
 
 
 
 
 

 
 

Daniel Ferenc,  
Andrew Chang, David Johnson, Chris Ducote  

Physics Department, UC Davis 
 
 

Important contributions by late 

Eckart Lorenz, MPI Munich and UC Davis 
Tom Ypsilantis, CERN and EP Paris 

 
Colloquium at the Lawrence Berkeley Laboratory, June 24. 2015 

ABALONE MASS-PRODUCTION PHOTOSENSOR 
TECHNOLOGY: 

ULTRALOW PRODUCTION AND INTEGRATION COSTS, EXCEPTIONAL 
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SUPPORTED BY: 
 3 Advanced Detector Research Rewards (ADR), DOE  
 NNSA/DOE Grant  
 Proof Of Concept (POC) Award, University of California 
 Some UC Davis grants, private donations, etc. 

 
  ABALONE Photosensor technology  PATENT ISSUED YESTERDAY 
VACUUM PHOTOSENSOR DEVICE WITH ELECTRON LENSING.  
The U.S. Patent awarded on June 23, 2015, Patent No. 9,064,678. 
 
  New patent submitted recently, PCT/US15/031188, more patents coming. 
 
  2 older patents are also relevant. 

 
 STARTUP COMPANY HAS BEEN FORMED: ‘PHOTONLAB, Inc.’ 
 

Some previous presentations: 
 D.F., “ABALONE TECHNOLOGY AND PROTOTYPE TEST RESULTS,” LIGHT’14, October 2014, Ringberg.  
 Daniel Ferenc, “PHOTON COUNTING IN THE NEXT DECADE,”  
        KEYNOTE LECTURE at the ASPERA TECHNOLGOY FORUM, Munich, Oct. 2010, 
 Daniel Ferenc, “NEW PHOTOSENOR CONCEPTS AND PRODUCTION METHODS 

-VACUUM AND GASEOUS PHOTOSENSORS ,“ 
        SHORT COURSE,  IEEE Nuclear Science Symposium, Knoxville TN, Nov. 2010. 
 



OUTLINE 

THE PROBLEM 

THE ABALONE TECHNOLOGY AS THE SOLUTION 

ABALONE PHOTOSENSOR PROTOTYPE PERFORMANCE  
(25 MONTHS OF CONTINUOUS OPERATION) 

 
SELFIES  TAKEN BY ABALONE PROTOTYPE: 

 

 LOOK HOW CLEAN AND EMPTY I AM ( > 10X LESS AFTERPULSING THAN THE BEST 
PhotoMultiplier Tubes) 

 LOOK HOW I CLEAN MYSELF INTERNALLY (by 3 complementary methods) 
 LOOK HOW I RESOLVE SINGLE PHOTONS 
 LOOK HOW SINGLE PHOTONS ARE DISTINGUISHED FROM THE PEDESTAL 
 LOOK HOW I FORM LARGE-AREA THIN-SHELL DETECTORS 
 IMAGINE HOW USEFUL MAY I BE FOR YOUR NEXT-GENERATION DREAM TOY 



MOTIVATION 

PHYSICS RESEARCH 

LARGE-AREA 
PHOTOSENSORS 

MEDICAL IMAGING NUCLEAR SECURITY 

THE 
PROBLEM 

ALL RELY ON THE 80-YEAR-OLD PHOTOMULTIPLIER MANUFACTURE 
•HANDWORK - OLD, EXTREMELY SLOW AND ENERGY CONSUMING MANUFACTURE 
•VERY EXPENSIVE PRODUCTS , BUT LOW QUALITY 
•FRAGILE and BULKY PMT TUBES, HARD TO IMPLEMENT IN MATRICES OR WATER/ICE 
•POOR PERFORMANCE (COLLECTION EFFICIENCY, SINGLE-PHOTON SENSITIVITY…) 
•LIMITED QUANTITIES, ONE (TWO) SUPPLIERS – MONOPOLY 

UNIQUE AMONG 1930’s ELECTRONIC MANU-FACTURES THAT IS STILL AROUND 
CHALLENGE TO THE READER: PLEASE NAME ANOTHER ONE  
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Ben Einstein   “I was impressed, however, by the look and feel that was achieved 
with so few parts.” 

HUFFINGTON 
POST 

June 23 

http://www.huffingtonpost.com/ben-einstein/
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ABALONE Daniel Ferenc UC Davis LIGHT'14  

ABALONE FOCUSING IS ARRANGED  
“BEHIND THE (VACUUM) SCENES” (i.e. in the ‘AIR’) 

Conductive surfaces 
OUTSIDE THE VACUUM 

(their dimensions make the focusing lens) 

‘AIR’ ‘AIR’ 

THE ELECTRIC FIELD PENETRATES 
GLASS   
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Discussions with Sebastian 
Boeser and Spencer Klein 
Ice Cube 
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ABALONE Daniel Ferenc UC Davis LIGHT'14  

ABALONE FOCUSING IS ARRANGED  
“BEHIND THE (VACUUM) SCENES” (i.e. in the ‘AIR’) 

‘AIR’ ‘AIR’ 

CUT AND “EXPORT” THE FIELD 
LINES TO THE NEIGHBORING 

UNITS IN A MATRIX 
Patent No. 9,064,678 and patent pending PCT/US15/031188 
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ABALONE Daniel Ferenc UC Davis LIGHT'14  

(1) DOME

(3) WINDOWLET

SCINTILLATOR

(2) BASE-
PLATE

PHOTOCATHODE

ELECTRON 
TRAJECTORIES

POSITIVE IONS - AFTERPULSING 

ion hit area ~4 mm 

ION  
TRAJECTORIES 

(for ions 
originating from 
the Windowlet 

and its 
neighborhood) 



ABALONE Daniel Ferenc UC Davis LIGHT'14  



May 2015 

Nov 2013 

ABALONE SELFIES: TIME-OF-FLIGHT MASS SPECTROSCOPY 

ION TIME OF FLIGHT 

SELF-
VACUUM 

PUMPING: 
 

A.  
CHEMI-

SORPTION 
 

B.  
PHYSI-

SORPTION 
 

C.  
ION 

IMPLANTATI
ON 

U = 15 kV 

U = 15 kV 

AFTERPULSING < 5 x 10-4 ions/pe 



TOF ~ U-1/2 

U = 10 kV 

U = 15 kV 

U = 20 kV 

U = 25 kV 

ION TIME OF FLIGHT 



U = 20 kV U =25 kV U = 27 kV 

SIGNAL AMPLITUDE 

SINGLE PHOTONS 

Back-Scattered photo-
electrons 

(non-returning) 

1 pe 

2 pe 



25 electrons 
Back-Scattered 

Cr-coating 

CASINO-2 
Simulation 

LYSO  
CRYSTAL 



ELECTRON BACK-SCATTERING FROM THE LYSO WINDOWLET 

CASINO PROGRAM 

MOST ELECTRONS 
RETURN TO THE 

WINDOWLET 

NO 
RETURN 

 DOUBLE- 
DIP 

= Full 
energy 

 



THERMIONIC ELECTRON EMISSION = f(U) 

U = 20 kV U = 25 kV U = 27 kV 

PEDESTAL 
(G-APD) 

1 th. el. 

SIGNAL AMPLITUDE 

DARK COUNTS, WITHOUT A LIGHT SOURCE 



U = 20 kV U = 25 kV 

SIGNAL vs. PEDESTAL 

SIGNAL AMPLITUDE 



U = 20 kV 

U = 25 kV 

U = 28 kV 



220 



Patent No. 9,064,678 



Patent No. 9,064,678 and patent pending PCT/US15/031188 



Patent No. 9,064,678 and patent pending PCT/US15/031188 


