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Overview ofProtoDUNESP

A Deep Underground Neutrino Detector (DUNE)

I DUNE will take neutrino beam data frdfermilabin the Long Baseline
Neutrino Facility (LBNF) starting in 2026

Wideband Vi and Vu beam from the
Main Injector 1300 km to SURF

> 20 year detector
operation

DUNE single phase far detector module
10 kton fiducial volume LArTPC at 4850L

A ProtoDUNESP

A 700 tonLArTPC
A Full scale components of DUNE far detector module

A Will sit in H4 beam line @CERN
A Goals

A Measure detector response to known particles
A Confirm modeling and simulation
A Validate mechanical and electrical design and interfaces

ProtoDNESP
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A Brief History of Cold Electronics

A Motivation of CE

I Cold electronics decouples the electrode and cryostat design from the
readout design. With electronics integral with detector electrodes, the
noiseis independent of the fiducial volume (signal cable lengths), and
much lowerthan with warm electronics

A0S ynQas EnbasalsyIFETa CNR Y
I Liquid Argon calorimeter, 576 preamplifiers
A 20082009, MicroBooNHront-end design started from JFET

A Present, cryogenic CMOS ASIC for SBNPmoDUNESP

I MicroBooNHas adopted the cryogenic CMOS analog front end ASIC
developed for LBNF/DUNRrTPC program in 2010
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Advantages of CE
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A Having frontend electronics in the
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50-100pF/m

cryostat close to the wire e

electrodes
T Yields the best SNR

A Highly multiplexed circuits with

fewer digital output

I Greatly reduce the number of
cryostat penetrations
Give the designers of both the TPC

and the cryostat the freedom to
choose the optimum configurations

A CMOS inLArhasless than half the
noise as that at room temperatuye

higher mobility and higher
transconductancécurrent ratio
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Warm readout to cold readout

ENC vs. T (Cd=100pF, 0.5ps peaking time)
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Noise (ENG)sTPC Sense Wire and Signal Cable Length
for CMOS at 300K and 89K

MIP Signafor 3x3 and 5x5 mm

DUNE with warm Sense Wire Spacing \sm“m for
electronics (300K) l (1/e drift)

ENC~6x12rms
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CMOS Characteristics in Cryostat
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At 77-89K, chargecarriermobility in siliconincreasesaandthermalfluctuations
decreasewith kTe, resultingin a highergain, higherg,/ID, higherspeedand
lower noise
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Key CMOS Devices of Cold ElectronicBrioioDUNESP

Voltage RegulatofCOTS)
(< 100mV dropout)

Frontend ASIC  ADC ASIC FPGACOTS)

~ 5mWh -~ 5m/ch ~ 8mWcth

! 1x

Front End Mother Board

assembly serving 128
wires ~ 2.4 W + LDO

Inefficiency

A complete front end
readout chain for
ProtoDUNESPLAITPC
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Block Diagram 1
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A 16 channelsprogrammable A Raitto-rail analog signal processing
A Charge amplifigthighorder filter A Bandgap referenced biasing
A Adjustable gain4.7, 7.8, 14, 25m¥C A Temperature sensor (~3m@)
A Adjustable filter time constant A 144 registers with digital interface
i (peaking time 0.5, 1, 2, 3us) A Single MOSFET test structures
A Selectable collection/nogollection mode A ~ 16,000 MOSFETs
i (baseline 200, 900mV) A Designed for 7748800K operation
A Selectable DC/AC coupling (100us) A Designed for long lifetime
A Build in pulse generator with-Bit DAC A Tech. CMOS 180 nm, 1.8V, 6M, MIM, SBRES
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Cold ADC ASIC

16 channelsprogrammable
Sample/hold

12-bit ADC at 2MS/s sampling rate
Currentmode domino architecture
FIFO 192s bit wide x 32 bits deep
Multiplexer 8:1 or 16:1
Serializer2:1

Adjustable offsets

Powerdown modes

~320,000 MOSFETs

Designed for 7-B00K operation
Designed for long lifetime

Tech. CMOS 180nm, 1.8 V, 6M, MIM, SBRES
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