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The contents of applicable documents, in their common edition, have to be applied as a
supplement to the text of the present document. If an applicable document, listed in the table
below, is not called in the text of the present document with detailed application condition, he
can be considered to be a reference document for supplementary benefit of information and,
because of that, not mandatorily applicable.

Reference Document title
AD 1
AD 2
DR1.
DR2.

(in case of no TBC or TBD mention “none” is mandatory in the table here after)

TBC/TBD Section Brief description
TBC none

TBD none

RF Radio Frequency

uso Ultra-stable Oscillator
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1 PURPOSE OF DOCUMENT
This document defines the RF characteristics of a DORIS beacon.

2 APPLICABILITY
This document is applicable to the DORIS 3" and 4" generation beacons in exploitation phase.

3 BEACON CHARACTERISTICS

3.1 BEACON BLOCK DIAGRAM (3RD GENERATION)

Meteo sensors /l/,
Antenna
Computer
interface = = _> RF and Control Box
(RS 232)
400 MHz
» SYNTHETISER 2 GHz
i ----------- »
! R
1 I
| A i 400 MHz
| | .
| i r
™ CONTROLUNIT  [€4---1 3
i ' » =
| - i < 2 GHz
| i |
1 i ]
External i I Y E‘ “““ g
LI - ]
Clock > !
uso 1
i
|
12V
i
AC supply | == —> Power Supply Unit
DORIS Beacon Package

Figure 1

Note that all signals are synthesised from the 5 MHz USO signal.
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3.2 TRANSMITTERS SIGNALS (3RD GENERATION)
. Frequencies

The DORIS beacon emits 2 carriers:

. one in the 401.25 MHz + 10 kHz frequency range on the 400 MHz channel,
. one in the 2036.25 MHz * 45 kHz frequency range on the 2 GHz channel.

. Stability

The stability of each carrier is <7.5 10 on 10 to 100 seconds
is<+2107 onthe long term (10 years)

. Modulation

400 MHz and 2 GHz channels are modulated intermittently

Type of modulation: biphase PCM/SPL/PM * 173
Rate: 200 bits/s

. Spectra
Typical spectra are given in Annex 1.
. Maximum transmitted power (at antenna interface, cables losses included)

On the 400 MHz channel:  6.35 W(5.5 W typical)
On the 2 GHz channel: 10W (9.5 W typical)

. RF flux at 10 meters:

The flux are calculated with typical cable losses and at 10 meters, with the maximum
transmitted power:

. 400 MHz channel: the maximum flux for an elevation below 10 degrees (maximum for this
interval is at 10 degrees) is 2.94 dBm/m? =

0.00197 W/m?2,

This value is far below the maximum public limit which is 2 W/m?, the professional limit is 10 W/m?.
Limits are given by the International Radiation Protection Association (IRPA), they are for
permanent exposure.

. 2 GHz channel: the maximum flux for an elevation below 10 degrees (maximum for this
interval is at 10 degrees) is 9.27 dBm/m?

= 0.00845 W/m?2,

This value is far below the maximum public limit which is 10 W/m?, the professional limit is 50
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W/m?2. Limits are given by the International Radiation Protection Association (IRPA), they are for
permanent exposure.

3.3 BEACON BLOCK DIAGRAM (4TH GENERATION)

ANTENNE
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Figure 2 : Synopsis of the 4th generation beacon in its environment

All rights reserved. No part of this document may be reproduced, stored in a retrieval system, or transmitted, in any form or by any
means (electronic, mechanical, photocopying, recording or otherwise) without the prior permission of CNES.




Reference :CO-DF-B-OP-12961-CN
® F_H : Version 112
Date - 12/01/2021
cnes D@RIS
cenTRe aTionaL Page +8/29

Title : DORIS BEACON RF CHARACTERISTICS

3.4 TRANSMITTERS SIGNALS (4TH GENERATION)

4™ generation beacons have similar characteristics, except for the following points :
. Stability

The stability of each carrier is < 1.0 10*? on 10 to 100 seconds
is<+1107 on the long term (10 years)

. Maximum transmitted power (at antenna interface, cables losses included) :

On the 400 MHz channel: 5W
On the 2 GHz channel: 10W

. Spectra
Typical spectra are given in Annex 2.

Then antenna filters this signal (band-pass filter). That is why it is not necessary to plot the modulated
signal on a larger bandwidth (10 MHz). The modulated spectrum has a sin(x)/x shape, so it can be
calculated.

Adaptation measures may help to evaluate the impact on the emission spectrum. They are
given in Annex 5.

. Meteo Sensor ("Meteo GPS Modem")

Iridium SBD modem.
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3.5 ANTENNA CHARACTERISTICS

. Radiation pattern: hemispheric, see Annex 3.

. Polarisation: right hand circular.

3.6 DORIS BEACON DECLARATION

A copy of DORIS beacon declaration AP3 is given in Annex 4
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ANNEX 1

DORIS 3RD GENERATION BEACON TYPICAL SPECTRA
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2GHz BEACON SPECTRA (not modulated)
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2GHz BEACON SPECTRA (modulated)
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2GHz BEACON SPECTRA (harmonics)

j 0
, E
g N O
£ I
m 0 N
T SN USROS SRS SUPU SO, O
M N o0
< I 0 X
- 0 i)
0O 0
m
1Ne) i}
Y - 0
Pl F N
nI
Y
0
N\ , 0
m <
U
0 Ee
< m
>
X
o N
| | ,s‘ I
m E ‘ ; S N
o | 0TI
O 0 o 1 ..Ni. ] oYy
m o T N O
- F= 4 0
VAR T Fm
W« <0 T
- FoO qz
- 00 F m
Qi 0
X

All rights reserved. No part of this document may be reproduced, stored in a retrieval system, or transmitted, in any form or by any
means (electronic, mechanical, photocopying, recording or otherwise) without the prior permission of CNES.



Reference :CO-DF-B-OP-12961-CN
é : Version 1 1.2

cnNnes D@ R | S Date £ 12/01/2021

CENTRE NATIONAL Page 1 14/29

D'ETUDES SPATIALES

Title : DORIS BEACON RF CHARACTERISTICS

400MHz BEACON SPECTRA (not modulated)
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400MHz BEACON SPECTRA (modulated)
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400MHz BEACON SPECTRA (harmonics)
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ANNEX 2

Agilent Spectrum Analyzer - Swept SA

0 R sonnel SEMSE:INT| SOURCE OFF ALIGN AUTO 10:27:37 PMNoy 18, 2020
Marker 1 2.036250100000 GHz Avg Type: Log-Pwr

PNO: Close 50 Trig: Free Run
IFGain:Low Atten: 20 dB

Mkr1 2.036 250 1 GHz
E%SB““’ Ref 10.00 dBm 11.41 dBm

R N N N I 1 O A
Rl it b RS b,
A0 N A

Center 2.03625000 GHz Span 100.0 kHz
#Res BW 1.0 kHz #VBW 1.0 kHz #Sweep 250 ms (1001 pts)

MSG STATUS
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Agilent Spectrum Analyzer - Swept SA

B 0o isooainel SEMSE:INT| SOURCE OFF ALIGH AUTO 10:29;05 P
Marker 1 2.036250100000 GHz Avg Type: Log-Pwr

PNO: Close ~—»— Trig:Free Run
IFGain:Low Atten: 20 dB

Mkr1 2.036 250 1 GHz
1L%gB.fdiv Ref 10.00 dBm 6.09 dBm

I

J 11 P I A

----MIIIlIINllllllllﬁm---
ot A

|II|I|II|I||||I|III|II|IIIIIII||IIIIIII1|IIIIIIIIIIIIIIIIIII¢||I||||||IIIIIIIIII!II!I|I|I|III|I|I|II|I\I|I|III|I\I||||IIIl|l|l||I||||||||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|I||II|||II|I|i|iIi
lIlIlIlIlIlIlllIlIﬂllIIIII!IlI!I!III!I||I\III|I|I|I|I|IIIlll|||I|IlI|III|I|I|I\I||||I|I|I|I|I|I|I\IIII\I|I|I|I|I\I||||I|I|I\I|I|I|III\II\IlI|I|I\I|I|I|I|III\|l!III!I!IlllI!IIIIII|ll|||l|||||l|l||ll|

Center 2.03625000 GHz Span 100.0 kHz
#Res BW 1.0 kHz #VBW 1.0 kHz #Sweep 250 ms (1001 pts)

MSG STATUS
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Agilent Spectrum Analyzer - Swept SA

B 0o isooainel SEMSE:INT| SOURCE OFF ALIGH AUTO 10:38:55 PM Mav 18, 2020

Sweep Time 237 ms : Avg Type  LogPwr
PNO: Fast o Trig:Free Run

IFGain:Low Atten: 6 dB

10 dBidiv. ~ Ref -20.00 d
Log

Start 500 MHz Stop 9.000 GHz
#Res BW 300 kHz #VBW 100 kHz Sweep 237 ms (1001 pts)

MSG STATUS &3 Input Overload;ADC over range
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Agilent Spectrum Analyzer - Swept SA
B 0o isooainel SEMSE:INT| SOURCE OFF ALIGH AUTO 10:26:14 P
Marker 1 401.250000000 MHz Avg Type: Log-Pwr

PNO: Close 50 Trig: Free Run
IFGain:Low Atten: 20 dB

Mkr1 401.250 0 MHz
10 dBidiv Ref 10.00 dBm i 12.19 dBm

og

Center 401 25000 MHz Span 100.0 kHz
#Res BW 1.0 kHz #VBW 1.0 kHz #Sweep 250 ms (1001 pts)

MSG STATUS
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Agilent Spectrum Analyzer - Swept SA
. 1 e dsoonacl o SEMSE:INT| SOURCE OFF ALIGH AUTO
Marker 1 401.250000000 MHz Avg Type: Log-Pwr

PNO: Close ~—»— Trig:Free Run
IFGain:Low Atten: 20 dB

Mkr1 401.250 0 MHz

10 gsmw Ref 10.00 dBm i 12.25 dBm

1 N N O A
I |

IR RN YA IIII
AR DR
I AR VI
IPAE I

BRI
B MU
B HtRMERHQ Ao
IR
N8 01 a1

Center 401.25000 MHz Span 100.0 kHz
#Res BW 1.0 kHz #VBW 1.0 kHz #Sweep 250 ms (1001 pts)
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Agilent Spectrum Analyzer - Swept SA

B 0o isooainel SEMSE:INT| SOURCE OFF ALIGH AUTO 10:36:56 PM Mav 18, 2020
Marker 1 400.200000000 MHz Avg Type: Log-Pwr 4

PNO: Fast o Trig:Free Run
IFGain:Low Atten: 6 dB

Mkr1 400.2 MHz
1LO dBidiv.  Ref -20.00 dBm

hl.L.I.lIulkH|.|uﬁJLuI|i||l.“ Lo Ll oLt ol i) Fio vt ot oot Ldssatdihs Lidd o oot lledd il Laldl balsd

Start 100.0 MHz Stop 2.0000 GHz
#Res BW 100 kHz #VBW 30 kHz #Sweep 1.60 s (1001 pts)

MSG STATUS &3 Input Overload;ADC over range
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ANNEX 3

DORIS ANTENNA PATTERNS

Antenna Gain - 400 MHz Channel
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Figure 9 : Mesure d'adaptation de I'antenne DORIS SALP 195 a F=401.25MHz
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