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Abstract The performance of gamma camera with Nal(Tl) array coupled with position sensitive photomultiplier

tube (PSPMT) R2486 has been studied. The pixel size of Nal(Tl) crystal is 2mmx2mm and the overall dimension of

the array is 48.2mmx48.2mmx5mm. There are 484 pixels in a 22x22 matrix. Because each pixel can produce a much

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

by pixel size. It is shown that crystal array pixel can reduce shrinkage effect and improve intrinsic position resolution

greatly via restricting the spread of photons. Experimental results demonstrate that its position resolution and linearity

are much improved comparing with the gamma camera using planar crystals coupled with PSPMT.
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1 Introduction

In recent years a great effort has been made in
developing compact gamma camera to improve nu-
clear medical imaging. Conventional Anger gamma
camera!'’ uses a Nal(TI) scintillator block and an array
of photomultiplier tube. It has large size and poor spa-
tial resolution, thus it is not suitable for small object
image. Though the gamma camera using planar crystal
coupled with position. sensitive photomultiplier tube
(PSPMT?h could greatly improve spatial resolu-

[+3) planar crystals with adequate detection effi-

tion,
ciency produce large light spread with respect to
PSPMT size. The only way to fully take advantage of
PSPMT intrinsic 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 focused light spot which is mainly dependent on
depth of photon interaction, light wavelength, surface
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 take a major step forward in im-
proving nuclear medicine imaging.'! Because of nar-
row light distributions in the pixels, it is possible to
reach 1-2 millimeter and even less spatial resolutions.
In this paper the performance of a small gamma cam-
era using Nal(T1) scintillating pixels (size 2mmx2mm)
array coupled with Hamamastu R2486 PSPMT was
investigated by using a radiation source of Am-241.

2 Image and readout methods

We have built up a small gamma camera of
Nal(T1) pixel array coupled with Hamamastu R2486
PSPMT. The square area of Nal(TI) scintillating array
is 48.2mmx48.2mm. The pixel size is 2mmx2mm
with 0.2mm packing between pixels. The material
between pixels is the powder reflector. There are total
484 pixels in a 22x22 matrix. The crystal thickness is
Smm, which allows a detection efficiency of more
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than 95% for 100 keV gamma rays. Pixel surface
treatment and reflectors were chosen to optimize light
output by using realistic technologies. The reflectivi-
ties of pixel on the side and the top are 100%, and
98% for back. There are a 1mm reflector and
low-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 for
optical window is 85%. The PSPMT R2486 includes a
bialkali photocathode, a 12-stage coarse mesh dynode
structure, and multiple anode wires crossing each
other in the X and Y directions. Spectral response is
300—600nm and wavelength of maximum response is
420nm. The window material is borosilicate glass with
3.0mm thickness and has an effective area ¢ S50mm.
There are 16(x)+16(y) anodes in PSPMT R2486. The
gain is 10° for high voltage 1250V. Fig.1 shows the
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Fig.1 The principle of multiplication for PSPMT.
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principle of multiplication for PSPMT. Output signals
from each dynode can be divided through external
resistive chains and derived from X and Y electrodes
as the position signals (see Fig.2). The positions of X
and Y and total energy can be determined by the fol-
lowing formulas:

X=XA_XB
X, +tX,
Y = YC—YD
Y. +Y,

E=X,+X,+Y . +Y,

The crossed-wire anode construction features
high position resolution and linearity, and easy signal
processing for scintillation imaging. The voltage cir-
cuit and resistive chains for signal processing simplify
its connection to measuring instruments. The gamma
ray (59.5keV) from radiation source Am-241 was col-
limated by a copper collimator with ¢ Imm hole. In
the experiment the PSPMT coupled with Nal(T1) pixel
array was light-tight, and the position of collimator
related to radiation source could be changed by using
step motor (HT—PWB) in x and y directions. Thus we
could scan over full surface of Nal(Tl) pixel array.
The whole system including beam scan, data acquir-
ing and real time analysis was controlled by PC plat-
form with LabVIEW software. Data acquiring proce-
dure was in this way: first to run 3000 events to get
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Fig.2 The resistor chain distribution of PSPMT. The multiple anode wires are crossing one another in the X and Y directions.
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an energy spectrum for given position, and then take
the full width at half maximum (FWHM) of the full
energy peak as a proper window width. In the follow-
ing real data acquiring only the events, energy of
which was located in above window, would be re-
corded. By using energy and X and Y position infor-
mation, the center of gravity of scintillating light
could be calculated. All the data analysis proceeded
with Physics Analysis Workstation (PAW Ol software.
In the experiment all information including energy
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 energy resolution on the centre is
15% at FWHM for Am-241. The energy window
width is about 12keV. The energy response of gamma
camera can be described by two parameters: integral
uniformity and differential uniformity. Integral uni-
formity is defined as the maximum variation in count
density over the entire field-of-view. Differential uni-
formity is defined as the maximum rate of change of
count density over a specified distance. From the
maximum (Max) and minimum (Min) counts in the
pixels lying within the useful field-of-view and central
field-of-view we could get the integral uniformity as
follows:

Max - Min
Max + Min
For each row or column of pixels in the X and Y direc-
tions within the 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 this maximum
count difference in the sets of rows and columns then

Integral uniformity= + x100% (1)

the differential uniformity was given by:
High — Low
High+Low

Differential uniformity= + x100% (2)

The test results show that the integral uniformity and
differential uniformity of energy is 35% and 27%,
respectively. Energy response for all measured points
is shown in Fig.3.

Fig.4 shows the count-rate performance of all
measured points. The test results show that the inte-
gral uniformity and differential uniformity of
count-rate is 34% and 27%, respectively.
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Fig.3 All measured points’ energy response obtained by irra-
diating scintillating array with a collimated Am-241 source.
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Fig4 All measured points’ count-rate performance obtained
by irradiating scintillating array with a collimated Am-241
source.

3.2  Position linearity

All pixels on the surface of Nal(T1) array coupled
with PSPMT has been scanned by a step motor. The
scan range is from -24 mm to +24 mm with the step
of 2.2mm in X and Y direction, respectively. Total 484
points have been scanned, among which 26 points on
circumference are below the signal threshold. Thus we
only get 458 data to be analyzed. Fig.5 shows the real
position of all measured points, while Fig.6 shows the
position response of all measured points. From Fig.6,
it is clear that the image is significantly shrunk from
circumference to the center. This is due to the fact that
the PSPMT’s useful field-of-view is ¢ 50mm, and the
distance from the points of circumference to center is
24><\/E =34mm. It means that the points of circum-
ference show a lack of credibility. In order to reduce
statistical error, about 60000 events (100 second) have
been taken for each point.

The image position R,(i) (i, j = -10, ..., -1, 0,
+1, ..., +11) can be determined by Eq.(3), j and i are
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Fig.5 The real position 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
J=1(0.57mm/pixel).

indices of row and column for the pixel array.

R,()=+/(X, - X)) +(¥,-Y,)? 3

Fig.7 shows a typical position response curve of
the system with j=1. The straight line can be expressed
as:

Ri(1)=—0.38032+1.74025xi 4)

The data are fit with a straight line with the
minimum bend. The position linearity covers the
whole crystal dimension (48mm) perfectly coinciding
with the intrinsic response. The slope of position line-

arity is constant within 10% in a range of 40mm. A
slope change of about 40% occutred at the PSPMT
boundary (4mm). We could get values of Ri(i) (j =
-10, ..., -1, 0, +2, ..., +11, j#1) by using the same
procedure.

Ri(D=a+bxi ®)

The results are shown on Fig.8.
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Fig.8 Linear measuring coefficient for all measured rows.

The position response of gamma camera can be
described by differential non-linearity and absolute
non-linearity. In case of uniform 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:

ARj(i) = \/(Xi+1 - Xi)2 + (Yi+l - Y{)z

@t=-10,...,0, ..., +11,j=10,...,0, ..., +11) (6)

and
21 - a
Z \/(xm = X))+ (Vi = Vi)
A = i=0
! 21
(7
Thus the differential non-linearity for /" row is
21 ,
D (AR (i)-A )
n, =\ (®)

21

Absolute non-linearity is defined as maximum
deviation between image position and straight line fit.
Fig.9 and Fig.10 show the differential non-linearity
and the absolute non-linearity for all measured rows
respectively. The average value of differential
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 all measured points.
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Fig.9 Differential non-linearity for all measured rows.
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Fig.10  Absolute non-linearity for all measured rows.

Fig.11 shows all measured points’ position re-
sponse curve. In reference frame, x coordinate data are
real distance from all measured points to center, y co-
ordinate data are test distance from all image points to
center. The line equation is fx)=1.517x+0.787.
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Fig.11 All measured points’ position response curve (step
length 2.2mm)(0.66mm/pixel).

Fig.12 shows the deviation distribution from im-
age position to strait fit for all measured points. Thus
we can get position resolutions of 2.5 mm for step
length 2.2 mm, which is much improved comparing
with the gamma camera using planar crystals coupled
with PSPMT.®"* The results demonstrate that array
of crystal pixels can reduce shrinkage effect and im-
prove intrinsic spatial resolution greatly via restricting
the spread of photons. The results also indicate that
spatial resolution of gamma camera using scintillating
crystal array coupled with PSPMT is limited by pixel
size.
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Fig.12 The deviation distribution from image position to
strait fit for all measured points.

4 Conclusions

Experimental results indicate that gamma camera
with scintillating array of crystal pixels have a good
position resolution and good linearity and energy re-
sponse. The slope of position linearity is constant
within 10% in a range of 40mm. A slope change of
about 40% occurred at the PSPMT boundary (4 mm).
Table 1 is the comparison of gamma camera using
scintillating array of crystal pixels or planar crystal
coupled with PSPMT.!"Y

Table1 Comparison of gamma cameras using scintillating array of crystal pixels or planar crystal coupled with PSPMT

Parameters Pixel array coupled with PSPMT Planar crystal coupled with PSPMT
(59.5 keV gamma ray) (59.5 keV gamma ray)

Energy resolution on centre 15% 21%

Integral uniformity (energy) 35% 50%

Differential uniformity (energy) 27% 36%

Position resolution 2.5 mm 4 mm

Differential non-linearity (position) 0.38 mm - 0.69 mm

Absolute non-linearity (position) 1.43 mm 3.3 mm
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Because each pixel 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 effect
mainly comes from the PSPMT. By right of these
factors, position resolution of the gamma camera with
scintillating pixel array and PSPMT has improved
greatly. Experimental results demonstrated that array
of crystal pixels can reduce shrinkage effect and im-
prove intrinsic spatial resolution greatly via restricting
the spread of photons. Compared with a small gamma
camera using a planar Nal(Tl) crystal and a PSPMT,
the camera’s performance has been greatly improved.
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