Gain [4B]

Input Power [dBm]

Figure 6-8 Measured conversion loss and compresgipoint P@1dB
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The measurement results depicted in Figure 6-&awsthat the typical performance of the
mixer specified by the supplier is met (cf. Tablé 6n page 46). The device is linear up to
around - 2 dBm. The conversion loss is slightlyhleigthan specified, but this is caused by
additional losses from cabling and connections.

Mathematical background of signal mixing:

In a mixer basically two signals are multiplied

Signal 1 (RF):A cos(awt) Equ. 2

Signal 2 (LO): A, cos{a,t) Equ. 3
The signals above are multiplied as depicted in. Equ

Output (IF): A cos(awt) A, cogw,t) Equ. 4
By applying the cosine theorem we can derive:

Output (IF): A‘—ZAZ{ cod (@ + )t |+ co(aw; - a)z)t]} Equ. 5

Equ. 5 shows that a mixer does not produce onlyfi@meiency, but an upper and lower side-
band as depicted for example in Figure 6-9. Foowardconverter the lower frequency is the
desired one and the upper one needs to be remgvédtebng.

Two band modulation from mixer multiplication

J
ol ................. ................. ................. .................
[IE=] ST ................. ................. ................. .................
=) : : : i
%D.?- ................ ................. P R ERCLEEEREELEEEEEL
@ : - : :
]
DD_ [}z | 566 00000000000000% 955000000080 000058 8330000660609 904H0009999060000 0000000095550 99000E
=
*UGJ (I}{=7|5ob00000000000006F 9550 09000080000058 8305000606609 906H00099993 06000000 00000055559 99000
o
w
T el
=
1 T S B L
=
(M5 | 5ot o0aa0a0000000d Yoo00000000a00000Eaaaaa0 0600000908 hOBEIE99E0EE00AE0AEE0009E59 99000
(I}4] |58550088800a0000 908560068060 06A B0 AAAE360A6654 B8 AAAEE6E 83580 aHAE0A0EAAE0a R
D L |
0 0.5 1 1.5 2 25

Frequency in [MHz]

Figure 6-9 Spectral result for mixing of f1=1MHz ard f2=0.5 MHz
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As depicted in Figure 6-9 above, two frequencidbapipear after mixing two signals. For the
down converter we have the following input frequeagcalready discussed in section 5.3.2 on
page 33.

* For Q — band the IF 1 will be 1002 MHz
* For Ka — band the IF1 will be 1001 MHz

The oscillator used to provide the modulation femgry was chosen programmable and
therefore the converter is very flexible in thisseaTo provide a IF2 at 10.7 MHz the
following LO frequencies have to be programmed.

e For Q — band the LO will be 991.3 MHz
* For Ka — band the LO will be 990.3 MHz

Applying these LO frequencies all four input signhahall be converted to 10.7 MHz under
normal operating conditions. This frequency hasnbe®osen because it is commonly used
and therefore filters are available at low prices.
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6.1.4 Filtering:

In Figure 6-11 the specification of the selectétifiis depicted. For the selection of the filter
several considerations have been taken into
account. Although the received signal is a

single beacon carrying no information an \-_
therefore the bandwidth is almost zero it is

necessary to provide sufficient bandwidth to { i\

cover e.g. the Doppler shift or a possible )ﬁ \

drift of the beacon from aging components WL £S5

in the space segment. Also the IF chosen

must not be a multiple of 10 because the

reference frequency in the Terminal is 10Figure 6-10 Mini circuits SBP — 10.1+ + [Ref. 11]
MHz and it is unavoidable that this 10 MHz

appear even after filtering and this could lead talse tracking of the beacon.

Doppler shift:

h . C

fs c+v, Equ. 6
fO

T frequency factor

V. ... speed of the signal source

S

C ... speed of light

The Doppler shift will only account for a few kHa the bandwidth of the filter is far enough
to cover this physical effect. Also the frequenciftdf the space segment is easily covered
by this filter.

CENTER PASSBAND 3dB STOPBANDS VSWR
FREQ. (MHz) BANDWIDTH 1)
(MHz) (MHz)
I.L.1.5dB (l.loss >20dB) (I loss > 35 dB) Passband Stopband
Max. Typ. at MHz at MHz Max. Typ.
10.7 95-115 8.9-12.7 75&15 0.6 & 50-1000 17 16
typical frequency response electrical schematic
.00 fo RF IN RF OUT

35.0 male femule

60f0— =/ N e
g S
200
FREQUENCY
0

Figure 6-11 Minicircuits SBP — 10.7 + specification[Ref. 11]

ATTENUATION, dB
N
S
7
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Another important consideration is to keep the badth as small as possible to avoid too
much noise transferred to the signal processingleTé2, the performance data is depicted.
It shows that the insertion loss is very low at teaitre frequency and stays constant within
the pass band, which further eases tracking ob#aeon, although the signal processing unit
applies a calibration over the observed band. Tisewed band is, of course, the band fixed
by the filter, which is wide enough to accommodiie beacon affected with the expected
Doppler effect shift

Typical Performance Data

Frequency Insertion Loss Return Loss Frequency Group Delay

(MHz) (dB) (dB) (MHz) (nsec)
5 g

0.3 75.80 26 0.1 0.7 32.371
0.4 76.10 45 0.1 3.0 12,114
0.4 74.62 44 0.1 5.2 24.403
05 69.06 27 0.1 75 215.923
0.5 69.33 1.0 0.1 7.9 159.468
0.6 67.91 1.5 0.1 8.0 g1.912
1.0 57.74 0.3 0.1 8.5 212.732
53 25.94 0.6 0.2 8.9 237.192
75 30.37 28 0.8 9.1 235.123
76 26.43 49 0.9 9.4 213.803
8.2 7.00 15 33 96 197.449
8.5 3.15 0.8 76 9.8 180.177
8.9 2.45 0.7 96 10.2 153.153
95 0.99 0.1 16.3 10.4 145.221
96 0.97 0.1 16.4 10.6 140.803
10.7 0.86 0.1 17.6 10.9 138.559
11.5 0.92 0.1 18.2 11.3 141.337
127 3.16 0.8 7.0 1.5 145.896
13.1 3.82 1.0 57 12.5 165.780
13.7 10.81 25 1.6 12.8 163.590
14.4 22.10 46 07 13.3 145.784
15.0 33.97 44 0.4 13.6 127.403
20.0 26.84 0.5 0.1 14.1 36.953
40.0 41.22 0.5 0.1 15.0 85.658
50.0 46.00 0.7 0.1 16.0 118.360
100.0 62.57 1.7 0.1 271 4513
325.0 66.25 38 0.1 39.0 2.558
550.0 51.22 1.1 0.1 48.7 2.259
775.0 43.48 1.5 04 49.7 2.045
1000.0 41,66 1.9 04 50.7 2.283

Table 6-2 Minicircuits SBP — 10.7 + Performance dat[Ref. 11]

6.1.5 Generation of the local oscillator frequency

As already discussed, the mixer requires a
local frequency to shift the signal either to a
higher or lower band.

For the Terminal the reference frequency is
defined with 10 MHz. So the oscillator
should be able to work with this frequency.
As 10 MHz is very common, this was not a
critical parameter.

Figure 6-12 ANS3 800 — 001 oscillator [Ref. 15]
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More important characteristics taken into accoonsklecting a proper oscillator were:

* At the time the converter was assembled the fireg|ufency of the IF1 provided from the
outdoor unit was not defined, so the oscillator moet be fixed, but should be
programmable via interface. In this case a ser@ 3 interface is provides which can be
accessed using a set o ASCII commands.

* The step size shall be as small as possible. Asstepof 1 kHz is considered as sufficient.
e Because the Terminal is supposed to operate udatiefor the life time of the TDP5
experiment the oscillator must provide an alarntase lock is lost or if the reference

frequency is lost by any reason.

* The phase noise should be lower than the expedtadepnoise of the received input
signal in order not to mask the beacon.

* The oscillator needs to provide a frequency inrérege of 1 GHz.

Int. |Output Phase Noise Current
Model No ili Ref. | Power | Harmonics|Spurious @+9V

(KHz) | (ppm) | Freq. typ. (dBc) (dBc) | @1KHz | @10KHz| @100KHz | d.c. (mA)
(MHz) | (dBm) (dBc/Hz) | (dBc/Hz)| (dBc/Hz) max.

ANS3-0065-001 65-95 1.0 +7 -

ANS3-0120-001 | 120-160 1.0 +1 10 +7 -35 -60 -90 -96 -116 300
ANS3-0160-001 | 160-220 1.0 +1 10 +7 -35 -60 -90 -94 -117 300
ANS3-0220-001 | 220-350 1.0 +1 10 +7 -35 -60 -86 -90 =119 300
ANS3-0350-001 | 350-620 1.0 £ 10 7 -35 -60 -73 -84 -108 300
ANS3-0500-001 | 500-800 1.0 +1 10 7 =35 -60 -74 -80 -106.5 300
ANS3-0800-001 | 800-1200 1.0 +1 10 +7 -35 -60 -77 -80 -106 300
ANS3-1200-001 [ 1200-2000| 1.0 +1 10 +7 -35 -60 -73 -82 -105 300
ANS3-1750-001 [ 1750-2500] 1.0 +1 10 +7 -35 -60 =72 -82 -108 300
ANS3-2000-001 | 2000-3000| 1.0 +1 10 i) -35 -60 -73 -79 -101.5 300
ANS3-2400-001 [ 2400-3400| 1.0 +1 10 +7 -35 -60 -72 -78 -102 300
ANS3-3400-001 | 3400-3700| 1.0 £ 10 +7 -35 -60 -70 -78 -109 300
ANS3-3700-001 | 3700-4200| 1.0 +1 10 +7 -35 -60 -67 -75 -103 300
ANS3-5150-001 [56150-5350| 1.0 +1 10 +7 -35 -60 -67 -75 -103 300
ANS3-5470-001 [5470-5875| 1.0 +1 10 +7 -35 -60 -61 =7 -96 300

Table 6-3 ANS 3 Series specification [Ref. 15]

After an exhaustive market survey and from disarsgiith other developers the ANS3 series
was from AtlanTecRF was identified as a suitablgiake A table of available models is

depicted in Table 6-3. Also a provider in Germasavailable, which simplifies procurement
compared to importing from outside the European @amity.

As the frequency of the IF1 will be in the rangel®Hz the model ANS3-0800-001 was
selected.

Characteristics of the ANS3 — 0800 — 001:

In Figure 6-14 and Figure 6-13 the oscillator ipideed showing available connections and
interfaces. The label “NovaSource” is a bit configsbut actually the manual supplied from
AtlanTecRF describes this device.
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 age  ———, @ |
t‘ﬁj@soiam 00 @

POWER SUPPLY INPUT CONTROL INTERFACE TRIGGER/MODULATION

Figure 6-13 ANS3 — 800 — 001 rear panel [Ref.]14

e

@ NovaSource @ '
(%) ®© ©® 0 9\
? AF  LOCK PWH INT/EXT  REF
RF QUTPUT EEXTERNAL REFERENCE

RF OUTPUT INDICATOR INTERNAL/EXTERNAL SWITCH

LOCK INDICATOR: POWER INDICATOR

Figure 6-14 ANS3 — 800 — 001 front panel [Ref. L4

The oscillator provides a serial interface with tbikowing settings:

Serial Parameters:

» Baud Rate: 38400 bps

» Data bits: 8
= Parity: None
= Stop Bits: 1

From this interface the status of the oscillatar ba acquired and additionally the status is

displayed at the front panel. The device allows #h& setting of attenuation.
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6.1.6 Power division for local frequency

For each band a separate oscillator is foreseened&th band has two lines, one for the co-
polar signal branch and one for the cross-polar

signal portion. Therefore the frequency =
provided by the oscillator described before -
needs to be divided to provide the LO-input »

for both mixers of each chain. The ZEM 4300 R

+ mixer expects an LO power level of 7 dBm Jn;r'-’
because all mixers refer to a certain power o A

level in their characteristics. (cf. Figure 6-7 on
page 18 ). Especially in terms of conversion
loss, the power of the second signal is Ofigure 6-15 Mini circuits ZAPD - 21 + [Ref.20 ]
course is important as one can see on page 47

in Equ. 5. The product of the two signal amplitudesults the amplitude of the mixed signal.
The oscillator output was measured to be aroun@d0d he typical loss of the ZAPD — 21 +
is depicted in Table 6-4. Based on these datadivider was considered suitable for this
purpose.

Typical Performance Data

Frequency Total Loss' Amplitude Isolation Phase VSWR VSWR VSWR

(MHz) (dB) Unbalance (dB) Unbalance S 1 2
(dB) (deg.)
S-1 S-2

500.00 317 3.14 0.03 21.12 0.45 1.31 1.16 117
525.00 3.18 3.15 0.03 22.44 0.48 1.27 1.13 1.14
575.00 312 3.10 0.02 25.62 0.50 1.18 1.07 1.08
625.00 3.14 312 0.02 29.70 0.53 1.10 1.02 1.03
675.00 3.14 31 0.03 33.67 0.60 1.03 1.04 1.02
750.00 3.08 3.05 0.03 30.96 0.61 1.08 11 1.09
825.00 3.22 3.19 0.03 27.43 0.73 117 117 115
900.00 3.18 3.15 0.03 25.73 0.77 1.24 1.21 119
1000.00 3.21 3.17 0.04 25.37 0.68 1.29 1.23 1.22
1200.00 317 314 0.03 30.28 0.92 1.21 115 116
1400.00 3.19 3.17 0.02 29.13 1.15 1.03 1.01 1.03
1600.00 3.23 3.19 0.04 24.08 1.27 1.16 1.10 1.08
1800.00 3.35 3.31 0.03 27.44 1.41 1.22 1.16 115
1900.00 3.33 3.30 0.03 35.87 1.42 1.19 118 117
2000.00 3.31 3.29 0.01 33.59 1.48 1.15 117 118

1. Total Loss = Insertion Loss + 3dB splitter loss.

Table 6-4 Mini circuits ZAPD-21 + Performance datg[Ref. 11]

6.1.7 Power Supply

A standard commercial switched 9 V power supplysed with 150W maximum power.
Although it is a bit over dimensioned this type wseected to provide enough power for
eventual additional devices.

The power supply provides the power for:

e 2 ANS3-800 - 001 programmable oscillators 2, éatth
e 2 AVR — NET - 10 micro - controller 1W each
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This results in a total power consumption of 8.82IkVa second version of the Terminal this
part could be replaced by a smaller and less poleddvice to save space and lower the
price.

6.1.8 Microcontroller AVR — NET - 10

The microcontroller board AVR -NET-10 based on thiEMega32 pC is used to control the

programmable oscillator as well to monitor the tenapure at 8 points within the down

conversion stage. Because the board is only eqdipfih one single serial port, there are two
boards installed to allow parallel control an moririg of the two programmable oscillators.

(E.g. lock status, change actual frequency) Besidesvoltage at the PLO power input is
periodically monitored. The board is connectechmlbcal network and provides the acquired
data to the control software running on the loaaitol PC. Also the board is in charge of
driving the front LED lights for displaying warnirepd alarm.

o . o
3 = | OO L L [k
((0-«&0;{94&.;‘

Figure 6-17 AVR Net IO in operation

Institute for communication networks and satellisenmunications



Indoor unit 55

6.1.9 Oscillator monitoring and control

The microcontroller board is interfaced to the bsimr with a flat cable using suitable 9 -pin
sub-D connectors (male to female). The softwarthefboard is configured as mentioned in
section 6.1.5 on page 52. The board reads theladeciktatus in periodic intervals or upon
request from the user via web interface. In caseofftillator status is not normal an alarm
will be sent to the control software running on kbeal control PC.

6.1.10 Temperature monitoring

Temperature is a critical factor in every electocodevice. It influences the gain of amplifiers
and adds noise to the signal. To detect existingpods in the down converter unit, eight
temperature sensors of type Dallas DS1820 ardlgwt®m measure the temperature at several
spots. In Figure 6-2, the positions of the tempeeasensors are depicted and Figure 6-5
shows the actual installation.

DALLAS
Ds1820

(BOTTOM VIEW)

DQ I

GND [
VDD |

Figure 6-18 Dallas DS1820 precision thermometer T@%housing [Ref. 13]

PIN DESCRIPTION

PIN - .
NAME FUNCTION
TO-92 SO

| 5 GND Ground
Data Input/Output. Open-drain 1-Wire interface pin. Also provides

2 4 DQ power to the device when used in parasite power mode (see the
Powering the DS18520 section.)

3 3 v Optional Vpp. Vpp must be grounded for operation in parasite

> = P power mode.

1.2,6.7, . . .
— 2 N.C. No Comnection

Table 6-5 Dallas DS1820 Pin description [Ref. 13]

A very convenient feature of this sensor is thahiégrates its own micro processor which
allows communication via a bus system (cf. FigwEh This simplifies the cabling a lot,

because there is no necessity to install sensdescédeach unit. In addition the sensor is able
to derive its power directly from the data line, @gepicted in Figure 6-20. The sensor is
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housed in a TO 92 case which allows direct contatti the flat side to the surface to be

measured.
Vpy
4.7k PARASITE POWER
CIRCUIT
| ' g >
DQ
INTERNAL Vpp |
GND
Cer
Zl5 POWER-
Voo IR ’ § SUPPLY >
SENSE

64-BIT ROM
AND
1-Wire PORT

A

MEMORY CONTROL
il LOGIC

DS18S20

v

SCRATCHPAD

1——| TEMPERATURE SENSOR I

o ALARM HIGH TRIGGER (Twx)

”|  REGISTER (EEPROM)

& ALARM LOW TRIGGER (Ty)

REGISTER (EEPROM)

4—" 8-BIT CRC GENERATOR

Figure 6-19 Dallas DS1820 precision thermometer bié diagram [Ref. 13]

uP

Veu

4.7k

1

Veu

1-Wire BUS

DS18S20
GND DQ Voo
|
v TO OTHER
1-WIRE DEVICES

Figure 6-20 Dallas DS1820 one wire bus with parasitpower [Ref. 13]

For more flexibility, the sensors are connectechwiiiree wires to alternatively use one wire
bus provide external power to the sensors. Dueststit was found that separate power is not
required and the 1-wire system works well.

The sensors can be controlled over the bus by sgrmdimmands to the bus. Each sensor can
be addressed by its unique 64-bit serial number.
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6.1.11 Voltage monitoring

The micro controller board is equipped with onendrmmel ADC. One of the ADC channels is
used to monitor the voltage provided from the posspply. Due to the limitation of the
ADC to 5 V (full scale voltage) this cannot be astad directly, but by installing the circuit
depicted in Figure 6-21 the voltage can be dividdds allows the continuous monitoring of
the voltage to detect fluctuations of the supplitage. The measurement point is close to the
PLO input power connector as depicted in Figur@ @e2detect a cable break causing a power
loss.

47K

ADC

sV

22k

]

Figure 6-21 Measurement circuit for voltage monitong

s
L #,

"I sy |%I

o

Voltage divider

Figure 6-22 Measurement circuit for voltage monitomng
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6.1.12 Communication to local control PC

Both microcontroller boards are equipped with aneftet interface and are connected to the
hub located at the back of the Terminal. For ttvisg LAN couplings with RJ45 connectors
are installed at the backplane of the conversiah &ach of the microcontroller boards is
connected to a RJ45 connector with a standard CBRF/IP patch cable. At the beginning of
the design process, a switch inside the convensimnwas considered, but this would have
required more space for the switch itself and amlutily a second power supply would be
necessary.

Both boards can be addressed through their IP ssldied are controlled from the local
control PC. Any alarm, warning or information gested by the boards is acquired
periodically.

6.2 Characteristics of down conversion

The gain characteristic of the down conversion imian important parameter for further
development. To determine the gain characteristithe conversion unit a RF signal is
generated and fed in the RF input of the convertee. amplitude and frequency of this signal
is of course known.

Figure 6-23 Measurement environment for gain charaeristic of 2" down conversion
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The measurement environment is depicted in Figu28.6The measurement was such that
one PLO was used to provide the RF signal as alsggnerator. For simplification of the
measurement the PLO was controlled over MATLAB adrnterface allowing a sweep over
the expected bandwidth of the converter. The measemt itself was done with a ROHDE &
SCHWARZ FSH 3 spectrum analyser, also controlled/IByT LAB serial interface. The data
was recorded in MATLAB and stored in an Excel-file.

The procedure was to sweep the frequency of thenRB kHz steps from 995 MHz to 1005
MHz resulting in an output frequency of the congeftom 5.5 MHz to 15.7 MHZ.

The next pages depict the signals used for measuteys a matter of space only the signals
in standard operation mode can be shown.

Figure 6-24 and Figure 6-25 depict the beacon aseRF-input signal. The Ka-band signal
was produced from the Q-band oscillator, the Q-baighal from the Ka-band signal.
Therefore the beacon power is not equal.

Figure 6-24 RF for Ka — band chain
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Figure 6-25 RF for Q — band chain

The input signal of the RF must not exceed -2 dBrartsure the linearity of the mixer, which
has a compression point of 1 dBm (cf. section 6oh.page 45), but at this point the mixer is
already nonlinear at the output. The oscillator Aasaximum output of around 10 dBm but
can be attenuated in 31 steps in minimum range&bad® By experiment the ideal step was
determined as “7” resulting in an output of arouBdiBm allowing operation of the mixer in
linear conditions and having a rather high inpgnal, which is easier to detect and also
providing more dynamic range. The LO signal for Keeband mixer is depicted in Figure
6-26 and for Q-band in Figure 6-27.
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Of course the measurement of the LO power was e after power division to determine
the power fed into the mixer. A signal power thatlower than 7dBm results in higher
conversion loss of the downconversion stage.

Figure 6-26 LO for Ka-band chain

For the Ka-band LO the power is around 6.82 dBnis Ihdeed a little bit lower than the 7
dBm specified, but in an acceptable range as theersion loss measured showed. The Q —
band power is above 7.15 dBm and therefore eveartibain required.

Figure 6-27 LO for Q-band chain
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For the complete measurement, the RF power, irjeicteéhe converter, (995 MHz to 1005
MHz) was recorded for the observed band, to detesrthe stability of the LO output power.
(Cf. Figure 6-28)

Measurement of RF Power for Ka and Q band
0 T T T T T T
5 1 ! : I Ia band L0

LO Power [dEm)]

-

-

E

.

»

L

E.

a5k — ......... llIIJLW' ........... .............. T m

-3 R— .............. .............. A —— N .............. .............. R i

-5
955 955 gy 955 955 1000 1001 1002 1003 1004 1005
Frequency [MHz]

Figure 6-28 LO power measurement for 2 down conversion characteristic

The measurement shows that the output power rises 2.74 dBm to 2.54Bin for Ka-
band and from -3.58 dBm to -3.32 dBm when the cefqifency is increased. Therefore for
the calculation of the conversion loss the outpatvgr at the specific frequency was
subtracted.

The total behaviour of each conversion line is digpi in Figure 6-29 on the next page. The
red line marks the 10.7 MHz. The results of eacte lare almost identical and give
satisfactory results. The loss in the observedgasgaround 7dB and is stable around the
operating point.

In this measurement the conversion loss of the mike insertion loss of the filters, and
connection and cabling are included. This figurengportant to further analyze the link
budget, especially with respect to pre-amplificatiof the signal as well as further
amplification to obtain a signal level that is highough to give the best resolution at the data
acquisition card located in the signal processing. 'he final characteristic of the down
conversion is mainly based on the bandpass-fittdreaend of conversion.

A detailed data table of the conversion charadtesi@snd measurement results can be found
in ANNEX A in section 13.1.
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Gain characteristic of second down conversion

0 T T ! T 1 T T 1 T
1 : ' : ‘ ‘ ‘ Gain Q CPOL
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Frequency [MHz]

Figure 6-29 Measured gain characteristic of the sead down conversion unit
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6.2.1 Mechanical Design

Mechanically, the second down conversion unit Ealed in a commercially available 19
inch rack with the dimensions 460 x 420 mm with4 @ HU is 44.45 mm or 1.75 inch).

Figure 6-30 housing for the # down conversion unit

To allow easy assembling and operation during pyptng the RF parts (The filters, the
mixers, the power dividers and the oscillators) raminted on an L-shaped aluminium plate.
This allows removing the RF section in one stefhoaut completely disassembling all units.

Figure 6-31 Aluminium plate with mounted RF devicesf 2" down conversion

Institute for communication networks and satellisenmunications



Indoor unit 65

The aluminium plate itself is fixed to the bottorintiee box with several distance bolts. As on
can see in Figure 6-31 the reason for the L-shapeleave space for the power supply.

| 460 mm. 5l

o]
+ + =
Power Supply 8V il

Cannactar

[0

Microcontrolier

/ W
/+ .7 %
/+ :

Micracontroller
% ANS3-800-1200

Figure 6-32 2 downconversion box mechanical scheme

+S-12-0dVZ ©

BPF 10.7

[=]

=1 |epFi07| ]

O +5-12-0dV¥Z ©

BPF 10.7

In addition, the two micro controller boards arscamounted on the aluminium plate. In a
first design step, a solution with stacked boards wonsidered but not realized because
enough space was available and there was a rigikranfucing a hotspot caused by the
temperature generated from the two boards.
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On the front panel the power switch and six LED'sndicate the unit status shall be located.
In Figure 6-33, the mechanical specifications fetahworks are depicted.
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Figure 6-33 Front panel mechanical design for manafcturing

In Figure 6-34 below, the final front panel is d#pd, with all elements mounted.

Figure 6-34 Integrated front panel of 2* down conversion

Besides, the back panel needs holes for the SMAexiars and cut — outs for the power
connector and for the two LAN — through the walhgectors required to connect the two
micro processor boards located inside the convensnit. In Figure 6-35 and Figure 6-36 the
mechanical scheme and the finalized rear panalepieted.
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50 mm, 50 mm 50 mm, 50 mm, 140 mm

i i | for SMA | | i
i d Cunneciuri i 40 mm i L
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Figure 6-35 Rear panel mechanical design for manuéauring

Note that in Figure 6-36 only one Ethernet conneistintegrated due to the fact that initially
a master-slave system was foreseen.

Figure 6-36 Integrated rear panel of 2 down conversion

In Figure 6-37 on the next page the down conversithis depicted in operation. The front
switch indicates that the system is powered onid@sstwo green LED’s indicate that every
monitored parameter is within limits. All RF-compons are installed and mechanically
fixed. The inter-component cabling is done and slgetem is in working condition. The
red/blue wires fixed to the top of each RF-comprage the bus cables for the temperature
monitoring.
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Figure 6-37 Integrated 2 down conversion unit

6.3 GPS NTP Server

" [ EERG

LANTIME w307

Figure 6-38 Meinberg LAN M300 [Ref. 16]

To provide a common time stamp for both computarghe Terminal, a NTP server is
required. For the Terminal, the Meinberg M 300 frdteinberg Funkuhren GmbH depicted
in Figure 6-38 was selected. It provides a GPS Nifié stamp and as secondary feature a
high quality OCXO as described in section 5.4 itegnated generating the reference
frequencies for the second down conversion andigreal processing unit.

The NTP server provides a LAN interface and caadmessed via the network. The device is
uniquely identified in the network by its IP-addse8Vith correct configuration of the router
the device could be remotely accessed or via tted tontrol computer..
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6.4 Ethernet network

All communications within the indoor unit
and also to the outdoor unit are done via
Ethernet. In case a TCP/IP interface is not
directly available, a converter is installed.

Of course, an industrial standard hub was
chosen to provide safe and robust
communication. This device can be mounted
on standard DIN rail and allows powering
from an external power supply. This power is
supplied from a 24V power supply located at
the back of the indoor unit rack. In addition,
the power-supply can be used also to provide
power to other devices.

Figure 6-39 Ethernet Hub Harting eCon 3080-A

Number of ports, Copper / Termination 8x 10/100B&Xe RJ45 (Twisted Pair)
Input voltage / Termination 24V DC / 3-pole plubtgscrew contact
Permissible range 12V1to 30V DC

Input current approx. 150 mA (at 24 V DC)

Table 6-6 Technical specification of Harting eCon 330-A

6.5 Local control computer

The local controller is a medium end industrial porer installed in a 19” rack mountable
housing. There is no processor-consuming applicatieant to run on the local controller.

Only the following applications are installed:

* Terminal control
« Web interface

Therefore a computer with a dual core processel [Dore2 Duo Mobile 667 T7200, 2 GHz

and 2 GB of RAM was selected. The hard disk - spad0GB. This is sufficient because
the main storage will be located in the signal pestng computer.
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6.6 Signal Processing

The signal processing itself is not part of thiesis and is executed by TU Graz as a
subcontractor of JOANNEUM RESEARCH. In this sectian short overview will be
discussed, with special focus on the interfacehedRF part of the Terminal.

Figure 6-40 GE Fanuc ICS-1555 [Ref. 4]

The signal processing computer is a high end coenphbusing the common database
storage. It further contains the signal acquisitard depicted above.
Specifications of the used FPGA card are depiciekhble 6-7 .
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IC5-1555 Specificotions

Table 1 - [C5-1555 EL]E'ZZ:’_:-:EI'.-IZ:!'-.'E'I

Analog Dutput

Number of &nolog input -

Channels

analon Connector Tyme "
rput impedonce 5D Ohm
Full Z<oi= fngpw 148 dBm [0 75V gBm (1125 Vpo| iz 50 Oh oHiwars salecinhis
2 MHz- 300 MH
1560 M5PE ar 180 M5P
1 MEP
100 MHz ot pewer-on, <100 MHz when uzing DBCs, 60 MHz ar 180 Mz when bypossing D0C=
= D Mz - 200 MH=
15k
ampng Re=mng =dge =f =omple.ci
Exterral Clac LVTHL wagve compatibla; -3 dBm miry te +6 dBr a
Extermal trigger I3V LVTTLAAVEMEDE, 5 V tolerant, softwors selectoble rineng ar folling =dge
Exi=rnal Bynchronizatian I3V EVTTLALVCMOS, 5V tolzrant. zaftware =eleciobie rizng or folling eage
SignoFe-Weoize Aotie [SHRI  TZI9 4BFE@ fm 7O MHz @ 160 M5SPS or betfer
SEER B4 oBo & fin T MHz o better
Irtzr-chanriel Cresz-tol - 50 dB

Table 6-7 Sampling Card Specifications [Ref. 9]

The signal processing unit applies a decimal filgerof the incoming signal and tracks the
beacon to determine frequency shift, attenuati@hsmimtillation amongst other parameters.

6.7 The Terminal

In Figure 6-41 the rack including some core comptsés depicted. The signal processing
computer is not installed, because it was stillasndevelopment, regarding software, at the
time of writing.

The black box at the top of the Terminal is thealocontrol computer. Beneath the

Meinberg 300 GPS receiver is located. At the bottdrine rack the downconversion unit can

be seen.

The position of the components in the finalizediglesnay change because the temperature
distribution is not known in this stage of design
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Indoor unit

Figure 6-41 Terminal

Institute for communication networks and satellisenmunications



Link budget analysis 73

7 Link budget analysis

The most important topic in the analysis of a $iggdink is the link budget. The link budget
is strongly dependent on the SNR of the receivgdasi In the Terminal designed during this
thesis a single beacon per band is transmittegingrno information. But for the next steps
of system integration a close look to the satellitk from space segment to the signal
processing is required to determine the requireplifiocation

The criteria taken into account are:

« The received signal from space is very low powered needs to be amplified as much as
possible by avoiding additional noise.

* The input signal power for any component in the gigmal path must be kept below the
maximum input level to maintain linearity of opeoat In the Terminal at the actual
stage, these components are the mixers. (cf. segtio3 on page 45)

* The signal acquisition card has two modes. It carcdnfigured to 1.48 dBm or 5 dBm
full-scale. The signal power under clear sky candg should be close two either one of
these values but must not exceed it.
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Figure 7-1 Detailed signal path

In Figure 7-1, the signal path is depicted, showtimg detailed components. The different
temperature conditions are also shown in diffecemdurs.
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The EIRP of both beacons are:

Q-Band: 26.5 dBW
Ka-Band: 19.5 dBW

In Equ. 7 and Equ. 8, the calculation of free spgasse is detailed.

Calculation of Free space loss:

2
les = (ﬂj [1] Equ. 7
A
Lrs =10log(l ) [dB] Equ. 8

By estimating the diameter of the Alphasat orbi88200 km we get the following free space
loss at the antenna:

Q-Band: 215.99 dB
Ka-Band: 209.97 dB

By applying these losses to the beacon power waivec160.47 dBm for Ka-band and for
Q-band we receive -159.49 dBm at the antenna.

Note that for clear sky conditions, the receiveghals for Ka-band and Q-band are almost
equally powered to simplify comparison of losses.
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During the following sections the degradation o€ thignal within the receiver will be
analyzed. The first device is the antenna throubichvthe signal enters the Terminal.

Antenna gain:

The parabolic reflector of a satellite antenna wak an amplifier because the signal received
is focussed to the feed of the antenna. In case@fme focus antenna, its effective gain is
calculated as follows:

Effective antenna gain :

4TA :
g ZOAT [dB|] Equ. 9
g ... effective antenna gain [dBi]
n, ---aperture efficiency [%]
1 .- wave length [m]
A - aperture area [m?]

Half power beamwidth :

HPBW = 70% [°] Equ. 10

d ... reflector diameter

By applying Equ. 9, we can depict Figure 7-2, whstlows the relation between the antenna
diameter and its gain and half power beamwidtthefantenna.

Gain and HPBW vs. diameter for a prime focus parabolic reflector (efficiency 60%)
E0 T T T T T T T T T T T
—HPBW (19.701GHz) | ¢ : : Gain (19.701GHz) : :
56_ ....... HPBW (394026"'2) ............ _ Galn [394026HZ)

(]
~a

I
o

i
=

Gain [dBi]
e
_

()
o
HFBW [degraes]

[HE)
P~

Diameter [m]

Figure 7-2 Gain and HPBW vs. diameter, assuming effiency of 60% [Ref. 17]
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The information given.to the design team from ES%w@ the antenna is that the diameter
will be ~ 1.5 m and we also know the minimum e#fiety of 60 % from the statement of
work.

This results in an effective antenna gain of ~ 4iB&or Ka-band and ~ 53.6 dB for Q-band
assuming a 1.5 m antenna.

For determining the system noise of the Terminalftlowing mathematical framework is
applied (Equ. 11 to Equ. 17):

b ©

Antenna Receiver

Figure 7-3 receiver front end noise contribution [FRef 1.]

... front end receiver

... receiver antenna

... connection elements between front end receaindrantenna
... hoise entering from free space path

A WNBE

Thermal noise power:

N =4[k[T[B [W] Equ. 11

k ... Boltzmann constant
B ... effective bandwidth
T ... device temperature

Antenna Noise temperature:
(1_,7A) (TSk + TGround)
TA = ”ATSky+ 2y

Tsky ... SKy temperature
TGround --- ground temperature
Ta ... antenna noise temperature

[W] Equ. 12

Calculation of the gain factor for active devices:

Gas

G=10% [1] Equ. 13
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Excess noise temperature for passive devices:
L
t, :t{lo10 —1} K] Equ. 14
L ... passive device losses [dB]
Calculation of noise temperature at the Referengstpo
_ devicenoisetemperatte
TDev_ref - . .. Equ- 15
accumulatd gainatdeviceinput
T V
TDev_ref = Equ. 16
c-:'prev
Total noise of the signal chain at the Referencetpoi
N
T
T =
Dev_ref ; n Equ. 17

——
e

N ... Total number of components in signal chain

In Table 7-1 and Table 7-2 the result of the link drtdanalysis is depicted based on the

following assumptions:

e The gain of the front LNB is limited to 60 dB due technical constraints, which is a
realistic approach but not definitely fixed yetpesially the gain for Q band could

significantly be lower.

The noise of the front LNB is a realistic estimatioased on the design paper and the
presentation held from ACORDE Ltd.

The waveguide losses are assumed for a length ah@rd m considering also flanges.
But the final value can be determined only, wheavwing the exact dimensions

The loss of the feed is not taken into account encdculation, because no information is
available at the time of writing.

The theoretical data for the LNA is taken from thpier's data sheet.
The sky temperature is assumed to be 15K

The ground temperature is assumed to be 300K
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Other considerations:

* A figure of merit is that the final output to thigysal acquisition card should not exceed
5dBm because then the acquisition gets nonlinear.

* The compression point of the mixer is 1 dBm andtmos be exceeded.
e All components shall be off-the-shelf componentsassible.

* Q- and Ka - band components should be symmetsi$ible

ace Signal- Signal-
. . nom. Insertion | P@1dB NF NFger C strength | strength
Ty K T K
Device Supplier TYPe | Gain [dB]| toss [aB] | [aBm] | (ag) | TWIKI | TheerIKI | p) ‘IE:I;II] @ input | @ output
[dBm] dBm]
Antenna ESA I [ 5360 | | I [ 7200 | 72,00 ] 096 | 0,00 159,49 | -105,89
Reference Point
Waveguide Flann MW [0,5dB/m] 0.9 69,08 69,08 1,72 -0.90 -105,89 -106,79
Front LNB ACORDE 60,00 -3 3,5 365,42 449 57 4,82 59,10 -106,79 -46,79
Connection loss SMA Connectors 0.2 13.90 0.00 4,82 58,90 -46,79 -46.99
Transmission cable Krenn 10 2655,00 0,00 4.82 48,90 -46.99 -56,99
IF1 LNA 1 Mini circuits ZKL-2+ 30,79 16 3 293,60 0,00 4,82 79,69 -56,99 -26,20
IF1 LNA 2 Mini circuits ZKL-2+ 30,79 16 3 293,60 0,00 4,82 110,48 -26,20 4,59
Connection loss SMA Connectors 0,2 13,90 0,00 4,82 110.28 4.59 4.39
IF1 Mixer Mini circuits ZEM 4300 + 7 0 1183,50 0,00 4,82 103,28 4,39 -2,61
IF1 BPF Mini circuits SBP-10.7 1 76,38 0,00 4,82 102,28 -2,61 -3,61
IF1 LNA Mini circuits ZFL-1000+ 17,00 10 S 879.42 0,00 4,82 119,28 -3,61 13,39
= v Noise Figure [dB Noise Temp. [K Gain [dB]
System characteristics s [ ALY
Table 7-1 Q-band link budget
ace Signal- Signal-
. . nom. Insertion | P@1dB NF NFger C strength | strength
Ty K T K
Diésitie Supplier TP | Gain [dB]| loss [dB]| [aBm] | (@B) [ TMTKT [ Teeer KD g f:é? @input | @ output
[dBm] dBm]
Antenna ESA I [ 5360 | | I [ 7200 | 72,00 ] 096 | 0,00 159,49 | -105,89
Reference Point
Waveguide Flann MW [0,5dB/m] 0.9 69,08 69,08 1,72 -0.90 -105,89 -106,79
Front LNB ACORDE 60,00 -3 3,5 365,42 449 57 4,82 59,10 -106,79 -46,79
Connection loss SMA Connectors 0.2 13.90 0.00 4,82 58,90 -46,79 -46.99
Transmission cable Krenn 10 2655,00 0,00 4.82 48,90 -46.99 -56,99
IF1 LNA 1 Mini circuits ZKL-2+ 30,79 16 3 293,60 0,00 4,82 79,69 -56,99 -26,20
IF1 LNA 2 Mini circuits ZKL-2+ 30,79 16 3 293,60 0,00 4,82 110,48 -26,20 4,59
Connection loss SMA Connectors 0,2 13,90 0,00 4,82 110.28 4.59 4.39
IF1 Mixer Mini circuits ZEM 4300 + 7 0 1183,50 0,00 4,82 103,28 4,39 -2,61
IF1 BPF Mini circuits SBP-10.7 1 76,38 0,00 4,82 102,28 -2,61 -3,61
IF1 LNA Mini circuits ZFL-1000+ 17,00 10 S 879.42 0,00 4,82 119,28 -3,61 13,39
= v Noise Figure [dB Noise Temp. [K Gain [dB]
System characteristics s [ ALY

Table 7-2 Ka-band link budget

Note, that the numbers in red mark critical valclese or exceeding a limit.
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7.1 Analysis of Link budget calculation

As already discussed in previous sections the &icgilon of the LNB is assumed to be
60 dB, although the final figure is not fixed ag¢ttme of writing.

The Link budget shows that after amplification tngh the LNB the signal power is still very
low. Unfortunately no further amplification can lag@plied at this stage, because of the
expected temperature changes in the outdoor unit.

After the losses introduced by the transmissionectiie signal is amplified again. Due to size
restrictions two cascaded amplifiers are used.skoplification of procurement two identical
amplifiers are chosen. After this amplificationapplied the important criterion is to stay
below the compression point of the mixer. The fegtor Ka-band is still below the critical
point but very close to the limit determined thrbugeasurements of the mixer. For Q-band
path, the limit is exceeded, but this is not coased as critical, because the finalized values
of antenna gain and the exact free space lossrm@own. Therefore it makes no sense to
adapt the amplification too exactly before protatgp

In any case, if the measurements show, that themmsxworking nonlinear an attenuator can
be installed before it. This is easier to implemant attenuators are available in various
designs and specifications.

The conversion losses of the mixers reduce theabigower again. This is compensated by
using amplifiers before feeding the signals int® signal processing unit.

With the actual parameters the signal power alftisramplification is now exceeding the Full

scale range of the signal acquisition card. Agthis is acceptable, considering that some
parameters are only estimations. Besides, theustem of the Q-band beacon will be far

higher than in Ka-band so in typical operation gbads the beacon will be within limits.

7.2 Noise figure:

Referring to the receiver specification on in s@tt?2.2.3 on page 20 the receiver exceeds the
noise temperature limit for Ka — band (400K) aditbit and fulfils it for Q —band (600K).
Actually the noise figure of the receiver is fixegthe LNB assuming a gain above 40dB and
we can realistically estimate that it will be close 60dB. The final noise temperature is
therefore strongly dependent on the noise figuth®iLNB, which is not exactly known yet.

The biggest drawback in terms of noise is of cotingeprime focus design, which requires

long waveguides to the front end of the Terminadiag additional noise, but the figures
achieved with the components in use are satisfying.

Institute for communication networks and satellitenmunications






Performance 81

8 Performance

Important figures of merit of the Terminal are tk#N ratio, measured at the signal
acquisition card after digital decimation, and ded from it the dynamic range. The final
C/N is strongly dependent on the effective bandwidt the digital receiver of the signal
processing unit.

The signal from the RF part is filtered as alrealiiycussed in an earlier section with a

bandwidth of 2 MHz at an IF of 10.7 MHz. The digitaceiver applies additional decimation
to lower the sampling frequency according to E@u. 1

Decimated sampling frequency:

e :% [Hz] Equ. 18
fe. ... decimated sampling frequency

f, ... Sampling

D ... Decimation rate

In Equ. 19, the calculation of the bandwidth iswhoBasically, it is related to the number of
FFT points resulting in the bandwidth of one FFNh.bDf course the noise within this
bandwidth is contributing to the peak power busihow significantly lower with the initial
bandwidth of 2 MHz.

Digital receiver BW:

f
Byec = —*% [Hz] Equ. 19
FFT

Beec ... digital receiver BW

Leer ... Length of FFT
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From these data we can derive the following pararmet

Carrier to noise ratio:

C receivedPower

— = - Equ. 20
N Noise Powe

C=Pgde [W] Equ. 21

Ok -.- gain factor of the receiver antenna

p, ... transmitted power from satellite (EIRP)
|5 ... Free space loss factor

N ... Noise power

Carrier to noise density:

C R gRlFS
—=L1=2" W/Hz
N, akT [ ] Equ. 22

Dynamic Range :

DR:%—DL [dB] Equ. 23

DR ... Dynamic Range
DL ... Detection Level

Institute for communication networks and satellisenmunications



Performance 83

For the exemplary calculation depicted in Table &l Table 8-2, the following conditions
have been assumed:

* FFT Length of 8192

» Decimation rate of 4096

e Sampling rate of 30 MHz

e The detection level of the data acquisition car@l @3

The limitation to the digital receiver is the contguional power of the signal processing PC.
The more FFT computations per second the more @mpgkts the calculation. The

requirement for the signal processing is that asti®ne sample per second is the minimum
rate.

Noise power| 504E-21]W decimated sampling freq.] 7,32E+03]Hz
System gain| 8 47E+11][1] ffts per second
FFT Overlap| 2.05E+03 Free space loss
Window BW 1 Received Power after antenna
FFT length] 8192,00 system noise temperature
Decimation rate] 4096,00 noise power density|
Antenna Temperature 72,000K noise power

Detection level 6|dB Freq. resolution per FFT Bin |

Antenna gain 47 6]dB [
Receiver Noise figure 3,82]|dB

Receiver Bandwidth 0,89 |Hz Dynamic range|

Table 8-1 Ka-Band performance

Noise power| 7,29E-21]W decimated sampling freq.

System gain] 8 47E+11][1] ffts per second

FFT Overlap] 2,05E+03 Free space loss

Window BW i Received Power after antenna

FFT length] 819200 system noise temperature
Decimation rate] 4086,00 noise power density|
Antenna Temperature| 72 00K noise power

Detection level 6|dB Freq. resolution per FFT Bin|
Antenna gain 53 6]dB
Receiver Noise figure| 4 82]dB

Receiver Bandwidth 0,89]Hz Dynamic range

Table 8-2 Q-Band performance

With the configuration depicted above a frequeresotution of 0.89 Hz can be achieved for
both bands. This results in an effective noise poafeonly -201.37 dBW for Q — band and
-202.97 dBW for Ka — band.

Finally we get a C/N of 65.49 dB for Q — band afdl® dB for Ka — band. This is a result of
the higher gain for Q — band, but this is for thenment a theoretical value and needs to be
verified under real conditions.
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9 Outlook and conclusion

The next steps during this project will be the limag of the outdoor unit and the antenna
manufacturing. Once these devices are availabéefitial integration of the system will be
completed.

Once everything is integrated the device will betdd in the lab and the theoretical data can
be verified.

After the lab tests have been successfully comgldatee Terminal will be installed on an

experiment site. The prototype will be put underesal months of test. For test purposes,
existing satellites (transmitting at Ka-band) canused. Unfortunately no satellite is in orbit
that is transmitting in Q-band. Therefore this fimeality cannot be tested under real
conditions until the TDP5 payload at the Alphasatansmitting..

The launch of the Alphasat space segment is sobaédwal end of 2012. Therefore the
Terminal needs to be ready for reproduction atrib@gg of 2012.

9.1 Conclusion

The Terminal is in good condition at the moment dreldesign of the critical component of
the outdoor unit, the LNB, is already in progrelésshould be possible to produce a small
series of Terminals for interested experimenteas already showed interest.

Nobody can deny that future applications in cividamilitary communication will be more
demanding in bandwidth and/or data rate. Obviouklre is also a trend to wireless
communication. The advantages are clear: Inexperasid easy coverage of large regions. At
the moment the existing bands are still sufficient are getting more and more crowded, so
additional bandwidth needs to be discovered.

Q/V bands could be the right decision but experimevill show its feasibility. Anyhow, the

effort required to transmit in Q/V band can be dwiaed by this experiment. Sooner or later
it will be cost effective to use it when the exigtibands are getting occupied.
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Figurel1-1 System design schematic
Institute for communication networks and sateliée@nmunications






ANNEX B: Specifications

12 ANNEX B: Specifications

12.1 ACORDE Ka/Q — band LNB Specification [Ref. 5]

RECEIVER SPECIFICATIONS

Ka-Band input frequency

Q-Band input frequency

Input impedance

Input Ka-band VSWR

Input Q-band VSWR

Maximum input level without damage
Input stability

IF Output frequency

Output impedance

Output Ka-band VSWR

Output Power @ P1dB

Spectrum inversion

Spurious

Gain flatness over the whole bandwidth
Gain variation over temperature
Ka-Band Noise figure

Q-Band Noise figure

Image Rejection

LOCAL OSCILLATOR

Ka-Band output phase noise:
10 Hz

100 Hz

1 KHz

10 KHz

100 KHz

1 MHz

Q-Band output phase noise:
10 Hz

100 Hz

1 KHz

10 KHz

100 KHz

1 MHz

External reference frequency
Reference input level
LO frequency stability

19701 MHz
39402 MHz
50 Ohms
<21
<21
-10 dBm
Unconditionally stable
1 GHz
50 Ohms
<2.0:1
+0 dBm
None
<-60 dBc @ POUT=0 dBm
+ 0.05 dB-BAWMHz
+ 0.25 dB ovelC2@4riation range (*)
<3.7dB
<4.8dB
> 40 dB

-30 dBc/Hz
-50 dBc/Hz
-60 dBc/Hz
-70 dBc/Hz
-90 dBc/Hz
-90 dBc/Hz

-22 dBc/Hz
-42 dBc/Hz
-52 dBc/Hz
-62 dBc/Hz
-82 dBc/Hz
-82 dBc/Hz

10 MHz (exclusiveuirfpr each band)
0dBm +3dB
same as external reference
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Minimum external reference to compliant
typical phase noise:

100 Hz

1 KHz

10 KHz

POWER SUPPLY

DC input voltage
Power consumption

ENVIRONMENTAL SPECIFICATIONS

Storage temperature
Operating temperature
Relative humidity
Operating altitude

MECHANICAL SPECIFICATIONS

Dimensions

Weight

Interfaces Ka-Band Rx inputs
Q-Band Rx inputs

IF L-Band outputs

10MHz reference inputs
Power supply

Monitoring & Control

Cooling system

Finish

-135 dBc/Hz
-145 dBc/Hz
-155 dBc/Hz

15VDC
25W typ. (TBC)

-40 to +80°C
0 to +50°C (*)
up to 95%
up to 3500 m

300 x 200 x 60 mm
1.5 Kg
2 X WR42 UG-595/Uetyp
2 x WR28 UG-599/U type
4 x SMA(F)
2 x SMA(F)
MS3112E12-14S
MS3112E12-3S
None
White RAL 9003
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12.2 Technical specifications GPS161DHS

« RECEIVER: 6 channel C/A code receiver with extearalenna/converter unit
 ANTENNA: Antenna/converter unit with remote powepgply
« ANTENNA INPUT: Antenna circuit dc-insulated; dieteic strength: 1000V

« TIME TO SYNCHRONIZATION: One minute with known reger position and valid
almanac , 12 minutes if invalid battery bufferedmoey

« BATTERY BACKUP: Storage of important GPS-systemedatthe internal RAM
backed-up by lithium battery lifetime of battery y€ars min.

e« SERIAL PORT: One asynchronous serial port COMO ¢33}
Baud Rate: 300 up to 19200
Framing: 7N2, 7E1, 7E2, 8N1, 8N2, 8E1

 STATUS INDICATION: Receiver status:
Lock: the receiver was able to compute its positifiar power-up
Fail: the receiver is asynchronous to the GPS-Byste

« POWER REQUIREMENTS: 19-72 VDC, e.g. 3.6 W

DC-insulation: 1.5 kvDC
Fuse: 500mA, slow blow

e DIMENSION: 105 mm x 125 mm x 104 mm (H x W x D)

e CONNECTORS: Coaxial BNC connector for antenna/coieveinit
Female nine-pole SUB-MIN-D-connector for RS232

« AMBIENT TEMPERATURE: O ... 50°C

* HUMIDITY: 85% max.
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12.3 Specifications of programmable oscillator ANS3 — 800 -001
Output Frequency 65 MHz to 5875 MHz in ranges
Frequency Stability +/-1ppm max. over 0+50C
Internal Ref. Aging +/-1ppm max./year
Internal Ref. Accuracy +/-1ppm @ +23 +/-2 deq.C
Internal Ref. Output 0 to +2dBm into 50 ohms

External Ref. Frequency As Internal Reference
External Ref. Level 0.6-2.5 Vpp
External Ref. Impedance 600 ohms in parallel with 25pF
Reference Select Miniature Toggle Switch
Output Power +5dBm min, +7dBm typ.

Level Control Range 25dB min in 31 steps

Control Interface Serial RS-232
Modulation Rate 1 KHz internal

50KHz max. external
Modulation Deviation +/-1.256 MHz
Input Voltage +8 to+12 V d.c. @ 300 mA

Operating Temperature 0+50C
Storage Temperature -20+70C
Lock Time 2 to 6 msec. typ.

Status LED'’s (green) RF On, Phase Lock, DC Applied
RF Output Connector SMA female

Ref. Connector SMA female

Trigger/Modulation Connector SMA female

Input Power Connector 1.3 x 9.0mm centre positive jack
Data Connector DB-9P

RF Output Modes Continuous, Momentary & Toggled
QOutput Impedance 50 ohms

Size 90 x 70 x 19mm (excluding connectors)
Weight 170g

Housing Aluminium with White Epoxy Paint

Figurel2-1 ANS3 — 800 - 001 general specificatiofiRef. 15]
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13 ANNEX C: Measurement results

13.1Measured system gain of 2 " down conversion stage

CPOL Q XPOL Q CPOL Ka XPOL Ka

RF IF IF Gain IF Gain IF Gain IF Gain
MHz  MHz dBm dB dBm dB dBm dB dBm dB

996 6,7 -33,56 -30,06 -33,77 -30,27 -33,26 -30,68 -32,69 -30,11
996,1 6,8 -33,9 -30,4 -34,12 -30,62 -33,49 -30,91 -32,9 -30,32
996,2 6,9 -34,5 -31 -34,62 -31,12 -34,11 -31,53 -33,35 -30,77
996,3 7 -35,4 -31,9 -35,47 -31,97 -34,8 -32,22 -34,15 -31,57
996,4 7.1 -37,2 -33,7 -36,8 -33,3 -36,42 -33,84 -35,29 -32,71
996,5 7.2 -40,2 -36,7 -39,14 -35,64 -38,5 -35,92 -37,3 -34,72
996,6 7.3 -44,8 -41,3 -43,41 -39,91 -42,56 -39,98 -40,8 -38,22
996,7 7.4 -44,2 -40,7 -47,82 -44,32 -46,5 -43,92 -46,95 -44,37
996,8 7.5 -36,3 -32,8 -39,58 -36,08 -38,7 -36,12 -41,1 -38,52
996,9 7,6 -30,85 -27,35 -33,33 -29,83 -32,69 -30,11 -34,03 -31,45

997 7.7 -26,6 -23,1 -28,74 -25,24 -28,2 -25,62 -29,18 -26,6
997,1 7.8 -23,11 -19,61 -24,98 -21,48 -24,5 -21,92 -25,33 -22,75
997,2 7.9 -20,02 -16,52 -21,85 -18,35 215 -18,92 -22,09 -19,51
997,3 8 -17,38 -13,88 -19,05 -15,55 -18,8 -16,22 -19,22 -16,64
997,4 8,1 -15,18 -11,68 -16,69 -13,19 -16,46 -13,88 -16,82 -14,24
997,5 8,2 -13,52 -10,02 -14,82 -11,32 -14,61 -12,03 -14,72 -12,14
997,6 8,3 -12,36 -8,86 -13,36 -9,86 -13,22 -10,64 -13,15 -10,57
997,7 8,4 -11,53 -8,03 -12,35 -8,85 -12,1 9,52 -11,96 9,38
997,8 8,5 -11,16 -7,66 -11,67 -8,17 -11,4 -8,82 -11,23 -8,65
997,9 8,6 -10,93 -7,43 -11,32 7,82 -10,97 -8,39 -10,65 -8,07
998 8,7 -10,77 7,27 -11,1 7,6 -10,67 -8,09 -10,39 7,81
998,1 8,8 -10,75 -7,25 -10,92 7,42 -10,51 7,93 -10,27 -7,69
998,2 8,9 -10,62 7,12 -10,92 7,42 -10,37 7,79 -10,14 -7,56
998,3 9 -10,62 7,12 -10,8 7.3 -10,3 7,72 -10,02 7,44
998,4 9,1 -10,62 7,12 -10,78 7,28 -10,24 -7,66 -10,1 7,52
998,5 9,2 -10,61 7,11 -10,78 7,28 -10,24 -7,66 -10,04 7,46
998,6 9,3 -10,49 -6,99 -10,78 7,28 -10,2 7,62 -10,03 7,45
998,7 9,4 -10,48 -6,98 -10,78 7,28 -10,12 7,54 -10,03 -7,45
998,8 9,5 -10,49 -6,99 -10,77 7,27 -10,11 7,53 -10,03 -7,45
998,9 9,6 -10,47 -6,97 -10,66 7,16 -10,11 7,53 -10,03 -7,45
999 9,7 -10,48 -6,98 -10,64 7,14 -10,11 7,53 -9,95 7,37
999,1 9,8 -10,48 -6,98 -10,64 7,14 -10,11 7,53 -9,95 7,37
999,2 9,9 -10,47 -6,97 -10,64 7,14 -10,11 7,53 -9,93 7,35
999,3 10 -10,5 -7 -10,64 7,14 -10,05 7,47 -9,92 7,34
999,4 10,1 -10,56 -7,06 -10,64 7,14 -10,11 7,53 -9,93 7,35
999,5 10,2 -10,56 -7,06 -10,64 7,14 -10,13 -7,55 -9,94 7,36
999,6 10,3 -10,55 -7,05 -10,63 7,13 -10,13 -7,55 -9,92 7,34
999,7 10,4 -10,55 -7,05 -10,65 7,15 -10,13 -7,55 -9,92 7,34
999,8 10,5 -10,55 -7,05 -10,63 7,13 -10,13 -7,55 -9,93 7,35
999,9 10,6 -10,58 -7,08 -10,64 7,14 -10,13 -7,55 -9,94 7,36
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RF
MHz

1000,1
1000,2
1000,3
1000,4
1000,5
1000,6
1000,7
1000,8
1000,9
1001
1001,1
1001,2
1001,3
1001,4
1001,5
1001,6
1001,7
1001,8
1001,9
1002
1002,1
1002,2
1002,3
1002,4
1002,5
1002,6
1002,7
1002,8
1002,9
1003
1003,1
1003,2
1003,3
1003,4
1003,5
1003,6
1003,7
1003,8
1003,9
1004

IF
MHz

10,8
10,9
11
11,1
11,2
11,3
11,4
11,5
11,6
11,7
11,8
11,9
12
12,1
12,2
12,3
12,4
12,5
12,6
12,7
12,8
12,9
13
13,1
13,2
13,3
13,4
13,5
13,6
13,7
13,8
13,9
14
14,1
14,2
14,3
14,4
14,5
14,6
14,7

CPOL Q
IF Gain
dBm dB
-10,66 -7,16
-10,66 -7,16
-10,66 -7,16
-10,67 7,17
-10,7 7,2
-10,77 7,27
-10,77 -7,27
-10,775 7,275
-10,89 -7,39
-10,89 -7,39
-10,88 -7,38
-11 7,5
-11 7,5
-11,06 -7,56
-11,13 -7,63
-11,23 7,73
-11,31 -7,81
-11,45 -7,95
-11,66 -8,16
-11,87 -8,37
-12,24 -8,74
-12,64 9,14
-13,23 9,73
-13,96 -10,46
-14,76 -11,26
-15,75 -12,25
-16,9 -13,4
-18,17 -14,67
-19,59 -16,09
-21,07 -17,57
-22,63 -19,13
-24,34 -20,84
-26,07 -22,57
-27,99 -24,49
-29,97 -26,47
-32,1 -28,6
-34,47 -30,97
-37,24 -33,74
-40,48 -36,98
-44,38 -40,88

XPOL Q
IF Gain
dBm dB
-10,7 7.2
-10,75 7,25
-10,75 7,25
-10,75 7,25
-10,75 7,25
-10,75 7,25
-10,75 7,25
-10,77 7,27
-10,87 7,37
-10,87 7,37
-10,87 7,37
-10,95 7,45
-10,98 7,48
-11,04 7,54
-11,13 -7,63
-11,25 7,75
-11,39 -7,89
-11,6 8,1
-11,83 -8,33
-12,26 -8,76
-12,78 9,28
-13,4 9,9
-14,23 -10,73
-15,28 -11,78
-16,36 -12,86
-17,71 -14,21
-19,13 -15,63
-20,76 -17,26
-22,37 -18,87
-24,18 -20,68
-26,08 -22,58
-28,14 -24,64
-30,42 -26,92
-32,9 -29,4
-35,75 -32,25
-39,13 -35,63
-43,29 -39,79
-48,02 -44,52
-48,8 -45,3
-45,6 -42,1

CPOL Ka

IF Gain

dBm dB
-10,13 -7,55
-10,13 -7,55
-10,13 -7,55
-10,13 -7,55
-10,105 -7,525
-10,12 7,54
-10,1 7,52
-10,1 7,52
-10,1 7,52
-10,22 7,64
-10,22 7,64
-10,22 7,64
-10,22 7,64
-10,34 7,76
-10,34 7,76
-10,34 7,76
-10,46 -7,88
-10,59 -8,01
-10,72 -8,14
-10,85 -8,27
-11,2 -8,62
-11,6 9,02
-12,12 9,54
-12,81 -10,23
-13,65 -11,07
-14,63 -12,05
-15,85 -13,27
-17,11 -14,53
-18,52 -15,94
-19,95 -17,37
-21,62 -19,04
-23,27 -20,69
-25,05 -22,47
-26,88 24,3
-28,9 -26,32
31,2 -28,62
-33,55 -30,97
-36,32 -33,74
-39,57 -36,99
-43,74 -41,16

XPOL Ka

IF Gain

dBm dB
-9,97 7,39
-10 7,42
-10,01 7,43
-10,01 7,43
-10,01 7,43
-10,015 7,435
-10,03 -7,45
-10,11 7,53
-10,11 7,53
-10,11 7,53
-10,12 7,54
-10,21 7,63
-10,21 -7,63
-10,22 7,64
-10,32 7,74
-10,32 7,74
-10,42 7,84
-10,54 7,96
-10,67 -8,09
-10,9 -8,32
-11,25 -8,67
-11,69 9,11
-12,26 9,68
-12,99 -10,41
-13,93 -11,35
-15 12,42
-16,21 -13,63
-17,51 -14,93
-19 -16,42
-20,57 -17,99
-22,23 -19,65
-24,05 -21,47
-25,88 -23,3
-27,86 -25,28
-30,07 -27,49
-32,43 -29,85
-35,2 -32,62
-38,52 -35,94
-42,53 -39,95
-47,63 -45,05
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13.2 Gain characteristic of second down conversion

Gain Q CPOL
—Gain Q XPOL
Gain Ka CPOL

i
11

Frequency [MHz]

Gain characteristic of second down conversion

Table 13-1 29 Down conversion gain characteristic larger image
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13.3Conversion loss of the ZEM 4300 + Mixer

Conversion loss of ZEM 4300+ related to Input power

[ap] ueg

Figurel3-1 larger image of mixer ZEM4300+ conversio loss
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14 ANNEX D: Software scripts

14.1 MATLAB settings for automatic characterisatio  n of 2" Down
conversion stage

% Title: AlphasatRX Terminal down conversion
% Author: Gerald Faustmann
% Date: 02/01/2011

% Description:
% This program automatically measures the gainacheristic of the 4
% signal chains. A manual recabling has to be dréldoy the operator

clc;

clear;

close;
delete(instrfindall);

Ofmmmmmmmmmmmmm e -
% Serial port Settings for Oscillator:
0= mmmmmmmmmmmm e -

PLO_port = 'COM1"
PLO_baudrate = 38400;
PLO_databits = 8;
PLO_terminator = 'CR";

Offy=mmmmmmmmm e -
% Serial port Settings for Oscillator:
Offy=mmmmmmmmm e -

FSH_port = 'COM4",
FSH_baudrate = 19200;
FSH_databits = 8;
FSH_terminator = 'CR",

S -
% Measurement Settings
S -

start_frequency = 995;
stop_frequency = 1005;
step_frequency = 0.01; % in MHz
LO_frequency = 989.3; %MHz
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