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AL Paon IV acquisition chain Raci LY

@Icﬁ'zﬁ Long HF coaxial ~ 5m.

Long coaxial RF cable ~ 50m

Down converter & Local oscillator not thermostatically controled
Shelter mandatory for ADC board and the contol system

Not easily scalable

Dedicated protocol for data transfer Data center

Coax ~ 10m

~300m

Coax ~ 50m

Main
electronic
box

5Gb Link

Daniel Charle
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L£AL PAON IV data analysis (1) |
CIrs i Reconstructed map at 1420.4 MHz
ML dewcnfns from PAON-4 Nov.2016 observations

Armput LAB map at 1420 MHe

L

B : reconstructed map from LAB after filtering at 1420 MHz

e T N

Ting at 1420 MHz

C : reconstructed map from November data after {j

simulation

-
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PAON IV data analysis (2) Raci B EHE

PAON-4, CygAnov1l6, auto+cross, 1420.4MHz

K 89.9211
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Current analog limitations
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SWR depends on:
* long RF cables,

| » adaptation mismatch,

* wide band acquisition

* frequency shifting

* technical constraints for packaging
and array design / construction (LO
distribution
mechanical/thermal/electromagnetic
shielding ...).



Vo4 V.4 New PAON |V system

Dish antenna

Coax ~4m

e Short HF coaxial < 5m.

e Clock distribution over fiber

* No frequency down conversion
e Standard protocol (Ethernet)

e Easily scalable

e No distance limitation

~400m

Electronic box

White Rabbit
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Data center

10Gb Ethernet
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NEBULA

board

ADC 081020
2X 1GSPS

PCIE x4

Input bandwidth :
2Ghz

—
IPMB

Daniel Charlet TWEPP-2017
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MTCA 4.0 standard,

Double-width, full size AMC
FPGA : 5SAGTMC7G3F31
ADC 2 channel 1GSPS
White Rabbit compliant.
Front panel : WR SFP+

2x SFP+ 10GbEth
Backplane connectivity :Gbe IP bus,
PCIl 4x Gen3, IPMB, CLK &
trigger lane

SSRAM 512k

Stand alone mode (power)
On board configuration (uUC)
FPGA configuration : passive
parallel.

Very low noise PLL cleaner
LM04828
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L£ALZ NEBULA WhiteRabbit Implementation @i

WR : Enhanced PTP protocol & synchronous Eth & DDMT
IN2P3 Limited additionnal components.
Les deux infinis Based on network standard.
Open hardware project

- WR Time resolution : few tens of ps.

NEBULA time resolution require ~ 100ps
Eth 1g Phy \ FPGA
Ref clock generator 12oMHz . p) Endpoint &=
125MHz | T
VCXO
50Mh
25MHz z WR PTP COI’% User core
Periph
Wishbone
SysCon crossbar N
- DDMT .
Lattice
_ SoftPLL Micro32
DDMT clock generator oA A
62.5MHz A
25MHz DDMT PLL
.‘ VCXO 62.5MHz
| 125MHz
: : : 125MHz
https://www.ohwr.org/projects/white-rabbit > PLL
Daniel Charlet
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NEBULA clock tree
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4 links clk (REFCLK): WR ,1GEth, 10GEth, PCle

1 ADC clk (PLLCLK).

2 WR clk (PLLCLK) top & bottom
4 extra clk (board development)

100MHz

R clock system |

1 GHz

SMA

WR 125 MHz 10 MHz

WR 125 MHz

500 MHz
1G WR >
125 MHz
UTCA PCIE -
UTCA 1GbE 125 MHz
Xtal
156.25 MHz

WR 125 MHz 50 MHz

WR 125 MHz

125 MHz

100 MHz

Ext PCIE

Daniel Charlet TWEPP-2017

VCXO

25MHz //
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VCTCXO
S0MHz
M

Xtal 50M
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NEBULA Power tree

Stand-alone mode : DC-DC converter

for management power and control (12C)

12V
Se

1.xv
2.XV
3.Xv

DC-DC converter -
Linear regulator [N

1

S

1.1v

3.6v

All power Cd & CRTL by DS10104
12 V : XTCA crate or on-board connector
2 types of regulator : DC-DC or linear

Core 1.1v

—
VCC

3.6v

Seq 2

3.3V Power-management

tand-alone mode

EnSeql
EnSeq
EnSeq
EnSeq5

Daniel Charlet TWEPP-2017

Seq 5

i
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VCCL_GXB

VCCR_GXB

1.2v % Filter

VCCT_GXB
VCCIO

: VCPD
——— Fiter —— VCCPGM

2 Gy VCCA_GXB
— Filter ——— 2.5V SSRAM
| e
VCCAUX
1.5v VCCA_FPLL
VCCH_GXB
VCCD_FPLL
VCC_BAT
1.8v |
MAX5
ADC
Other
3.3v component

- 3.3V -
3.3y Transceiver
’ la max

PLL
0.7a max
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NEBULA FPGA synoptic
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WR Eth 1G L -
L ey -~ TBliserdes 2?4
Ext WR PTP Core
oscillator ~ WR clk WBM =
- PPS
AvalonMM'S =«
DAC » Data acquisition
Avalon ST So
Avalon ST Si -t
Etht 10G < Data transfer

Si
So

WB S

Etherbone &
Avalon Bridge

Avalon MM
M

WR PTP co
Data acquis
storage

interface

Data transfer :

Firmware : Based on GSI project

r'e . Manage timing
tion : ADC interface, data

Data framing, Eth10G

http://www.ohwr.org/projects/white-rabbit/wiki/WRReferenceDesign
https://github.com/GSI-CS-CO/bel_projects

Daniel Charlet TWEPP-2017



2N FPGA routing optimisation oo
FpgaSystemPlanner
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“ & = E| L3 ¥ o B o 5 @
Zoom Zoom ¥ Zoom Add Design Select Selection ~ Align ¥ | Show Hide Net Run
In Fit Area Notes Area Filter Instances Rats Rats Navigation Design

FSP :

« assign FPGA pins, function of chips
/ relative location.

/WR > I Automatic schematic production.

 FPGA pins constraint generation
""Ml_VIEI'HlOG

—  Link to allegro routeur : Dynamically
M1 VIPCIE pin swap capability.

 Managed decoupling capacitor.

« Easely FPGA change

- M2 M5

Ready Pin:IO_FPLL_TC CLKOUT1_FPLL_TC CLKOUTh_DIFFIO_TX_T6

LAVl vviTuariIvtl 1 VYV T o Q=\J 1
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XTCA for Physics Standard
12 layers PCB Design
Laser via top & bottom
Impedance controlled

FR4 VT47 up to 10GHz

Signal top

Gnd

Signal 3
Signal 4

Power

Power/signal

Power/signal

Signal 9
Signal 10

Gnd

Signal/power botten



NEBULA Board sifonone
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L2 NEBULA test
IN2P3 Setup
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gooo
goon

Scope : LecroyWave Runner 640Zi 40GS/s
10GbE SinWave generator : AGILENT E8257

White Rabbit Swich: EPQ_WRS 01

PPS 10MHz

— 10Mhz for synchron mplin
IEEECES | 0 | | 0 [ | .11} 0 Or Synchronous sampling

Daniel Charlet TWEPP-2017




. Stationde

Radm astronomie

de Nancay

NEBULA analog results (1)

test 500hms, Acc = 1000

40

20

0

Power (dB)

_20 -

500hm = 2 e6 samples

test 10M25390625, Acc = 20

40

20 A

0

Power (dB)

_20 | f = 10MHz 4e4 samples

—40
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(dB)

Power

IN2P3
Les deux infinis

test_490M234375, Acc = 20

40

204

f =490MHz 4e6 samples

717 NEBULA analog results (2)

40

20 -

Power (dB)
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test_1490M234375, Acc = 20

f =1490MHz 4e6 samples

test 990M234375, Acc = 20

f =990MHz 4e6 samples

test_1990M234375, Acc = 20

—60

f =1990MHz 4e6 samples
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100 200 300 400
Frequency (MHz)
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NEBULA timing results (1)
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File  Vertical Timebase Trngger Display Cursors Measure Math  Analysis  Utilities Help
= AT AAA AAAA A Ao ”
FPVV VY
-
PPS White Rabbit
PPS NEBULA
1 NEDBULA KMo =~ 1UPS

o A =0_=0_.| ‘ll‘“I‘Illl"llll“lnll- [
Measure P1:skew(C2.C3) P2:frea(C1) P3:frea@iv(C4) P4:frea@iviCN P5:ncyele(C1) PG:ncyele(C1) PT:--- PB:———-)
value -118.776 ns
mean -118.78271 ns .
min 118822 ns Switch WR + NEBULA Scope Chl to Ch2
sdev 1281 0s 1m of fiber 20 cm coax + splitter
status 4

histo

500 mvidiv
-500 mV

LeCroy

500 mV/div 5.
1120V 10.0 ps/div

77t

RMS ~ 13 ps

allct vlialicu rvver r -

RMS ~ 9ps

50.0 ns/div| Morm.
40 GS/s|Edge

700 mV
Positive

28/08/2017 19.12:47
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NEBULA timing results (1) siropore

File ™ Vertical Timebase Trgger Display Cursors Measure Math  Ana Utilities Help
Les deux infinis
= " T e ST i O T T it e e W T e et T —f\ A pafey
B f
| | .
DD Q \Alhita Dahingt
J ro VVIITICS RAUUJIL
DDC. NEDRILILL-A
-...m..J rro NCDULA
Fy
—— I — +—| —— +——|
Measure P1:skew(C2.C3) P2:freq(C1] P3:freai@lviC4) P4-freq@lv(C1] P5:ncycle(C1) P6:ncycle(C1) PT-ddelay(F4.C2] P8:dti@lv(F4.C2]
value -118.798 ns
mean -118.80292 ns
min -116.851 ns
max -118.749 ns 1
max b raans Switch WR + NEBULA
num 2.505e+3 H
ctatus v 5km of fiber

RMS ~ 14.3 ps

rigger (S(N

20.0 ns/div|Norm. 700 mV
8 kS 40 GS/s|Edge Positive
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NEBULA I

IZCT 12

o

=

CLK

PCIEx 4x Gen3

Ethernet 40G
Wi.Ra.

Ethernet 1G

IP bus

Ethernet 1G

o)

CLK.Ext

FMC

160

PPS / trig.Ext

» =
J |
o

White rabbit

Ethernet 1G

Ethernet 40G_| QSFP+

USB

Daniel Charlet TWEPP-2017
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MTCA 4.0 standard,

Double-width, full size AMC

FPGA : A10GX027H4F34

FMC : HighPinCount FMC slot
White Rabbit compliant.

Front panel : WR SFP+, USB,
QSFP+ 40GbEth, UART

Backplane connectivity : Gbe IP bus,
PCIl 4x Gen3/40GbEth, IPMB, CLK &
trigger lane, RTM connector, Gbe
Memory : SDRAM DDR3 8/16Gb
Stand-alone mode

Intergrated USB-BLASTER I

FPGA configuration : Active serial.
Stand-alone configuration (UC).

Very low noise PLL cleaner
LM04828
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»NEBULA

* Validation of the main technical concept :
WhiteRabbit and High band ADC
* Soon: 2 10Gbe data transfer

»NEBULA I

2 boards : Calibration for subns precision

* Time difference between 2 Boards
* 40Gb Ethernet Data transfer

Daniel Charlet TWEPP-2017
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 Form Factor FMC

« Cooling Air, Conduction

* Function Analog Input

« Data Rate 5000 (1 Ch) or 2500 (2 Ch)
« 1250 (4 Ch)

e Channels1,2o0r4

« Coupling AC

=
=
—
=

* Resolution 8-hit
 FMC Connector HPC
« Signaling LVDS

Daniel Charlet TWEPP-2017
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IN2P3 WR PTP Core
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Ethernet 1G > . > Fabric > EB master
WR g B ETelITE redirection - wrapper
i
- » UART I A
w &» - f//\Nishbone\\
' /
. Periph Wishbone Mini-NIC Bulid ID - crosshar
_crossbar \u I
SysCon 1{ I :
' Y Wishbon
Tunable /Wlshbone\ Avalon
oscillators > SoftPLL - ’isstar T RAM l/x/‘
. ~ Avalon
D PPS I\Ii_attlcsez . crosshar
ICTo ? JTAG
y Master
ADC pe=Es Kz ~ SGDMA
8b/32b
—— > FIFO
> RAM
- /,/
<7Ethern§ t10G Phy = MAC = Framer
S
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IN2P3 « CLK SMA

Les deux infinis RTM
AMC clk2
100MHz N
0 FMC clk2

A

FMC clk2

LMK_CLKO
FMC_CLKO

| GBTCLK
LMK_CLK1
LMK_CLK2

100 MHz

A A

25 MHz
- —

—
VCTCXO
s AMC | clk2 i 25MHz
(&)
1N s
§ AMC/ clk1 25MHz
6 < 25 MHz
2 PCIECLK
100 MHz 156.25MHz >

50 MHz

Daniel Charlet TWEPP-2017



	Diapo 1
	Agenda
	Diapo 3
	Diapo 4
	Diapo 5
	Diapo 6
	Diapo 7
	Diapo 8
	Diapo 9
	Diapo 10
	Diapo 11
	Diapo 12
	Diapo 13
	Diapo 14
	Diapo 15
	Diapo 16
	Diapo 17
	Diapo 18
	Diapo 19
	Diapo 20
	Diapo 21
	Diapo 22
	Diapo 23
	Diapo 24
	Diapo 25
	Diapo 26
	Diapo 27
	Diapo 28
	Diapo 29

