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Qatar-OSCAR 100 (Es hall 2

Es‘hail-2 was launched on November 15"
2018 on a Falcon 9 from SpaceX.

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

Es‘Hail-2 is positioned on 26° East and
covers Europe, Africa and most of Asia.

Peter DB20OS (chairman of AMSAT-DL) convinced the
owners in Qatar to add 2 transponders for Ham Radio
(T™13cm Uplink / {,3cm Downlink).

http://www.amsat-dl.de




Qatar-OSCAR 100 (Es‘hail-2)

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

http://www.amsat-dl.de



Qatar-OSCAR 100 (Es‘hail-2)

After extensive testing the Ham Radio transponders were released for general
use on February 14™ 20109.
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Qatar-OSCAR 100 (Es‘hail-2)
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http://www.amsat-dl.de



Qatar-OSCAR 100 (Es‘hail-2)

Bandplan of the narrowband transponder: o gisotow juaw /A=
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Qatar-OSCAR 100 (Es‘hail-2)

Operating modes on the narrowband transponder of QO-100:

« SSB

e FreeDV

« CW

 RTTY

e SSTV/KG-STV

« FAX

* Feldhell

« Digimodes such as PSK31, FT8 etc.

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




Qatar-OSCAR 100 (Es‘hail-2) =S

Narrowband transponder spectrum (BATC Web SDR)
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Qatar-OSCAR 100 (Es‘hail-2)

Bandplan of the wideband transponder
Simplex DATV RB-TV

Beacon and Simplex DATV

o T TITETTT

125KS1-4 | 125KS5-8

Narrow Beacon
Simplecavs1 i [

Wide Beacon Maintenance Uplink 333KS1& 2 | 333Ks3&4

2401.5 2402.5 2403.5 2404.5 2405.5 2406.5 2407.5 2468.5 2409.5
Uplink (MHz) 1
194?1.9 10492.0 10493.0 10494.0 10495.0 10496.0 10497.0 10498.0 104
Downlink (MHz)

9.0

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:/feshail batc.org.uk/wb/



Qatar-OSCAR 100 (Es‘hail-2)

10.492 10.493 10.494 10.495 10.497

10dB- - -

Beacon (DVB-S2, 2MSis QPSK, 2/3)
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250KS, '497 262 333KS, '408 750

548

Beacon & Simplex DATY . Simplex DATV

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

10 GHz LNA BPF Mixer IF-Amp BPF
Antenna S
LO 9.75 GHz SDR

PLL-LNB



PLL-LNBs for QO-100

Megasat Diavolo Octagon Dual OTSLO



SDRs for RX of NB TPX

Funcube
Pro

RTL-SDR

Airspy 2



Downconverter AMSAT-DL
Price: 178,50€

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

RX for QO-100

Schmalband 144 MHz
739 MHz BNC
F Hochpass Tiefpass
75 S~ S~ 5 /-
/ 50 /| L L LM (2 &2 -
650 MHz 150 MHz
3,3V +12V
14V 595 MHz o Eingang
LNB 14/18 V +12V PLL/
1gy| Schaltregler < D vco
Eingang
10 Mhz
TCXO0
L e —E 10 Mhz ext. (optional)
SMA
Hochpass Hochpass
A 75 ™S~ ™S~ I l I | [50 4
= 50 /A | — L [/ | EEDEJ | 75] N
F 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
M. . ;
> - >
Antenna
LO 9.75 GHz

PLL-LNB



DATV-RX for QO-100

W MINITIOUNE vD.8betag 9 - Receiver/Analyser DVB-5/52 144 MHz to 2450 MHz - SRmini=32 kS/s - for MiniTieuner/MiniTiouner-Pro
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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
75 — S~ S~ — EED—E'J /-
/ 50 /| L L LM (2 &2 -
650 MHz 150 MHz
3,3V +12V
14V 595 MHz o Eingang
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Downconverter AMSAT-DL reitband 1340 MHs

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-52X Single Sat Receiver

Sat-TX SF8008 supports symbol rates 250kS and higher



DATV

= MIMITIOUNE w0.9betaB_9 - Receiver/Analyser DVB-5/52 144 MHz to 2450 MHz - SRmini=32 k5/s - for MiniTicuner/MiniTicuner-Pro
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NB TX for QO-100

: Anglhsq;r-m St
s ase- ; i
: upconverter & y ‘ s “ LO pC
- @ " ﬁa— '- =) gl : '(‘L Gl = ¢ N \“

PSA4-5043+
G=+12dB
Fy TCXO
ext. Referenz
* 70 cm Eingang b 13 cm Ausgang
max. 0.5 W max. 100 mW
—p
Abschwidcher SIM-43LH+ PSA4-5043+ SF2124E PSA4-5043+ ADL5324
G=-26dB G=-7dB G=+10dB Fc= 2442 MHz G=+10dB G=+12dB
BW = 84 MHz
G=-3dB

Upconverter AMSAT-DL
70cm input (max 500mW)
13cm output (max. 100mWwW)
99€



NB TX for QO-100

< | +138VDC
- | PTTIN
Power Supply - = | SERIAL INTERFACE
Microcontroller |
» | STATUSLEDS
Y Y Yy FWD Power <—— i
OSCAR PHASE 4 UP-CONVERTER | o |
2BV 8V BV 33V
REV Power -—
® o ® OSesesItEes ; 7
RXTX TEMP SWR DUTPUT POWER ' |
DRIVER PA |
KUHNE electroni ! O ’
e mpman ; || - o N~ L L rrouT
DRIVER MIXER ATT

X
A
5
¢
&
-

Upconverter Kuhne MKU UP 2424 B

2m or 70cm input (max 5W) P
13cm output (20W) | ™
10 MHz ref. freq. input ST >

949 €




HIDES BU-500 upconverter
2m or 70cm input (max. 10mW)
13cm output (max. 500mW)
169 US$ / 135€

Re: Lvl

5 dBm

REW
VBW

2 MHz
2 MHz

5 m=

RE Ans 30 43

Unis

NB TX for QO-100-

430MHz
IF
Input

TCXO
Optional

UsB

RF Monitor

Caution !l
ymax. 500mw

BPF

Amplifier

!
Amplifier T ‘_ ki
RFPA5208 H @

Mixer
LO
RFFC2072

Default LO Freq

1970.0 MHz

TCXO

Control

IT9303

LPF

L2v
3.3V
5V

Power [

EEPROM

Output
2.4GHz

8-15V

Free programable Local Oscilator Frequency 1030MHz. ... 2700MHz ( incl. USE cable and Soft.)

Swars 1.5 GH=

1.MAR.2018 15:43:00

20 MEz/

Seop 2.8

cH=

-l



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

200€




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
DDOKP using 8W with the POTY feed in a 60cm 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



How much power for DATV via QO-100

Power Budget (Watts)

8MHz (4 MHz 2MHz |1 MHz |0.5MHz
2.4m 100 50 25 12.5 6.25
1.7m 200 100 S0 25 12.5
1.2m 400 200 100 50 295
0.85m 800 400 200 100 20

Source: BATC



PAs for QO-100

PTT(OFPT) GND  +28v
¥ [ S ) [ ]
* ®
PTT OPTION
SWITCHING
WD YOLTAGE

INPUT
INPUT

FWD VOLTAGE
OUTPUT

QUTPUT

oy e A
- 3 T b e i =
REF YOLTAGE et Vot i { F ]
OUTPUT o M L SR
- N _ 4.

: « http://www.ebay.com/bhp/spectrian Pl MR . e S -
SG-Labs 13cm PA LZ5HP . 75W Spectrian Linear RF Amplifier Board <
Pout=20W @28V, Gp=16dB + 2.3-2.35 GHz, gain 18dB 24/26V/ v o
126 € « 1.25 Watt Input Power

« Price: 99 3US 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 (4W ca. 50€)
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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



LimeSDR

USB 3.0

= =« Refinput

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

A
Lime microsystems

. &
- Ml ALTERA CYCLONE TV == E
NSl (=]
— e
3,

MFGH: LimeSDRs
#32
DC: 1616
1104165DRs4

r &
)5
o s
T

LimeSDR-USB
4x TX outputs

6x RX inputs

LimeSDR-mini



LimeSDR in metal case

SR e e e




LimeSDR with GPIO-board

: n 4 .
”.{Ir.’ p.qrﬂl.rﬂl' -
'. _-.- | S EE .' s 1 h‘.
. ]

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



LimeSDR with LMS8001 companion board

The LimeSDR companion board
supports frequencies from 5-10 GHz

Vot
7 e
Y, /}i?{r
A

1)
.
o7 1)

_1\&' é‘-ﬁta

i b L
3,
RF1.

2] y
LfmoSDR©v1.Zs N

LimeSDR-USB LMS8001 Companion board
HF — 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 aI m P I uto Drift Transmitter Frequency
2400,0035

2400,003

2400,0025

f /MHz

2400,002
2400,0015

2400,001
0 30 &0 950 120 150 18D 210 240 270 300 330 360 350 420

dt /s

delta f/ Hz/s

0,000000
-5,000000
-10,000000

-15,000000

df fHz/fs

-20,000000
-25,000000

-30,000000
0 30 60 50 120 150 1BO 210 240 270 300 330 360 390 420 450

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 810MHZz OUTPUT
www.leobodnar.com

mini USB

ADALM Pluto in shielded encasing with external 40 MHz reference input



Adalm Pluto

Lm317 5V 1A
linear regulator

‘k» - E._’l

vg 3 ;_, é T ADALM-PLUTO r 5 ’.
-. 2 b &

OE 2

ADALM Pluto in shielded encasing with external 40 MHz reference input



SDR-
Radio

Fullduplex with
automatic tracking
of RX and TX
frequency and mode

W INTEL-NUC1 - VNC Viewer -10f x|
- _Q [ON+R*N - Lol LimeSDR-USB :: SDR Console v3.0.10 = O X
la-

o Home View Receive Transmit Rec/Playback Favourites Memaories Toals Help w Style ~
A B & Iin J h Peaks ~ +) | f T D B RD5 || [] Auto center _ Digital Decoder
=T i . k4
- ' Shaded . - Mouse-over buttons oot . satellites
Extra Frequency Options Scale Smoothing Signal Colour Resolution Speed Windowing || Timestamp Select .
Bands Database - Maximum | History - - - - - s Geostationary Beacon
General Spectrum Waterfall Waterfall Extras Low, High, Zoom More Options...
Receive » X Receivers * X Transmit v X
RX 2 v938B.879.5 MHz 186 - 2968 HEN TX aBB83.5 MHz 186 - 3108 Hz g3

10.489.748.800

Line 1 (Virtual Audio Cable)

SAM cw-i

MM WM

Wide-U

O Zur Suche Text hier eingeben

10439 200

10.489.748.800

Sync RX
Sync RX

Tone Tume e

Microphone: Gain 89, Proc 30

Audio: 98ms

17:06
19) DEU
T @) 02.06.2019

2




SDR-
Radio

Locking the receiver
to the PSK beacon
elimininates the drift
of the LNB

v X

o- & (OX+] & s LimeSDR-USB :: SDR Console v3.0.10
la-
=2 Home View Receive Transmit Rec/Playback Favourites Memaries Toals Help w Style v
1= o ] Paaks ~ \ " iy -~ RDS Auto center -
| E o' Spems n +_\ k4 154 U L] Program Options
' Shaded Mloiiseoter bl Display all program o
Extra Freguency Options Scale Smoothing . Signal Colour Resolution Speed Windowing || Timestamp i d i 2
Bands Database - Maximum | History - - - - - s Geostationary Beacon
General Spectrum Waterfall Waterfall Extras Low, High, Zoom Mare Options..
Receive w X Receivers w X Transmit

RX 2 ¥9388.879.5 MHz

IF Display

10.489.748.800

Line 1 (Vitual Audio Cable) -

186 - 2500 HEY

i

18489.55 MHz

18489.8

Sync RX

Sync RX

MHz

Geostationary Satellite Beacon

10439.796

Beacon:

o
10439 300

10.489.802.289

TX AB089.5 MHz

10.489.748.800

1868 - 3186 Hz g

Tone Tune

O Zur Suche Text hier eingeben

Audio: 100ms | me.

17:06
19 DEU
Tl ) 02062010




SDR-
Radio

Multiple receiver
windows conveniant
to check beacon
levels and own signal

Transmit Audio Scope
and spectrum available

x|

o o (O +) (o ia i LimeSDR-USB :: SDR Console v3.0.10 - O X
5 Home View Receive Transmit Rec/Playback Favourites Memarias Toaols Help @ Style -
R T ] T Peaks ~ 3 N ) | py - RDS || [] Auto center _ Digital Decoder

=7 ! s 4 k4 v

- - ! Shaded - ' ' - i Mouse-over buttons 8% satellites

Extra Frequency Options Scale Smoothing Signal Colour Resolution Speed Windowing || Timestamp Select

Bands Database - Maximum | History - - - - - z % Geostationary Beacon

General Spectrum Waterfall ‘Waterfall Extras Low, High, Zoom More Options...
Receive w X Receivers w X Transmit v
RX 2 ¥9388.879.5 MHz 106 - 2900 HEY rhliafa
* * * » Line 2 (Virtual Audio Cable) -

Line 1 {Virual Audio Cable) -

vox | 3kHz v | (8) Recod

) it Gain a9
_. { feiy e

: 18439.55 MHz | : 18489.768.86 MHz | Proc 30

-80 dBm 19 8 9 RX 2 USB VOX Gain 10

-0 dBm L] I : iz VOX Hang 400

L N Spectrum i

-100 dBm -98 dbm

] "
-110 dEm 1 z 3 -110 dBm

128 -108 -8 S S -100 dBm

-120 dBm

10439600

CW-U
Monitor i

Defautt -

MM WM

USB Wide-U

— ™ | | RX 50

Filter
Lim

Audio: 91ms | me.

-99.0 dBm

i [ *.I. i N ‘f\'hIAMH-’\ R A.
i |r\~“|lll,.._,1r.”Iliﬂllhl |“P-.ﬁ.||lh1l|iﬂlll lF'a W |!|1 || \\
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Many thanks for your attention



