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Digital Optical Module
(DOM)

12800 DOMs

320 lignes




Digital Optical Module DOM
\ f_;:x N2

{ X
v 1

e Sphere de 17” de diametre

e 31x37PMT (19 Lower & 12 Upper)

* Read out des PMT — Connection
gigabit ethernet optique vers la station

onshore

e Slow control - Instrumentation et
bases des PMT

e Alimentation 12V

* Read out system on chip (RSOC) sur
FPGA Virtex 5 totalement intégré



Inside the DOM Heat conductor

Mechanical support

Power conversion board
(NESTOR)

PMT

2aorer. e
190.6REF

Central logic board

& Software (CEA-IRFU)
Instrumentation
(NESTOR, INFN, Valence)

HV PMT base

" Signal collection
Octopus boards

DOM designed at NIKHEF — T
(Amsterdam, Netherlands)












Octopus boards
« Transfer signals from the PMT base to the Central Logic Board
 Provide and monitor power for individual PMT HV base




o

Photomultiplier base

Adjustable HV (800-1400V)

Low power (4,5mW)

ASIC with pre-amplifier and discriminator

Connection to the signal collection boards done by flexible PCB
Time over threshold (TOT) LVDS output signal
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Power board
Convert 12V from the external break
Out Box to voltages for the DOM



Central Logic Board
- Minimodule Virtex 5 - FX70T
- Instrumentation : Tilt meter, compass, digipico (temperature et humidité)
- Carte ADC des hydrophones




Central Logic Board

* Mini module with Virtex 5 System on . T D | |
Chip (SoC) oo & [l e =00

o Optical Line Terminal 1Gb/s Ethernet
link
REAM Driver / Diode Pin

» Acoustic board (piezo + hydro)

e Tilt-meter board

e Compass

«  Temperature sensor

«  Nano Beacon control board AR - T © Optical Line
' Terminal

0016889184




DOM electronic description

Dc/Dc Power
Board

Mini module
Virtex 5

Power
management

Hydrophone

| Compass

Tiltmeter [

| | FPGA
| NanoB System On
Chip

Front End

DOM

Optical Network D ata

=P (Control & Command (12C Link)
>

. Data Readout Management

Instrumentation




The KM3Net prototype Offshore

Processor Board

31TOTData|’ X
— | 1 GHz

S

x 31
small PMTs

Power PC 440 @ 300Mhz /
Bus @ 75Mhz

VxWorks Real Time
Operating System

Data acquisition and slow
control performed in a multi
tasking embedded system

r-——-————_—— 1
<4

| 31 Readout System On Chip |
| Readout (RSOC) / VIRTEX-5 |
. DC Logic PPC440 processor :
r’l______.l.__, @ata? |
Task I
FPGA Data : “elow |

Bitstream | [T
e G |
Processor Slow | 1 |
Boot Control | I Clock |
Flash DDR2 I SC Iert.OCOI /Command :
Memory Memory :_ ogic Extraction |
(32 MB) (64mB) ~—— ————I —————

Slow-Control <

for the Storey (12C, SPI)

1Gb/s Ethernet Link

To shore station



PPM DOM
Optical fiber Shore Station
2w SMA === | | 2xSMA Ethernet / RJ45
2XSMA | 4= 5, A JTAG / USE USB
Console / USB USB
Start/ GPI-C | Level Start/ BNC PC
ML605 stop/GpI-g] | Adart Stop /BNC Data
1pps 125 Mhz Control
ISMA [ 2x SMA GPI-O GPI-O TDC
SR620
RS 232 / DB 9| emmsmmms m—
RS 232/DB 9
e | e
12C | IGPS RS232
i TA
LinfGate| | Module | | TTAC | oy | 158 Ethernet
Prog .
I Switch
/ 2x SMA v t
/ Migyo Port | ¢emmmmmmmm | GP -0
IG;)SMA Cmem | Dower M L507 Console /DB 9 | {=====—=====ssss=)) | RS232/DB9
/ SMA 33V
I GPI1-0O Ethernet /RJ45 @ € e —
1pps 10 Mhz NMEA /DB 9
/BNC /BNC
G PS Ethernet / RJ45 —
NetWOork e




Pseudo Octopus
TDC SR620

Octopus + bases de PMT
tranceivers electro-optiques

CLB + Minimodule Virtex 5

GPS

20 km fibre optique

Onshore Crate
Ethernet bridge



Distribution d’horloge et
Synchronisation

“Syntonization”

Distribution d’une fréquence issue d’une source unique (GPS, horloge atomique) d’un maitre on-shore
vers un ou plusieurs esclaves off-shore.
Utiliser la frequence porteuse des liens Gigabit codés 8b/10b.

( SONET/SDH, Synchronous Ethernet, White Rabbit)

“Synchronization”

Distribution d’une phase / d’une date d’un maitre vers un ou plusieurs esclaves a mieux que la
nanoseconde pour les “besoins” de KM3NET.

- Latence liée a la propagation ?

- Latence dans le hardware ?

- Eléments aléatoires de latence a chaque RESET ou power on ?
- White Rabbit ? PTP ? Autre ?

- Latence fixe ou connue ?
- Mesurer la latence sur un Aller / Retour ?
- Pouvoir repartir cette latence entre Aller et Retour ?

Besoin de commandes synchrones ( top départ ) donc dans la couche physique,
‘ sans modifier les couches supérieures du protocole Ethernet.



Virtex 5 GTX Tile

( Xilinx UG198 - 387 pages )

- Embedded hardware tile

- 81024 GTX in Virtex5 FXT

- N parameters

- N’ ports

- GTX Wizard to help designers

- 150Mbps to 6.5Gbps bit rate

- Shared PLL ( 1.5 to 3.25 GHz range)

Test en Loop back externe :

Latence fixe une fois le lien établi mais
variation aléatoire a chaque reset.
Plusieurs valeurs différentes possibles
séparées de 0.8 ns

| MGTAVTTTX
| MGTAVTTRX
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|

MGTAVCC
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|
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|
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} MGTTXP1
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|

|
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MGTRXP1
MGTRXN1

MGTRXPO T — RXPO
MGTRXNO — RXNO

GTX_DUAL Tile

GTX0

— TXPO
— TXNO

ﬁﬂﬂi

Il

o
TXTX
l TX-PMA I 'D(»P@

D;IJCLQ

GTXRX

RX-PMA

RX-PCS

|1l

I TXDATAO[31:0)

| TXBYPASS8810B0[3:0)
TXCHARISK0{3:0]

| TXCHARDISPMODEO[2:0]

: TXCHARDISPVALO[2:0]

| RXPOWERDOWNO[1:0]
| RXSTATUS0{2:0]
| RXDATAQ[31:0]

I

| RXDISPERR0[3:0]

| RXCHARISCOMMAO[2:0]
| RXCHARISSKO[3:0]

| RXRUNDISPO[3:0]

| RXVALIDO[1:0)

— AVTTTX
— AVTTRX
— AVTTTX

- AVCC
t— AVCCPLL
— AVCC

Shared
PMA
PLL

PLL Lock
Detection

Resat
Control

Shared Reso

| TXOUTCLKO I
_—

I TXUSRCLK20
RXUSRCLKO

: RXRECCLKO
L— cLkin()

Clocking

Power
Control

GTX1

:T)(OUTCLK1
| TXUSRCLK1
| TXUSRCLK21
| RXUSRCLK1
| RXUSRCLK21
| RXRECCLK1

— TXP1
— TXN1

i
i arxix (6)
A

TX-PM.

TX-PCS

(!

— RXP1
— RXN1

GTX RX

RX-PCS

| TxDATA1[31:0)

| TXBYPASS881081[3:0)
TXCHARISK1[2:0]

| TXCHARDISPMODE1[3:0)

1 : RXPOWERDOWN1[1:0]

| RXSTATUS1[2:0)
| RXDATA1[31:0]

|
| RXDISPERR1[3:0)

| RXCHARISCOMMA1[3:0]
: RXCHARISSK1[3:0]

RXVALID1[1:0]

Voir les publications de P. Jansweijer etal., R. Giordano et al. et White
Rabbit qui ont aussi dévellopé sur Virtex 5/6 et Altera.
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GTX Transmitter (TX)

Latency Contribution
N%I;E:r SLO:'Z Attribute Setting (TXUSRCLK cycles)
Min Max Gamme d’accrochage de la PLL partagée : 1.5 a 3.25 GHz.
0 0.5 0.5
FPGA TX . e .
1 Interface TXDATAWIDTH 1 1 1 Existe un divisieur de frequence par deux entre PMA et PCS
2 2 2 qui introduit une variation de latence aléatoire d’une demi
0 0 0 H
2 SB/ 10B TXENC8B10BUSE periode.
ncoder 1 1 1
FALSE 1 1 .
3 TXBuffer | TXBUFFER USE | —— - - I] Donc , preferer un bypass du buffer et le phase alignement.
PMA + .. .
BT nterface ‘ : : 2 ( P. Jansweijer et H. Peek , Nikhef)
I mv e e T /T T e | |
|  TX Serial Clock l PMA Parallel Clock | PCS Parallel Clock | FPGA |
1 | (XCLK) : (TXUSRCLK) | Parallel Clock |
} | , | (TXUSRCLK2) :
| H |
] 4 [ N i | ™ I
1 ' | From RX | :
1 . Parallel Data of |
I x | ™ 1= ' | Same Channel :
} D :r"r]e <+ PISO|=+{ Polarity = ) = |
| P < Adjust | |
] Over- - - Logic
I PMA : sampling .—| N o9 |
1 PLL | | |
1 Divider l | TX |
| Gearbox '
1 ! : : |—° |
| From Shared |
1 PMA PLL ' | | PRBS TX PIPE Control | |
| I | | Generate | |
| | TX-PMA [ TX-PCS I | |
] \ t 7 \ : I 7 I
b \- - ___ Sy ——— I S — I

UG198_c6_18_101207



Table E-2: GTX RX Latency

Latency Contribution -
2% U e | ®ORGRo GTX Receiver (RX)
n ax
1424344 PMA + . - 4 4
Interface . .
— s o ; - Detection de commas et alignement :
5+6 . e | OVERSAMPLE_MODE - . .
sampling TRUE - utiliser la logique interne en mode manuel ?
o | Somma | RxcommapETUSE — —~ - utiliser une logique custom externe au GTX ?
11 IUB/SB. RXDEC8B10BUSE v 0 0 .
Decode 1 . ! - Changement de domaine d’horloge PMA/ PCS:
FALSE 2 2 y .
X Elasti T - garder I’elastic buffer ?
12 Hlastic | pX_BUFFER_USE Y R on ... )
Buffer TRUE | (oo | AR AT - ne pas le garder et utiliser phase alignment
2 /2
DA R 0 1.5 1.5 RX Interface
16 Intt;rface RXDATAWIDTH 1 2 2 Parallel Clock
2 3 3 (RXUSRCLK2)
T T T re Tt T T T T T T T T T T T T T T T T T T T r\—1
' | PMA Parallel Clock | P Faralel .
| RX Serial Clock | XOLK | Clock |
| | (RELE | (RXUSRCLK) ]
| | |
:r ™\ I |
| Il
Il |RX E \ / Comma | |
Il |IEQle | Rx TR RX Detect |
™ ax | COR SIPOIT™ sampphg [ Potarity and \ |
| Align 10B/8B Elastic |
| 00B / \ — Decoder Buffer RX |
| L 1 ) [ Gearbox |
| Shared | . ’ FPGA |||
| PMA | : RX
| PLL | l Interfacel]|
: Divider : ) Loss of Sync | > |
|
PRBS .
: : Check RX Status Control - |
| From Shared PMA PLL, T :
||RX-PMA | RX-PCS | |
| 8 Il 7\ | | |

________________________________________ B e e — =
UG198_c7_22_040707



GTX alignment attributes

BITSLIDES et alignement manuel

- Bus interne en 16 ou 20 bits de large. Interface utilisateur en 8, 16 ou 32 bits de large. Besoin de mots IDLES /
COMMAS de 16 bits ( 20 bits apres encodage ) pour lever les indéterminations.

- Du fait de la serialisation / deserialisation de 20 bits, I’horloge reconstruite peut presenter 20 decalages possibles
relativement a I’horloge propagée synchrone des données.

- Le GTX peut compenser ces décalages et resynchroniser les données paralléles et la RecClock.

- Désactiver I’alignement automatique. Trouver la bonne configuration de la logique d’alignment interne. Compter
le nombre décalages de 0.8 ns necessaires.

- GTX connecté au TEMAC qui genére par chance des IDLES 16 bits ( K28.5+D5.6 ou K28.5+D16.2)
- Interface TEMAC coté GTX en 8 bits !
- Logique insérée entre TEMAC et GTX pour aligner correctement les IDLES sur I’horloge 62.5 MHz et pouvoir

configurer le GTX en 16/20 bits. Necessaire pour avoir une configuration valide de la logique interne d’alignement
qui permette d’avoir une relation utilisable entre latence et nombre de Bitslides.

UsIP JOVINTL

--Comma Detection and Alignment Attributes ------------- is_aligned
ALIGN_COMMA WORD 0  => 2, p—
COMMA_10B ENABLE 0  =>  "1111111111", bit_slide ;?gsamgf Irg g;g = [0.19]
COMMA _DOUBLE_0 =>  FALSE,
DEC_MCOMMA DETECT 0 => TRUE,
DEC_PCOMMA DETECT 0  => TRUE, ] _
DEC_VALID_ COMMA ONLY 0 => TRUE, GT 16 bits 8 bits
MCOMMA 10B_VALUE 0  =>  "1010000011", CUSTOM
MCOMMA_DETECT 0 =>  TRUE, LOGIC TO i:> Embedded :>
PCOMMA 10B VALUE 0  =>  "0101111100", ALIGN 16 BIT
PCOMMA_DETECT 0 =>  TRUE, IDLES WITH hardware
RX_SLIDE_MODE_0 => "PCS", --PMA 16 bits 62.5 MHz 8 bits| TEMAC
----- TX_CLK
RXDATAWIDTH1 = 00", <:: TX <ﬁ <:i <:
TXDATAWIDTHO =>  "00",
INTDATAWIDTH = 1




Skew ( TX_clk, REC_clkl) in ns

BITSLIDES et alignement
manuel - Résultats

1
\\\ : set: | Undo
s T
i\‘is f
. X {
E— N | 1
! * | z | |
1 ‘\ i I [
A = : i * """""""""" | e e ] e R A e
0 . : 1 inEl | | T
NS 10 |15 20 - E | | I
i .,
e : J‘ Vo |||||| IR |_|||II|[|..._.-.- A NS R
*\,\ : Histogram range < 200 ps
S i
*\i Histogram standard deviation < 25 ps
1

Sampling at 10 GS/s
Number of bitslides to achieve comma alignment after
full system RESET



Skew ( TX_clk, REC_clkl) in ns

BITSLIDES et alignement

manuel : résultats

/
/4
4
4
/4
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[y =y

b d
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/
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Number of bitslides to achieve comma alignment after

full system RESET

322

320

318

316

306 %
v
*

304
0

Number of bitslides to achieve comma alignment after
full system RESET

10

15

20



Transmitting back from offshore to  utitiser une seute horloge
] pour I’Aller et le Retour ?
shore using REC clkl

Measuring propagation delay over a 1.25 Gbps + White Rabbit
bidirectional data link

‘ Solution 1 :

P.P.M. Jansweijer," H.Z. Peek,”

Nikhef. Science Park 105, 1098 XG Amsterdam, Netherlands

ML507 | VIRTEX-S SerDes (GTX) VIRTEX-S SerDes (GTX) [RxByiedligned ML507

FPGA 4 FPGA lide o

62,5 MHz 135 S 62,5 MHz Bislided)[ S |~

125 GHz bps sl _

TxData > i :l PISO Ixﬁ b 4 :l : > ?h‘.e
Generator s |a RxData ) | BitSlide

Phase (0-19)

start fe—1 Alien T TxUsrClk
62,5 MHz

- RxUsrClk
3
j S 125 MHz
vexo
2 2 DPLL
Shared Shared ® I I I
PMA PMA

125 20%128=2,5 20*128=2§

MHz 125 128
[ = M8l poL PLL | ™ REF
\ 2 2 TxUsrClk
I 2 I | ) : 62,5 MHz
RxUsrClk

62,5 MHz
h “ CDR Phae
1,28 2 Align
PP Rx Gbps Tx P[P TxData
Stop 4 RxData C M SIPO v_ _ FISO | |M| C € ;
Checker s la = AlS
1,25GHz 1,25GHz
RaBrieAligned e  OL5MHz 62,5\ Hz
ExStidel o
< BitSlide(5:0)

Master (+Slave) Ao cbmae T
BitSlide (0-39) Master Slave



Transmitting back from offshore to  Utiiser une seule horloge
] pour I’Aller et le Retour ?
shore using REC clkl

e=meamee |0 =
SerDes (GTX) VIRTEX-5
P 1 P FPGA
. ——)  |SIPO M M C
- Solution 2 : ] AlS RxUsrClk
1 G | 62,5MHz
IBM Research Report £OR L —>
Application Note : FPGAto IBM -
Power Processor Interface Setup PMA 125
| PLL MHz
Ibrahim OUDA and Kai Schleupen 125 Zio
MH A
REF[ |I|
1 /20
: €
PMASETPHASE = ‘1’ P _
> e 62.5MHz
ENPMAPHASEALIGN = ‘1’ v PP T
(€ = o PISO M C
A S
= 1als]

The slave node TxUsrClk directly fed by RxUsrClk

‘ Le prix de la simplicité pourrait étre une augmentation du jitter.



PCS vs PMA bitslides

- The GTX can be configured to achieve bit
sliding in the PCS or in the PMA.

- PCS : 20 different values of clock skew
and latency associated to 20 different values
of the number of bitslides (one way trip).

- PMA : 2 different values of clock skew and
latency which map to even or odd numbers
of bitslides. (R. Giordano et al.)

Tx/Rx clock skew measured with DDMTD (ns)
»
n

4,9 5 5,1 5,2 53 5,4 55 5,6 57 5,8 59
Tx/Rx clock skew measured with oscilloscope (ns)

Aller simple

Tx/Rx clock skew measured with oscilloscope (ns)

Tx/Rx clock skew measured ON SHORE with DDMTD (ns)

0 2 4 6 8 10 12 14 16 18
Number of bit shifts to reach word alignment

Aller simple

43
41
39
%
37 f 1
35
35 3,7 3,9 4,1 43 45 47 4,3 5.1 53

Tx/Rx clock skew measured ON SHORE with oscilloscope (ns)

Aller et Retour

5,5




Unresolved random 1.6 ns latency on older Virtex 5

306

304

302

w
o
o

N
(o]
oo

)
©
~

Latency (returntrip) in ns
N N
N S

290

288

\\\

==

5 .10 15 . .
Number of bItSiLIdeS on-shore to achieve

20

comma alignment after full system RESET

This issue appears to be hardware
dependent : tests reveal that there is an
unexplained problem on the RX channel of
only one out of five ML507 boards. Appears
to be correlated with Virtex 5 date code.

-Web case open but no clear answer : “could very well occur on all Virtex 5, try extend
temperatur range, voltage ..”

- Could be due to the RX Phase alignment block ... Needs some more investigating !




Synchronous Commands

Incoming commands :

Select RX short or long

- commands detected inside RX default
long path pipeline. Could use a specific
K-char to tag commands and second byte
to define 256 commands.

- switch to short path , remove command
from RX pipeline and replace it with 16
bit idle.

A

RX long path (DEFAULT)

RX short path

16 bits TX short path (DEFAULT)

- switch back to default long path within <:
inter frame gap, which is then one idle

X

TX long path

longer than initial gap.

Outgoing commands :

- command to be inserted is stored in long path pipeline

- switch to long path : move command out and pipeline
Ethernet flow

- switch back to default short path within inter frame
gap by removing one 16 bit idle.

A
I TX clk

Select TX short or long path

N.B. The data bus is pipelined along with several
other signals (running disparity, char_is_K, etc.)

16 bits

—

Design is implemented in hardware for system_reset, tx_inhibit, start_of run,
reset_time_stamp, flash_led, etc.

Able to handle the necessary low rate of synchronous commands.

Commands inserted anywhere inside Ethernet flow without corrupting ethernet frames.




RX Client

TXClient

Flow

Control

Generic

DCR

TEMAC

Host Bus

EMACHCLIENTRXCLIENTCLKOUT - RESET
CLIENTEMAC#RXCLIENTCLKIN ———— < CLIENTEMACHDCMLOCKED
EMACHCLIENTRXD[150] ~—] <~ PHYEMACAGTXCLK
EMACHCLIENTRXDVLD =——— = [———————————————————
EMACHCLIENTRXOVLOMSW =] [———>EMACISPEEDIS10100
EMACHCLIENTRXGOODFRAME = EMACEPHYTXGMIMIICLKOUT
EMACHCLIENTRXBADFRAME —=—— <«———— PHYEMACHTXGMIIMIICLKIN
EMACECLIENTRXFRAMEDROP  —i| 4+——— PHVEMACROT K g _________________________________
~+———— PHYEMAC#RXD[7:0] 3 T T T T T T T T T T T T T e e —i
- PHYI R; Statistics IP0
EMACH#CLIENTRXSTATS(6:0] P:é::gﬁ::; % I | S | |
EMAC#CLIENTRXSTATSBYTEVLD ~—— ~ L e & e r—— — |
EMAC#CLIENTRXSTATSVLD +—| O IPETHGLI g | | 7 : |
_____________________ » I
EMACSCLIENTTXCLIENTCLKOUT «— | |~ EMACEPHYTXD(7:0) [ : ITX Stats MUXOI IRX Stats MUXOlI |
EMAC#PHYTXEN |
CLIENTEMACE#TXCLIENTCLKIN ————» = e idueioto | . | 321’ 32 | MIVGMIVBRGMII TXO |
bt l { Client TX0 L MIVGMIVRGMII RXO
CLIENTEMACHTXDVLD — o < PHYEMACECOL | 5 I : : |
CLIENTEMACHTXDVLOMSW —» |*—_—__PHYEMACiCRS | iClient RX0 } EMACO ] GTP/GTX Transceiver TXO0 |
EMAC#CLIENTTXACK —+—— < PHYEMACESIGNALDET | | | GTP/GTX Transceiver RX0' |
CLIENTEMAC#TXUNDERRUN ———— ~«+———— PHYEMAC#PHYAD{4:0] | L |
EMACACLIENTTXCOLLISION <———  \oow | o cMACHPHYENCOMMAALIGN : e S i MDIO Interface 0 |
:mmm:;:ﬂfgg <— Primitive | —» EMAC#PHYLOOPBACKMSB | Ethernet MAC Block :
0] —— L+ EMACEPHYMGTRXRESET ;
CLIENTEMACH#TXFIRSTBYTE — & - EMACEPHYMGTTXRESET | Generic Host Bus Host Interface I
EMACH#CLIENTTXSTATS ———| I+ EMACHPHYPOWERDOWN ' DCR Bus DCR Bridge |
EMAGICLIENTTXSTATSOYTEVED : %—— |~ EMACHPHYSYNCACQSTATUS : I
EMACHCLIENTTXSTATSVLD =—f < PHYEMAC#RXCLKCORCNT[2:0] | r———77777 P ______ ] MIVGMI/RGMII TX1 l
CLIENTEMAC#PAUSEREQ — - <+——— PHYEMAC#RXBUFSTATUS][1:0] % I =CI' T4 | ! MIVGMIVRGMI! RX1 |
H 1
CLIENTEMAC#PAUSEVAL[15:0] — & -——— PHYEMACIRXCHARISCOMMA = | i Aen ; | GTR/GTX T, ver XA | :
———————————————— <« PHYEMAC#RXCHARISK - ransceiver i
HOSTADDR{[8:0] — = 2 | iClient RX1 EMAC1 ] . H |
e ~———— PHYEMACHRXCHECKINGCRC = | | | GTP/GTX Transceiver RX1:
ey I <~ PHYEMAC#RXCOMMADET 2 | | MDIO Interface 1 ' |
s < PHYEMAC#RXDISPERR 8 | | = = T |
e < PHYEMACHRXLOSSOFSYNC[1:0] & | | | |
—
ST < PHYEMAC#RXNOTINTABLE | | I TX Stats MUX1I |HX Stats MUX1 I: |
-—
<~ PHYEMACERXRUNDISP
HOSTRDDATA[21:0] ~——— | P [ Sp— l
HOTREENIAH ~—— PHYEMAC#RXBUFERR | L Y |
HOSTEMACISEL ——» " EMAGICLIENTANINTERFLIT | FPGA Logic [ Statistics IP1 | [
_____________________ = EMAC#PHYTXCHARDISPMODE -———————— Y = ]
DC“;”:S;S:A";E — |~ EMACHPHYTXCHARDISPVAL UG194.2 01031009
-—
= EMAC#PHYTXCHARISK
EMACDCRDBUS[0:31] +— <~ PHYEMACETXBUFERR
DCREMAGABUS[0:9) — | = e
§ DCREMACCLK ———» | EMAC#PHYMCLKOUT
DCREMACDBUS[0:31] ————= <———— PHYEMAC#MCLKIN . ﬁf-
DCREMACREAD . - PHYEMACEMDIN £a
DCREMACWRITE —— = = EMACEPHYMDOUT Sg
DCRHOSTDONEIR ~—— = EMACE#PHYMDTRI g

Figure 2-3: Ethernet MAC Primitive



Ethernet MAC
(PCS/PMA Sublayer)

EMAC#PHYSYNCACQSTATUS

EMAC#PHYTXD[7:0]
EMAC#PHYLOOPBACKMSB
EMAC#PHYMGTTXRESET
EMAC#PHYPOWERDOWN
EMAC#PHYTXCHARDISPMODE
EMAC#PHYTXCHARDISPVAL
EMAC#PHYTXCHARISK
PHYEMACETXBUFERR
PHYEMAC#COL

PHYEMAC#RXD[7-0]
PHYEMAC#RXRUNDISP
PHYEMACERXCHARISK

PHYEMAC#RXCHARISCOMMA
PHYEMAC#RXBUFSTATUS[1]
PHYEMACEDISPERR
PHYEMAC#RXNOTINTABLE
PHYEMAC#RXCLKCORCNT[2:0]

EMAC#PHYMGTRXRESET

PHYEMAC#RXCHECKINGCRC
PHYEMAC#RXLOSSOFSYNC[1:0]
PHYEMACE#RXCOMMADET
PHYEMAC#RXBUFSTATUS|[0]
PHYEMAC#RXBUFFERR

CLIENTEMAC#DCMLOCKED

————— Status

Only

TEMAC to GTX connections in 1000 BaseX mode

Shim

GND

RocketlO
Serial Transceiver

TXDATA#{7:0]
LOOPBACK#[0]
TXRESET#
TXPOWERDOWN#
TXCHARDISPMODE#[0]
TXCHARDISPVAL#[0)
TXCHARISK#[0]
TXBUFSTATUS#[1]
TXRUNDISP#{0]

RXDATA#[7.
RXRUNDISP#{0]
RXCHARISK#{0]

RXCHARISCOMMAGZ[0]
RXBUFERR
RXDISPERR#{0]
RXNOTINABLE#[0]
RXCLKCORCNT#{2:0]

RXBUFRESET#
RXRESET#

PLLLKDET

te——— MGTCLK_P
[*— MGTCLK_N

TXN_#
TXP_#

|

RXN_#
RXP_#

|

LUG1M_E 20 051008



TEMAC et Commandes Synchrones

Ethernet MAC
(PCS/PMA Sublayer)

EMAC#PHYSYNCACQSTATUS

EMAC#PHYTXD[7:0]
EMAC#PHYLOOPBACKMSB
EMAC#PHYMGTTXRESET
EMAC#PHYPOWERDOWN
EMAC#PHYTXCHARDISPMODE
EMAC#PHYTXCHARDISPVAL
EMAC#PHYTXCHARISK
PHYEMAC#TXBUFERR
PHYEMAC#COL

PHYEMAC#RXDI[7:0]
PHYEMAC#RXRUNDISP
PHYEMAC#RXCHARISK

PHYEMAC#RXCHARISCOMMA
PHYEMAC#RXBUFSTATUS[1]
PHYEMAC#DISPERR
PHYEMACERXNOTINTABLE
PHYEMAC#RXCLKCORCNT[2:0]

EMAC#PHYMGTRXRESET

PHYEMAC#RXCHECKINGCRC
PHYEMAC#RXLOSSOFSYNCI[1:0]
PHYEMAC#RXCOMMADET
PHYEMAC#RXBUFSTATUS|0]
PHYEMAC#RXBUFFERR

CLIENTEMAC#DCMLOCKED

-« Status

Only

Insertion de 2 bytes

HEEEREER!

Shim

[ 1]

[[[T]]

¥ Y

GND

Extraction de 2 Bytes

A

RocketlO
Serial Transceiver

TXDATA#[7:0)
LOOPBACK#[0]
TXRESET#
TXPOWERDOWN#
TXCHARDISPMODE#[0]
TXCHARDISPVAL#0]
TXCHARISKE[0]
TXBUFSTATUS#[1]
TXRUNDISP#[0]

RXDATA#{7:0]
RXCHARISK#{0]

RXBUFRESET#
RXRESET#

PLLLKDET

le————— MGTCLK_P
[*—— MGTCLK_N

:

RXN_#
RXP_#

|

UG194 6 20 031008



BOTTOM - UP

©
Efg | Customcomma i —p g 19]
= 15 alignment logic
2|5 3 ‘
' v
GTX 16 bi 16 bits 8 bits
-1 Extraction iD 16-to-8 i: >
1 and insertion E]r:r?jedgfed
of \
FRee ¥ Synchronous v 3 bits TEMAC
commands
T o K7 (71 s (7
1 16 bits 16 bits

TXPMASETPHASE = ‘1’
TXENPMAPHASEALIGN = ‘1’

-TX and RX elastic buffers bypassed

U

I

eld OVINAL

- 16 bit idles are synchronized with the 62.5 MHz clock on TX path.




TOP - DOWN PN

Customized XPS_LL_TEMAC IP for Virtex5 FX EDK 12.2

Gigabit Tranceiver GTX in non-standard

configuration for fixed/known latency <:> PPC440
CUSTOM LOGIC
_ di N hardware
Srectonanaertont | | Ewerner (>
- MAC
( TX e s e e e e e EEEEe—— 1000BASE_X
Processor Local Bus
1 Comma
Alignment
N
— RXxRecClock :
StartRun, ResetCounter, efC. | mmm— Recovered CLOCK 62.5MHz synchronous of propagated onshore
Synchronous commands in the RxRecClock domain transmission TX Clock with known/fixed phase relationship.

transmitted from and to shore with known latency .

- 1000BASE-X Ethernet drivers for VxWorks6.3
- logic insertion between TEMAC and GTX in the XPS_LL_TEMAC IP requires EDK12.2 ( sources encrypted in prior versions! )



Onshore crate : Virtex 6 inside !

- Beaucoup de similarités entre GTX du V5 et GTX du V6

- GTX du V6 plus “friendly” : RX/ TX indépendants.

- Emission et reception dans deux domaines d’horloge différents mais synchrones
- Bridge entre deux domaines ethernet : deux LL_temac mis dos a dos.

- Coté “mer”, customized pour la latence fixe, coté “terre” standard

- insertion extraction de commandes

- Pour que RxBytelsAligned passe a 1, il faut corriger la valeur du parametre SHOW_REALIGN_COMMA
donnée par défaut par le Core Generator comme suit :
SHOW_REALIGN_COMMA => (FALSE)

- L’horloge 125 MHz fournie sur la ML605 est hors specifications ( P. Jansweijer, NIKHEF )

Changed to VDDA SGMTTICLK VDD SGMITCIK
22pf —l_ 1::::1!(1:”! o -_"_
- 2| a0 SGMIICLK QO
. = l SCMIICLK XTAL OOT Berar, oor %00 SCMIICLE QO
e R — SGMIICLK XTAL IN | by py oef
| 25 . INNMAZ. \ SL7 o
| CND SGMIICLK 125.00 MHz Clock

:CEHDV .Icuc \ Cha1n89pefd to Ethernet SGMII Clock - 125MHz
Frequency of the crystal ~81 ppm off ‘ Frequency measured after lowering C324
target : SGMIICLK_QO = 124989880 and C325: SFPCLK QO = 124998185 (= -15 ppm)



Single channel 1 GHz sampler as TDC UG190 chapitre 8

UG361 chapitre 3
10 bits
InputLVDS _J|  1/OSerDes primitive used as a [,  Outputparallel
analog data 1GHz sampler (DDR) ! _ sampled data
(resp. 8 bits)
500 MHz PLL 100 MHz (resp. 125 MHz)
|IODELAY
(Chapter 7)
T ILOGIC
- T T T T T T T T T T T T T T g . (Chapter 7)
|  SERDES_MODE=MASTER | Clk_in e e
Data |npUt | | (Chapter 8)
— | ° g; I 108 Pad
1 (Chapter 6)
ﬁ& : SltjeEr;S 82 Data_internal [0:5] (gh:?)grcn
Q5 —;—- OSEOFrIDES
Q6 b————+ (Chapter 8)

SHIFTOUT1 SHIFTOUT2

SHIFTIN1 SHIFTIN2 ILOGIC
D Qi (Chapter 7)
Q2 or
ISERDES
ISERDES Qa3 —t— (Chapter 8)
Slave o4 f—Lb——» : ; 10B
( ) oS | Data_internal [6:9] (Chapter 6) Pad
| OLOGIC
Q6 —— (Chapter 7)
| or
SERDES_MODE=SLAVE | OSERDES
_________________ ] (Chapter 8)
ug361_c3_08_022309
) . . . IODELAY
Figure 3-9: Block Diagram of ISERDES Width Expansion (Chapter 7)

ug190_6_01_041106

Figure 6-1: Virtex-5 FPGA I/O Tile
[ Similar design by Albert ZWART (NIKHEF) / small PMTs test bench for ALTERA]




Single channel TDC

LVDS IN

XXXmXXXXX

WW“( me\lmxxxxxx

time
Sampling frequency 1GHz

...00000000000111111111111110000000000000000...
\ A A A

¥ T ¥

Output frequency 100 MHz

U

1100
0100
0100
0100
0100
0100
0110
0110
0110
0110

t=t0 + n*10ns+ k* 1ns

---------

.......

LVDS OUT

- 10delay on the output path to insert a propagation delay 1 to 64
times 78 picoseconds.

- Validation of proposed single channel TDC architecture.

- Check for metastability : detect 010 or 101 sequences in the parallel
data. None observed.



Single channel TDC

k (falling edge) OR 10 - k (rising edge)

10 + 0-0-0-0-0-0-00

Rising edge

i '_'_"\.-._._..\

time

...00000000000111111111111110000000000000000...

Sampling frequency 1GHz

/@X

Output frequency 100 MHz

I

1100
0100
0100
0100
0100
0100
0110
0110
0110
0110

!

t=t0 + n*10ns+ k* 1ns

Falling e

Measured propagation delay (ns)

40 50 60
I0Delay setting ( 0 to 63)

- 10delay on the output path to insert a propagation delay 1 to 64
times 78 picoseconds.

- Validation of proposed single channel TDC architecture.

- Check for metastability : detect 010 or 101 sequences in the parallel
data. None observed.



TDC 31 VOIES

10 bits

ﬂ;)

(resp. 8 bits)

10 bits

ﬂ;’

— I/OSerDes primitive used as a
1GHz sampler (DDR)
e
c
Input LVDS _J §
analog data S
—
o™
— I/OSerDes primitive used as a
1GHz sampler (DDR)
PLL
500 MHz

- Synthesized, mapped and routed in a Virtex 5 FXT70.

- Xilinx routing tools show a 20 ps dispersion in the fast clock arrival times to the 31 samplers.

(resp. 8 bits)

I

Clk_in

100 MHz (resp. 125 MHz)

Output parallel
sampled data



DOM 31 PMT readout

‘ » Packetized and Sent over ETHERNET

Event type/TDC number | Coarse Time Stamp #24-bit | TDC #16-bit

00011100

A

I
0 Readout Logic
TOT LVDS PMT ___1 @125 MHz
asynchronous input E
PLL 1 GHz ‘1’ Detection
Recovered )
ETHERNET 500 MHz Sampling &
Clock Coarse Time
500 MH St i
@125MHz / : E ampine

125 MH:z




TDC : résultats quantitatifs (1)

Geénerateur d’impulsions : 8 ns

2NS/\2ns
Frequence : 200 kHz

( LeCroy 64Xi 600 MHz donne std =220 ps)

Les cartes pseudo Octopus
<€@mm réalisent un fan out sur les 31
voies LVDS.

Analyse des mesures sur une une voie :

x 10 x 10 5
7 ! ! ! ' ' ! 12 T T T T T T T T 8X10

m =9.32ns ~0p
std = 0.47 ns

m =5006.1 ns -
std = 0.47 ns

. . ) : 0 \
7 8 9 10 11 12 1 2 3 4 5 6 7 8 5004 5005 5006 5007 5008
PULSE WIDTH (ns ) FIRST TDC CODE BIT PULSE PERIOD ( ns )



DC : résultats quantitatifs (2)

DifferenceSuccessiveEvent II’L’H?]) WidthPatternPulse fest
x10° Entries 505519 x10° Entries 505519
- Mean 1.001e+05 s00F- Mean 9.342
100~ RMS 1.827 - RMS 0.4743
C 250
80— Scope measurement -
C Mean : 100,10667 us 200~
60— ) =
- RMS: 1,75ns 150F-
401~ 100F-
20 ” 50
:I | |4mn| HﬂmL. N 4 i |x103 0_:||||||||||||||||;| T PR T | I
0700.095 100.1 100.105 100.11 100.115 5 6 7 8 10 11 12 13 14 15
DifferenceSuccessiveEvent
8 ns

Pulse @ f=10 kHz _2.01S 2 NS




Caractérisation du ... TDC ? generateur ? ...

pm mean delay
Maximum Dispersion

MaxDispersion
C Entries 24622
14000 — Mean 0.413 10* —
E RMS 0.4924 E ﬂ
12000/ C ﬂ—rj—'—’L
100005— :
8000:—
C 103?
6000 — =
4000— L
2000/ i - o
- 10° —
ol o L L b L L L L 1 oo by by b e b by oy |
0.2 0 02 0.4 0.6 0.8 1 1.2 14 0 5 10 15 20 25 30
Différence des temps d’arrivée entre la premiere Nombre de fois qu’une voie est touchée en meme
voie et la derniere voie touchees. temps que la premiere voie touchée.
Mean Dispersion
MeanDispersion
- Entries 24622
Mean 0.207
10

Permet aussi de valider la chaine d’acquisition
mmm) dans son ensemble : pas de trous dans les
données, Jumbo frames, mesures de débit, etc.

10°

M L KDAQ avec ZeroCopyBuffer et MTU = 7000 : debit =437 Mbit/s
jJ T_ﬁ o TTCP avec ZeroCopyBuffer et MTU = 7000 : debit =708 Mbit/s
TTCP sans ZeroCopyBuffer et MTU = 7000 : debit =185 Mbit/s

2

o T

caa o b b s s Ly I o b v by
0.1 0.2 0.3 0.4 0.5 0.6 07 0.8 09 1

Nombre de voies touchées une nanoseconde apres la
premiere voie touchée.



TDC “ON SHORE” pour mesure de latence AR

Commande synchrone émise vers le DOM  => “START” synchrone de TXCLK
Commande synchrone recue (echo) du DOM => “STOP” synchrone de RXCLK

Ces impulsions sont combinées et sorties du Virtex 6 sur un seul lien LVDS vers I’entrée
differentielle d’un TDC implémente sur ce meme FPGA.




Dual Mixing Time Difference (DMTD)

mixers image-reject
filters _ _ ‘
a(t)-c(t) = cos(2nt far + da)-cos(2mt fof fset + Pof fset)

ﬂ a(t)-c(t)

a(t) = cosnult + ¢,)

1 |
= §C0$(27.‘1‘(fdk + foffset) + Pa+ Pof fset)

local oscillator
time ¢1 - ¢b 1
interval —> —cos(2r e , —
c(t) = cos(2nf g *+ Pome) counter & S (27t (fetk — foffset) + ba— Pof fset)

(from T. Wlotowski’s thesis )

b(t) = cos(2nf.t + ¢,)

j b(t)¢c(t)

Digital Dual Mixing Time Difference (DDMTD)

(from T. Wlotowski’s thesis )

- Mesure de Phase par comptage clk, YD Q S N
. . . . . — _ 8 | phase
- Mélange / translation en fréquence par échantillonnage helperNPLL s 282 | difference
» a— u 2 ——
o far= o7 fan o 1
- White Rabbit préfere une PLL externe (| o 2 |__ 1|8 23
! o £
o i i ; o =
- Risqué de cascader les PLL internes du Virtex 6 ? clk, »D Q > »
. . . . —
- Compromis temps d’integration / precision de la mesure /
proximité des fréquences Figure 3.19. Structure of a digital DMTD phase detector

- Filtrage des “glitches



Using the same ML507 testbench, Clockl is generated as a

D D M T D delayed (out of phase) Clock0 with a programmable delay
multiple (0 to 63) of 78ps in addition to propagation delay.

Clock 1 _ —
100 MHz — Sampling + deglitching —
Slow output clocks
Clock0 T Sampling + deglitching e
100 MHz

PLL1 PLL 2 PLL 3 > 100 *8*61*61/ (40*12*62) = 100,02688 MHz

Maximum
delay

Delays amplified by a factor 1/ 0,0002688 are
L _Je conveniently measured on output.

propagation delay (us)
<
%/
v

20 30 40 50 60 70

Minimum \\\

delay

Estimated slope is 0,2888 us per delay tap which
IS coherent after conversion with 78 ps per tap :
0,2888 * 0,0002688 * 1000000 = 77,65 ps.

- To Do :

[N
o

S

©

- refine measurements and statistical analysis %
of measurements. ®yc

.. . (5 IONE
- digital measurement of the long delay in the > e
FPGA fabric.

Average dela

- adapt PLL settings for the 62,5MHz clocks. 20 P Y

- include in the onshore clock distribution IP. Number of 10Delay taps (0 to 63)



DDMTD

5,3

5,2

5,1

4,9

4,8

0

2000

4000

6000 8000 10000
Time since cold start in secondes

12000

14000

4,7
16000

Tx/Rx clock skew measured on shore with DMTD and

oscilloscope (ns)



Mesures de phase, latence et température

T R A T O T L L L T o i e ey e P S PP

RTATURE / TDC LATENCY / DMTD PHASE

TEMPE

www Wi m"'

~10h




Temperature optical lab, 2012-06-06 to 2012-06-07. Sample every 105

Nuit de mesures a Nikhef

Latence mesurée avec
TDC Externe ( SR620) |

Température
( boite rouge )

Température (labo)

BREALFEARIELILIE2Y

grgsgageg

828383823282

DDMTD -




Mesures A/R et Calibration

- Probleme : attribuer a I’aller et au retour sa part de latence variable due a I’alignement.

‘ MM = zeros(39,1);
;“‘x | DD = zeros(39,1);
‘ | AA = zeros(20,19);
for ii=1:20
A on=1*(BITSLIDES on==(ii-1));
MM(ii) = A_on * DMTD";
DD(ii)=A on* A _on’;
for jj =1:19
A_off =1 * (BITSLIDES_off == (jj) );
AA(ii,jj) =A_on* A _off";
MM(jj + 20) = A_off * DMTD";
DD(jj + 20) = A_off * A_off";
end
end

“u
w

v
A

&
W

)
~

-
w

H
-

w
o

k | | BB = diag(DD);
f—- T E— : : H——— CC = [[zero0s(20,20), AA] ; [AA’, zeros(19,19)]];
. | ! ‘ v = inv(BB+CC) * MM;

Tx/Rx clock skew measured ON SHORE with DDMTD (ns)
=

w
~

w
wn

Lo
[

3,7 3,9 a1 43 45 4,7 4,9 51 53 55
Tx/Rx clock skew measured ON SHORE with oscilloscope (ns)

Inversion d’un systeme lineaire au

Mesures sur un aller et retour sens des moindres carrés



Mesures A/R et Calibration

( ) \ : N
2Lasers \ [ MODU- N | B e ~N
tunable LATORS s 1§ CW+1A AC .
; - 1.25Gbps)
: \ IT—— T~ Ll IV
LiNbO3 .‘J i | i i [ \
N~ id : A5 'E'_*ﬂh
Antare | Ao )
DWDM : X SPM ct __é@
crate I g
< A~ ij I 5 J/
W , — (CY
" J ;J L
. i LCM
. SS-part ) 40 km 2 J ILxx

Onshore

~___~ Calibration par commande synchrone Ethernet

~____~ Calibration optique Aller + Retour

_ Calibration optique Aller + Aller
( conception NIKHEF ) —



Mesures A/R et Calibration

2 Lasers
tunable

/" MODU-
LATORS
[ LiNbO3 |

AS

| | ]

Antare

|
! ) A

1§ CW+1A AC .
@1 .25Gbps) =

s

VOA

(9))
U
=

Junction Box

40 km

( conception NIKHEF )

gl
S |

SS-part v
Onshore

— ILxx

~___~ Calibration par commande synchrone Ethernet

~____~ Calibration optique Aller + Retour
~___~" Calibration optique Aller + Aller



Mesures A/R et Calibration

( o ) \ : N\
2 Lasers  mopu- ) / N N | B Ve ~
tunable LATORS i 1N 1(:\2I\;-|(-;1 l))\p,:;: -
* AS —| LiNbO3 I [ _C @I ’ 50/50
i /)
' : - 80/20 *
\_ ) \ | B A5 PIN
Antare | \OA
DWDM : X SPM ct M| REAM
crate m
: § ; = “pom
I ] -
k A \I vj I i
SS-part I 40 km 3 \LCM J
R P —— ILxx
\ Y, :
|
|
Onshore
|

~___~ Calibration par commande synchrone Ethernet

~____~ Calibration optique Aller + Retour

. ~___~" Calibration optique Aller + Aller
( conception NIKHEF )



Hopes for the future ....

The DOM integrates all common Readout functions in a single component (RSOC):

-Event Time stamping @ 1 GHz
-Clock and command distribution

-Slow-control and data acquisition performed in a RTOS multi-tasking embedded system

-Embedded Instrumentation for monitoring and calibration

-Optical Gigabit Ethernet link
-31x 3” photomultipliers

Currently 1 DOM completed, deployment on Antares expected soon.

Final calibration on site using Laser and nano beacon, K disintegration, ...

Hopefully three more DOMs on the way ...

Hopefully a new shore station for Clock and
Synchronous command distribution to
several targets and additional great
challenges ...

eClock

Switch

Start

¥

Broadcast

"

28

=]
[e]

T“‘““l s
g Tx
| SFP SFP [ &=
J¢ 7
Rx Optical
Stopl & Network
¢@: DDMTD - N
| SFP SFP |3 = |
J v r
Rx
Stop2 &
¢@: DDMTD - N N
| SFP SFP L— | "
JY r
Rx
Stop3 &
¢@: DDMTD - N
| SFP SFP 3 == 4
JY r

Stopd 4=

Shore Station interface

Rx

¢@: DDMTD -

(‘image from P. Jansweijer, NIKHEF )

h 4
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