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Who am I 
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• Brooke Russell
- Chamberlain Postdoctoral Fellow at Lawrence Berkeley Lab since January 2020
- Background in accelerator 𝜈 physics with LArTPCs from MicroBooNE experiment



Outline 
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Context
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ND-LAr custom design for high-rate LBNF beam

1. Modularity: 35 low-profile TPC modules,                   
70 optically-isolated drift regions

2. High photodetector coverage: 40% photocoverage 
3. Unambiguous 3D charge: low-power, pixelated 

charge readout

The ND-LAr charge readout system provides 
unambiguous 𝜈 interaction 3D imaging

- High-fidelity imaging of large multiplicity neutrino 
topologies

- Overcome beam neutrino pile-up at high-rate DUNE 
Near Detector Complex

The charge readout system leverages industry for quick-
turn prototyping & production at competitive cost
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ND LArTPC Module Design
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Charge Readout Architecture

Task Institutions

ASIC design and production LBL

ASIC test boards UPenn

ASIC testing Caltech

Tile design and production LBL

Tile testing UTA

Cables and feedthroughs Rutgers

PACMAN hardware UC Davis

PACMAN firmware UC Irvine

Clock and power LBL

DAQ interface software LBL

ND-LAr Charge Readout System  

Institutional Responsibilities

20 tiles per anode

40 tiles per module

10.24k pixels per tile

204.8k pixels per module

2 anodes per 

feedthrough

35 feedthroughs 

for detector

20 controllers per 

power supply 

1 supply per 

module row 
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Pixel Tile Pixel Tile

Ethernet 
Switch

Warm 
Controller

LRO 
Trigger

Clock

Sync

External 
Trigger

Feed-
through

Pixel Tile Pixel Tile

Pixel Tile Pixel Tile

Pixel Tile Pixel Tile

Pixel Tile Pixel Tile

Pixel Tile Pixel Tile

Pixel Tile Pixel Tile

Pixel Tile Pixel Tile

Pixel Tile Pixel Tile

Pixel Tile Pixel Tile

DAQ

Timing 
Master

Limited, well-defined interfaces to 

other sub-systems

● ethernet connection to DAQ

● fiber connection to Near Site 

timing

Timing 
Fiber

Power 
Supply

A contained, end-to-end system
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131.ND.02.05 Charge Readout: Scope
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Detailed subsystem scope per WBS dictionary

Delineates deliverables, quantities, responsible 
institutions, and funding source during design, 
prototyping, production and installation phases

Informed by 2x2 module prototypes and ND-LAr 
CAD model

Aligned with BOEs and resource-loaded schedule
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https://edms.cern.ch/document/2619608

https://edms.cern.ch/document/2619608


131.ND.02.05 Charge Readout: Scope 

8 06.27.2022 B. Russell | Charge Readout 

Production phase deliverables

DUNE-SP Timing Master
Power SupplyData Cable

ASIC PCB Layout 

Pixel Tile

Readout controllers, feedthrough, & enclosure

https://edms.cern.ch/document/2619608

https://edms.cern.ch/document/2619608


131.ND.02.05 Charge Readout: 
Requirements
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Materials produced to date meet vast majority of 

requirements

- Validated with 2x2 program

Primary focus moving forward: quality control in mass 

production 
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Requirement Design Value Status

Multi-hit separation time < 3 𝜇s 2.6 𝜇s

Spatial resolution < 4.7 mm 3.7 mm

Pixel efficiency > 90% 80%

Noise < 1000 e- ENC 850 e- ENC

Tile leakage current << 1 ke- / 500 𝜇s < 5 e- / 500 𝜇s

Dynamic range > 180 ke- > 200 ke-

Power dissipation < 3.9 kW < 2.24 kW

https://edms.cern.ch/document/2589287

https://edms.cern.ch/document/2589287


LArPix ASIC
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Low-power, integrating amplifier with self-triggered 
digitization and readout

Pixel dormant until signal exceeds tunable 
threshold

- Integrates charge for ~3 𝜇s (~4 mm drift), then 
digitizes

- Ready for next signal

Pixels are continuously active

- ~100M cosmic-ray events recorded in 
prototypes

- Serial I/O data rate is slow (~5 Mb/s per 
channel) to limit digital power 

- Modest data volumes: ~1 MB/s per square 
meter of anode in surface cosmic flux

Simulated front-end 

charge integration 

Incorporation of buffering, ADC sampling, 

and digitization 
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https://edms.cern.ch/document/2746199/1

https://edms.cern.ch/document/2746199/1


Interfaces
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Subsystem Interface Maturity

Anode support structure Mechanical Partially defined

Anode support structure Cabling Defined

Calibration system Mechanical Partially defined

Dewar structure Cabling, Feedthrough Defined

Light readout Trigger Defined

DAQ Data IO & control Defined

Timing Fiber & transceiver Defined

Facilities Rack AC Defined

Cryostat structure Cables & rackspace Defined

Defined = meets preliminary design maturity

• Engineering CAD model captures interfaces, https://edms.cern.ch/project/CERN-0000226247

• Interfaces realized and validated in 2x2 program
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https://edms.cern.ch/project/CERN-0000223195

https://edms.cern.ch/project/CERN-0000226247
https://edms.cern.ch/project/CERN-0000223195


131.ND.02.05 Charge Readout:  QA/QC, Procurement, Manufacturing
https://edms.cern.ch/document/2605601
https://edms.cern.ch/document/2605603
https://edms.cern.ch/document/2605602

ASIC produced 
@ vendor

ASIC packaged
@ vendor

Anode tiles 
produced and 

inspected
@ vendor

ASIC room-temp 
QC testing 

@ Lab. / Univ.

Anode tiles loaded 
and inspected 

@ vendor

Anode tile room-
temp QC testing 
@ Lab. / Univ.

Anode tile QC 
LArTPC testing 
@ Lab. / Univ.

Current:

~10k ASICs tested manually & robot

~1 min/chip

~20% sub-spec performance

Current:

~50 tiles tested 

~45 minutes/tile

2 of 5k chips DOA

~20 chips replaced 

Current:

35 tiles tested in prototype detectors

1 chip failure at cold

2x2 informing production and testing plans

● commercial assembly labor 

● scientific testing labor (predominantly off-project)
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15 national laboratory & 

university partners 

participating in QA/QC
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https://edms.cern.ch/document/2605602


131.ND.02.05 Charge Readout: Prototyping 
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2x2 program substantially advanced 
technical maturity of charge readout system 

• Charge readout design is mature            

- no gaps in scope 

• Design efficacy evaluated with prototype 

data

• >10k ASICs and O(100) pixel tiles 
tested

Pixel Response Validation

Simulation

Module-1 Data
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Varying pixel thresholds, good data-MC 

agreement in low-level front-end response

https://edms.cern.ch/document/2459149

https://edms.cern.ch/document/2459149


131.ND.02.05 Charge Readout: Prototyping 
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Track-level Cosmic-ray Analysis

2x2 program substantially advanced 
technical maturity of charge readout system 

• Charge readout design is mature            

- no gaps in scope 

• Design efficacy evaluated with prototype 

data

• >10k ASICs and O(100) pixel tiles 
tested

MIP response 

consistent with 

expectation and 

stable throughout 

data taking

https://edms.cern.ch/document/2459149

https://edms.cern.ch/document/2459149


15

Title Summary Mitigation Probability Schedule 

Impact 

[Months]

Cost 

Impact 

[$k]

ASIC foundry 

access for 

engineering runs

IF we lose access to non-US ASIC foundry for 

LArPix engineering runs, THEN we will need 

additional funds to procure full runs 

None 100%            

- realized -

6-12-24 500-

1000-

2000

Loss/limitation to 

produce prototype 

ASICs

IF ability to produce prototype ASICs is lost or 

limited through the duration of design phase, THEN 

we will need additional resources/time to migrate to 

a different technology and/or ASIC foundry

ASIC technology migration to 12” wafer 

(from 8” wafer) to enable long term 

support of technology at TSMC more 

likely

20% 12 1000

Insufficient quality 

control of off-shore 

produced PCBs

IF quality control over off-shore PCB quality is 

insufficient THEN production will be moved on-

shore to ensure consistent quality

Hold schedule and cost reserves for 

possible on-shore production

45% 0-1-3 500-

1000-

1500

Charge readout 

data cable 

incompatible with 

LAr

IF the selected charge readout data cables proves 

incompatible with liquid argon, THEN  a new cable 

technology will need to be selected, which could 

increase material cost

Early prototyping and validation of 

cable technology in 2x2 module and 

FNAL cryogenic test stand

30% 3 180

Component failures 

due to assembly 

cleanliness

IF we observe failures due to particulates at MATF, 

THEN cleanliness standards and procedures will 

need to be revised and improved before additional 

module assembly can occur

Cryo-cycle the module multiple times to 

mitigate particulates from assembly 

becoming free within the module 

structure

30% 2-4-6
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Risks actively  tracked through Consortium risk registry. Most impactful risks highlighted here

131.ND.02.05 Charge Readout: Risks

https://edms.cern.ch/document/2589288

https://edms.cern.ch/document/2589288


131.ND.02.05 Charge Readout: Previous Review Recommendations
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Recommendation Status Response

Describe and explain design choices (ADC resolution, DAC resolution, 

FIFO depth, etc.) in PDR documentation

In progress Technical notes on ASIC design are uploaded to EDMS

Provide overall guide of documentation within EDMS to reviewers 

ahead of review

Closed Provided to PDR review committee 2 weeks prior to review

Review requirements and establish plan for finalizing them Closed Technical specifications table updated accordingly with plan for 

validation

Work with FNAL Neutrino Division for materials test in LAr MTS In progress Discussions with FNAL MTS personnel on-going; schedule for 

materials test not in place

Work with other groups DUNE ASIC teams in ASIC 

fabrication/packaging and risk mitigation strategies

In progress Coordinating with FD cold electronics consortium

Study optimal module orientation relative to beam axis In progress Simulation tools not yet in place to carry out this study

Evaluate risk of one additional ASIC prototyping iteration Closed Given ASIC prototyping cadence and evaluation of M&S/labor profiles, 

LArPix-v3, -v4, and –v5 prototyping iterations deemed on-shell for 

mitigating overall ND-LAr cost/scheduling risks

Consider adding means for checking inter-chip synchronization (apart 

from issuing regular reset commands)

In progress Inter-chip synchronization evaluation on-going
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*Recommendations from May 2021 PDR readiness review (page 1 of 2)

Actively working to address recommendations from past reviews. 7 of 16 recommendations closed. 

https://edms.cern.ch/document/2741842

https://edms.cern.ch/document/2741842


131.ND.02.05 Charge Readout: Previous Review Recommendations
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Recommendation Status Response

Consider a specialized review of LArPix-v3 early in the design cycle In progress ASIC port to 130 nm technology is current focus; planned review with 

external engineers/physicists in next months with return to LArPix-v3 

design

Investigate pixel geometry optimization with data/simulation In progress Simulation and prototyping efforts on-going

Better communicate overall completeness of design and how much 

work remains to be done

Closed Addressed in this review

Work with the DAQ group to ensure all the required features of the 

timing endpoint are exposed in the Bristol firmware IP block; 

investigate compatibility of the use of Bristol timing for charge readout 

and White Rabbit timing for light readout

In progress Timing endpoint integration to PACMAN firmware on-going.

Compatibility of Bristol (charge) and White Rabbit (light) timing 

systems is common to ND-LAr and FD 

Coordinate with relevant FNAL safety/electrical compliance 

committees for timely deployment of 2x2 and as preparation for 

detector deployment in ND hall

In progress Coordination with FNAL on-going

Clarify plan for demonstrating that LArPix-v2b addresses issues 

observed in Module-0

Closed LArPix-v2b has met all design targets; supporting documentation 

uploaded to EDMS

Evaluate ASIC QC testing impacts on schedule and consider multiple 

testing sites

Closed Performed assessment

Ensure system design and safety procedures are in compliance with 

FESHM and the FNAL Engineering Manual

Closed Coordination with FNAL on-going, e.g. ORC review for 2x2 charge 

readout components
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*Recommendations from May 2021 PDR readiness review (page 2 of 2)

Actively working to address recommendations from past reviews. 7 of 16 recommendations closed. 

https://edms.cern.ch/document/2741842

https://edms.cern.ch/ui/#!master/navigator/document?D:101096483:101096483:subDocs
https://edms.cern.ch/document/2741842


Cost
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Notes:
1. Extracted EAC from working resource-loaded schedule for internal cost review (P6/Cobra ND-LAr Sandbox, 22 Mar. 2022)

2. Includes all on-project and majority of off-project resource estimates for ND-LAr Consortium.

3. Off-project resources include both international and domestic investments

4. CY-k$: Costs in current-year direct kilo-dollars. FBAY-k$: Costs in fully-burdened at-year (escalated) kilo-dollars.

From Mar. 2022 cost review

B. Russell | Charge Readout 



19

Schedule
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https://edms.cern.ch/document/2603073

https://edms.cern.ch/document/2603073


Design Path to FDR
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ASIC design targets

- LArPix-v3: physics performance 
- LArPix-v4: quality assurance and 

reliability/longevity 

Verify data/power cables LAr compatibility

Feedthrough FESHM approval

DUNE-SP timing implementation in firmware

Elaboration on technical details in next talk by 
Armin Karcher
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Imaged cosmic-rays  from Module-1 prototype data

February 2022



Summary
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● The ND-LAr charge readout system plays a critical role in delivering DUNE 𝜈 oscillation physics

● Validation and maturity of charge readout design exercised through 2x2 program

○ Scope is well-defined with no gaps

○ Intra-system and inter-system interfaces are well-understood

○ System requirements evaluated with prototype data and simulation

○ Exercised parts production, QA, and QC with already constructed/operated Module-0, Module-1

● 2x2 program has critically informed M&S/labor profiles and schedule projection

● Demonstrated design maturity at the preliminary design level, ready for FSD & final design phase
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Notes:
1. Extracted from current resource-loaded schedule (P6/Cobra ND-LAr Sandbox, 22 Mar. 2022)

2. Includes all on-project and majority of off-project resource estimates for ND-LAr Consortium. 

3. Off-project resources include both international and domestic investments

4. CY-k$: Costs in current-year direct kilo-dollars.   FBAY-k$: Costs in fully-burdened at-year (escalated) kilo-dollars.

131.ND.02.05 Charge Readout: Costs
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https://edms.cern.ch/document/2742778

https://edms.cern.ch/document/2742778

