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Ricap 2024 KM3NeT Introduction D. Real

e [

ARCA: 230 Detection Units with 18 DOM (4140 DOM) -> 28 DUs deployed and operational
ORCA: 115 Detection Units with 18 DOM (2070 DOM) -> 23 DUs deployed and operational



Ricap 2024 KM3NeT Introduction D. Real

Cities and Sites of KM3NeT .

> 50 Institutes
> 250 Physics & Engineers

Two detectors, same
technology, different
physics objectives

ARCA: 230 Detection Units with 18 DOM (4140 DOM) -> 28 DUs deployed and operational
ORCA: 115 Detection Units with 18 DOM (2070 DOM) -> 23 DUs deployed and operational



Ricap 2024 KM3NeT Detection Unit D. Real

e 18 DOMs per DU

e ARCA: 36 m spacing, DUs 700
m height

e ORCA: 9 m spacing, DUs 180 m
height

e Two parallel ropes, 4 mm
diameter

e Four buoys to sustain DU
flotation

W 00L

P T st 000 m

<« W Q08| —>»

g N &
G oeevevevev 000000 © €00 OO0

(6]



Ricap 2024 KM3NeT Digital Optical Module D. Real

17" glass sphere,
transparent

Aluminium cooling block
313" PMTs

Two hemispheres (19
PMTs bottom, 12 PMTs
superior)

Acquisition Electronics
Piezo sensor
Nanobeacon




Ricap 2024 Digital Optical Module Electronics D. Real

1power board

1 central logic board

. e . Cooling system |
Acquisition electronics: mw s ;

1 nanobeacon

1 Power Board (PB) (ed pulser)
1 Central Logic Board (CLB) 31PMTs
2 SCB boards

2 Signal Collecting Boards
(SCB)
31 PMT bases

(small and large)

31 PMT bases
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The Power Board converts 12 V into the
voltages needed by the acquisition
electronics

The CLB mounts an FPGA. The
acquisition firmware runs on it
Communication done via optical fiber
The SCBs transfer the PMT signals to
the CLB

The PMT base digitizes the PMT signals
The configuration port only accessible
when the DOM is open

Produced > 1000 electronics boards

Digital Optical Module Electronics
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e FPGA Kintex 160T. Low power
consumption

e SPI Flash 256 Mbytes

e SFP transceiver at 1 Gbps

e Molex connectors for the SCBs

e 12 Vinput voltage

e Instrumentation: temperature and
humidity sensors, compass and
inclinometers

e FMC expansion connector

e \White Rabbit node

Central Logic Board

D. Real

JTAG connector

Sensors and ’ & qui
instrumentation \ :
Kintex-7 FPGA

SPI flash memory

SFEP transceiver

12 Vinput



Ricap 2024 Firmware Architecture D. Real
Xilinx Kintex-7
IP/UDP Packet Buffer 5 31 TDCs
Start Time Slice UTC& Stream Selector (IPMUX) 8 Fifo |1- TDCO Iq
Offset counter since = -
«| RxPacket g
—— 2| e | & £
g WhiteRabbit PTP Core H % 5 ﬂ ’: A ™
8 le GTP | End- Fabric a & | o
g i Phy point redirector Flalgs DRl IL’:’: '
"_- { © — e o
Pause Frame MaRageTnt ,’ = 5
é Otherp 1 & Config. iy Fifo ADC %
Y ! §l AR e
PPS PTP Core | ,
Gen Lm32 ol TxPacket |- / TxPort1 b I Management i3
gl sufer |3|E TxPort 2 & Control T
gl 3k JE|E H TxPort3 ’
Tunable Dual port %. &l S, —
Ioscl“m Soft Pl memory l§ Flags b>—<l A m Monltonng
\ ‘. Control
L Multiboot
d¢ L l .* Management
Dual port 2" CPU GPIO SPI UART4x | 12C3 | 12C1&2 & Control
memory LM32 ) 3
- -
= Data UTC time & Clock (PPS, 125 MHz) - -
== Control = Point to Point interconnection SPI RSZ?&E Temp Tilt & Nano
~ Wishbone bus Flash IE""'!“‘“""”’ Compass | |Beacon
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Ricap 2024 Power Board D. Real

Ofl!/Of' :?)uLt ;\:\?i::her specilicationDsOM wic e
e 7 channels: 1,18, 25,6 3.3, 33V '
9 . ww’mming com:‘" e V7 5Vto30V,5mA
PMT, 5V and an I°C configurable H{ I o memt o
vin, V1..v7 :: s . remote sénse'
power supply for the Nanobeacon (5 LA o o R | I é é}gww 55 V, 3 max
converter -— S remote sense
V..30V) = V2 0000Vio oV iAmax 2oV
[ it V5 0900V to 55V, 1Amax
e Hysteresis to avoid start u v
y . p \l/zs\l,“:g%mal —_— Filter Linear regulator ——= V6 0800V to 3.6 V, 3A max 3.3V (PMT)
fluctuations 1LVio14V .
e Implemented sequencer to switch on

FPGA Vout
e Shielded by the cooling block to ) -
avoid Interferences _ f 4

Y95V | 11V 14V

12Vin
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Ricap 2024 Signal Collection Boards D. Real

e Two SCBs per DOM: Long SCB with
19 channels and short SCB with 12
channels

e Long SCB in the bottom hemisphere
and the short SCB in the superior
hemisphere

e Differential tracks with controlled

impedance

e I2C bus to control the PMT bases

e Power supply to the PMT bases
controlled by I°C

12



Ricap 2024 PMT Board D. Real

e Turn PMT signals into a differential E— v PMT
LVDS (ToT). Active while the PMT signal |
is over the threshold
e Control via I°C:
o High voltage (-800 V .. -1400 V)
o  Threshold
e 2ASICs, PROMiS y CoCo
o PROMIS: Preamplifier, discriminator, LVDS
output
o CoCo controls the autotransformer of the
PMT base and receives the HV feedback
e Create an analogue signal (only for

tests)

6.5us
Pulse Gen

Current

Threshold Control

DAC

Oscillator

PROMiIS
CoCo
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Ricap 2024 DU BASE Electronics D. Real

WR SWITCH 290 %

Current Design KM3NeT Upgrade improvement in

WR SCB the reliability of

FIT MTBF FIT MTBF the WRS

2937 340483 794 1259445 Ma|n|y due to

Chromium board (carrier) decoupling

FIT MTBF FIT U capacitors.

639 1564945 435 2298850 Bett_er part
choice

TOTAL TOTAL
3576 279642 1229 813669
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CLBv4

White Rabbit
Oscillators

< Optical
,,,,,,,, : ) ' transceiver

ij}— FPGA

D

Octopus
Connectors

Instrumentation

FMC Expansion
connector

Latest Developments D. Real

Two Flash memories (Previous version
only one. Now logout separated from
FPGA image)

Glenair optical transceiver with better
reliability

Hardware Watchdog and new reset
scheme

Improved clock schemes with better
stability and phase noise

HALT results very satisfactory (-40 °C to 100
OC)

15
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CLBv4

White Rabbit
Oscillators

........

< Optical
,,,,,,,, - ) transceiver

i) FPGA

D

Octopus
Connectors

Instrumentation

FMC Expansion
connector

Latest Developments

D. Real

e Sensors:
Temperature (One-Wire DS18B20)

Temperature / Humidity (SHT21)
Compass 1 (LSM303AGR)
Compass 2 (MC6470)

Pressure sensor (LPS25H)
Accelerometer (LIS3LV02DL)
Gyroscope (L3GD20H)

° More than 20% increase in reliability

N ook~



https://datasheets.maximintegrated.com/en/ds/DS18B20.pdf
https://www.sensirion.com/fileadmin/user_upload/customers/sensirion/Dokumente/2_Humidity_Sensors/Datasheets/Sensirion_Humidity_Sensors_SHT21_Datasheet.pdf
https://www.st.com/resource/en/datasheet/lsm303agr.pdf
https://mcubemems.com/wp-content/uploads/2020/03/MC6470-Datasheet-APS-048-0033v1.7-1.pdf
https://www.st.com/resource/en/datasheet/lps25h.pdf
https://www.st.com/resource/en/datasheet/lis3lv02dl.pdf
https://www.st.com/resource/en/datasheet/l3gd20h.pdf

Ricap 2024 Latest Developments

PBv4

e More than 40% improvement in reliability
e Obtaining around 13 % in power saving due
to higher efficiency

Volt (V) Current (A) Efficiency Total DOM Power Efficiency Total DOM Power
PB_V2.3 (%) V_2.3 (W) PB_V4 (%) V_4 (W)
80

0.13
0.33 80

Eaarcanmmcs . mmemm ¢V
T B Saving

3.3 PMTS 90 ~13 %
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Ricap 2024 White Rabbit Switch D. Real
r 2 G

e High-reliability White |
Rabbit SWitCh S u::;‘::go:; Wﬁ?ﬁ.} 3 i () ) — L'“""ﬂ] i "Lﬂ“ f ]

FNEGN T T

e 4 protos produced
and under evaluation

e Tobeusedin
KM3NeT

18



([l

Technologie

) Process
(l @1"4111]

Ricap 2024

RELIABILITY

« MOS

« Bipolar

« Ceramic

« Chip/case
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« Thermic

« Mechanical
« Electrical

« Pollution

Reliability

Table 5 FIT and MTTF of the DOM electronics boards of KM3NeT.
FIT is defined as the number of failures per 10° h.

D. Real

Product FIT MTTF (years)
PMT base 1218 94
Large SCB 157 727
Small SCB 156 731
Power board 1424 80
CLB 417 273

«V Cycle
« Quality
« Suppliers
« Process

Cycle de vie

Overstress

« Overload
« Interfaces
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« Naval

« Military

« Aeronautic
« Automptive

Sélenﬂﬂc ->

1965 —

1973

14

O MIL-HDBK-217A

MIL-HDBK-217B

1979

061

MIL-HDBK-217C

1982
1986 —

MIL-HDBK-217D
— MIL-HDBK-217E

MIL-HDBK-217F
MIL-HDBK-217F N1

RDF93

MIL-HDBK-217F N2

UTE-C 80-810 (1997)
RDF93 - 1998
PRISM 1.0

UTE-C 80810 (RDF2000)

FIDES

IEC 62380 (UTE-C 80810)
PRISM 1.5

217Plus
UTE-C 80811(FIDES)
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Ricap 2024 Conclusions D. Real

e > 2000 KM3NeT acquisition electronics boards already
produced

e Qperational in 51 deployed Detection Units

e New Power Board version with higher reliability and higher
efficiency

e New CLB version with improved transceiver, additional
Instrumentation, and improved oscillator system

20
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