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ABSTRACT 

Visible Liiht Photon Counters (VLPCs). which were produced b)' Rockwell International Science Center for UCLA. can 
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Rockwell and UCLA. They have hetter than ~ n~ t.ime re~oII1T.inn. ::tnd demoMTr::tfe connT. rnlp. C:Aflllhi1it.ie~ nn T.he orcier of 
3xlO' mm ~5 1. Some test results, characteristics oCme VLPCs, and appllcatlons wlll be discussed. 

INTRODUCTION 

There has been a great ncod for a high quantum 
efficiency. fast phOLodeteCLor for the wavelength range 
between 450 and 600 nm. To develop such a 
photodetector, UCLA made a contract with Rockwell 
International. Science Center. The contract was supponed 
by the Deparunent of Energy and the Superconducling 
Supercollider Laboratory. The photon detector needed to 
hAve high quanlum efficiency for thc visible wQyelcngths 
and low qUlUltuJn efficiency for the infrared region. The 
detector was called the Visible Light Photon Counter 
(VLPC) with a subtitle of High Inlcnsity Scinlillating 
Fiber Tracking Experiment (HISTE). Three attempts 
were made to achieve this goal on this contract: HISTE I, 
HISTH n. HISTE m. In this paper we will talk about 
results obtained from those VLPCs used as 
photodetectors for scintillatins fibers. The goal is to 
produce a very hip rate. central tracking system capable 
of handling luminosities up to 1034 cmo2s·1• The 
Supcrconducting Supercollider (SSC) in the U.S.A. and 
the Large Hadron Collider (LHC) at CERN may need 
such scintillatina fiber trackers. At present, the D0 group 
at Fcrmilab is working on a Scintillating fiber central 
1.I1l~k.illiS 1I.)'~lcm rUl' 8.11 upgl'adc tu higbcl lumilloliil] lUlU". 
"I1ICII: 1110:: lWU ulh"l CAIJ~hllCIILll III FClluillib. COl" Imll 
E83S. also considering the usc of scintillating fiber 
tracking systems. 

At UCLA we have demonstrated that the VLPCs, as 
photodetcc[ors for scintillating crystals, could be used in 
excellent medical imaging systems. We will briefly 
discuss this application. The VLPCs can be used for 
bioloiical and pharmaceutical research as well. 

OPERATIONAL PRINCIPLE OF nIE VLPC 

The VLPCs are Impurity Banc! Conc!uction (IBC) 
devices with low quantum efficiency in the infrared 
reaion while they are maximiud in quanlum efficiency 
for the wavelengths around 550 nm relative to the 

original solid state photomultiplier invented by R.ockwell 
International Science Center [2]. Here we will briefly 
describe the operation principles of the VLPCs since it 
was well dcscribed in an earlier publication [3]. 
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In a VLPC a neutral donor is a substilUtional ion with 
an electron bound lo it in a hydrogen-like orbit with an 
ionization potential of about 0.05 eV. When the 
concentration of impurities is sufficiently high they form 
an energy blUld separated from the conduction band by 
the ionization potenlial. When the applied electric field is 
sufficiently high. about 103.104 V/cm, each inilial 
electron starts an avalanche of free electrons within 10-9 
s. The avalanche size may reach up to S" I 0' depending 
on the applied potential which is on the order of 6 to 7 
voIL'!. Figure 1 shows a schematic: view of the VLPC 
operation. When a photon is a~orbcd in the blocking 
layer or the gain region it will produce about lhe same 



size of avalanche due to local space charge saturarion. 
The avalanche occupies about a 10 1Lfll2 area for about 1 
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Fiaure 2: Quantum efficiencies of the VLPC liS they were 
developed. For comparison, it also shows the quantuln 
efficiencies of vacuum photomultipliers. 
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Rillre. ~: An. impressive spectrum show Ihe photon counting 
capablht)' of a VLPC. Up to the 8th simuhaneous 
photoelec[t()n. the multiple phoroelcctron peaks arc discernible. 

J,l.s. During this time the rest of the VLPC area is still 
available for more photons to be dctccted. The dynamic 
faJlle of the VLPC was measured to bc linear up to 3000 
photoelectron.: del.ctQ"'e cimulto.nouoly ('fl. DI.lO to tho 
impurity bandgap en erg)' beiDi is so small, that is, at or 
below the rotational and vibrational energy levels of the 
impurity atoms (i.e., phonon excitation levels), the 
VLPCs need [0 be coolcd to temperatures around 7'K. 
Together with Dr. Michael Petroff (Rockwell 
I~temational Sc~ence Center) we have developed a very 
simple cryogentc system that can achieve and easily 
maintain the required low temperature. The full enthalpy 
of the cold gas is used, with the cryoienic units 
minimizing the liquid helium usaie. 

Figure 4; Experimental ilIriIIliement for the cosmic ray tests . 
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Figurc S: Photoelectron yield from 0.78S mm core of PTP/3HF 
scintillator as a function of the cosmic ray Irack position. 

SOME EXPER(MENTAL RESULTS 

. The history of the VLPC development is shown in 
Figure 2. It shows the quantum efficiency as a function 
of the wavelength for each device developed. HMC 
devices were used for most of the test results that will be 
described, as the HMC devices were the best solid state 
photomultiplier-like devices. Figure 3 shows the photoD 
counting capability of a device. We can clearly count the 
8th peak indicating that there were 8 photons detected 
simultaneously for the pulses under the peak. The gain 
dispersion for a sin~e photoclectron was less than 30%. 
For the spectrum. a Co source was held at the end of a 4 
meter scintillating fiber that is coupled to 3 meters of 
clear optical fiber transmittin& the photons to the device. 
The HMC was 875 JLm by 875 JLm in size and the 
scintillatins fiber conSisted of a single PMMA cladding 
on _ 705 ..,.= (pol,."t,.r.n.) .0'" dop.d .... Ith tb. £l\lon 
PTP and 3HF. Thill spectrum was used for calibrating the 



FASTBUS ADC. Fiaure 4 shows the arrangement for 
detecting cosmic rays. The number of photoelectrons 
(h;l\:Cl\,:(l "" illl 1l1ia CApel illicut iU 4 rUl1~liUIl ur 3\,:illlilhdill~ 
fiber length is shown in Figure 5 [5]. The plot shows that 
an avcra,e of S photoelectrons arc detectable from the 
end nf 7 met.n: nf fiher. ~nme nf t.he typic::.1 en!lmic ray 
tracks are shown In Figure 6. 

Some recent results obtained from double clad 
Kuraray fibers s1'1ow that about a factor of 1,7 more 
photons are attainable [6], These fibers have a 
fluorinated acrylic outer cladding (in addition to the 
standard PMMA cladding layer) resulting in a larger 
numerical aperture. thus capturing more than S% of the 
photons from the scintillating fiber in each direction, 
Pi,ure 7 shows the improvement factor when double clad 
fibers are used. 

ornER APPUCAIIONS 

We belie\,-e that VLPCs arc going to be used for 
medical imaging. biophysics and astroparticle physics. 
Tests at UCLA showed very encouraging rcsulLII with 
small scindllating crystals readout by VLPCs, 

CONCLUSIONS 

A system consisting of several hundred individual 
VLPCs has been successfully demonstrated. We are 
convinced that the VLPCs arc excellent photodetectors 
for detectinJ photons very efficiently down to the single 
photon level. We hope that they will be used extensively 
for the applications mentioned above. 
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Figure 6: Typical charged particle tracks. The number of 
photoclec:rrons detected from each fiber is indicated. The tracks 
arc very clean. For the events, a 0.5 photoelectron threshold 
was set There was no detectable crosstalk between the fiben. 
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FilUle 7: Relative photon yield from the multiclad and standard PTP/3HF fibers of Kuraray Co. as a 
fi.lnction of the position of where the pholens were produced. 


