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SKA-Mid T

e Réseau d'antennes paraboliques composé de 2000 antennes

e |e site: desert du Karoo en Afrique du Sud
e SKA1-Mid = 7% de SKA-Mid (133 antennes) + 64 antennes MeerKat

» 200 antennes + spares
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SKA1-Mid T

e SKA-Mid = 5 bandes de fréquence couvrant la bande 0,35 GHz a 15,4
GHz

e Université de Bordeaux (LAB) membre du consortium WBSPF pour
I'extension de la bande 5 jusqu’a 24 GHz (SKA-AIP)

e Priorités scientifiques de SKA1 : bandes 1,2 et 5

> LAB devient membre de SKA-Dish
e ECP : Partition de la bande 5 en deux sous-bandes 5a et 5b

> 5(4,6-13,8 GHz) = 5a (4,6 — 8,5 GHz) + 5b (8,3 - 15,4 GHz)
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Récepteurs de SKA-Mid
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Organigramme

SAUARE KILOMETRE ARRAY

SKADC LEVEL3

Dish Element

SKA_MID Dish Element

301-000000

SKADC LEVEL4 | | | | |
Dish Sub-Elements .
Dish Structure SPFs __SPFRx Infrastructure LMC
SPF RecerverDhigitizer
316-000000 317-000000 318-000000 319-000000 320-000000
SKADC LEVELS5 [ I I 1
Sub-Element Major Components RXPU RXS123 RXS45 RXMTE
SPFRx Pedestal Unit Indexer RF Sampler B123 Indexer RF Sampler B45 SPFRx Maintenance
and Test Equipment
318-010000] 318-060000 318-07000 318-080001
I 1 I 1 ] ]
RXPU.ENCL RXPU.PS RXPUMCT RXPU.DGP1 RXPU.DGP2 RXMTE.TSTB | |[RXMTE XX
Pedestal Enclosure Power Supply Master clock timer Digital Processor B123 Digital Processor B45 SPFRx test bench Other Equip.
318-01000) 318-010002 318-010003 318-010004 318-010005 318-080001 318-080002f
SKADC LEVEL#6 - y . ! 5 W
Components 6U rack thagﬂ-snl-:non Shiclded eﬂcllgsalgﬁ! _{ Shiclded mdossllla{g]-:nl: | _{ Shielded md?‘.ssl-g.gcn | _{ Shiclded end?lsilc{?czs Bl EMI eﬂd?lil-lnl;-eml 45 EMI eﬂdoif—fvcoa: _{ E'EWII?]-%B"E P 318-020003

R3PU backplane

313010007

Interconnect board

Interconnect board

—{ Interconnect board
31E-010018

Interconnect b}oard

B123 power supplyJ
313-060002

B45 power supply

318-070002

I:l field replaceable
I:l conceptual units
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SaDT.SAT surrogate

318010008 313-010012 1E-010024 clock+1pps source  315-080004
i Clock 1pps mndlrinﬂﬁ‘ _{ | _{ | ODL123 remote ODL45 remote
Switcher PS 300W FPGA processor B123 FPGA processor B45 - LMC emulator
318010010 318-910013 v 318010018 e 315010025 dual ADC4GSps 315060003 dual ADC 9/16GS5ps 315970003 laprop+software 315080005
Round trip timer —l FMC ODL123 _l FMC ODI 45 B123 RF conditioner B45 RF conditioner _l DFN surrogate
318-010014 316-010020 315-010026 315-060004 315-070004 interconnect Sbres  3)5-680006
—1 SPFRx controller —1 FPGA fimware FPGA firmware | B123 clock conditioner B45 clock conditioner —{ SPF surrogate |
modules 318-010015 B123+packetizer 318-p10021 B45 315-010027 318060005 318-070005 signal sources 318-080007

SPFRx software

315010018

NSDN cable
318-010029

_{ QSFP-28 transceiver
318-010022

QSFP-28 direct attach cable
318-010028
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Noise diode fibre driri
315-060006

B45 coax cables

318-070008

B123 coax cables
315-060007

AC power source
130V 50Fz SMOW

318-080008

RFI test equipment
318-080008
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Organigramme
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Logiciel + matériel
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Matériel

AC power source
130V 50Fz SMOW 318-080008

RFI test equipment
318-080008
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Récepteurs de SKA-Mid
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Récepteurs de SKA-Mid Cg*g/
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Récepteurs de SKA-Mid
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Spécifications @g/

e SKAT : B5a et B5Sb mais anticiper le déploiement de B4

2,8 — 5,18 GHz 15,84 GHz 2,5 GHz
5a 4,6 — 8,5 GHz 3 8,91 GHz 2x2,5 GHz
5b 8,3 — 15,4 GHz 3 15,84 GHz 2%2,5 GHz

e Aspect systeme : Chaque bande doit étre numérisée tout le temps
pour ne pas perdre la cohérence de phase lors du changement de
bande.
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Récepteur des bandes 4 et 5 de SKA-Mid @9/

® Conditionnement du P
Signal (RXS45RF) | Indexer power 230V 50Hz
oTel] RXS45.CLK
o HetV RXS45 AE B _
et Indexer RF Sampler B45 ) o e [ RXS45.PWR
Linear Power Supply
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® Puissance (RXS45.PWR)
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Fonction Critique @9/

Conversion Analogique-Numeérique

e 3 composants disponibles dans le commerce

| oo | seouion togmar e pussaree

HMCAD5831 3,32 bits 26 GHz 20 GHz 42 W
ASNT7123 Adsantec 4 bits 16 GHz >16 GHz 43 W
ADC3401 Micram 6 bits > 34 GHz 25 GHz 12 W

e Composants sélectionnés :

> HMCAD5831 (2017)

> ASNT7123 (2018)
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Démonstrateur : 3,32 bits a 16 Gech/s @9/

CSAA 2017 8 it Pt gt + vemane)

>
Partenariat avec FEDD |
e Assemblage " @‘ |
e Industrialisation c
Pol. Y(?? ADG, 48 diff. Paires (data + overrange) : N

e Résultats

2,8 3,1
7,9 3,0
15,4 2,7
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ASNT7123 : 4 bits 2 16 Géch/s (TBC) on

Disponible depuis fin 2017
e Evalué a 9 Géch/s et 14 Géch/s : Neff > 3 jusqu'a 10 GHz

> RN P8 g PVET
-0,5
3
o -1
©
2,5 £-15
£
3 -
4+ 2 O]
5 ho] _215
15 _&’ -3 —o—settings at 4 GHz
—0—at 9 GSps =
1 # at14 GSps g -3,5 —8—settings at 6.5 GHz
z -4
0,5 a5 —o—settings at 11.9 GHz
0 -5
4 6 8 10 12 14 16 2 16
GHz

Evaluation a 16 Géch/s (travail en cours)
e 3 cartes d'évaluation
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Horloges : RXS45.CLK

15,84 GHz et 8,91 GHz a partir de 3,96 GHz
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PWR D
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— — I
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Reset o
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/ﬁ\ D Lo ® RF /2\ R C:

XHF-53H+ LTC5549  XHF2-912++ LFCN-8440+
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Horloges : RXS45.CLK C!:/PB/

Vue 3-D

15,84 GHz

8,91 GHz

Nouvelle-Aquitaine / FEDD /LAB

e 180 k€ sur 500 k€ demandé pour ALMA/SKA
e 90 k€ CDD FEDD au LAB pour DSP

CSAA 201 9 e REGION
° AZZ= Nouvelle-
<7 Aquitaine
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Numeriseur: RXS45.0DL

Control bits for RXS45.RF

RXS45.0DL

SMA and RXS45.PWR Power Supply Connector
1PPS _ Linear regulators for
+5V, +3.5V, +3.3V, +2.5V,
ZEER -3.3V and -2.5V
Y 'Y From +6.5V, +4V and -6.5V
Power
Splitter
1pps
ADRF5020 ASNT7123 z £
SPDT c =
A/D converter o o
w 4
SMA N :.\_ NSy 5 |8
RFH +3.3v Qo:3] =
[ fs _?L
Sel ol =
VREF RST INH
i 7 S Y § Samtec Firefly Module:
VrefH 2 (12xTx) 12x
8 high speed lanes from both ADCs > TX[0:7] :‘E\"lF
> : ibre
Optical T™X "
HMC850 - 12x 16Ghps
SMA fs Fanout P TX8
» 1 lane
CLK Buffer 16 bit
==Y = o 12C +3.3V
g 1 Placed in opposite side from analog/ADC parts
. S I | 12¢
pps in
% TLK2501
= I Parallel/Serial | . |
ADRF5020 ASNT7123 o Samtec Firefly Module: o
Fr2 A/D converter I o 1 lane (12xRx) MME
SMA N o IN 435V 2 RX |« l 16 bit RX | pyp fibre
- —:3 3y Q[o:3] M 5 Optical RX | —
T I = Divider | | 1GHz|pys 12x 14Gbps
Sel _’fs CLK % by-8 L]
VREF RST INH I g. | e 053
A 1 T . DACs for ADC @ Ref Clock .
VrefV Data Inhibit g Refvoltages | SPI+ Ctrl bits
* +2.5V
- | 12¢
Monit. ADCs
! - MISO (SPI) + bits |
Control bits 12C Header
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Conditionnement du Signal @g/

RXS45.RF

Coa Coax q
X Integrated variable

cable B4 cable in block Coax Coax
- ain bloc 3 :
344[:]-[:} /—\ ~LI]-[:]— g [’l] cable @/ cable 8.91 GSps

2dB 2dB 2dB 2dB: . ADC
Coax Coax : :3dB 6dB
‘ . SPDT :
cable B5a cable : . :
B5a N\ —t e )a’ N
2dB 2dB 2dB 2dB; opat C Coax Coax
Coax Coax 5 | | Sel2 ; cable g/ cable 15.84 GSps
b cable B5b cable 3 Selo Sell i ADC
B5 ' 1
/—\ ; -3dB 6dB

2dB 2dB 2dB 2dB:

e Les composants coaxiaux sont sélectionnés

e Le module intégré est en cours de conception

e Les correcteurs de pente EQ1 et EQ2 seront déterminés lors de |la
caractérisation du module RXS45.RF
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Puissance : RXS45.PWR

Indexer mains
230V 50Hz

Power Supply Block Chassis GND

[

D38999/20WC4PN I_

RXS45.PWR

Schaffner FN2090Z-1-06
RFI filter surge protector

RXS45.0DLPCDB
| Hammond 1182Q6 |

RXS45.RFPCDB
| Hammond 118216 |

————r————

| RXS45 RF Rectifier Regulator BD ||| RX545 ODL Rectifier Regulator BD |

Filter | -6.5V =>-3.3V, -2.5V

RXS45.0DL.B5A
EMI Filter] +6.5V (0.4A) => +5V

g |8 |& g |8 | ﬁ-ﬁj‘ ’{-5‘
EELE i N I o O = N -~
SIEREER SJ s LSJ
w w w I:I-I w w w w
w
RF Cavity él °:| ODL Cavity
RXS45.RF A RXS45.0DL.B45B
sl @
+6.5V (1.3A) => +5V/, +3.3V [EMI Filter }— %I | A EMI Filter] +6.5V (0.4A) => +5V
© [a)
o
£6.5V_return => GND = 2| g|———————{EmiFiiter] +6.5v_return=>GND
mn
© c =
-6.5V (0.5A) =>-3.3V, -2.5V [EMI + 2l 5 EMI Filter
o |
—- > )
2 2 8. (EMI Filter ] +4V_return => GND
9 £
°
I
>
<
+

ODL Cavity

RXS45.CLK
+6.5V (0.8A) => +5V, +3.3V [EMI Filter

EMI Filter | +6.5V_return => GND

EMI Filter

EMI Filter | +4V_return => GND

+6.5V_return => GND | EMI Filter

6.5V (0.5A) => -3.3V [EMI Filter

EMI Filter | -6.5V =>-3.3V, -2.5V

GND = RF GND = Signal Processing Block Chassis GND
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DSP : RXPU

Dish Indexer Pedestal Unit

Carte Talon (NRC)

Talon DX
RXS123.0DL
Band1&2 24xMM fibre FPGA
TLE2501 2.5Gbps Tx from TLK
Fil'eﬂ}'TSl 8 lanes JESD204b data @1 SGbpg TILEO
ADC12DJ4000 Amphenol

Bank2

° 2.5Gbps Rx to TLK
Bank1
. t rat I X Dual Channel 4GSps FireflyRx 2GHz reference clock to TLK Fcl Leap

Bank0

( I n t e I = P S G ) RXS123.0DL 250MHz

Band 3 24xMM fibre
[LEK2S0l 2.5Gbps Tx from TLK TILEL
FireflyTx | 8 Janss JESD204b data @12.8Gbps Bank2
ADC12DJ3200 7 — Amphenol
B 2.5Gbps Rx to TLK Hankt
‘ ( : a pt u re d e S Dual Channel 3.2GSps FireflyRx " 2GHz reference clock to TLK FCl Leap Hank

’ .
e C h a nt I I I O n S Reference Clock@4GHz/16=250MHz

O SMA | 250MHz SERDES ref clk
Master Clock —

Timer COAX
.
e Extraction des Rs45.0D1
Band 4&5b 24xMM fibre
ASNT7123 TLK2501 2.5Gbps Tx from TLK _
S O u S - a n e S 4bit at 16GSps FireflyTx 8 lanes data @16Gbps TILE2
Fa Amphenol o
2.5Gbps Rx to TLK
ASNT7123 ] FCI Leap Bank1
4bit at 16GSps FireflyRx 2GHz reference clock to TLK P

250MHz

e Transmission o
ASNT7123 T 2.5Gbps Tx from TLK

S u r I i e n 1 O 0 G a u 4bit at 9GSps FireflyTx 8 lanes data@QGbps Amphenol TILE3

2.5Gbps Rx to TLK Bank2
ASNT7123

S . DET: FCl Lea s
C P 4bit at 9GSps FireflyRx | _ 2GHz reference clock to TLK p Fve

e
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Calendrier

Tri 3, 2018 Trid, 2018 Tril, 2019 Tri 2, 2019 Tri 3, 2019
Mom de la tiche | Jui Jul Ani Sep Oct MNov Dec Jan Fév Mar Por Mai Jui Jul Aol S

4 RXS45 02/07 ¥
4 RXS45.CLK
Design (9GHz and 16 GHz)
Manufacturing
Test
4 RX545.RF

Optimization (component selection)
Design (Integrated variable gain block)
Manufacturing and Gain Equalizer purchasing
Test of complete RF chain
4 RX545.0DL

ADC data capture at 16Gbps (Stratix 10 GX Sl)
Design based on ASNT7123
Manufacturing
Test

ADC data capture and DSP with Talon-DX board

Mechanical work

Integration and Test of complete receiver
4 Reviews

DDR preparation (Detailed Design Review)
DDR

TRR (Test Readiness Review)

Test on antenna

CDR preparation (Critical Design Review)
CDR
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