V24

BAO radio

Systeme d'acquisition rapide
pour un radio télescope multiple-voies

CEA/Irfu IN2P3/LAL CMU Fermilab colaboration

Daniel Charlet P2l June 2011




I Ve BAO : Baryonic Acoustic

. | Oscillations
150 [ b= _ . .
I 2 AN l ~ | #Imoprints left by the baryon-photon fluid (before
100 N J | recombination) in the distribution of ordinary
Z 50 UL (baryonic) matter
I '! * s Slight modulation of the distribution of matter,
(and galaxies as tracers). Structure formation

16 w0  «w w wie 20 being mainly driven by CDM which dominates

Comoving Separation (h-! Mpe)

structure formation

s |n Radio : Use 21 cm HI emission

# 3D HI mass distribution measurement through
il total 21 cm emission intensity mapping (No
individual galaxy detection)

s Hyperfine transition (spin-orbit) of atomic
hydrogen: v = 1,420405 GHz —A =21 cm
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Va Concept: Interférométre
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4 > 1000 simultaneous lobes — Digital interferometer
# \Wide band receivers 250 MHz
# Digital interferometer (correlator / beam-former)

Array and corrélation
# Resolution 10 arcmin, Surface = 10 000 mA2
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# Cylindrical Radio Telescope concept or | = |
- delay system
dish A —Z y syst

4 256-512 electronic channel

trelator
mysten)

4 4 bands of 250Mhz between 0.5-1.5GHz
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# Sampling at 500MHz

s Possible implantation in China
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Schematique de la chaine
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Chaine électronique

ADC board

Analog module

N Down conversion
X4 — filtering
Antenna board X 4 ADAfc(Egr?n/evl\SZ)
4 dipoles :
1 8 ' Down conversion ’\'4
digolesX 4 | filtering - 6/}‘/5*
Antenna board : S '|'iC(| FFT
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p | s (FPGA)
Clock s
distribution o)

ADC (500MHz) | Time FFT
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IMZ Chaine analogique prototype

RF
CEA irfu
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RF board: —
» 750/50Q) inputs
» 2 channels per board
» Possibility of by-passing mixer to test
the under-sampling approach.

Measure P1:aetup(C2,C3) P2:fren(C2) Pai-- - Pé:- - - Pg.- - BAO Radio HSHS project
valug 1641 ns 500 6 MHz

status i i
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Daniel Charlet P2l June 2011

500

» Possibility to “tune” the pass band filter IO PENel pigr i (917 ELrotend)

January 10, 2008

FPGA

IF: Intermediate frequency

¥
Local Os:illatm\ RF amplifier, mixer
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Input analog

| 71/  Carte ADC 500MHz

chapgels (4)

Each ADC board has :

> 4 input channels (digitized at
500 MHz max) ~

> Input clock + control
(start/stop...) ports

> USB, and VME commumca‘no .
port (for' control)

* 2 high speed (4.8 Gbit/s)
optical outputs (data links to
PCI-express boards)

2 Optical digital

outputs (2)
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Synoptique carte ADC

Quartz

External trigger
External Clock IMbvte C:‘VCI(JHL’
[] USB USB &
PLL Dsp PlI VME
a inferface VME 32
50 MHz Clock L ) o —r
T Serial |
Trigger interface
Reser
Spare
Parameters
RJ43
500 MHz
__| Clock
" "' r Y L
4 16 @ 4.7Gbit
DC 08D500 -7;-' opt link
SMA L= Receiver - FFT >—@
2 Channels process
connector 500 Mhz éL.‘
T . /
Clock =
. 5 @ 1.2.Gbit
Altera StratixIl GX copper Iink

4 Channels /Board
2E

hannels/ Stratix
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> Lot of work on pll used in
ADC board to get a stable
500 MHz clock.

» Time resolution between
channel better than 10 ps.

»2/ ndf 226.9/58

Constant 2149+ 26.4

Mean -6.951e-11+1.850e-14

Sigma  1.843e-12:1.308e-14

Same board
o ~2ps

Input Sighal = 20MHz

AP B B 11
60 -50 -40 -30 -20
At (s)
w2/ ndf 498.6 / 688
Constant 1729 21.2

Mean -1.124e-10 = 2.003e-15

Sigma  1.999e-13+1.416e-15

Same board
o ~2ps

Input Signal =

-0.113-0.112-0.111 -0.11 -0.109-0.108-0.107

At(s)
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o2/ ndf 83.53/58
70

Constant 648.2 =+ 8.0
60 Mean -1.589e-09 = 6.149¢-14
50 Sigma 6.113e-12 = 4.400e-14
40
30

o ~6ps

20

Different
boards

| I 1|
-T.61 -1.6 -1.59 -1.58 -1.57 -156 -1.55

At(s)
»2 1 ndf 491.6 / 688
Constant 61.57+0.76

Mean -1.612e-09 =5.648e-14

P | Sigma 5.618e-12 +4.062e-14

_ o ~6ps
230MHz

x10
-1.58 -1.57

At(s)
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AL Test systéme acquisition
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IMZ PCIExpress: carte evaluation

+<——— Front-end data computation

s

SerialLitell
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Data ordering
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Corrélateur
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Multi-thread acquisition software:

PCIlExpress DMA
Disck write

PCIlEpress DMA transfert :

Average throughput 430MB/s

H)

BAOY :PowerEdge RT10 BAO2:PowerEdgeT100
SITRZNBPLANCKT :Poweredge 2900

SITR2 1 fiber

F

Prares I fibers
BAD3 1 fiber BADI 1 fiber /\
T BAO3 | fiber

MByte/S

Transfert des donnés sur PC

300MBY/s substained data rate from
digitilizer to PC-disck

Mo P e
PLANCRT 1 fiber

_ BAO2 1 fiber \
BAO2 1 fiber

BAD2 2 fibers BADZ 2 fbers 1 carte 2 fibers

BAD2 2 fibers
Trartes & fibers
% Drartes 4 fibers

2cartes 4 fibers

Wandriva 16.22.X

RE 240104 RE2ESE-164  REDESE-164 RH 2600154

600000

500000 3

400000

300000

200000

100000

0

t 106 211 316 421 526 631 736 841 946 1051 1156 1261 1366 1471 1576 1681 1786 1891 1996
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Acquisition des donneées

PClexpress
ADC

Fifo Fram Fifo
P =1 32k [ JFiltery | 64Kb
T il
I
= DMA
n N

Share memory

Paquet nb n

Configure“Acq

Decode
A raw datas

~—T

Raid O 17Bytes
(8 SATA HD)

Multi-Thread Acquisition
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Itt Systeme acquisition prototype
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t | t Systéme In Nancay (Juil 2008)
~ expérimental [

Won

Before BAO_ADC board was ready,
acquisition was based on Matacql4 board
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Test sur site
Pittsburgh

Interference
x1
2
2
o
-Q = -
£ = E
=< E E
s _ E -
L 2 = E
T = E
T 150 = 7240
Freq MHz
x10° NGC2835 Spectrum On=Rgd, Off=Black
o v . . . .
o
g 13
£ 125
3 12 |
= 115 Mitky Way (~1420 MHz)
g
a 1
10.5
10 NGC2835 (~1416 MHz)
05 18
a 3

1410 1415 1420 1425 1430 1435
Freq MHz



(@)
o\
V
G S

©
@, O
c c
O @)

| -
> 2
SN
mZ._L
_ T X
==
& O
O (@)
Q Q\
= 3
£ ZE
=) = o
© O O

N C

QO n_._._wa
N 0

Time
(RA)

Grating filét order diffraction

Daniel Charlet P2l June 2011

Analysis by C.

Magneville / Irf
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I En conclusion
* Powerful & versatile multi-channel acquisition system
- Systéme distribué sur plusieurs centaine de m
- Frequence echantillonnage 500MHz sur une bande d'analyse
de 1,5Gz

- Taux de transfert de 500MB/s par voie électronique

- Résolution temporelle entre voie ~10ps

- 300MB/s pour traitement des données et écriture sur 1 PC
* En cours

- Synchronisation multiprocesseurs

- Corrélateur a base de FPGA
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I[«“Z Numerical correlator

s Each channel: 9
@  Fast Fourier Transform 5 | e o
s ALL channel: 2
I s Combination of the 5
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N e o
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FPGA synoptic:
PCIExpress interface

\ 2B 4
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. Warning: pio: PIO inputs are ot hardwired In test bench, Undefined vaiues il be read from PIC inputs during smulstion
L Wiarningy pie_1 PIO inputs ave net hardwiced in test bench |indefinad valies wil be read from PIO inps 45 ruring Simistion

. Warning: pie_2: PIO inpute are net hardwired in tost bonch. Lindefinosl valucs willkbe road from MO inputs during simulation
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I Va4 4 Post ADC processing:
Temporal FFT

FPGA Implementation of real-FFT using a IP Core:
to save hardware resources, we use a N/2 points complex-FFT to compute a
N-points real-FFT

~ 1 x 500 MSPS, / 2 x 250 MSPS
\ z
data[i— > N P 71— Out_re data[2*i] — —— QOut_re
Complex- Complex-
0o —{ NPpoints{ |—out im data[2*i+1] = N/2points L —out im
=~ <
7/ \
7/ N

the real signal s[i=0:N-1] is transformed into a complex signal : c[i] = s[2*i]
+j*s[2%i+1]
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It /4 Post ADC processing:

Temporal real-FFT

2 step computation:
«  First step: N/4 clock cycles, we feed the block RAM with FFT,,(c)[k]

ADC output: In_re — — Out_re —{ Block RAM
16 C°g§+ex- (Write mode)
bits@250MHz | i | N2points | oyt im —| 16bits x N/4
(2 time samples) ~ -

s Second step: N/4+1 clock cycles, the output of complex-FFT and
data stored in block RAM feed 2 butterfly operators,

for O<k< N/4
FFTy.(c)K]

(=) » FFT(s)[K]

FFT,,(c)[N/2-K]' FFT\(s)[N/2-k]

JW\*
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It |/ Synoptic FPGA PCIExpress

SerialLitell

v

Evaluation board

Front-end data computation

v

\ 4

g4 Pattern
generator

\ 4

Frame filtering
+

Data ordering

P
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EP2SGX90FF40C3NES
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K AAA9X0619A

KOREA

A 4

g
il

PCIExpress interface

Fifo 32 x16KByte - »| Flow contol - > Fifo 64x8KByte
| »
- _ DMA * >
> > Controller
"| Descriptor Ram
W
PCIExpress
4x
Serdes Serdes Serdes Serdes
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two FFT8K x 8bits transmitted
on one serial link.

ADC board FPGA Synoptic

Header Tagid LSE

Header Tagid MSE

Firmmware :BAO FFT38192 2chl000v24,v26

T hea Abera Stratix EP2SCE0EF 1152 C3 et _(CeuriiEr (L
I:I AT DRDE0 tirner _Courter M5B
Corfig A cq
Header_Spam
ho [15:0] [15:0]
7:0
¢ | 7 - —~— FIFOO0
[ ” ~P2kx 16bisd T
(0] | FFTO
-— chid // > [15 U] [15 U]
t A — FIFO1
"—L * P2k x 16hits<
7—[_ ol [15:0] [15:0]
| ) ~ FIFO2
s
L "‘E ¢ P2k x 16 b its<
ch1 [7:0]| | FFT1
B "=~ "l [15:0] [15:0]
T e FIFO3
— > >
D '—L + P2k x 16 bits 4o
Trailer Tagid L5E
i \ 250MHz=z Trailer Tagid MSE

500MHz

muxl
01

5GHz

Serial
Lite2

08

Frame_Status

Trailer_Spare

[31:0]
———
[31:0]
o on
[31:0]
>
= '3',1_'
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