8 EshailSat Ulw Juh i [

‘ »

P4*Ay, E ’hall-z

\‘SLQO-IOQ\ |

Qataﬁ-m,scAR lOO

Snaa

\ .
e sl

.'.'..’
e

- 0{* -, - : N \ )

& Secss >
Ny

...._'. WS \“ﬂ
Matthias Bopp  DD1US

Gajow, June 7th 2019

AMSAT



Agenda

A QO-100 our first Phase-4 geostationary satellite (P4-A)
A QO-100 transponders

A Antenna

A RX for the narrowband transponder

A RX for the wideband transponder

A TX and amplifiers

A SDRs for RX and TX



Agenda

A QO-100 our first Phase-4 geostationary satellite (P4-A)
A QO-100 transponders

A Antenna

A RX for the narrowband transponder

A RX for the wideband transponder

A TX and amplifiers

A SDRs for RX and TX



Qatar-OSCAR 100 ZI 0 h a

E s 6 2 avasllaunched on November 15t
2018 on a Falcon 9 from SpaceX.

It is primarily a communication and TV-
Broadcast satellite for the middle east.

E s 0 FRasipdsitioned on 26° East and
covers Europe, Africa and most of Asia.

Peter DB20S (chairman of AMSAT-DL) convinced the
owners in Qatar to add 2 transponders for Ham Radio
(ly13cm Uplink / @ 3cm Downlink).

AL
'l‘ l!’

AMSAT

http://www.amsat-dl.de
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QO-100 features a 250 kHz wide linear-transponder for narrowband modes as well as a
8 MHz wide transponder for digital wideband modulation (mostly DATV in DVB-S2).

TWTAR2

22 Redundant 2.2 Redundand

Specifications were developed by AMSAT-DL, the payload was built my MELCO in
Japan and kindly paid by Qatar.

http://www.amsat-dl.de
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After extensive testing the Ham Radio transponders were released for general
use on February 14" 20109.

AMSAT

http://www.gars.org.qa
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Uplink
- Transponders —_—
MHz WHz
250 KHz 8 MHz bandwidth
Global ‘ il bl ’ RHCP
| 2000.073 | ) 2405 5 :
I MHz | ! MHz | ’ ~+ " .
! : ; ' EshailSat Olw Juduw
240009 28003 2401.5 24055
MR MH Mk 3134 .d b‘
A~/
Downlink e :..
10450 10500 "‘\"
MHz MHz 4!
‘?f?zl_q{z: 8 MHz bandwidth :
Global ’ | MHz ! WB ’ H
NB : 10485 : V
| | : MHz :
1048555 10485.8 10484 10333
] MH MR MHe:
Xpdr U/L FREQUENCY (MHz) D/L FREQUENCY (MHz) LO BW
No Pol Begin Center End Pol Begin Center End (MHz) (MHz)
NB RHCP 2400.05 | 2400.175 | 2400.3 Vv 10489.55 | 10489.675 | 10489.8 8089.5 0.25 )
, _ http://www.amsat-dl.de
WB RHCP 2401.5 2405.5 2409.5 H 10491 10495 10499 8089.5 8
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A%
Bandplan of the narrowband transponder:  ¢gisot ow guaw == iz_ég
AMSAT-o : §
CW s
digital
only modes
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http://www.amsat-dl.de
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Operating modes on the narrowband transponder of QO-100:

SSB

FreeDV

CW

RTTY

SSTV

FAX

Feldhell

Digimodes such as PSK31 etc.

o To Do To To Po Io o

Maximum bandwidth is 2.7 kHz, no analog FM and no digital FM modes to be
used !




Qatarr-OS CAR 100 -2f Es =21 a

Narrowband transponder spectrum (BATC Web SDR)
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http://eshail.batc.org.uk/nb/
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Bandplan of the wideband transponder

Beacon and Simplex DATV Simplex DATV RB-TV
WM TTTETTT
Narrow Beacon 125KS1-4 | 125KS5- 8
 Simplexamsi I smplexavs2 1 | |
Wide Beacon Maintenance Uplink 333KS1& 2 | 333KS3& 4
2401.5 2402.5 2403.5 2404.5 2405.5 2406.5 2407.5 2408.5 2409.5
Uplink (MHz) |
104?1.6 10492.0 10493.0 10494.0 10495.0 10496.0 10497.0 19498.6 10499.0
Downlink (MHz) | |

Most transmissions are in DVB-S2 (QPSK, 8PSK, 16APSK, 32APSK),
only few transmissions in DVB-S (QPSK)

Used symbolrates are 66, 125, 250, 333, 500, 1000, 2000 ksps http://eshail.batc.org.uk/wb/
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10.492 10.493 10.494 10.495 10.496

10dB ‘ . SRR
Beacon (DVB-S2, 2MS/s QPSK, 2/3)

1MS, '494.750 500KS, '496.262

250KS, '497.262 333KS, '498.750

~dB

Beacon & Simplex DATV Simplex DATV

Wideband transponder spectrum http://eshail.batc.org.uk/wb/
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Antennas for QO-100

I 1711/

(11111 A N e

WIFI Grid
linear

Helix RHCP

Separate

Dish Antennas
for Up- and
Downlink

Patch Array WA5VJB

2.4 GHz uplink of NB and WB TPX is RHCP, 10 GHz downlink of NB TPX is vertical, WB TPX is horizontal.



Feeds for QO-100

GOMJIW

PA3FYM
MOEYT DD1US
POTY Feed POTY Feed

DJ7GP D T
Feed DD1US =S jui #7 Yagis & (NB

Vorserienmuster des
10/2,4 GHz Duoband-Feeds
nach DJ7GP




811 148,922 0 ~1.0204 0 64,574 pF 2404,620065 MHZz \0 dB/REF @ dB ?.“‘". dB 2404620065 MHz

GTART 2 606,000 668 WHzZ 8TOP 3 860,000 000 HHz START 2 00@.000 000 MHz STOP 3 000.000 000 MHz




Antennas for QO-100
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PLL-LNBs for QO-100

10 GHz LNA BPF Mixer IF-Amp BPF
Antenna bk Ao ok L B
L0 9.75 GHz SDR

PLL-LNB



PLL-LNBs for QO-100

Megasat Diavolo Octagon Dual OTSLO



SDRs for RX of NB TPX

RTL-SDR




RX for QO-100

Downconverter AMSAT-DL

Price 178, 50040
Converts the IF of both polarizations

to conveniant bands:

- 1340 MHz for WB TPX to use Sat-TX
- 144 MHz for NB TPX to use 2m (T)RX

-

Schmalband 144 MHz
739 MHz BNC
Hochpass Tiefpass
75 I I 4
50 lain | | — 5% .
650 MHz 150 MHz
. B +12V
Schaltregler
14V 595 MHz 8V Eingang
LNB 14/18 V +12V PLL / 8y
. Schaltregler +0 veo PIC |.IC Schaltregler|
Eingang
) ( ) 10 Mhz
TCX0
——E 10 Mhz ext. (optional)
SMA
Hochpass Hochpass
75 I I [~ [~ 50 -
so 1/~ P o 57y 75 <
650 MHz 1000 MHz F
Breitband 1340 MHz
745 MHz
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PLL-LNBs for QO-100

10 GHz LNA BPF Mixer IF-Amp BPF
S [> ol . [> N =] H
- é{'—_ _
Antenna — R
L0 9.75 GHz BATC Tuner

PLL-LNB



DATV-RX for QO-100

& MINITIOUNE v0.9beta8 9 - Receiver/Analyser DVB-5/52 144 MHz to 2450 MHz - SRmini=32 kS/s - for MiniTiouner/MiniTiouner-Pro
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i

PIDs
Pid from _ini n
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Offset-> - 09388889 EshailSat Gl Juniy 3 1 A Ao PID
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program PID 2ud
SR1000 || 10494500 | (8 __prgen3 | PID audio
8| __prog=mé || 00258 |
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SR333 || 10496250
SR250 || 10496500
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SR2000 | 10497750 | K& . ; i "
SR4000 | 10498250 \ . . . ; s o
Oscar 100 J “ p - Oxd GRAPH
DVB mode FEC DVBS U e s e ¥ . ® maxi Reset D
ODVES Al e P 5 -, . T
@oves2| 12| (12 . 3 . . Program | A71A |
O Ao 2 2 ifos:  |DVBS2 |
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Codec : VH264 + MPA
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™ Info
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. program (@) H264
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N
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BT

Aoply | [ auto
232.0.0.11:6789 -

BCH ermors |T| @ p n ﬂ p

e iz 7 ||| - -
FEC 2/3QPSK_LP20 Beep Dsave UDP Record

g‘:é 5 ¥ | C/N must be > 3,10 dB D3 n R 9
¢ CMMER : Ts @@@@mii\ = = Quit
@ Carrier @sn @ Full RFPw 49dBm C/NMERG66dB  Constellations | Bytesrecvd: 2623kb/s  386ms Epett Web

Minitiouner (Kit from BATC or REF) Software Minitioune from F6DZP
Frequency range 143-2450 MHz Supports all symbolrates and modes



DATV-RX for QO-100

Schmalband 144 MHz
739 MHz BNC
F Hochpass Tiefpass
N, [75 | | -
Y 50 A | | M 57y <
650 MHz 150 MHz
3r3,V_ 13y +12V
Schaltregler
14V 595 MHz 8V Eingang
LNB 14/18 V +12V PLL / | sv
|< 18V Schaltregler —ec |::| veo PIC |.IC Schaltregler|
Eingang
) ( ) 10 Mhz
TCXO0
——E 10 Mhz ext. (optional)
SMA
Hochpass Hochpass
75 I I ™~ ™~ 50 [
9‘ 50—/ 1~ P — 57y 75 <
F 650 MHz 1000 MHz F
Downconverter AMSAT-DL Breithand 1340 b

745 MHz

Converts the IF of both polarizations

to conveniant bands:

- 1340 MHz for WB TPX to use Sat-TX SF8008
- 144 MHz for NB TPX to use any 2m (T)RX

OCTAGON SF8008 4K UHD 2160p H.265 HEVC E2
Linux DVB-82X Single Sat Receiver

Sat-TX SF8008 supports symbol rates 250kS and higher



DATV

S MINITIOUNE vO. Sbeta8_9 - Receiver/Analyser DVB-5/52 144 MHz to 2450 MHz - SRmini=32 kS/s - for MiniTicuner/MiniTiouner-Pro
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NB TX for QO-100

AMSAT—nL =i

Phase-4A =R LS Pl
U= S E92 ,“ OO : N
£ , : o -
upconverteer y (o | ‘ﬂ% _<_®-— pcC
L 17 T
[ -

PSA4-5043+
G=+12dB

hy TCXO

ext. Referenz

o + 70 cm Eingang h 4 13 cm Ausgang

. g:‘ max. 0.5 W max. 100 mW
55 —

‘a )

B

.q‘ Abschwdcher SIM-43LH+ PSA4-5043+ SF2124E PSA4-5043+ ADL5324

g G=-26dB G=-7dB G=+10dB Fc = 2442 MHz G=+10dB G=+12dB
. .f—‘* BW = 84 MHz

EC G=-3dB

Upconverter AMSAT-DL
70cm input (max 500mWw)
13cm output (max. 100mW)
991



NB TX for QO-100

- +138VDC
- PTTIN
Power Supply - - SERIAL INTERFACE
Microcontroller o
- STATUS LEDS
OSCAR PHASE 4 UP-CONVERTER FWD Power ~—|
28Y BV BV 33V —| >|—
REV Power -s——
» L] L (21 12111 BN
RX/TX TEMP SWR QUTPUT POWER
DRIVER PA
KLHNE glectronic o
— — 2 — € RFOUT
T
DRIVER MIXER ATT

595
|

Q_

5
<
i

-

Upconverter Kuhne MKU UP 2424 B
2m or 70cm input (max 5W)

13cm output (20W)

10 MHz ref. freq. input

949

LO DRIVER

>

PLL

555
|




REW 2 MHz RF Att z0 dB
- Ref Lwvl VBW 2 MH=z
5 dBm SWT 5 m= Unit dBm

: Caution !!
RF Monitor ,max. 500mW

|
I .
BPF Amplifier | | Amplifier Grr) || Output
P RFPAS5208 2.4GHz s

430MHz ) | .
IF | i
Input Mixer LPF en
LO [
RFFC2072 70 i | ]
Default LO Freq
1970.0 MHz .
TCXO 4 .
Optional 1.2V
TCXO 3.3v Power f—— 8-15Vv
SV Start 1.8 GHs= 80 MH=z/ Stop 2.6 CH=

Date: 1.MAR.2015 15:48:00

Control
usB -— 1T9303 i EEPROM

HIDES BU-500 upconverter
2m or 70cm input (max. 10mW)
13cm output (max. 500mWw)

169 USS$ / 135u0

STOP 2.68@ @ GHz
UB 3.88 MHz ST 11.11 msec



NB TX for QO-100

SG-Labs Transverter TR2300 from LZ5HP
IF=70cm input (max. 5W)
RF=13cm(NF=1.5dB typ., Pout=2W typ.)
Switchable LO including split mode

200u




How much power for SSB via QO-100

Many users use a 80cm dish and approximately 2-4 Watt
DD1US using 300mW with a linear patchfeed in a 1.8m dish

Some are using a long helix-antenna (20-40 turns) and use
approximately 10-20 W

No uplink signal should result in a downlink signal stronger than
the beacons



transmussuon wnll require 100W lnto a 2 4m dish

Power Budget (Watts)
8 MHz |4 MHz |2 MHz |1 MHz |0.5MHz
2.4m 100 50 25 12.5 6.25
1.7m 200 100 50 25 12.5
1.2m 400 200 100 50 25
0.85m 800 400 200 100 50

How much power for DATV via QO-100

Source: BATC



PAs for QO-100

PTT(OPT) GND  +28V
=2 (]
] ®. @ L e B B S et e, )
PTT OPTION
SWITCHING ) - e s
FWD VOLTAGE e ROV T G N @ ® - FWD VOLTAGE
INPUT =7 OUTPUT
INPUT QUTPUT

— REF VOLTAGE P k%5
OUTPUT G, )

. - |
3R =1 3 -
. 5 : 3 P
v & 3 ":‘.‘: v Slas | >
0 I 3 5 aring el . ] B
o : ; e v'-s\ L 1 [
. - ‘ Y. A ] o
= « i B 4l M 45 >
i - W P s = 3 5 [ -
s U e - | ' yegp ¥ . o oeany JALS R
p 3o tarty A faranane i T T e B A b e I
| 2 ) N " t I > - c
¥y - 4

« http://www.ebay.com/bhp/spectrian L] -

SG-Labs 13cm PA LZ5HP . 75W Spectrian Linear RF Amplifier Board
Pout=20W @28V, GpZIGdB « 2.3-2.35 GHz, gain 18dB 24/26V
126 U

« 1.25 Watt Input Power

« Price: 99 SUS on eBay

Surplus amplifiers (e.g. Ebay), mostly ex UMTS with lower
gain & power @2.4 GHz but still useable with low efficiency

WIFI amplifiers for 2.4 GHz
typ. 3dB under spec but
useable( 4 W ca. 500u0)
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SDRs for QO-100

Besides traditional upconverter schemes as described before,
modern SDR TRX provide a cost efficient solution for RX and
TX of both, NB and WB TPX

Only drawback Is that always a PC Is needed

Especially the Lime-SDRs and ADALM Pluto can be used to
transmit NB and DATYV signals directly at 2.4 GHz

They support full duplex operation as needed to satellite
communications
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MEGH: LimeSDRs

LimeSDR

The LimeSDR USB and mini can be
used up to 3.6 GHz for RX and TX

#32
DC: 1616
110416SDRs4

LimeSDR-USB LimeSDR-mini



LimeSDR In metal case




LimeSDR with GPIO-board

¥ Sow

Bl ‘ b2l s

“waned °F }‘3;‘_"_: -
£ B & 3

LimeSDR-USB LimeSDR-GPIO board
supported by SDR-Radio software



LimeSDR with LMS8001 companion board

USB 3.0

The LimeSDR companion board
supports frequencies from 5-10 GHz

=
o
€

$

-
Q

b [
e
g‘a

o4 RFRX2_H\ N |

g )

&s‘k.

" )

B RF2_I

MFGH: LimeSDRs
#32
DC: 1616
1104165DRs4

LimeSDR-USB LMS8001 Companion board
HF 1 3.6 GHz 5-10 GHz



Adalm Pluto

The Pluto SDR can be used
up to 6 GHz for RX and TX

ADALM Pluto ADALM Pluto open



Ad al m P I uto Drift Transmitter Frequency
24000035

400,003

2400,0025

f /MHz

400,002
2400,0015

2400,001
0 30 60 50 120 150 180 210 240 270 300 330 360 390 420

dt /s

Nice, but: delta f/ Hz/s

-5,000000

-10,000000

-15,000000

df fHz/fs

-20,000000
-25,000000
-50,000000

0 30 60 90 120 150 180 210 240 270 300 330 360D 390 420 450
dt /s

Internal 40 MHz TCXO needs to be replaced
by a better TCXO or by an external reference

ADALM Pluto as a network SDR TRX



Adalm Pluto

GPS ANTENNA

mini GPS ref. clock
400Hz to 810MHz QUTPUT

www.leobodnar.com .

mini USB

)

TX-Antenna

‘
Y X
A0MHz REF in N\

ADALM Pluto in shielded encasing with external 40 MHz reference input



Adalm Pluto

ADALM Pluto in shielded encasing with external 40 MHz reference input



