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Outline
Å DUNE Far Detectors: Single Phase and Dual Phase 
Å TPC readout: Cold electronics ,Warm interface.
Å Photon detector electronics
Å DAQ Data flow and trigger



DUNE experiment
Å DUNE primary physics goals : 

i. Precise measurement of neutrino oscillations parameters using‡and Ӷ‡ beams 

from Fermilab.

ii. Detect and measure the ‡ flux from a core-collapse supernova within our galaxy

iii. Search for proton decay in several important decay modes

Å Long-Baseline Neutrino Facility (LBNF), hosted by Fermilab has 

three major components: 1. Wide band neutrino beam

2. Near Detector (ND)  Hosted at Fermilab and 3. Far Detector (FD)

four LArTPC detectors hosted at SURF, 1.5 km depth.

Å In these slides we focus only on Far detector 
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Create specific requirements 
on DAQ architecture, in 
terms of trigger and data 
buffer (slide 4)



Far detector: Single phase and Dual phase 
ÅTo achieve the physics goals DUNE is considering two 

LArTPC technologies:

- Single-phase (SP): maximum drift length 3.53m and 

cathode 180 kV. No signal amplification in the liquid, 

so readout requires very low -noise electronics . 

- Dual-phase (DP): Ionization charges transferred into the 

gas above the liquid and amplified in the gas phase 

using large electron multipliers (LEMs ). Reduces the 

requirements on the electronics , longer drift , and 

higher voltage cathode 600 kV. The maximum drift length 

is 12m. Less channels per module .

Å Here is the comparative detectors electronics specifications: 
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Anode Plane Assemblies (APA)

Charge ReadOut(CRO)pre-trigger data rate of FECs and no compression 



DUNE DAQ and trigger high level design simplified

Å We need a self triggering detector for proton decays, atmospheric neutrinos and 

supernova-burst (SNB) neutrinos. 

Å The SNB physics information is contained in a time window that is tens of seconds long

Å High level design of DAQ addresses DUNE physics programs, including trigger 

processing system and data buffering (data rate in backup slides)
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SP- TPC front end readout
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1- Warm interface electronics crates 
(WIECs)
- Mounted on the signal flanges
- Warm interface boards (WIBs)
- Power and timing cards (PTCs)

3- Front End Motherboard
(FEMB) 128 channels of
digitized wire readout
enclosed in CE Box

2a- CE flange
Flange assembly with cable
strain relief and flange PCB
for cable/WIB connection

2b- Signal feed-through
CE feedthrough to pass the data, 
clock and control signals, LV 
power and APA wire-bias voltages

TPC electronics can be classified roughly in three categories: Warm electronics (or interface), Cold 
flange + Signal feed-through and Cold electronics.



SP - TPC readout FEMB
Å Front-End Mother Board (FEMB) includes three types of ASICs: ( More details 

are in backup slides)
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LArASIC
16-channelASIC for amplification 
and pulse shaping, Gain4.7 to 
25mV/fC, Peakingtime 0.5, 1, 2, 
3 ˃ ǎ

ColdADC
16-channel 12-bit ADC ASIC 
operating at 2 Msps, pipelined
ADCsoperating at 16 MHz. Highly 
configurable via UART or I2C

COLDATA
64-channelcontrol and 
communications ASIC, Interface 
between CE and Warm electronics 
1.28Gb/s links

FEMB
Receives signals from 40 U 
wires, 40 V wires, and 48 X 
wires



SP - TPC readout Warm Interface Electronics 

Å The warm interface electronics (WIB) provide an interface between the CE, DAQ, timing, 

and slow control systems, including local power control at the flange and a real-time 

diagnostic readout.

Å WIBs are housed in the warm interface electronics crate (WIEC) attached directly to the 

CE flange.

Å The WIEC shown in bottom right contains one power and timing card (PTC), five warm 

interface boards (WIBs) and a passive power and timing backplane (PTB)
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Developed for ProtoDUNE-DP 



SP ïPhoton Detection System readout

Å SiPM Signal Processor (SSP) are developed for ProtoDUNE-SP. It contains 12 readout 

channels packaged in a 1U module. (shown in bottom right)

Å The unamplified analog signals from the SiPMs are transmitted to outside the cryostat 

over a 25m cable. A 14-bit, 150-MSPS ADC digitizes the SiPM signal waveforms.

Å Separate 12-bit high-voltage DAC to provide bias to each SiPM. 

Å Triggered by a beam event, or to provide header information when self-triggered

Å 1 Gb/s Ethernet send the waveform through full TCP/IP

Å protocol
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Check Zelimir talk 



DP - TPC readout, charge readout (CRO)
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Front-end (FE)

Analog electronics 

operating at cryogenic 

temperatures
Accessible during DP 
under operation, 
through SFT

signal feedthrough 

chimneys (SFT 

chimneys) 2.3m 

long. 

Advanced mezzanine 
cards (AMCs)
Holds digitizing 
electronics

White Rabbit ˃TCA Carrier 
Hub (WR-MCH) for AMC 
clock synchronization

MicroTCACarrier Hub 
(MCH) streams the 
data from AMCs via a 
dedicated optical link



DP - TPC readout, Analog Front-end 
ÅCryogenic Analog Front -end Electronics

- ASIC CMOS 0.35 ɛmtechnology

- Each ASIC contains 16 amplifier channels with differential line buffers

- Average value of the noise RMS is around 1.7 ADC

Å Digital Advanced Mezzanine Card Electronics 

- Digitize the data from the FE amplifiers and transmit them to the DAQ system.

- Include a final stage of analog shaping before the ADC input

- Each card has eight ADC chips (AD92574), 2 dual-port memories, and an PGA Altera6 Cyclone V

- 2.5MSPS 12 bit
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Analog cryogenic FE card mounted 
on the extraction blade, which is a 
part of the SFT chimney sub-
system.

Block diagram of AMC

Cryogenic FE ASIC 
properties: 
amplifier response 
(top) and noise 
(right) at different 
temperatures 
measured at the 
output of 
differential buffer.


