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Abstract: GdzOzS:Tb, LazOzS:Tb, and ZnSCdS:Ag

scattering coefficients; p(E) was calculated from

phosphors were evaluated as x-ray absorbers and x-ray
to light converters in combination with photodetectors
for use in digital mammography. The x-ray detection
efficiency, the intrinsic x-ray to light conversion effi-

atomic data Tables [4].

ciency, the number of light photons created per x-ray

Ae = Jr(E)tl-exp(-p(E)r)ldE/

detected, and the spectral rnatching factor between emit-

ted light spectra and the spectral sensitivity of various
photodetectors were determined. Phosphors exhibited
satisfactory radiation detection and optical signal characteristics; GdzO:S:Tb was the best x-ray absorber,
ZnSCdS:Ag was slightly better in optical photon creation. Spectral compatibility with photodetectors was
very good to excellent for all three phosphors examined.

INTRODUCTION
Most digital mammography units employ x-ray
detectors consisting of a phosphor screen in combination with a photocathode or a CCD affay. The performance of mammographic detectors depends on the
x-ray detection efliciency of the phosphor screen, the
intensity of the optical signal produced by the irradiated screen, and the spectral compatibility of the optical signal spectrum to the spectral sensitivity of the
photocathode or CCD array. The scope of this study
was to evaluate the perfonnance of three phosphor
materials (GdzOzS:Tb, LazOzS:Tb, ZnSCdS:Ag) for
use in mammographic detectors, on the basis of the
aforementioned material properties.

MATERIAL AND METHODS
GdzOzS:Tb, LazOzS:Tb, and ZnSCdS:Ag screens
were prepared by sedimentation in the laboratoryll,2l.
Screens were exposed to 25-50 kVp x-rays and the ab-

solute luminescence efliciency (light flux emitted per
unit of exposure rate) was measured [ -3]. Absolute
efliciency experimental data were fitted by curves, derived from theoretical equations [,2], in order to esti-

mate values for the intrinsic characteristics of the
phosphor material (x-ray to light conversion efliciency, light absorption and fight scattering) that govern the intensity of the optical signal produced. Equations employed give absolute efficiency (no) as:
no

= nc flp(E),

a,s]

where n. is the intrinsic K-ray

(1)

to light conversion effi-

ciency, p(E) is the x-ray mass attenuation coeflicient
at energy E, and a, s are the light absorption and light

The x-ray detection efficiency (Aq) was calculated
according to the formula
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where f(E) is the spectral distribution function of xrays, T is the screen coating thickness (35 mg/cm2),
and Eo is the maximum energy determined by the xray tube voltage.
The light emission spectra of each phosphor screen
was experimentally determined by means of a gratrng
monochromator[2,3]. The quantity of light created per
x-ray absorbed within the phosphor material (mo) was
calculated by the relation
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where Ep is the mean energy
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of optical photons

cre-

ated.

The spectral compatibility of the emitted light with
the spectral sensitivity distributions of the GaAs, extended S-20, S-25, S-20 photocathodes and the silicon

photodiode, used

in CCD arrays, was assessed

by

means of the matching factor (as) calculated by [5,6]
l''?
äs = Jsrll.yso(i)dl.
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where )v , Xz are the lower and upper wavelength limits of the spectrum, Sr(1") is the normalized spectrum
of the phosphor screen, So(1") is the normalized spectral sensitivity distributions of the photodetector, ob-

tained from manufacturers data (EMI, RCA, Hamamatsu, ITL, Rohn).

RESULTS
As it is observed from figure l, GdzOzS:Tb was the
best x-ray absorber, since its x-ray detection efficiency

was found superior to those of LazOzS:Tb or
ZnSCdS:Ag

in the

mammographic

kVp

range.

ZnSCdS:Ag produced larger number of light photons
(mo) per x-ray detected as shown in figure 2. Additionally, ZnSCdS:Ag was the best x-ray to light converter, but GdzOzS:Tb or LazOzS:Tb were also very

eflicient (Table l). ZnSCdS:Ag had the lowest light
scattering but the highest absorption coeflicients. Table 2 shows the spectral matching factors between the
three phosphors and some common photodetectors.
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Best compatibility (0.92-0.94) was achieved

with GaAs

and S-25 photocathodes. Figure 3 illustrates
measured

the

light spectrum of LazOzS:Tb and the spec-

tral sensitivity distributions of

some photodetectors.

LazOzS:Tb when compared to ZnSCdS:Ag. However,
the latter was found to be the most eflicient phosphor
in producing light per x-ray quantum absorbed, because of its higher x-ray to light conversion gain. Its

GdzOzS: Tb and LazOzS:Tb spectra were very similar.

higher light absorption (a) and lower scattering

o.7

properties are indicative of better spatial resolution.

(s)

CONCLUSION
The three phosphors examined exhibited satisfac-

tory overall performance with GdzOzS: Tb being better in x-ray absorption and ZnSCdS:Ag having
slightly better optical signal properties.

l: Intrinsic parameters related to optical signal
of three phosphor materials.
Table
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Figure 1: X-ray detection efficiency Vs tube voltage.

GdzOzS: Tb
LazOzS: Tb

ZnSCdS:Ag
er of light photons (mo )

(cmzlg)

0.20 0.900
0.18 0.900
0.2t 1.530

s(cm2/g)
499.55
499.55
377.01

Table 2: Spectral matching factors.
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DISCUSSION
GdzOzS: Tb is most efficient in absorbing x-rays
among the three phosphors because of its higher effective atomic number. Similar consideration holds for
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