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Ref.: Shanshan Gao, Cryogenic Readout Electronics Systems for Liquid Argon TPCs in Neutrino Experiments,
CERN EP-ESE Electronics Seminars, 2020-9-15
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Kimenfrimie (26

Cold FPGA

Speed of GTX Memory Core

Vendor Family Technology [Gbps] # of GTX [Mbit] Voltage [V] [Status

ALTERA Arria GX 90nm 3.125 4-12 1.2-45 1.2 Tested by BNL v
ALTERA Arria ll 40nm 6.375 8-24 29-164 0.9 Tested by BNL X
ALTERA | Stratix Il GX 90nm 6.375 4-20 14-6.7 1.2 Tested by SMU v
ALTERA | Cyclone IVE 60nm N/A N/A 0.3-3.9 1.0,1.2 |Tested by BNL v
ALTERA |[Cyclone IV GX 60nm 3.125 2-8 0.5-6.5 1.2 Tested by BNL v
ALTERA | Cyclone V GX 28nm 3.125 4-12 12-12.2 1.1 Tested by BNL X
XILINX Virtex 5 65nm 6.5 0-24 0.9-18.6 1.0 Tested by BNL X

EPCS4 4AMbit
EPCS16  [16Mbit
EPCS64  |64Mbit
EPCS128 [128Mbit
EPCQ16 [16Mbit
EPCQ32 [32Mbit
EPCQ64 |64Mbit
EPCQ128 [128Mbit

| = FPGA Configuration Methods Tested in LN2

; « JTAG through ~50 feet of single ended cable
i « FPGA flash programming through 12C

H. Chen - Topical WorkEf§pSsh ronics
: ] BROOKHAVEN
Brookhaven Science Associates for Particle Physics 53 NATIONAL LABORATORY

RS Sxx<

Ref.: Shanshan Gao, Cryogenic Readout Electronics Systems for Liquid Argon TPCs in Neutrino Experiments,
CERN EP-ESE Electronics Seminars, 2020-9-15 13



Cold Regulator

Kimenfrimie (26

= Cryogenic test of commercial voltage regulators that could be used

to power LAr TPC cold electronics
= Stable and low-noise regulation, low dropout (low power) are critical

Vendor Part Number Iout Vout Vin Note

ADI ADP1708 1A 0.8V to 5.0V 2.5V to 5.5V

ADI ADP1741 2A 0.75V to 3V 1.6V to 3.6V

ADI ADP124ACPZ-1.8 500mA 1.8V 2.3V to 5.5V

ADI ADP130AUJZ-1.8 350mA 1.8V 2.3V to 3.6V

ADI ADP170AU]Z-1.8 300mA 1.8V 2.0V to 3.6V

(Globaltech |G52916L18F 150mMA 1.8V 2.3V 10 6.0V

Intersil 1S1L9021 250mA 0.9V to 3.3V 1.5V to 5.5V

Intersil 1SL80113 3A 0.8V to 3.3V 1V to 3.6V

Linear LTC3026 1.5A 0.4V to 2.6V 1.14V to 5.5V

Linear LTM4616 16A 0.6V to 5V 2.7V to 5.5V POL Converter
Linear LTM4619 8A 0.8V to 5V 4.5V to 26.5V |POL Converter
Maxim MAX8517 1A 0.5V to 3.4V 1.425V to 3.6V

National LP38502TJ-AD] 1.5A 0.6V to 5V 2.7V to 5.5V

TI TPS73701 1A 1.2V to 5V 2.2V to 5.5V

TI TPS78601 1.5A 1.2V to 5.5V 2.7V to 5.5V

TI TPS78618 1.5A 1.8V 2.7V to 5.5V

TI TPS78625 1.5A 2.5V 3.0V to 5.5V

T 1P574201 T.0A 0.8V 10 3.6V 0.9V t0 5.5V v

H. Chen - Topical Workshop on Electronics

for Particle Physics 54 BROOKHIEN

Brookhaven Science Associates NATIONAL LABORATORY

Ref.: Shanshan Gao, Cryogenic Readout Electronics Systems for Liquid Argon TPCs in Neutrino Experiments,
CERN EP-ESE Electronics Seminars, 2020-9-15 14
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HAIZ6: DarkSideSEL§
B AR RTTPCIHRNES, B xFR=(fiducial mass)230E

O -> WIMP-nucleon cross sections of 7.4x1048cm? @1TeV/c?

B %2022 & 3 5= K FGran Sasso3L L5 == (Hall C)

DS-10 prototype DS-50 detector
(2011 - 2013) (Since Oct. 2013)

!2 /

- |t| *';;"”

Ref.: Seminar of High Energy Physics, Faculty of Physics and Applied Computer Science AGH, 24.11.2017, Cracow
Ref.. arXiv:1707.08145v1 [physics.ins-det] 25 Jul 2017 17
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AV 25 DUNESCIE

B DUNE: The Deep Underground Neutrino Experiment

Sanford Underground
Research Facility

Fermilab

Local . ;:s’
o front-end ASIC

J_ f
P 16-ch FEASIC (x 8) 16-ch ADC ASIC (x 8}
Analog Mother Board FPGA Mezzanine

128-ch Front End Mother Board Assembly (x 20) | -

[ TP8 Costed Light Guide (x 10) @ e - :_'
SPMUA-" pnode Plane Assembly (x6) |+
o 2

Membrane Cryostat

20



BRI =4 nEXOSELE

B 5000kgZ} HY /& M TPCIR M =5

O HERLTHHT RIERELA

O ~4 m?SiPM &%l (178nm J5ikH)

nEXO

EXO-200

~4780 kg

* Combining light and charge to

enhance the energy resolution.

nEXO pre-CDR, arXiv:1805.11142

% \A \A \A\Y
\ IR A

o N PRYEFE R 10284

charge
readout pads
(anode)

in-xenon cold
electronics

(charge and
SiPMs)

1.3m electron
N drift

SiPM ‘staves’ y/ 4

covering the barrel

21



NnEXO SiPMiEH

Prototype SiPM Tile (stanford) Prototype silicon interposer (IME) ASIC (ZENON) for SiPM
T B, readout under design (BNL)

» System on Chip
16 channel
* Peak detection

* Analog to digital
conversion

*  On-chip LDOs

' 4

Conceptual design of the photo detector system underway
BNL nEXOZH7&FE T SiPMAlIK . {KiRIEHASICIE T LLKSIPM tilei T4 %
(SiPM{KIR R TR AR B M X #8545 DUNER T i)
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NEXO BB (EaemZEireiEaat)

/ V2.0 ASIC

Performance Test results

Peaking time 2us / dus

Sampling freq. 66MHz

ENC 265e" @ 160K

INL 0.4%

Linear range 0.3fC~64fC

Signal rate 1kHz

Power consumption 3mA@1.8V per channel

- 2 powers: 1.8V/3.3V

« Decoupling capacitors

Ka re needed

/

KTape-out: 2020.3

V2.1 ASIC \
ENC simulation results:

e Better than 200e-@273K (0°C)
No filter cap. for the ENC
1.8V for analog/digital parts

Improve the drive capability for 5
meters cable

* 4. 5mm x 2.8mm
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Ref.: Ryoto Iwai, et al., Characterization of Cryogenic SiPM Down to 6.5 K,
Proceedings of the 5th International Workshop on New Photon-Detectors (PD18), 2019
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LSRR, [FEBEFFERAESTEBIE R EiR1065
« SLM10Bg, HFFALBGLATR
* PCBA I BHGTHIEIEHIRIMET (~80%)
XS FhESHIPCBAT LT T BMMIFIENIN, KA EEHFXZH

AGET: 1% ™,

Ceramic capacitor-0.1pF: 5%
+——Ceramic capacitor-0.01uF: 5%
y«——Optical Transceiver : 1%

FPGA: 2%
Switch Voltage : 1%

/3

Harting Connect(F): 4%
Harting Connect(M): 3%

N st

PCB: 79%
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