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Study of performance of small gamma camera

consisting of crystal pixel array and position

sensitiVe photomultiplier tube

ZHU Jie，LIU Shi一11ao，LEI Xiao—Wjn，YAN Tian—Xin，XU Zi—Zong，WANG Zhao—Min4

(D叩nrtmem西Modem P的sics，Un如ersity西Science nnd Technotogy西ChiHn，Ht砖t 230026)

Abstract The performance of gamma camera with N“(T1)array coupled with position sensitjve photomultipIjer

tube(PSPMT)R2486 has been studied．The pixel size of NaI(T1)crystal is 2mm×2mm and the overall dimension of

the array is 48．2mm×48．2mm×5mm．There are484 pixels in a22×22 matrix．Because each pixel can pmduce a much

focused light spot and restrict the spread of photons，position reso】ution of the gamma camera is mainly determined

by pixel size．It is shown that crystal array pixel can reduce sh rinkage effbct and impmve int r．nsic posjtjon resolution

greatly Via restricting the spread of photons．Experimental results demonstrate that its position res01ution and linearity

are much improVed comparing with the gamma camera using planar crystals coupled with PSPM T．

Key words NaI(T1)，Pixel array，Position sensitive photomultiplier tube，Positjon 1inearity，Position resolution
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l IntroductiOn

ln recent years a great eff．on has been made in

deVeloping compact gamma caⅡ1era to improVe nu—

clear medical imaging．COnVentional Anger gamma

camera‘1
1
uses a NaI(T1)scintillatorblock and an a盯ay

of photomultiplier tube．It has 1arge size and poor spa—

tial res01ution，thus it is not suitable for small object

image．Though the gamma camera using planar crystal

coupled with position sensitiVe phOtomultiplier tube

(PSPMTKl) could greatly improVe spatial resolu—

tion，【3—5 planar crystals with adequate detection effi—

cjency produce Iarge Iight spread with respect to

PSPMT size．The only way to fhlly take adVantage of

PSPMT in仃insic characteristics is the use of pixel ar—

ray of appropriate size to optimize detection efficiency，

light spread and light output．Each pixel can produce a

much fbcused light spot which is mainly dependent on

depth of photon interaction，light waVelength，surfhce

characteristics，geometry and light transport effects．

Based on the abOve consideration， a small gamma

camera with scintillating pixel array and position sen—

sitiVe photomultiplier tubes(PSPMT)has been re—

cently deVeloped to t{ll(e a major step forward in im-

proVing nuclear medicine imaging．川Because of nar—

row light distributions in the pixels，it is possible to

reach 1—2 millimeter and eVen less spatiaI resolutions．

In this paper the performance of a sman gamma cam—

era using NaI(T1)scintillating pixels(size 2mm×2mm)

array coupled with Hamamastu R2486 PSPMT was

investigated by using a radiation source Of Am一24 1．

2 Image and readout methods

Ⅵ，e have built up a sman gamma camera Of

Nal(T1)pixel array coupled with Hamamastu R2486

PSPMT．The square area of Nal(T1)scintillating array

js 48．2mm×48．2mm．The Dixel size is 2mm×2mm

with 0．2mm packing between pixeIs．The material

between pixels is the powder renector'There are total

484 pixels in a 22×22 matrix．The crystal thickness is

5mm，which a110ws a detection ef．ficiencv of more
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than 95％for 100 keV gamma ravs．Pixel surface

仃eatment and reflectors were chosen to optiHlize 1ight

output by using realistic technologies．The renectiVi—

ties of pixel on t11e side and me top are 100％，and

98％for back．There are a 1mm reflector and

10w—density sponge gap between aluminum window

and pixel crystal array．The bottom of the pixel crystal

couples to the glass window of PSPMT(Hamamatsu

R2486．05)with silicon grease．The transmission fbr

oDtical window is 85％．The PSPMT R2486 includes a

bialkali photocathode，a 1 2一stage coarse mesh dynode

structure，and multiple anode wires crossing each

other in the X and y directions．Spectral response is

30I卜_600nm and wavelength of maximum response is

420nm．The window materialis borosilicate glass with

3．0mm t}lickness and has an eff宅ctive area矽50mm．

There are 16@)+1 6(y)anodes in PSPMT R2486．The

gain is 103 for hi曲Voltage 1250V．Fig．1 shows tIle

Spol size：口1 mm

Fig．1 The principle of multiplication for PSPMT
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principle of multiplication fbr PSPMT．Output signals

from each dynode can be diVided through extemal

resistive chains and derived f}om X and y electrodes

as the position signals(see

and y and total ene唱y can

10wing formulas：
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Fig．2)．The positions of X

be detenIlined by the fol—

E=x A七x B+Yc+YD

The crossed—wire anode construction f色atures

high position resoIution and linearity，and easy signaI

processing for scintillation imaging．The Voltage cir-

cuit and resistiVe chains for s培nal processing simplify

its connection to measuring instruments．The gamma

rav(59．5keV)from radiation source Am一24 1 was c01．

1imated by a copper collimator with痧1 mm hole．In

me experiment the PSPMT coupled with NaI(T1)pixel

array was light—tight，and the position of coHimator

related to radiation source could be changed by using

step motor(HT—PWB)in x and y directions．Thus we

could scan over{’ull surf’ace of NaI(T1)pixel array．

The whole system including beam scan，data acquir—

ing and real time analysis was controUed by PC plat．

form with LabVIEW software．Data acquiring pmce．

dure was in this way：first to run 3000 events to get
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Fig．2 The resistor chain distribution ofPSPMT．The multiple anode wjres arecrossing one another in theXand ydirections
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a11 ene唱y spectrum for giVen position，and men take

the full width at half maximum(FⅣHM)of the full

ene略y peak as a proper window widtll．In the follow—

ing real data acquiring only the eVents，ene唱y of

which was 10cated in above window，would be re—

corded．By using ene唱y and X and y position infbr—

mation， the center of graVity of scintillating light

could be calculated．AU the data analysis proceeded

with Physics Analysis Workstation(PAW¨1)software．

In the experiment an inf0眦ation including ene唱y

window width，image position and count number for

each irradiation spot and so on was stored as inde—

pendent file．

3 Results and discussion

3．1 Energy resolution and energy response

The measured energV resolution on the centre is

15％at FⅣHM for Am一241．The energy window

width is about 1 2keV The ene唱y respOnse Of gamma

camera can be described by two parameters：integral

unifomity and di仃erential uniforITlity．Integral uni—

f6nnitv is defined as the maximum variation in count

densitv over the entire field．of．view．Di骶rential uni—

fom=litV is defined as the maximum rate of change of

count density over a specified distance．From the

maximum(Max)and rninimum(Min)counts in the

pixels 1ying within the usefUl field—of二View and central

field—of_View we could get the integral unifomlity as

fbllows：

Max—Min ⋯
Integml unifo咖ity=±——×100％ (1)

Max+Min

For each row Or column of Dixels in the X and】，direc．

tions within me useful field。of_view and central

field—of_view，we could get the maximum count dif_

ference in any 6 contiguous pixels．From the highest

(High)and lowest(Low) Value of mis maximum

count dia-erence in the sets of rows and colu砌s then

the di骶rential uniforIIlity was given by：

Differential unifomlity=±
Hi曲一Low

High+Low

×100％(2)

The test results shOw that the inte铲al uniforITlity and

di骶rential uniformity of ene唱y is 35％and 27％，

respectiVely．Energy response fbr all measured points

is shown in Fig．3．

Fig．4 shows the count—rate pe怕rmance of all

measured points．The test results show that the inte-

gral unifo珊ity and differential unifb姗ity of

count-rate is 34％a11d 27％，respectiVely．

Fig．3 AIl meaSured points’ene曙y fesponse obtained by i盯a—

diating scintillating array with a collimated Am一24 l source．

Fig．4 All measured points’count—rate performance obtained

by irradiatjng scintillating array with a col】jmated Am·24 l

SOUrCe．

3．2 POsition linearity

All pixels on the surface of NaI(T1)array coupled

with PSPMT has been scanned by a step motor．The

scan range is from一24 mm to+24 mm with the step

of 2．2nlm in X and y direction，respectiveIy．Tbtal 484

points haVe been scanned，among which 26 points on

circumfbrence are below the signal threshold．Thus we

only get 458 data to be analyzed．Fig．5 shows the real

position of aU measured points，while Fig．6 shows the

position response of a儿measured points．From Fig．6，

it is clear that the image is significantly shrunk from

circumf色rence to the center．This is due to the fAct that

the PSPMT’s useful field．of-view is矽50mm，and the

distance from the Doints of circumference to center is

24×√2=34mm．It means that the points of circum—

ference show a lack of credibilitv．In order to reduce

statistical error’about 60000 events(1 00 second)have

been taken for each point．

The image position碍(i)(f，-，=一10，⋯，一1，0，

+1，⋯，+11)can be detennined by Eq．(3)，，and i are
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Fig．5 The real posjtion of all measured points
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Fig．6 The position response of all measured points
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Fig．7 A typical position response curVe of the system with

产l(0．57mm，pixel)．

indices of row and column for the pixel array

尺∥)=打i瓦丁而■耵 (3)

Fig．7 shows a typical position response curVe Of

the system with，=1．The straight line can be expressed

aS：

尺l(f)=一O．38032+1．74025×i (4)

The data a】．e fit with a s仃aight line with the

minimum bend．The position linearity coVers the

whole crystal dimension(48mm)perfbctly coinciding

with the intrinsic response．The slope of pOsition line-

撕ty is constant within 1 0％

slope change of about 40％

boundary(4mm)．We could

一10，⋯，一l，0，+2，⋯，+11，

procedure．

in a range of 40mm．A

occu．n．ed at the PSPMT

get Values of弓(f)O=

停1)by using the same

弓(f)=以+易×f
The results are shown on Fig．8

Fig．8 Linear measuring coeffjcient for all measured rows

The position response of g锄ma camera can be

described by di侬rential non—linearity and absolute

non—linearity．In case of unifbrIn distribution of me-

chanical position of impact point the differential

non—linearity is defined as standard error of distance

between borders upon two image points：

△尺i(f)=

(f=一10，⋯，0，⋯，+11，／=一10，⋯，O，⋯，+11) (6)

and

△．=

2I

∑
f_O

Thus the dif艳rential non—linearity for／“row is

(8)

Absolute non—linearitv is defined as maximum

deViation between image position and straight line fit．

Fig．9 and Fig．1 O show the di仃erential non—linearity

and the absolute non—linearitv for all measured rows

respectiVely． The aVerage Value of diff．erential

non-linearity and absolute non—linearity is 0．375 mm

and 1．426 mm，respectively．

3．3 Position resolution

The position resolution can be obtained by plot—

ting the deViation distribution from image position to
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strait fit for aU measured points．
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Fig．10 Absolute non—linearity for all measured rows

Fig．11 shows all measured points’position re—

spOnse curVe．In ref色rence frame，工coordinate data are

real distance from all measured points tO center')，co—

ordinate data are test distance from all image points to

center．The line equation is氕x)=1．5 17肿0．787．

Fig．11 All measured points’position response curVe(st印
length 2．2mm)(0．66mm，pixel)．

Fig．1 2 shows the deviation distribution frOm im-

age position to strait fit for all measured points．Thus

we can get position res01utions of 2．5 mm for step

length 2．2 mm，which is much improVed comparing

with me g籼a camera using planar crystals coupled

with PSPM T．18’13】The results dernons仕ate that array

of crystal pixels can reduce shrinkage ef!f’ect and im—

pmve intrinsic spatialresolution greatly Via restricting

the spread of photons．The resuhs also indicate that

spatial resolution of gamma camera using scintillating

crystal array coupled with PSPMT is limited by pixel

size．

_6 _4 —2 0 2 4 6

D郇ection(pixeIs)

Fig．12 The deViation distribution f}om image position to

strait fit for all measured points．

4 Conclusions

ExperiHlental results indicate that gamma camera

with scintillating array of crystal pixels haVe a good

position resolution and good linearity and ene昭y re。

sponse． The slope of posjtion 1inearity is constant

wimin l O％in a range of 40mm．A slope change of

about 40％occurred at the PSPMT boundary(4 mm)．

Thble 1 is the comparison of gamma camera using

scintilIating array of crystal pixels or planar crystal

couDled with PSPMT．【14】

’IhbIe l Comparison ofgamma cameras using scint订1ating array of crystaI pixels or planar crystal coupled with PSPMT

Parameters PixeI a玎ay coupled with PSPMT P1anar crystal coupled with PSPMT

!!!：!堕∑墨!竺竺皇!兰羔! !!!：!!!!墨!竺竺兰翌羔!

Energy resolution on centre 15％ 2 l％

Integral uniformity(ene唱y) 35％ 50％

Differentjal uniformity(ene唱y) 27％ 36％

Position resolution 2．5 mm 4 mm

Differential non—linearity(positjon) 0．38 mm 0．69 mm

Absolute non一1inearjty(position) 1．43 mm 3．3 mm
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Because each plxel can produce a much focused

light spot and restrict the spread of photons，spatial

solution of the gamma camera is mainly determined

by pixel size．On the other hand，the shrinkage eff色ct

mainly comes from the PSPMT．By right of these

factors，position res01ution of the gamma camera with

scintiUating pixel a】陌ay and PSPMT has improved

greatly．Experimental resuIts demonstrated that array

of crystal pixels can reduce shrinkage eff色ct and im·

proVe intrinsic spatial res01ution greatly Via restricting

the spread of photons．Compared with a sman g锄ma
camera using a planar NaI(T1)crystal and a PSPML

the camera’s perfbrmance has been greatly improVed．
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