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® MTCA 4.0 satndard, doubel width,
fullsize AMC.

¥ Stand-alone mode

®lVITA57.1 (FMC slot)

* 160 single-ended 1/Os (80 LVDS)
and/or up to 10 serial transceivers
In a 40 x 10 configuration

8/ Full WhiteRabbit compliant.
® Front panel conectivity

* WR SFP+

* QSFP+ 40G, USB
®/Backplane conectivity

* 1Gbe IPbus,PCI 4x Gen3,

* IPMB, CLK & trigger lane.
* RTM connector : J30



WhiteRabbit : DAQGEN implementation ‘UJ.CLcab

SFP

W

Etherbone

DMTD
Phase

Detetector

Ref clock generator
: LM04828 JPHY
5MHz
e S 125MHz |5 |
VCX0
ﬁ’ 100Mhz ﬁ
PLL1 PLL2 ||125mH;z WR PTP
LMK04828 Clock jtter cleaner core
>PLL—
62,5MHz
[
DMTD clock generator PLL
DAC VCXO 125MHz

http://www.ohwr.org/projects/white-rabbit/wiki/WRReferenceDesign
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The WhiteRabbit IDROGEN hardware is base
on CERN open hardware with Enhancements
® Based on LMK4828 synthesiser

@ Ultra low noise clock jitter Cleaner with
Dual Loop PLL

® 90fs RMS jitter.

® DDMTD internal of FPGA (placement with
constraint)

® Two generated local clock :

® DDMTD source (comparison between
WR master clok from SFP)

@ PLL source with phase adjustment
® IDROGEN Enhancements
® PLL selection
® VCXO Frequency
@ Input frequency for DDMTD
Jremove of internal PLL (future dev.)
® Tx/Rx routing equalisation
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71/ Clock tree: main features 2 Rodlo
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® | MK4828 clock In :

* White-Rabbit module.
* SMA connector.

RTM30 clkO

100MHz
RTM <G BAm | o s *® rvtso cONNector : CLKO.
LK CLR 12 RTM_ clk0 ® t LA CLK
FI\AC_LA._?LK . of inl <_A|\/|C » FMc connector . - .
CLK3._bidir LMK CLK 8 ,?AC_[ACCLK
CLK? hidir .
s I ® amc connector : TCLKB.
LMK _sysref 7
CLKO_M2C LMK sysref 5 clk_free. ———— 100 MHz ©
LMK_CLK 4 el i 25 MHz
oo ® LMK4828 clock out :
Y i
—» Clref CLKGPIO GPIO  CLKT CLKB clref — ®* FMC connector JESD204

AD5662 25MHz

— Tih DAC SPI {DACM COmpliant : C|k2_b|d|r, C|k3_b|d|r :

VCXO

AD5662 | 125MHz ]
T 10AX027F35 . §‘ ®*RTM: CLK1
WR DMTD 125 MHz
— Clkref

- SFPWR * FPGA : CLKREF, clk.
RFCLKL+le RFCLK* . f * AMC CLK2
® FPGA received also direct clocks
from different sources :
* FMC connector
* AMC connector

o RPTN conneactnr



IDROGEN Clock generator : LMK04828

®/LMK04828

LMKD482EE register set

RegOx13D =00

Reset EPGA Write Read Send Receive gs%:: ;E f gg
Reg0Ox160 = 00
RegOx161 =01
RegOx162 = 24
Input clock PLL1 summary PLL1 05C Out PLLZ summary PLLZ SYSREF Clackouts Reg0x163 = 00
RegOx164 =00
Clock group select DCLKout 0 RESOKIGE i
Clock 0-1 - Power Down Reg0x166 = 00
Divider DYN DDLY CNTL Reg0x167 = 00
Levels A 2 7
_ _ 24 v RegOx168 = OF
Cutput drive level  Input drive level DDLY CNTL DYN DDLY CNTH Reg0x169 =18
Low = Low z Py - 2 Reglx16A = 20
T Qutput Frequency Reg0x16B = 00
I DDLY CNTH Dyunic Oy Reg0x16C = 00
ALy Disabled 125.000000 RegOx16D = 00
Reserved = RegOx16E =13
vl F ' MUX Polarity MHz RegOx171 = AA
MU L DL Divideronl w | | Normal Reglx172 =02
o B Reg0x173 =00
Den Byp ADLY MUK ADLY (ps) Reg0x174 = 00
- Withoutdu * | |0ps - Regdx17C=15
oty LBl Output format 2933":;? :0303
Act Jorma - egOx182 =
Act Normal LVDS RegOx183 = 00
RegOx184 = 00
e L | DDLY PD ¥ | ADLY PD Eegox:ggzgg
egOx188 =
| ADLYg PD V| Hsz PD ReggxlFFD e
Half shift RegOx1FFE = 00
RegOx1FFF =53
0K Cancel Apply

Clear window

_r"nnnarfnd tn thuliSRN - I@ANN 2 Mana 1 Manao

External VCXO
or Tunable
Crystal

External
Loop Filter

Input
Buffer

PLL2

Up to 1 OSCout

@ Frequency programmable 11MHz to
3 Ghz

@ Analog delay adjusment by 25ps
step

@ ~ 100fs rms jitter

@ JESD20B compatible

@ Free runinng or synchro WR

@ Configure by pP.

@ Re-configuration by USB or Eth
@ Output clk on sma connector

External

PLL1

| !
CLKinX & 2!
Upto3 ,
inputs ! Dﬁtfﬂm _?_

i I

i i

|

| LMK0482x

S e - e e e MmO R R Em R W Em W M N Em R R M e e e e e e e = = =

OSCout Loop Filter
OSCout*
TR T T abiedks T T Clocke.
B |— . Device Clock id DCLKoutX
— Phase Partially Divider pd DCLKoutX*
Detector f Integrated Digital Delay
PLLZ Loop Filter
N p Analog Delay
I'7 SYSREF
Internal ! or Device
VCOs SYSREF | Clocks
Digital Delay SDCLKoutY
Analog Delay SDCLKouty*

1 Global SYSREF Divider !
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® Continuation of DAQGEN project
@ Only switch functionality (no GM)
@ Sync-E function on MCH board

MTCA ¢
backplane

IPbus

=

+'Z

4 MCH connector H RTM connector

switch

IPMI

Ethernet

switch ue

i‘ Commercial MCH

L] ]

GbE A \PCle or
10 GbE
over

optics

Vit

* Test MCH on the shelf product
* Custom MCH to design
* Switch function to design

Optional RTM

I

1

ﬁ.l' =i
4 AMC connector 4 RTM connector }
Sync-E .

| PCle or
lOGi_JE
FPGA
IPMI Altera or

LVDS

Xilinx

IN2P3 AMC

Data acquisition -

Commercial
FMC

Slow control + time distribution-=



IDROGEN configuration & readout

Coni

eeeeeeeee
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170

2K

CCCCC

99999

Mode

Write

¥ | Print data

ttttttt

®IpBus 1G
@ Developed by LPSC for XILINX
@ IntelFPGA version by IJCLA
@ Master QSYS
@ Utility base on QT

®| IpBus 10G (in development)
@ Developed by LPSC for Xlinx
@intelFPGA version by [JCLA
@ New functionality : Streamer UDP
@ Acquisition software



Phase noise PSD (dBc/Hz)

Phase noise PSD (dBc/Hz)

IDROGEN Phase noise measurements W) Crob
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Phase noise comparison of improved WR device
- 2020 state of the art -

—— idrogen at LAL
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@ For the test we measure the phase
difference between 2 nodes (IDROGEN
board)

@ Best result, one order, than the
« challenger »

@ Clock phase jitter
@ PPS time precision 1ps RMS

@ Timing Improvement currently in
development



WhiteRabbit, SYRTE test system W Coob
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9/ For the test we use the test
system developed by the SYRTE
for timing distribution

SYRTE
H-Maser signal — WR SWITCH )% measureme nt
1GHz distribution = = = »] (Grandmaster) GM .
{ - @fs measurement capability
10 MHz Local : 1541 nm 1610 nm i . -
reference . @ Very high timing stability 10e-16
and distribution : : :
| ! ook ® WR switch improvement.
PPS generation and _| : 1er Spoo JRemove of local PLL
distribution 1 Uni-di_rectional .
10MHz | | ink . @ Conditioned room.
IGHz L.occcaa- o OADM . .
125MHz @ Dedicated measuring apparatus
1541 nm* f * f1610 n _ _
@ Selection of fiber length

Time interval counter |« WR SWITCH
PPS REF (SR 620) PPSOUT |  Slave
| | | Time interval counter
(5TS 201 PPS OUT

@ Selection of transceivers

Systeme de Réference Temps Espace
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IDROGEN preliminary measurements W) Crob
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— @ Pour ces tests on mesures la phase
. &\ Mo e D entre 2 noeuds IDROGEN
\ @ Une des cartes partiellement
1073 N opérationnelles.
- \\ ® Nouvelle mesure sera faite sur la V3
9
10—15 N
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t Mezzanine ADC
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12V GND 3V3
ADC_AD9680 FMC
12V [LAL 1909]
Power
3V3  management
EEPROM
% e Power ADC temperature
Monitoring monitoring
overtemp
8 seroouTx0.3) | JESD2048  ADC
Q interface >
14-BIT se~to~de < channel |
% ADCSYNCt AD9680 o« sion A ,
= Entrees
PAY ADCSYSREF+ clock .
N ADCCLK+ generation 16 - analogiques
g 14-BIT se—[ol—de < chaBnneI
fast detect A & B ADC € e
level-shift spi control
interface
< wde o f&xth Trigger

19" axterne

® The motivation of the
development of a new mezzanine
Instead off an On-the-shet ADC
mezzanine :

® Include : its own PLL.
®* ADC clock source : External clock

® Mezzanine main features :
* VITA57.1 (FMC)
* ADC 9680
® 2 channels
® 14 bits
®1.25 GSPS
* JESD204
®* 2GHz analog bandwidth
* External trigger In



IDROGEN + mezzanine ADC for PAON IV

R e T m  ® Preliminary results

| @ Bandwtih 500 MHz at 1.5GHz

¥ ‘@ b & - ® WR synchronisation

D i’ o | — ® JESD204B protocol

- e AR &y - ® Configuration & readout : IP bus 1G
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IDROGEN + mezzanine ADC for PAON IV 1.2GHz

Activités

@ matplotlib ~

Figure 1

LMKO0482xB Ultra Low-Noise JESD204B Cmplnt Clck Jitter Cleaner w/ Dual Loop PLLs (Rev. AQ)
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9 IDROGEN
* V3 en cours de fabrication
* PCB a la fin du mois cablage de 2 cartes dans la foulée
* Cablage des 15 cartes fin de I'année
* Firmware :
* 1GEth Ipbus opérationnelle
* 10GEth en cours de déeveloppement.
* Lecture ADC en JESD204B opérationnelle.
* Upgrade firmware WR
* PClexpress issue du développement de Belle2

B Les differences de valeurs dans les résultats dépendes principalement
de ce qui est mesure et des conditions :

* Carte seule versus systeme (maitre esclave)
* Longueur de la fibre



NEBULA performance ‘UJ,CLCab
® IDROGEN version -1
®400fs after 1000s & 100m of fibers
@ Same design as IDROGEN

dataGT\site_ 0_ch B Time Interval 24-11-2017 12.11.11.346.txt . I D R O G E N SySte m q u aI Ifl Catl O nTe St

10-11 * With SYRTE test setup
* 2 IDROGEN board : Grand master
& slave configuration .
ﬁ SYRTE test setup recently operational
again
10—12_
T10* T 10°

10° 100 102 10°
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