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DETECTORS, SAMPLING, SHIELDING, AND ELECTRONICS 
FOR POSITRON EMISSION TOMOGRAPHY* 

Stephen E. Derenzo 
Donner Laboratory and Lawrence Berkeley Laboratory 

University of California 
Berkeley, California 

INTRODUCTION 

Primary considerations for the design of positron emission tomographs for 
medical studies in humans are high imaging sensitivity, whole organ coverage, 
good spatial resolution, high maximum data rates, a minimum of mechanical 
motion, good shielding against out of plane activity, good pulse height dis
crimination against scattered photons, and good timing discrimination against 
accidental coincidences. 

DETECTORS 

Table 1 lists the three detector materials used in positron tomographs, 
Nal(Tl), CsF, and bismuth gerroanate (BGO). Nal(Tl) leads in photon yield and 
pulse height resolution, CsF leads In speed, and bGO leads in detection 
efficiency. An "ideal detector" with the best properties of all three would be 
very useful. 

Table 1. PROPERTIES OF DETECTOR MATERIALS 

M a t e r i a l N a l ( T l ) CsF BGO " I d e a l 
D e t e c t o r " 

Dens i ty (gm/cnw) 3.b7 4 .61 7.13 >6 
Atomic Numbers 11,53 55,9 8 3 , 3 2 , 8 >80 
Hygroscopic? YES VERY NO NO 
P h o c o e l e c t r o n Yie ld (511 keV) 2,500 100 300 >1,000 
S c i n t i l l a t i o n decay time ( n s e c ) 230 5 300 <10 
P h o t o e l e c t r o n s / n s e c 11 20 1 MOO 
Time r e s o l u t i o n (FWHM n s e c ) 1.5 0.4 7 <0.2 
Energy r e s o l u t i o n (% FWHM) 7 30 12 <8 

This work was supported by the Office of Health and Environmental 
Research of the U.S. Department of Energy .inder Contract No. W-7405-ENG-48 and 
the U.S. National Institutes of Health under grant HL 25840-01. 
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Figure 1: Several crystal-phototube coupling schemes. See t ex t . 

The Donner 280-Crystal Positron Tomograph uses 10 mm wide BGO crys ta l s 
coupled to 40 mm PMTs but th i s coupling scheme is limited to one ring (Fig. 
l a ) . ' Many systems use square or cyl indr ical crysta ls coupled d i rec t ly to a 
PMT (Fig- lb) but the crys ta l size is Limited to the size of the PMT 
(>14mm). »3»4»!> Fig. j c shows the coupling of crysta ls one-half the width of 
the PMT. I t i s used in the NIH Neuro PET (10 mm crys ta ls ) and is the basis for 
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a new multi-ring design at Donner Laboratory (7 mm crystals). Other approaches 
include the use of Anger position logic" (Fig. Id)* coded coupling logic (Fig. 
le), and special multi-anode PMTs (Fig. If). 

The use of fast detectors, such as CsF or plastic, is being explored for 
the localization of the annihilation point by time-of-flight.?»8»9»10 This 
approach can be used to reduce the statistical -iol.se in the reconstructed 
images• 

SAMPLING 

A stationary detector ring (Fig- 2a) has ttie capability for rdpid 
sequence imaging, but it cannot achieve the intrinsic resolution of the de ac
tors because of insufficient linear sampling. Approaches to overcome this Lim
itation include scan-rotate raotion^'^*^'^ (Fig* 2b), circular "wobble" 
motion^5» 16,12 (Fig. 2c), "Positology"- rotation of a circular array of [ion~ 
unifomily spaced detectors *'»*° (Fig. 2d), "Dichotomic"- rotation of half-
rings about the center*" (Fig. 2e), and "Clamshell"- hinging half-rings about 
the circumference ^ (Fig. 2f). 

Other resolution factors include (1) positron range,21 (2) deviations 
from 180° emission," (3) detector penetration, U 23 (4) t [ i e reconstruction 
filter, (5) organ motion, and (6) tracer motion due to flow or metabolism. 

SHIELDING AND BACKGROUNDS 

The primary backgrounds in positron emission tomography are accidental 
coincidences of unrelated annihilation photons and true coincidences of photon 
pairs where one or both have scattered.'- Both are reduced by using lead 
shielding and by t ime and pulse height discrimination.'** 

ELECTRONICS 

The primary components include (L) timing and pulse height discrimina
to r s , (2) coincidence and address c i r c u i t s , (3) memory, (4) f i l t e r i n g and 
back-projection c i r c u i t s , and (5) d isplay . 

CONCLUSIONS 

Although positron emission tomography is used Ln many research centers 
around the world, the inst rumentat ion can be improved in seve ral ways. These 
include the use of larger numbers of small, efficient detectors closely packed 
in many rings, the development of new detector materials, and novel electronic 
designs to reduce the deadtime and increase maximum event rates. 
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Figure 2: Several sampling schemes for positron tomography. 
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