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Aeronautical and Maritime Radiocommunication Systems

WHO ARE WE ?

Company introduction and context presentation
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TELERAD key features

» TELERAD SA - Private Company established in 1950
» Registered Capital: 700 000 €
= L ocated in Anglet, France

= Qur mission

— Design, manufacture, commissioning and marketing of radio s
and maritime communications
— World market, both civil and military

= Number of employees : 78 persons
— 40% technicians and engineers

= Turnover
— 10.4 M€
— Exportation: 60-70 %
— Defense Market: 15-20%

= 10% of the annual turnover invested in R&D every year




1. Introduction
1. Telerad presentation

TELERAD Products

= Developing and building VHF radio
units since 1950.
= First software radio architecture in
mid-1990
» Product portfolio (summary):
— Multimode VHF/UHF receivers and
transmitters :
= Air Traffic Control (ATC)
= Marine Infrastructures

= Military control stations
— Multimode VHF/UHF transceivers :

= Custom military products

— Normal/standby switching units,
remote controls and supervision

systems
— NAVAIDS (GBAS + NDB)

Sales revenue 2015

5% 4%

H COM
B GBAS
= NDB

5 WinnComm Europe 2016 — TELERAD




Project context (1/2)

= Market trends :
— Increasing number of protocols (A3E — ACARS
—~VDL2 - VDL 3 & 4 - F3E — G3E....)
— Lower prices : prices of radio units +
maintenance cost
— Standardization of radio units (Single
European Sky)
= Technical trends — radio development are
now driven by consumer technologies
— Low cost / high quantity
— High bandwidth
— Short lifecycle
— High integration
— Digital modulations

= Qur technical requirements
— Both analog and digital modulations
— Low bandwidths (25kHz)
— High dynamic range (120dB)
— Very high ACR / very low ACP
— High longevity (MTBF + lifecycle)
— Low quantity (“~hundreds)
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1. Introduction

2. Project context and goals

nombre de protocoles
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Project context (2/2)

= Product longevity :

=

et
i jr’{;/’z’f"‘;?y//jy

2012 2014 2016

life : Prod. |
| |

|
|
Production

reparability Life time
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Project goals

= Develop new architectures / adapt
architectures to our context

= VHF / UHF convergence

= | ower cost / make cost “resistant” to
evolutions

= Ease integration of new protocols

= Develop a method to specify key components
characteristic (RF — digital co-design).
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New architecture

High speed
components



Aeronautical and Maritime Radiocommunication Systems

DIGITAL ARCHITECTURES

Adding flexibility and simplifying RF architectures
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Transmitter Current architecture

= Current architecture : ful

| analog Cartesian loop :

I+ Qref

Analog feed back control loop

= Several drawbacks :
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New Transmitter architecture
. State Of the art : MDS;:I;{EW recfci\llzf:t‘:uﬁon Moduloteus antenne
* ' o _
= Implementation of a fully digital Cartesian Loop f
Deémodulation
: [ M
FPGA anti rfll:;iﬁzmem

I+ Q mod

i/Q
generation Demod.
I+Q
measured
FPGA control loop SEIE=AE:
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Transmitter performances
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Error Summary BURST NOT FOUND Error Summary BURST NOT FOUND
Error Vector Mag 6.21 % rms 10.04 % Pk at sym 6 Error Vector Mag 1.58 % rms 2.70 % Pk at sym 16
Magnitude Error 4.14 % rms 7.40 % Pk at sym BB Magnitude Error 1.15 % rms -2.69 % Pk at sym 16
Phase Error 2.69 deg rms -5.51 deg Pk at sym 6 Phase Error 0.62 deg rms 1.31 deg Pk at sym 20
Freg Error -186.26 Hz -186.26 Hz Pk Freq Error -186.25 Hz -186.25 Hz Pk
Amplitude Droop 1.06 dBrsym Rho Factor 0.9907 Amp litude Droaop 0.31 dB/sym Rho Factor 0.9997
I0 Offset 5.88 =% 10 Imbalance 5.49 =% I0 Dffset 0.07 % I0 Imbalance 1.08 =
CF 225 MHz Meas Signal cF 225 MHz Meas Signal
Ref Lvl SR 10 kHz Constellation Ref Lvl SR 10 kHz Constellation
0 dBm Demad DBPSK 0 dBm Demod DBPSK
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-4 . 1666667 REAL 4. 1666667 ~4.1666667 REAL 4. 1666667
Date: 01.JAN.1997 09:43:27
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. . . Digital architectures
Receiver Architecture 2. Receiver architecture

/_‘ Base Band
Analog

processing

Digital
Processing

LOnNn®2 .

LOn°1 L

Digital integration

Digital Processing

= Legacy Architecture :
— Digital components speeds (2000-conception)
— High dynamic and high rejection
— IF filters need to be duplicated for each

supported bandwidth
— Analog processing hard to tune and duplicated

for each supported protocols

= Target Architecture :
— Now possible due to evolution (speed and
price) of digital components

— Only 1 IF filter
— No analog baseband processing
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Analog to Digital Converters (1/2)

= Central component in new architecture
= Complete evaluation of component needed : raw performances and impact on specific
radio performances

= Protocol :

= Raw performances evaluations testbench

ADC-EVM

RF generator LP Filter
HP ESG-1000A SLP-50+

Ethernet
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Analog to Digital Converters (2/2)

= Raw performances :
— 72 dB SNR
— 95 dB SFDR

= Expected performances in A3E :

20.10°
— Grye = 1010g; (m) ~ 37.6dB
2

— Piomoq = 101logy, (#) ~ 13.6dB
= Sensibility at 84dBFs / ACR = 84dB

= Expected Performances in D8PSK :

20.10°
- Gfilt - 1010g10 (m) ~ 32.7dB

— Ggemoa = —3dB
= Sensibility at 83.5dBFs

= Measures :
— A3E : sensibility 84dBFS — ACR at 84dB.
— D8PSK : sensibility at 84dBFS
— No blocked channels

2. Digital architectures
2. Receiver architecture

rejection level (dB)
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new AGC

= New architecture takes advantages of high speed digital components
= Simpler / more reliable / more performant

= Easier tuning & adaptation

Filter +
LUT
combine
<
(S
—_ Analog
@
BaseBand =
L>). processing
rb'b Digital
3 Analog processing
processing
Digital
.C. AGC
(S
|
(] >
q;) Config. IF 1
2 L
AGC & Digital 2
processing 8
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RF Front End

= Goals:

= Tunable bandpass cavities :

: /
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Tunable bandpass cavities

= Design choices :

= Design Methodology :

OUT1_VHF

|

£
iy
2 \|I

Frr
FDI.

OUT1_UHF
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VHF Cavity Performances

= Cover band : 108MHz —220MHz
= 10 BST capacitors implemented
= Control voltage variation : 2V — 20V

= Cavity performances :
— Insertion losses : 4.7dB to 5.2dB
— % Bandwidth -3dB : 5.4% to 5.8%

— $11<-30dB

225 275

A 25 75 125 175
Frequency [MHz]
—Ve=6V —Ve=8V —WVec=11V —Ve=14V —Vec=17V —Vc=20V

225 275

25 75 125 175
Frequency [MHz]
—\Ve=2V —Vc=aVv

—Ve=2V —Ve=4V —Ve=6V —Vc=8V —Vc=11V —Vc=14V — V=17V —Vc=20V
Measured S21 parameters Measured S11 parameters
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VHF Cavity Performances 3. Electronically tunable cavity filter

= Cavity linearity performances : IP3>40dBm

= Overall performances
— Gain variation: 4.5dB (@108MHz) to 5dB (@220MHz)
— @ +/-40MHz of tuning frequency : 51dB (@220MHz) to 79dB (@108MHz) of rejection

— Noise Figure<6dB
— Power handling : 36dBm

REW 10 kHz  RF Att 20 dB 10
® Ref Lvl VEW 1 kHz
-4.5 dEm f SWT 1s unit dEm
T
=
1MA
. *f‘." g, A y
4 25 75 125 175 75 325
Center 118.5 MHz 400 kHz/ Span 4 MHz Frequency [MHz]
pate: 18.DEC.2014 14:55:48 —Ve=2V —Ve=dV —Ve=6V —Ve=8V —Ve=11V —Ve=14V —Ve=1TV —Ve=20V

Measured VHF channel S21 parameters

Measured cavity IP3 @ 118MHz
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UHF Cavity Performances

= Cover band : 220MHz —512MHz
= 3 BST capacitors implemented
= Control voltage variation : 2V — 24V

= Cavity performances :
— Insertion losses : 3.5dB to 4dB
— % Bandwidth -3dB : 5.3% to 5.7%
— $11<-20dB
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UHF Cavity Performances 3. Electronically tunable cavity filter

= Cavity linearity performances : IP3>35dBm

= Overall performances
— Gain variation: 7.6dB (@400MHz) to 8.3dB (@512MHz)
— @ +/-40MHz of center frequency : 32dB (@512MHz) to 54dB (@220MHz) of rejection
— Noise Figure<5dB
— Power handling : 36dBm
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Measured cavity IP3 @ 329.5MHz Measured UHF channel S21 parameters
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Tunable bandpass cavity 3. Electronically tunable cavity filter

= Conclusion :
— World'’s first implementation of tunable bandpass cavities using BST technology capacitors

— Bandwidth covered : 108MHz — 512MH:z
— High selectivity and linearity achieved

= Prospects :
— Build reconfigurable matching networks to maintain constant gain in the bandwidth covered

— Commute BST capacitors in the tunable circuits to increased the covered bandwidth
— Realization of an architecture composed of one channel VUHF
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Aeronautical and Maritime Radiocommunication Systems

Thank you for your attention.

Questions ?

m.pastore@telerad.fr
a.tuffery@telerad.fr
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