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Why?

Robust and precise positionning
accessible for satellite constellations

« Multi-constellation
« Multi-frequency
 Compact
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1. Time line of the study

Sept 2018 Kick off meeting
Sept 2018 - Nov 2018 Baseline design
Nov 2018 - July 2019 Critical design

First manufacturing and

Sept 2019 - Nov 2019
measurement

Investigation and delta

Dec 2019 - May 2020 :
design

Jun 2020 - Oct 2020 Qualification

Nov 2020 Final review
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definition

2. Antenna
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Post manufacturing inspection
Visual inspection, mass, dimensions
(TBC)

@MECANO ID

L

RF control test

S-parameters
@MECANO ID

¥

Light RF test campalgn
Radiation pattern
Stand-alone antenna

¥

Mechanical tests
QSL, random and shock
@MECANO ID

¥

RF control test
Visual inspection, S-parameters

@MECANO ID

¥

Thermal tests

8 cycles (under vacuum)
@MECANO ID

¥

RF control test
Visual inspection , S-parameters
@MECANO ID

¥

Full RF test campaign
Radiation pattern
Stand-alone antenna and Antenna
on Cubesat

Post manufacturing
inspection
RF control test

Light RF test campaign

Mecanical tests
RF control tests

Thermal tests
RF control tests

Additional RF test

3. Qualification

Who? / Where?

Mecano ID / @Mecano ID
Anywaves / @Mecano ID

CNES / @CNES (CATR)
Mecano ID / @Mecano ID

Mecano ID / @Mecano ID
Anywaves / @Mecano ID

CNES / @CNES (CATR)

MVG / @MVG (Stargate)

* No compromise!

APP1-2-3-4-5-6

6 antennas (2*3 designs)
APP1-2-3-4-5-6

—— T A e e

e e A e i et

1 antenna (QMO01)

03/2020
05/2020

06/2020
06/2020
06/2020
07/2020

09/2020

1 design
selected
out of 3

» Design optimisation and risk
management
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3. Qualification: RF tests

Teast Reference antenna Frequency (MHz) Measurement Postprocessing
Control test GMNSSAB-RHCP-20V1-FMO1 1to 2 GHz . N
I R PR GNSSAB-RHCP-20V1-QMO1 | with 1601 frequency points parameters °
- » L] L4
_ Tto2GHz S-parameters No LIGHT/FULL RF TEST - Frequency discrimination
with 1601 frequency points
1164 Directivity in co and cross
1176.45 Amplitude and phase pattarn for polarization
. 1207.14 Co and Cross polarization Gain in co and cross polarization
St:nl:ll-gll;:::::::nnl GMNSSAB-RHCP-20V1-FMO1 1240.3 Axial ratic
GNSSAB-RHCP-20V1-QMO1 1278.75 Angular resolution: Losses vs frequency mm Light RF test
1542 Phi=0" to 1807 Prak directivity vs. Frequency
1575.42 Theta=0 to 360° Peak Gain vs. Frequency mm Full RF test
1591 with: 11.25° sampling in Phi Peak gain variation 0 E1
1601.5 and 2° sampling in Theta Axial ratio at boresight vs. o
1610 Frequency % E5a
1to 2 GHz
with 1601 frequency peoints S-parametars No E ESb
1164 S &
1176,45 wn
1189 \ L1
£ 2 —0
1227.3 Directivity in co and cross O —|_5
1237 polarization
1240,3 Gain in co and cross polarization G1
1250 Amplitude and phase pattern for Axial ratio S
Full RF test 1260 Co and Cross polarization Losses vs frequency
Stand-alone antenna GMNSSAB-RHCP-20V1-FMO1 1269,375 Peak directivity vs. Frequency —|nmarsat L-band
GMSSAB-RHCP-2001-0M01 1278,75 Angular resclution: Peak Gain ws. Frequency —Beidou
1289,375 Phi=0% to 1807 Peak gain variation
1300 Theta=0 to 360° Axial ratio at boresight vs. Tl elelek=Reok=R= NMOoOOMOo O IRNSS
1410 with: 5.625° sampling in Phi Frequency ';:.g 2 o e q =, @ 2 B By E — Q7SS
1525 and 2% sampling in Theta Group delay o T T T - - Fe S el o
1542 Group delay variaticn g m
1559 Phase centre positicn —
1563 Phase centre variation requency (MHZ}
1575,42
1587
1591
1601,5
1610

- In Full RF test, the antennas have been measured at 24 frequencies
- Good view of the performances within each of the individual sub-band
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3. Qualification: environmental tests

MECHANICAL TESTS Qualification test GNSSAB-RHCP-20V1-QM01 GNSSAB-RHCP-20V1-FMO1
Duration/axis 3 axis, 3sec

| Jueerere 50g

oA

X
ST E N o< by random test .
Duratmn*axls 3 axis, Zmin X
20 Hz 0.1 g*/Hz X
Random 100 Hz 0.5 g*/Hz X
Load 800 Hz 0.5 g*/Hz X
2000 Hz 0.08 g*/Hz X
TOTAL: 24,8 gRMS X
BT — ves X
3 axis, 3 times per axis X
| 100Hz - 60g X
| Shocks Loads 1300Hz - 2000g X
10000Hz - 20009 X
L ves : :
THERMAL TESTS Qualification test GNSSAB-RHCP-20V1-QM01 GNSSAB-RHCP-20V1-FM01

Vacuum X X

-120/+120°C X x

2 hours X X

Continious tests
(Anywaves) with at least
6 tests (start at Tamb, X X
first hot+cold, last
hot+cold, end at Tamb)
2°C/min X X
8

Yes X X

Cycling

-,
-
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4. RF performances

\  Reflection coefficient

* Gain

» Axial ratio

* Directivity

* Phase centre position

* Group delay

« Comparison with other solutions
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Reflection coefficient

Reflection coefficient vs. frequency

- -----
-5,00
-10,00 -----

.« — Meas - MVG

-15,00 . LN - - —Simulation

|
YAV
— Requirement: <
- -----

-25,00
1000 1200 1400 1600 1800 2000

Frequency (MHz)

f
:

- The antenna starts to be well-matched from 1060 MHz
- The reflection coefficient is < -13.5 dB within the GNSS bands: compliant with the requirement (< -10 dB)
- Good correlation between simulation and measurement
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Gain (1/2)

Realized gain (RHCP) at boresight vs. frequency

—Meas - MVG

- - =Simulation

——Requirement: >

)
J
-
"
=)
g
o

1160 1210 1260 1310 1360 1410 1460 1510 1560 1610
Frequency (MHz)

- The gain at boresight increases from 0.16 to 1.83 dB in the low GNSS frequency band
- The gain at boresight is above 1.6 dB in the high GNSS frequency band
- The antenna is compliant with the requirement (> 0 dB)




ANYWAVES

Gain (2/2)

Realized gain (RHCP) vs. frequency
Meas - MVG

——At boresight
—Worst case for theta<30°

—Warst case for theta<é0°
—Woarst case for theta<B80°
Woarst case for theta<84°

4
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@m 0
s
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o
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-
e
s s
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Lo
NSO

1160 1210 1260 1310 1360 14170 1460 1510 1560 1610
Frequency (MHz)

- The minimum gain (worst case) peaked within a cone is reported for different fov.
- Gain variations over frequency keep similar as the elevation increases.
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Gain variation

Gain variation at boresight in all individual sub-bands

b

-

_[—l—l.__—l-_l.
(ST,

b

(dB)

mm Meas - MVG

—Requirement: <

-

MO~ 000 =

»

-

oL W

0
0
0
0
0,
0
0
0
0

-

Individual GNSS sub-bands

- The maximum gain variation is in E5b with 0.6 dB.
- The antenna is compliant with the requirement (< 1 dB).
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Axial ratio (1/2)

Axial ratio at boresight vs. frequency
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- The axial ratio decreases from 2.8 to 2 dB at the low GNSS frequency band
- The axial ratio decreases from 3.4 to 1.54 dB at the high GNSS frequency band
- The antenna is partially non-compliant in 1525 - 1542 MHz (Inmarsat L-band).
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Axial ratio (2/2)

Axial ratio vs. frequency
Meas MVG

Theta

— At boresight
—Worst case for theta<30°

g — —\Worst case for theta<é0”
i_-;-illll e
L

1160 1270 1260 1370 1360 1410 1460 1510 1560 1610
Frequency (MHz)

&.‘

Lad

- The maximum axial ratio (worst case) peaked within a cone is reported for different fov
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Directivity

Directivity (RHCP) at boresight vs. frequency

—Meas - MVG

- - =Simulation

——Requirement: >

Directivity (dB)

1160 1210 1260 1310 1360 1410 1460 1510 1560 1610
Frequency (MHz)

- Good correlation between measurement and simulation
- The directivity increases from 5.8 to 6.11 dB at low GNSS frequency band

- The directivity increases from 6.3 to 6.5 dB at high GNSS frequency band
- The antenna is compliant with the requirement (> 4dB)
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Antenna coverage

Front to back ratio

— Meas - MVG
- — -Simulation

——Requirement: >

1160 1210 1260 1310 1360 1410 1460 1510 1560 1610

Frequency (MHz)

Front to back ratio (dB) = gain (dB) peak at boresight of the antenna - gain (dB) peaked at rear of the antenna
- The front to back ratio is above 24 dB = The energy is mainly forwarded
- The antennais compliant with the requirement (> 15dB).
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Phase centre position (1/3)

phase centre coordinate system (right).

Phase of the RHCP component vs elevation at 1164 MHz,
for all p-cuts, in measurement coordinate system (left) and
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1150

Phase Center Position in ICD Coordinate System

1200

1250

1300

1350 1400 1450
Frequency (MHz)

1500

1550

1600

Phase centre position (2/3)

1650

X_PC | CST sim. | optim 6<30°

Y_PC | CST sim. | optim 8<30°

Z PC| CSTsim. | optim 6<30°

X_PCQMO1 | MVG meas. | optim 6<30°

Y_PC QMO1 | MVG meas. | optim 6<30°

Z PCQMO1 | MVG meas. | optim 68<30°
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Group delay

Group delay
after environmental test

1 —Meas CNES - df=437.5 kHz (QMO01)

§ _Meas CNES - df=656.25 kHz (QMO1)

—Meas CNES - df=2406.25 kHz (QM01)

m
=
>
i
9]
o
Q
=
3]
-
O

1160 1210 1260 1310 1360 1410 1460 1510 1560 1610
Frequency (MHz)

ne group delay is the result of the phase derivation over frequency of the signal « inside » the antenna
ne group delay is stable over frequency =»peak-to-peak value is 1.2 ns.

ne antenna is compliant with the requirement ( < 10 ns).
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Comparison with other solutions

Antennas Model

Frequency

Polarization
Gain @ boresight
Gain @ 60°
AR @ boresight

AR @ 60"

Size

Acceptance test

Radome

Comments

ALL GNSS GNSSAB GNSS antenna for CubeSats GNSS Patch Antenna Triple Band GNSS Antenna HP5010A
ANYWAVES Fraunhofer 1515 Tallysman Tacglas
Passive Passive Active Passive Active (TBC)

1164-1254 MHz
1525-1606 MHz

1160 = 1300 MHz 1160-1300 MHz 1572 -1578 MRz Triple band: 1176.45=1227.6 MHz
1525 - 1610 MHz 1525-1610 MHz (GPS-L1 /GALILEO-ET) GPS L1/L2/L5, 1561 - 1610 MHz
GLOMASS G1/G2/G3,
BeiDou B1/B2,
Galileo E1/ES plus L-band
RHCP RHCP RHCP M/ A RHCP
1160 - 1300 MHz > 0.16 dBi 1160-1300 MHz > 0 dBic 5.5 dBi 1 5dBic - 4dBic 4,98-17,1dB
1525 - 1610 MHz > 1.6 dBi 1525-1610 MHz > 1.5 dBic (active gain) ! (average active gain TBC)
< -6 dBi N/ A <0 dBi M/A MN/A
< 3dB < 3dB < 3dB <2dB 4-8dB
<6.5dB MN/A MN/A MN/A 8-20dB (TBC)

Ommx 20 mm x 15 mm

M0 mmx 823 mm x 10 mm

FOmmx /0 mmx 15 mm

E0mmx 14.9 mm

S50mmx 50 mm x10.5 mm

130g 20q <20g 7/0g 59.5qg
s
\Vibrations N/ A MN/A MN/A N/ A
Thermal cycling
Yes with paint against ESD N/A N/A N/A N/ A
N/A No commercialisation N/A Flight heritage (TBC) N/ A

Better than GNSSAB
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5. Compliance matrixes

e |nterface status
e RF status
« Environmental status
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Interface

Parameters Requirements ANYWAVES GNSS antenna Compliance
(Mandatory)
Lx W <90 x 90 mm? LxW=290x90 mm?’
INT 1 Size External height <10 mm External height = 8.5 mm C
Internal height <5 mm Internal height = 6.5 mm [Accepted; see MoM CDR]
INT 2 Mass <150 g 123 £ 4q C
INT 3 RF connector SMA female (50 Q) SMA female 50 O C
INT 4 | Mechanical interfaces 4x M3 screws 4xM3 screws C
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RF performances

Parameters Requirements ANYWAVES GNS55 antenna Comoliance
(Mandatory) (Meas MVG After environmental test) P
RF1 GMSS constellation GPS. Galileo C
L1/E1 : :
RE2 GNES f band LE/EE The antenna performances are compliant in all GNSS c
requency ban LEIEE:E[ constellation, GNSS frequency band and Inmarsat L-band.
RF3 Inmarsat frequency band L(1525-1559 MHz) C
RF4 Input return loss Sl IRl <-13.35dB C

frequency bands

-
<3dB at boresight 2.6 dB (from 1.16 to 1.3 GHz)

RF5 Axial ratio For all ohi values <3.4 dB (from 1.525 to 1.542 GHz) C
P <3 dB (from 1.542 to 1.61 GHz)
RFé6 | Phase centre position acccuracy <10 mm Phase position a::c.urac:y .haE been ent'!an::.ed by C
measurement-simulation cross-validation
less than 10mm Fov=+/-
RE7 Phase centre variation 30 f.rzrr frequen.cﬁ,r Radius of the minimum 5!::!'|Ere containing all the phase c
calculation according to centre positions = 4.7 mm
RF2

T e ERN A el | B i e ST Maximum variation is observed in the LS / E5a sub-band.

RF8 dividuale sub-bands half cone Radius of the minimum sphere containing the phase centre C
position at 1164 and 1176.45 MHz = 1.8 mm
. <10 ns (for passive part)
RF? Group delay variation : all sub-bands =<1.2ns C
RF10 Antenna directivity >4dB at boresight =5.7dB C
RF11 Antenna gain >0dBi at boresight = 0.16 dB C
RE12 Gain variation in all individual <1dB <0.6 dB (ESb) c
sub-bands
RF13 Antenna coverage gl oo e L > 24dB C

15dB
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Environme

ntal

Requirements (Mandatory)

ANYWAVES GNSS antenna

Compliance

Parameters
EN Temperature range [-80 °C; +80 °C] Successfull thermal vacuum test c
peraturerang ' [-120 °C; +120 °C], 8 cycles, 2 hours dwell time
X Resonance frequency search: first resonance
EMN2 | First resonance frequency >150 Hz frequency identified : 595 Hz C
Frequency (Hz) Acceleration (q)
5 2.5
21 2.5
25 15 Mo proper test realized
EM3 Vibration sinus 30 15 C
35 3 Requirement covered by quasistatic tests 50 g
110 3
125 0.25
Sweep rate = 2 Oct/min
Power spectral Power spectral density
Frequency (Hz) dansity [o2/Hz) Frequency (Hz) (g1/Hz)
20 0.053 20 0.101
50 0.16 100 0.5
EM4 Vibration random 800 0.16 800 0.5 C
2000 0.026 2000 0.081
Duration = 120 seconds Duration at measurement level =120 =
B Grms = 24.79
Grms=14.16 R R
Successfull random vibrations tests
Shock Response Shock Response
Frequency (Hz) Spectrum (g) Frequency (Hz) Spectrum [g)
1000 20 100 &0
2000 2000 1300 2000
EME Shacks 10000 2000 10000 2000 C
Half sine pulses Half sine pulses
Three orthogonal axes
Three orthogonal axes )
) Three time for each axes
Three time for each axes
Successfull shock tests
ENé& Life time = 2 years Mo mission profile given for analysis
Total mass loss: < 1% Total loss < 19
ENT Vacuum Collected Volatile Contaminant Material: X oralmassioss = 17 C
<0.1% Outgassing handled by thermal vacuum bake out
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6. Next steps

« Commercialisation
* Industrial production
» Space heritage




