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6-APR-2013 == godparent Review at ANL 



LAPPD2 Project Overview 
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• Brief Introduction to the project: 
 Goals/dreams 
 Brief history 
 Current status 

• Integrated Electronics as an 
enabling technology to facilitate 
use by first adopters 



Photo-multipliers -- a very fundamental  
detector building block 
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An almost ideal amplifier! 
 
      (G*BW ~ 1016 ) 
[as noted by H. Frisch] 



Old ways die hard… 
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“Flat panel display” vs. CRT 
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Starting point is a 
Micro-Channel 

Plate Photo-
Multiplier Tube 
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Pushing limits on multiple frontiers: timing, volume, & cost. 



Elements of the LAPPD2* MCP-PMT 

1. Photocathode 
2. Micro-channel plates 
• Collection anode array 
• Readout electronics 
3. Mechanical design / tile 

assembly. 
 

 Active research is ongoing for 
all elements… there are a lot of 
impressive achievements.  Can 
only provide a brief 
snapshot/update 
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7 * = 2nd phase (first 8” tiles to first adopters) 



Perfecting Standard PC:  Scaling up to 8” @ SSL  
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Good Q.E., uniformity 
 

Scale up to larger 
chamber 
 



Microchannel Plates 
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Sealed Tubes 
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Ceramic Option 

There are a number of issues 
with ensuring vacuum, 
assembly of such large 
structures 



Current LAPPD2* Status 
1. Photocathode 
 Ready to shoot 8” (test shots look good) 
 Advanced PCs as separate task in LAPPD2 program  

2. Micro-channel plates 
– ALD-coated, 20um pore tubes in 8” format 
– Excellent lifetime, robust mechanically 

3. Mechanical design / tile assembly 
  Need to demonstrate can make sealed tube 
  Ceramic (pin-feed through) and Glass (anode strip) options 

4. Signal coupling/readout 
– Collection anode array 
– Readout electronics 

 
11 



Electronics support for 
an ideal (integrated) Photodetector 
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• DC power in, fiber optic out 
• Integrated photon  electrons  T,Q  data out 



Electronics Overview 
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• Development of readout support for 
glass tile array and ceramic tiles 

• Specific front-end and common back-
end support 

• PSEC family ASIC for ultimate timing 
(spatial) resolution; portfolio of ASIC 
solutions (application-specific) 

• Field-test experience of readout 
systems at ANL, Chicago and Hawai’i  

• Support of systems for first adopters 



Many Aspects to the Electronics 
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• Addressing all aspects needed to realize integrated PD goal 
• Participants come and go… nature of university-led efforts 



Many highlights 
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1. Deeper understanding of the processes that limit timing resolution 
http://psec.uchicago.edu/workshops/fast_timing_conf_2011 

2. A much more fundamental understanding of how to couple the charge 
signal into the readout anodes [publication, SBIR] 

3. Understanding how to make a electrically and mechanically viable 
readout   

4. Impressive results with the PSEC ASICs [publication] 
5. Expanded significantly expertise with the IBM 130nm process and 

tested future subcircuits on the CHAMP ASIC 
6. Fabrication of ASIC evaluation boards, as well as the first tile/module 

scale readout systems 
7. Exploration of options for large-scale/high-speed readout, with a 

number of viable, application-specific ASIC solutions identified 
8. Evaluation of calibration procedures, required constants, and data 

archiving 



From Previous Review 
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• This has been great “generic” development – 
consider specific applications 



Focus on 5x Applications 
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1. TOF in the LArIAT Beam  
2. Small (1-4 m3) water neutrino detector prototype 
3. Pre-converter in KOTO 
4. PET (positron-emission tomography) 
5. High spatial resolution X-ray diffraction 

 

Chosen for mix of HEP and other 
applications where can have impact 
and well aligned to needs 
 
Details subsequently 



What does LAPPD2 mean for electronics? 
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• Readout support for glass tile array 
and ceramic tiles (job 1) 

• Specific front-end and common back-
end support [systems engineering!?] 

• PSEC family ASIC for ultimate timing 
(spatial) resolution; portfolio of ASIC 
solutions (application-specific) 

• Field-test experience of readout 
systems at ANL, Chicago and Hawai’i  

• Support of systems for first adopters? 



System Engineering Issues 
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• Current experience with Belle II iTOP development 
 much firmware/infrastructure development 
required still 



Today’s Agenda 
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Electronics jumping off point 
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• Steady progress, resource (human) 
bounded 

• Are learning much from first 
integrated readout tests 

• Field-test experience of readout 
systems at ANL, Chicago and Hawai’i  

• Building toward full system 
deployments with first adopters 

• Obvious question is what comes next 



5x Targeted Applications 
What limited number of applications would you target as 
priorities in the next stage of development and why? 
 
 Three HEP and two directed toward market expansion: 

1. TOF in the LArIAT Beam  
a) Why: Simplest set-up that has a large impact on HEP 

programs 
b) Straight-forward interface to experiment 
c) Local, have collaborators in place; 
d) Drop in for scintillators and PMTs at higher cost and better 

performance 
e) Spec: 4 stand-alone single tile stations, 10 psec time 

resolution,  50KHz (needs  checking) 
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2. Small (1-4 m3) water neutrino detector 
prototype 
a) Why: Comparison to simulation; test of the optical 

TPC concept with track reconstruction 
b) If successful, no competition 
c) From 1 to 6 SuperModules;  
d) Spec: Single pe resolution ~ 100psec, low rate 
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3. Pre-converter in KOTO 
a) Why: Archetype for 3D localization and 

precise timing of high energy photons 
b) Good access to management and technical 

expertise in the experiment 
c) If successful, no competition 
d) 1-4 SuperModules 
e) Spec: Timing = 1 psec; Rate = 200 kHz; Position 

= several mm; Trigger latency = 5 µsec 
f) HEP benefit: Increased physics reach 
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4. PET 
a) Why: Potential to decrease patient dose rate  by 

>10 or increase patient throughput 
b) Current state of the art = 300 psec 
c) Spec: 50 psec (FWHM) TOF-PET resolution 
d) HEP benefit: Potentially large market drives the 

cost down 
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5. High spatial resolution X-ray diffraction 
a) Why: Large area detector with high spatial 

resolution 
b) Large area, high spatial resolution, multi-channel 

solid state detectors are very expensive and slow 
c) Spec: 100 µm spatial 
d) HEP benefit: Increase cross-disciplinary ties 
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Backup 
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Stripline Anodes (Prototype) 
• Photonis-Planacon on transmission line PCB: 

This image cannot currently be displayed.

• Striplines allow coverage of a large area 
with a manageable number of channels. 

Courtesy Fukun Tang, Greg Sellberg 
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Stripline Anodes Measurement 
• Average time ((t1+t2)/2) along strip gives arrival time 
• Time difference (t1-t2) gives the position 

σt of order ps feasible for large Npe 
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The single 
threshold is the 

least precise time 
extraction 

measurement. It 
has the advantage 

of simplicity.  

Single threshold 

The multiple 
threshold method 
takes into account 
the finite slope of 

the signals. It is still 
easy to implement. 

Multiple threshold 

The constant 
fraction algorithm 
is very often used 

due to its relatively 
good performance 
and its simplicity.  

Constant fraction 

The waveform 
sampling above the 
Nyquist frequency  

is the best 
algorithm since it is 

preserves the 
signal integrity. 

Waveform sampling 

In principle, sampling above the Nyquist-Shannon frequency and fully 
reconstructing the signal attains the best timing information. 
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Timing Extraction Methods 

Attrib.  Jean-Francois Genat 



Oscilloscope on a chip?  Calibration 

~= ?? 
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• Modified approximation: 

~
= 

+ + + 

+ + … + + 

Oscilloscope on a chip?  Calibration 
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Surface charge induced on the strip as a function 
of time and position 
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PSEC-4 measurements with an 8” MCP 

+6mm pos. 

50% Const. Frac. 
Discriminator 

PSEC-4 

Dual-ends of 8” MCP w/ PSEC-4 @ 10 Gsa/s  

-- left anode strip 
-- right anode strip  
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