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Dual Calorimetry: Improving Light Collection 
and Charge Resolution
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https://indico.ific.uv.es/event/6722/contributions/19069/attachments/10446/14116/MoO-Valencia-Nov2022.pdf 
Flavio’s idea of FD 3&4 in the module of opportunity workshop of DUNE 

https://indico.ific.uv.es/event/6722/contributions/19069/attachments/10446/14116/MoO-Valencia-Nov2022.pdf
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Vejlko’s talk on Lidine 2021
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Study based on the nEXO PRE development
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Solution:  Cb has to be larger than Cg but can be much smaller than Cd
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Excellent S/N obtained from the demonstration at BNL
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Ø Some solid physics input on the light vs. time and the information to be extracted 
• Physics Modeling and Simulation is ongoing at BNL

Ø Veljko’s comments
• A problem arises how to read several ARAPUCAs. Can we benefit from a multi-channel ASIC? 16 

ARAPUCAs are spread over a large area. Given the very large capacitance of SiPMs, we could 
afford low impedance connections with high capacitance and low inductance. This may be ok for a 
“slow” readout with peaking time ~ 1 µs, but propagation time must be considered if a much faster 
readout is needed.  This brings us to the next question:

• How fast a readout is really needed in this case? As we know for event timing resolution even better 
than 100 ns, peaking time of ~ 1 µs is fine. If the  physics (once it is understood) requires much faster 
waveform recording, then the anti-aliasing filter has to be made correspondingly faster, with serious 
consequences all along the chain (ADC, data serializer, transmission)

• Two points above may require a new FE ASIC design. We may be able to keep the data system 
as is charge readout, if we use pulse shape discrimination between the fast and slow light 
components. This will still need a new FE ASIC to provide both the fast and slow signal. However, it 
will avoid the need to increase the sampling frequency

Ø The new FE ASIC design may need to take into account
• Fast peaking time (~50 ns) followed by a peak detector 
• Dual gain configuration to cover large (> 2 k pe) signal dynamic range

New FE ASIC to address physics requirements
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Hybrid circuit (20 SiPMs) Active Ganging (20x8 SiPMs)

85 MS/s, ~100 mW/CH

Fast Digitization Aggregator Digital Optical Transmission

The ultimate FD2-VD PDS readout scheme 
(ongoing R&D carried by DUNE SP PDS group)

The reference design of DUNE FD2-VD PDS
Cathode plane: 320 double sided X-ARAPUCA tiles

(light coverage: 14.8%)
Cryostat walls: 320 single sided X-ARAPUCA tiles

(light coverage: 7.4% long walls x 2)Power over Fiber

a (top), b(bottom)

Propose new FE ASIC design 
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R&D of Advanced Analog FE for Noble Liquid Detectors
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Study on New Front-End ASIC 
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Ø Analog front-end ASIC with multiple (16+) channels and programmability
• Integrated auxiliary circuits for direct application in detector systems
• High performance analog front-end block for easy expansion to targeted design of future 

experiments, e.g. FCC-ee
Ø Key features and challenges

• 65 nm CMOS with thick oxide à Max Vdd (1.8 V, 2.5 V) to support extended dynamic range
• Fast peaking time (in the order of 10 ns) à support signal processing with stringent time resolution 
• Low power consumption à support detector electrodes with fine segmentations
• Cryogenic operation with long lifetime à achieve optimum SNR
• Long term goals: fast front-end architecture (~GHz bandwidth), high radiation tolerance à FCC-hh

Advanced AFE for Noble Liquid Detectors

PreAmp Shaper Bu!er

Bias Circuit - BGR I2C - Slow Ctrl Calibration - DAC Mon - T Sensor

Charge Sensitive Amp
Prog. Gain

Anti-Alias Filter
Prog. Peaking Time

SE or DIFF Driver
Prog. Con"guration

PreAmp Shaper Bu!er

Analog Front-end ASIC

180 nm design for DUNE



New LArASIC Requirements (1) 
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New ASIC opportunities

DUNE FD1/FD2(bottom) 
Charge Readout

DUNE FD2/3/4 Light 
Readout

DUNE FD3/4 
Charge 
Readout PIONEER

ASIC P5B LArASIC new new new
CMOS process 180nm (discontinued) 65nm 65nm 65nm
Supply Voltage 1.8V

Integrated Regulators No
low noise LDO is 
preferred 

low noise LDO 
is preferred 

low noise LDO is 
preferred 

Input channels 16
Power consumption per 
channel /mW ~6mW/ch with SE mode

Gain
4.7, 7.8, 14.0, 25 mV/fC 
(4 options)

Input leakage current 100pA/500pA/1nA/5nA
Peak time 0.5, 1.0, 2.0, 3.0 us ~100ns ~ 1 us, 2us 20ns
Detector Capacitor 150~200 pF weak-coupling 150-200 pF 20pF

Input Impediance 50 Ohm? 200 Ohm? 
as low as 
possible 

dynamic range 100 fC @ 14mV/fC

as large as possible, 
resolution: 1pe? split 
signal and record both low 
and high gains? up to 40~50 fC

non-linearity <1% (0.1%) ? < 1% (?)
Baseline options 200mV/900mV



New LArASIC Requirements (2) 
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New ASIC opportunities
DUNE 
FD1/FD2(bottom) 
Charge Readout

DUNE FD2/3/4 Light 
Readout

DUNE FD3/4 
Charge Readout PIONEER

ASIC P5B LArASIC new new new

noise
ENC ~ 500 e- @ 150pF 
Cd at LAr sub 1pe resoluton 

<850 e, as long as 
possible

SNR >10 >10 
Crosstalk <0.1% <0.1%
temperature 77K - 300K 77K - 300K 77K - 300K 160K - 300K
Lifetime 30years 30years 30years
digitial interface SPI I2C I2C I2C
Reference BGR BGR / CMOS ? BGR / CMOS ? BGR / CMOS ?
anti-alias filter high-order filter

Monitor Temperature sensor Temperature sensor
Temperature 
sensor

Temperature 
sensor

DAC
6-bit, range related to 
gain 10-bit (?) 10-bit (?) 10-bit (?)

Output stage
SE (H-Z) , SE( 50Ohm), 
DIFF

Integrated Test 
Charge Injection Cap. ~200fF (design)
Radiation Tolerance N/A N/A N/A

note
needs HCE mitigation 
design

In order to extend the 
dynamic range, detector 
signals is split into 2 weak-
coupling channels to FE



65 nm (Compensation circuitry to be added)

Ongoing 180nm to 65nm Mitigation 
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• Amp1 translated to 65 nm
• Designed for the same power budget
• Input capacitance maintained at 40-50 pF 

180 nm



Summary
Ø A weak coupling between the SiPM and input transistor is sufficient, where 

Cd>>Cb>>Cg. A charge sensitive amplifier (CSA), or a “voltage amplifier” is coupled 
to a SiPM parallel/series array by a decoupling capacitor only an order of 
magnitude larger than transistor capacitance, and independent of a much larger 
SiPM array capacitance (Cb~200-500pF for a SiPM array of 10 nF, or even 100 nF). 

Ø The LAr FE ASIC has the required characteristics, and it made possible experimental 
verification of the noise calculations. Measurement results confirm calculation 
results and demonstrate that all the specifications can be met 

Ø Extract the requirements of a new FE ASIC
• Synergies with Projects

• DUNE FD3&FD4 charge readout 
• 180nm fabrication for LArASIC was discontinued by TSMC

• DUNE PD readout 
• PIONEER ATAR readout  
• future experiments, e.g. FCC-ee

• With the support of BNL LDRD, evaluation of new FE ASIC design has started. 
• Initial simulation studies with 65nm process

Ø At BNL, we’re planning with physics simulation as inputs to motivate the 
technical R&D, and will continue the development towards the FD3 PDS 
readout development.
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Backups
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• arises in the sensor, e.g., from the leakage (dark) current;            may arise in feedback circuit

•   thermal fluctuations in dielectrics (dielectric loss noise)                

•  e2         
n   noise associated with the input transistor:

                                        MOSFET gain: “series white noise”
                                        trapping-detrapping: 1/f eq. noise voltage generator in series

Noise Sources in Detector-Amplifier

CF

vo(t)

Q·δ(t)
-

shaper
(filter)

Cd CA

Detector/sensor

amplifier

feedback (reset)

connections

Dominant noise sources are from the components and circuits directly connected to the input 
node. Noise sources from the rest of the signal processing chain should be made negligible.

Overall system processing function:
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CMOS Characteristics in LAr
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SiPM + LArASIC Test Stand at BNL
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Minitile #27 Minitile #26
FEMB: LArASIC + ADC + FPGA

signal cablepower cables

Daughter
 board

nEXO HPK minitile board
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