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® Firmware
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» Slow control
® Documentation

® Mezzanine ADC
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2714 1DROGEN / DACGEN History

This board took advantage from the experience and
know-how of different laboratories from IN2P3 :

» USB-blaster Il from PCle40 board: CPPM Marseilles
IPMI : LPSC Grenoble
IPbus: LPSC Grenoble (https://ipbus.web.cern.ch/ipbus/)
Cadence IN2P3 CAD library: IPHC Strasbourg
WhiteRabbit module from NEBuULA digitizer:

> LAL + Nancay (Observatoire de Paris, CNRS/INSU)

=

=

=

L

21cmCosmology2019 IDROGEN digitization board D.charlet/C.Viou
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dataGT\site_0_ch_B_Time_Interval_24-11-2017_12.11.11.346.txt

—— TDEV
10—11_
&
10—12,
10° 10! 102 103 104 105
T(s)
® Derived from Nebula board ® In collaboration with SYRTE
® White rabbit module ® Observatoire de Paris

® Power supply tree ® Time-Frequency laboratory

® 400 fs after 1000 s and 1 km fibre

21cmCosmology2019 IDROGEN digitization board D.charlet/C.Viou



271" DACGEN: ARCHITECTURE
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MTCA
backplane

IPbus

Data acquisition
Slow control
Timing distribution

A 4

-| MCH connector H RTM connector I—

BCle or
10GBRE

L 2

Ethemet
switch ne

Switch
2 PCle or
IPMI mezzanine 10 GhE

Clock source

21cmCosmology2019

————

-

ot T TS
-

t l: -5 Optional RTM
—¥ & Y1 J_J—

] IAl\.-h:: connector H“RTM connector |.J'
[

BCle or LVDS
10GRE

FPGA

| Altera or
ML Xilinx

Commercial
FMC

IN2P3 AMC [~

White rabbjt Switch

Standard : xTCA for Physics
® Faster learning curve for new teams

® Reference hardware for new and/or existing
devels

Based on on-the-shelf equipments
Crate controler : MCH from NAT
Data read-out on backplane :
® PCle 4x Gen3 ou 10GbE.
Crate data transfer :
® PCle-over cable (industrial NAT)
® 100GDbE (industrial NAT)
Point to point Data read-out
® 2x10GbE
® 40GbE (future development)
Board configuration : IPbus

IDROGEN digitization board D.charlet/C.Viou



271 1DROGEN board main feature Rocicp

Clk synthesiser
Jitter cleaner

28 diff

RS

Ii

Config. & CTRL
IPBus

Serial link 1G

Data transfert &
Config. & CTRL

AMC connector

4I

8 GX

® MTCA 4.0 standard, Double-width, full size
AMC.

® FPGA : Intel/Altera 10GX027H4F34

80diff, |

FMC+

Stand alone power supply 12V

® VITA57.1 (FMC) slot.

® 160 single-ended I/Os (80 LVDS) and/or up
to 10 serial transceivers in a 40 x 10

configuration
] ® White Rabbit compliant.
sFp+ ® Front panel connectivity :
asFPs ® WR SFP+
Data trangfert ® QSFP+40G, USB

® Backplane connectivity :
® 1Gbe IPbus, PCle Gen3 x4

21cmCosmology2019

® [PMI, CLK & trigger lane.
® RTM connector : J30.

©® Low cost

IDROGEN digitization board D.charlet/C.Viou



271" Clock tree: main features 1
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RTM30 clkO0
C

RTM (=

FMC_LA_CLK

CLK3_bidir

100MHz

CLK_SMA

LMK_CLK_12 RTM_ clkO

LMK_CLK_8 AMC clk1

CI K2 bidir

CLK1 M2C

| JESD204| MK CLK 6
LMK _sysref 7

FMC_LA_CLK

CLKO_M2C

g
AMC_clk2

AMC_clk1
—

PCIECLK

XTCA connector

100 MHz
100 MHz

JESD204

LMK_sysref 5 100 MHz

_ 25MHz

VK

VCTCXO
25MHz
VCXO

125MHz

125 MHz
SFP WR

50 MHz

21cmCosmology2019

2 clocks synthesizers
® LMO04828 jitter-cleaner for RF clocks.
® SI5338 lows-jitter for transceiver ref clocks.

All clocks on-board derive from synthesisers
with single sources.

All clocks routed in differential.

Two dedicated JESD204B-compliant clocks
Configured by uC

Dedicated tools for configuration.

IDROGEN digitization board D.charlet/C.Viou



271" Clock tree: main features 2 @iém}jm

® LMK4828 clock in :
® White-Rabbit module.
® SMA connector.

ryy [2RIVO0 g™ 1001z ® RMT30 connector : CLKO.
CLK_SMA
e n o LMK CLK 12 RTV_olk0 ® FMC connector : LA CLK.
P CLK3_bidir LMK_CLK_8 AMC_ clk1 .
e [y T ® AMC connector : TCLKB.
e e ® LMK4828 clock out :
CLK0_M2C JESD204|__LMK_sysref 5 100 MHz .
LK CLI 4 L2 MHe ® FMC connector JESD204B compliant :

LMK CLK 2

Clk2_bidir, Clk3_bidir .

i -—>V2°5L°.i‘f— ® RTM: CLK1

B | oo ® FPGA : CLKREF, clk.

§ 125MHZ—|

g AMC_clk1 ErVIY . AM C_CLK2

X SFPUR ® FPGA received also direct clocks from
o different sources :
100 MHz ——» 156.25MHz @ FMC connector

S|1 5338 | 100 MHz » MAX 10
50 MHz ® AMC connector

® RTM connector

21cmCosmology2019 IDROGEN digitization board D.charlet/C.Viou



2712 White Rabbit clocks

RTM30 clk0 100MHz
RTM |« C
LMK_CLK_12
FMC_LA_CLK
CLK3_bidir LMK CLK 8

CI K2 bidir
CLK1 M2C

LMK CLK 6
LMK ref 7

| JESD204

JESD204

CLKO_M2C LMK_sysref 5

LMK _CLK 4

_ 25MHz

o
A improvement of the open hardware
design have been done by LAL/Nancay
Observatory.
® Based on LMK4828:

9 Ultra low noise clock jitter Cleaner with
Dual Loop PLL

9 90 fs RMS jitter

CLK_SMA
RTM_ clk0

AMC_ clk1
. _
FMC_LA_CLK

100 MHz

LMK CLK 2

VCTCXO
25MHz

VCXO
125MHz

AMC_clk2

R
-

AMC_clk1
—

® Low noise VCXO and ref clock frequency
modification

® Dedicated power supply.

125 MHz

XTCA connector

PCIECLK

156.25MHz

100 MHz
50 MHz

100 MHZ ——»

S1 5338

Y

MAX 10

21cmCosmology2019

:

IDROGEN digitization board

D.charlet/C.Viou



271" Serial protocols clocks (1GbE, 10GbE, 40GbE, PCle)
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CLK_SMA

f———————————
RTM_ clk0
-———

AMC_ clk1

FMC_LA_CLK
————

RTM30 clkO 100MHz
RTM = £ 0
LMK_CLK_12
-
FMC_LA_CLK o
‘ CLK3_bidir LMK_CLK 8 R
CLK2 bidir |
CLK1 M2C LMK CLK 6
| LMK_sysref 7 LMKO04828
CLKO_M2C LMK _sysref 5 ok free ————— 100 MHz
LMK_CLK_4 . 25 MHz
LMK CLK 2 B

DAC 16b VCTCXO
S AD5662 | | 25MHz |
[} g
2 T AMC k2 DAC 16b VCXO
5 = AD5662 125MHz _I
(8]
< AMC_clk1 -
(@] —_—
& | PCIECLK 125 MHz
100 MHz

100 MHz

50 MHz

21cmCosmology2019

IDROGEN digitization board

© The serial links clocks are generated by a
dedicated synthesiser (S15338)

® Configured by uC
® Input clock reference:

© LMO04828 clk_free

o “free-running” clock locked on ref_in1
® Output clock:

o Refclk AMC ETHO

o Refclk ETH10G

o CLKUSER

o Max10

D.charlet/C.Viou



17~ FPGA configuration
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IPbus
PCle 4x gen3
s
O
Q |-
C
[
0l <
O -
O IPMI_
= MMC

21cmCosmology2019

Three FPGA configurations capabilities :
® On-board serial Flash (active serial)
> EPCQL 256kb

Ethic —»| [ Eh1G < EEC"°0™ = SFP+ ® JTAG
3 J > On-board USB-blaster |l
S » Connector
z
- PCle — »| romeie % ® Remote update :
Update IP s
"J:AGG I v |IPbus.
i \ » WhiteRabbit Ethernet link
Flash .
serial » PCle (optional)
JTAG . 9
» JTAG Switch
USB blaster I %
e :
MAX 10
IDROGEN digitization board D.charlet/C.Viou



t t Components configuration.
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USB to serial
FT234

12C -
Conf | ——> QSFP

A10

12C » SFP
Conf |— ! WR

\ 4

v Yy

SPI JTAG

TX/RX SPI Mast
uC
ATMEGA 128
12C

——PD>— | MK4828

21cmCosmology2019

Température
SI5338
FMC
RTM

——— ADS7828

The mains components are configured by
the pC throught I2C and/or SPI.

The on-board configuration (uC flash) is
performed at the power up.
The configuration could be modify by :

® USB with dedicated software

®» [Pbus or WR through SPI bus (in devel)

The transceivers are read/configured by the
ARRIA10

MC is configured:

® SPI dedicated connector.
®» SPI FPGA (not tested).

IDROGEN digitization board D.charlet/C.Viou



B Stationde

m £ Hardware Status

® IDROGEN-2 PCB currently in productlon
® 2 pre-series board

® Test up to end of 2019

10-board production : beginning of
February 2020.

® 5 for PAON IV project (DIMACAV).
® 1 for CPPM, CENBG (IN2P3)

® 1 for IPHC (IPHC)

® 2 for Nancgay Observatory

® Delivery of boards : May 2020

21cmCosmology2019 IDROGEN digitization board D.charlet/C.Viou



71#” Firmware architecture
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Etht 1G <« — > |P Bus
Avalon-MM M |-
Etherbone & Avalon-MM M|
Avalon Bridge
WB S
i
WR Eth—17G77> Phy | ~ TBlserdes WBMas
WR PTP Core

Eth 40G/ PCle

Avalon MM S |«

Users Logic

Avalon ST So |«

-+

Data transfer

Avalon MM S |«

Avalon ST Si |«
—»

Y

Avalon-bus

\J

21cmCosmology2019

IDROGEN digitization board

The NOC firmware is developed using
QSYS (now System Designer)
® Two QSYS Avalon master : IPbus & WR
® WhiteRabbit PTP core, Avalon master bus.
» Manage all functionalities for the WR
5 Etherbone protocol.

u Interface to FPGA core by Wishbone
to Avalon interface.

® |Pbus, Avalon master bus
» Slow-control
» Data read-out
® Users Logic, interface to FMC connector.
> Avalon Slave interface.

» Avalon Streaming source to data-
transfer module

® Data transfer, data read-out
» 2 x 10GbE Ethernet
» PCle Gen3 x4

» 40GDbE if IP available at INZE_jrlet/C Viou



£ Firmware status
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Etht 1G <«

-

IP Bus

Avalon-MM M |

Etherbone &
Avalon Bridge

WB S

o
Avalon-MM M

Y

)

WR Eth 1G

Bt

Phy

Eth 40G/ PCle

" TBl/serdes

WR PTP

|
WB Mas

Avalon-bus

Core J

Users Logic

Avalon MM S |«

Avalon ST So |«

-+

Data transfer

Avalon ST Si |«

Avalon MM S

21cmCosmology2019

IDROGEN digitization board

WR PTP core : CERN open-core
® Tested

Etherbone & Avalon bridge
® Tested

IPbus
® Ongoing porting at LPSC

Existing bloc to integrate for data transfer:
® PHY, MAC : Intel IP
® UDP framing (CASPER project)
® ARP (CASPER project)

® Users Logic:

ADC Ref design supplied by Analog-
Devices.

D.charlet/C.Viou



de Nancay

a‘z Acquisition Software for IDROGEN (M.Taurigna) @ié%“ﬁomie

Qsys System Design Arria 10 Hard IP for PCl Express ® Intel 1P PCIe Avalon-MM-DMA
bl L © DMA transfers require :
on-Gip — o s ® One (or more) memory buffers allocated in host
Memory - g - DMA Bridge . Da:lan;ink, 4| Lk memory
DMA Data g i friccy ® Trigger DMA

9 By host, through register polling
9 By host, through Int (next developement)

PCle DMA o By application
\r—j/ ® Currently developed in the PCie40 board for
CCPM/CERN for LHCD.
- CEEEIET ® To be transfered to IDROGEN board (same
FPGA family)

Test dek t.c

)
=
I
o
>
i~
©

KERNEL  USER

21cmCosmology2019 IDROGEN digitization board D.charlet/C.Viou



IDROGEN Slow control
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®» Based on 2 ends of a software link:
» ldrogenMMC

> Embeded software running on the ATMegal28 of IDROGEN.
» Based on MMC-DAQGEN library developed at LPSC.

» IdrogenTools

¢ Adresse
« Insertion

Blue Led

« Refroidissement
« Surveillance

Custom
* Power Seq.
* FPGA(s)
« ClI Spécifique
*RTM

2SC

Grenslhie

> Server-side GUI meant to configure and test IDROGEN.

» C++ / Qt5 App developed for Linux/Windows

Le Module MMC

SENSOR 1

MMC
PUR (AVR MEGA)

D. Tourres - Réseau DAQ 2019

Lo 1
MP.
<
GAQ
GA1
[ <
\ GA2
Carrier
SCL L
Sy
e <,
ENABLE #
<]
PS1#
(=
PS0#
3

7 ldroGenTools.

Deiice Tools  Help

%

0x0000 : 0x10 0x00 0x06
0x0008 : O3 0x00
0x0010 0x12
0x0018 0x00

L% @ o)

0x00 O0x5B 0x20 OxS1 004
0x02 0x00 OxFl OxOL Ox
0x00 OxF1 0x01 0x18
OxF1__0x01 _0x18 0x15

0X0020
0x0028

(]

Connected to COM13: 38400, 8, None,

B Settings

Select Serial Port

Com4 v
Description: USB Serial Port
Manufacturer: FTOI
Serial number: A10572KGA
Location: |\, \COM4
Vendor Identifier: 403
Product Identifier: 6001

Additional options
[ Local echo

Select Parameters
BaudRate: | 38400
Databit: |8
Parity: Mone
Stop bits: 1

Flow control: | None

"7 Slow control

73 Maritoring

Current

VIR VIPL

Q

Connected to COM4 3

Close

Synchronization
Temperatures
LMK43028 status 55338 status
°C °C
@ riltloded @ Hamios ok
@ ru 2iocked @ riLiockes e
Power supplies
(] N3
Q Qo
ey
Q w8 03
Voltage: 0 o
o

FMC connector
[ Enable VAdiust
[ Enable P3v3
[ enable vp12
[ enable 12
(] Enable RTMP12¢

RegOXIFFF = 53



t[lt Documentation

Stationde

de Nancay

(U ATRIUM

HOME ARBORESCENCE RECHERCHE ESPACE PERSONNEL DASHBOARD TICKET SUPPORT DECONNEXION

&> MPORT Atrium ¥ projets  DAQGEN

bk DAQGEN
» & zane de pifusion

» B Labaratoires Contenu Résumé Historique  Archive

~ G Projets
» 3 Projets R&D Transvarse
» B8 Actvies

Filtrer

[] Type 4 Titre 4 AtiumID 4 Obs. 4 Crééle & Auteur &

Adrien 16 mars 2017 admin_daggen

« > C @ @&
£# Les plus visités E5LSS E5Cartes N Netatmo

& GitLab

in2p3.fr
Profils ENT Collége 18

Projects ~  Groups ~  Activity Milestones  Snippets

DAQGEN > Details

D DAQGEN

1T Overview

DAQGEN
D Q Q

Group ID: 1149 ‘ Leave group
Details

Activity Projet DAQGEN (Acquisition Générique)

21cmCosmology2019

charlet@lalin2pa.fr

Q

W 2 =< @ & Puse

Documentsipage: (3 = [E] 32 C B 3= [+

IDROGEN digitization board

Schematics
Board Layout
Firmware
Software

Modifié le Modifié par 4  Vrs. Etat &
16 mars 2017 admin_daggen
D t t.
R Rechercher D% € @8 =
¢ CinéLumiére (cinéma... ¥ Annuaire 5 python & 3sixty5 & Continentsciences »

- ([

D.charlet/C.Viou
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Power
management

ADC_AD9680_FMC

EEPROM

Power
Monitoring

|| ADC temperature

overtemp
SERDOUT=[0..3

ADCSYNC#*

ADCSYSREF+

ADCCLK+

fast detect A & B

]

21cmCosmology2019

Entrées
analogiques

Trigger
externe

The motivation of the development of a new
mezzanine instead off an on-the-shelf ADC
mezzanine :

® include own PLL.
® ADC clock source : External clock

® Mezzanine main features :

® VITA57.1 (FMC)

ADC 9680

2 channels

14 bits

1.25 GSPS

JESD204B

2GHz analog bandwidth
External trigger in

IDROGEN digitization board D.charlet/C.Viou



2271 Status Mezzanine ADC 22%?2):@3315

® PCB:4 Layers
® Schedule :
® Production of 2 prototypes : October.
® Test: mid November.
® Production of 6 boards : Beginning of 2020.

A
e A v =

twie! =

. L
= ]
222 EEEEL EIEIEN :
EEC un

Ll
21cmCosmology2019 IDROGEN digitiz:




2712 Conclusion
» IDROGEN-2 is being produced
» WhiteRabbit firmware adapted on ARRIA10

» Most firmware blocks written and tested, but full integration
IS to be done.

» IDROGEN-2 available beginning of 2020.
» ADC board available beginning of 2020

» OXIGEN (Xilinx-flavor IDROGEN) development will start
soon.

21cmCosmology2019 IDROGEN digitization board D.charlet/C.Viou
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