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*Lawrence Berkeley Laboratory 
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ABSTRACT 

The characteristics of a modified first generation 
40 mm-diameter VARO 1248-1 image intensifier which 
uses a very short luminescence decay time phosphor 
screen (P-46) have been investigated. Some typical 
intensifier characteristics - such as luminous gain 
and spatial reso 1 ut i on - are compared with data pro
vided by the manufacturer for nonmodified device. 
Characteristics which are not generally available from 
manufacturer were also measured. These include the 
phosphor spectral emission characteristics and lumin
escence decay time. The measuring techniques used and 
description of measuring systems are given. 

INTRODUCT ION 

Streamer chambers used for the study of complex 
final states encountered in the collision of high 
energy heavy ions are triggerable 4n detectors for 
charged particles. 1,2 The chamber makes visible the 
charged part i c 1 e trajectori es ina gas vo 1 ume by amp-
1 ifying primary ionization by a factor 108 by means 
of a very short high voltage pulse. The light emitted 
as the gas molecules de-excite from the streamers dis
charge is photographed with three 1 arge aparture lens 
cameras using fastest available films; The track pro
jections on the film planes are digitized and used to 
reconstruct the particle trajectory in space. Its 
para 11 ax is determi ned with reference to fi xed 
fiducial marks. The resulting picture quality is 
sufficient to obtain high preclslon momentum 
measurements and good multitrack resolution. 

However, in very high resolution streamers chamber 
experiments the light intensity from the tracks is too 
low for direct recording even on very fast film. 
Therefore, it is necessary to use an image intensifier 
between the streamer chamber and the recording cam-

o era. The image intensifier should have high spatial 
resolution, adequate luminous gain and an appropriate 
phosphor. A phosphor with good characteristics should 
be used particularly with respect to its luminescence 
decay time, emission spectrum and efficiency. 

This paper discusses some performance characteris
tics of modified first generation 40-mm diameter VARO 
1248-1 image intensifier. This single stage image 
intensifier has extended red S-20 photocathode deposi
ted on a fiber optics substrate, an electrostatic 
focusing arrangement and fiber optics plate on which 
thi n fi 1m of phosphor screen is depos ited. The phos
phor screen is coated with a thin opaque film of alum
inum. Modified intensifier employs a P-46 phosphor 
material which has a very short luminescence decay 
time. This phosphor was introduced by Thomas Elec
tronics, Inc. in 1972. The phosphor chemical composi
tion is yttrium aluminate: cerium. 4 
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The nonmodified version of the 1248-1 intensi
fier3 uses P-20 phosphor screen which spectral out
put peaks at approximately 560 nm. This phosp~ojr 
screen has persistance, from initial brightness to the 
10% decay point, in the range of 50 ~s to 2 ms depend
ing upon device operating conditions. Because this is 
not fast enough in certain applications, the P-46 
phosphor with significantly shorter decay time was' 
incorporated in the 1248-1 intensifier. However, this 
phosphor has a lower luminous conversion efficiency 
and poorer reso 1 ut i on capab i 1 it i es due to the higher 
percentage of large phosphor particles. Consequently, 
several specific measurements were necessary to deter
mine whether this modified intensifier could be used 
effectively with a high resolution streamer chambers 
where a short 1 umi nescence decay time of the phosphor 
over a wide dynamic range of light intenSity is 
important. 

The operating voltage was 15 kV for the gain, 
spatial resolution and phosphor emission spectra 
measurements. For the luminescence decay time 
measurement, the operating voltage was 13 kV. 

LUMINOUS GAIN MEASUREMENTS 

The luminous gain of an image intensifier is 
defined as the ratio of phosphor screen luminance in 
footlamberts (fL) to the photocathode illuminance in 
footcandles (fc). This gain measurement was made 
using the system described in Ref. 3 with slight modi
fication. The calibrated radiation source was a stan
dard Tungsten-filament lamp operating at a color 
temperature of 2870oK. The lamp was followed by two 
light diffusers, a neutral density filter and a cali
brated aperture. The i ntens ifi er output image 1 um
inance was measured with a Spectra-Pritchard Phot
ometer, Model 1980. The photometer was calibrated 
using the National Bureau of Standard glass 
no. 161122-2 and lamp no. 8689. 

The input illuminance of the intensifier photo
cathode was 4.47XlO-3 fc. The phosphor screen lum
inance was 0.118 fL. Consequently, the image intensi
fier gain was 26.4 fL/fc at operating voltage of 
15 kV. This gain is significently smaller than the 
gain of the same device operating at 15 kV with the 
P-20 phosphor3 which is typically 100 or more. 

SPATIAL RESOLUTION MEASUREMENT 

The spatial resolution measurement of the image 
intensifier was made by projecting an Air Force 1951 
Resolving Power Test Target (100% contrast) onto the 
photocathode using white light. A magnification of 
one half was used. The Test Target positive pattern 



was used having black lines on a white background. 
Furthermore, a microscope with a magnifying power of 
20 was employed to observe the image of the test tar
get on the fiber optic piece. The number of resolved 
line pairs per millimeter at the center of the device 
was 57 at operating voltage of 15 kV. 

PHOSPHOR SPECTRAL EMISSION CHARACTERISTIC MEASUREMENTS 

Spectral emission characteristic was measured with 
a spectroradiometer system, EG&G Model 580/585. This 
system consists of a beam input optics, a monochroma
tor, a high sensitivity detector head and an indicator 
unit. The beam input optics diffuses ·the light from 
the screen and focuses it through the entrance slit of 
the monochromator onto a rotating reflective grating. 
The 1 ight incident upon the plane difraction grating 
is angularly dispersed according to wavelength. The 
grating is manually rotated to direct any selected 
wavelength into a concave mirror. This mirror col-
1 ects the 1 i ght and forms an image of the entrance 
slit on the exit slit by means of quartz co 11 ector 
lens. The exit slit of the monochromator is optically 
coupled to the photocathode of a photomultiplier which 
serves as a high sensitivity detector. The electrical 
output signal from the detector head is directly pro
portional to the input light level and it is precisely 
measured by an indicator unit. Figure 1 shows spec
tral energy emission characteristics of phosphor P-46, 
(dashed 1 ine). For compari son the typical spectral 
distribution of the same phosphor is shown by a full 
line as published in Ref. 4. 

LUMINESCENCE DECAY TIME MEASUREMENT 

A block diagram of the system for measuring the 
luminescence decay time is shown in Fig. 2. The sys
tem consists of a light pulse generator, a high gain 
photomultiplier, an oscilloscope and appropriate power 
supplies. All components used in the system are 
available commercially except the light generator. A 
high efficiency Gallium Arsenide Phosphide electro
luminescent diode, Hewlett-Packard type HLMP-3315, 
driven by an transistor pulse generator was used as 
the light source. A separate standard type pulse gen
erator, capable of supp lyi ng pul ses wi th nanosecond 
rise times and ampl itudes of - 3 V is required to 
operate 1 i ght pu 1 se generator. The electro 1 umi scence 
diode was driven by a current pulse of 60 rnA with a 
shape havi ng a FWHM of 5 ns. The voltage across the 
diode was 3.0 V. A schematic diagram of the electro
luminescent diode driver stage is given in Fig. 2. 

The output light pulse from the generator, as 
observed by a Hamamatsu R647 photomultiplier, is shown 
in Fig. 4. The image intensifier output light pulse 
observed by the same photomultiplier is shown in Figs. 
5 and 6. The photomu 1 tip 1 i er operating vo ltage was 
1.1kV. It can be concluded from these figures that 
the luminescence decay time {rom initial brightness to 
the 10% decay point was approximately 160 ns. The 
relative brightness as a function of time after exci
tation is shown in Fig. 7. The reference electrical 
pulse from the standard pulse generator is also shown 
in Figs. 4, 5 and 6. For comparison, the brightness 
characteristics of phosphors P-ll and P-20 are also 
shown. In general, the luminescence decay time 
depends upon the anode current. For the phosphor P-11 
the characteristics a and b are for the anode current 
2.5 \lA and 25 \lA, respectively. Similarly, for 
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phosphor P-20, the brightness ~hargcteris2icsOc, d/ 2 
and e are for the current denslty ~ \lA/cm ,~ \lA cm 
and 50 \lA/cm,2 respectively.4 

CONCLUS IONS 

Our measurements of the modified 1248-1 image in
tens ifi er approx imate ly agree with all bas i c charac
teristics, except the luminous gain, with those given 
by manufacturer for the nonmodified device with P-20 
phosphor screen. In both devi ces the phosphor screen 
is coated with a thin opaque film of aluminum. For 
the intensifier having P-20 phosphor, the spatial 
reso 1 ut i on at the center of the dev i ce is 72 1 P /mm. 
Our measurements performed on the device with the 
short luminescence decay time phosphor exhibit the 
resolution of 57 lp/mm at the center. This is due to 
the higher percentage of 1 arge part i c 1 es of the P-46 
phosphor. Furthermore, because of production toler
ances, there is a sma 11 d i ff erence between our meas
urements and the generally accepted typical spectral 
energy emi ss i on characteri st i c of the P-4b phosphor. 
However, there is a significant difference in the 
luminous gain between devices. Our measurements have 
shown that the i ntens ifi er with P-46 phosphor screen 
has significantly smaller luminous gain than the simi
lar device with a P-20 phosphor. In general the lum
inous gain of a single stage image intensifier, defin
ed as the rat i 0 of the 1 umi nous output fl ux and the 
luminous input flux, is approximately given by 

Gi ~ Sph (Vpph - Ve)ns 

where Sph is the luminous sensitivity of the photo
cathode in A/lm, Vpph is the app 1 i ed vo ltage between 
the photocathode and the phosphor screen in V, Ve is 
the effective voltage loss in the metallic overlay of 
the phosphor in V, and ns is the 1 umi nous convers i on 
efficiency of the aluminized phosphor screen in lm/W. 
The efficiency of phosphor screen depends upon the 
bulk material efficiency, the thickness of the phos
phor screen, the losses in the aluminum film, the 
part i c 1 e size of the phosphor and the app 1 i ed vo 1 t
age. The conversion efficiency for a screen using 
P-20 material is in the range from 40 to 50 lm/W. The 
screen efficiency of one using P-46 material is in the 
range from 6 to 15 lm/W, most ly due to the bul k mate
rial efficiency. This explains the difference in the 
luminous gain for intensifiers having the same photo
cathode, applied voltage and different phosphor 
materials. 

From above considerations follow that the luminous 
gain of the single stage image intensifier with short 
luminescence decay time phosphor is too small for 
streamer chamber applications. Consequently, in such 
appl ications a multistage image intensifier should be 
used, where a gain from several hundred to several 
thousand can be obtained. 
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Fig. 1 Spectral emission characteristics of P-46 phosphor 
screen. 
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Fig. 2 Block diagram of the system for measuring the luminescence decay time of fast image 
intensifiers. 

3 



+6V 
O.1}JF 

H~+H 
6.8}JF 

HP2800 

INPUT 

ov-, r
-3V U 

MMT 4261 

n +3V 
...J L. OV 

> 
~ 

" en 
C 
o 
N 

SIGNAL 
OUT 

XBL 8511-4804 

Fig. 3 Schematic diagram of the electroluminescent 
diode driver. 
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Fig. 4 (a) Output pulses from the electroluminescent 
Gallium Arsenide Phosphide diode as observed 
by a Hamamatsu R 647 photomultiplier. The 
photomultiplier operating voltage was 1.1 kV. 

(b) Reference electrical pulse from the standard 
pulse generator. 
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Fig. 5 (a) Output pulses from the image intensifier as 
observed by a Photomultiplier R 647. 

(b) Reference electrical pulse from the standard 
pulse generator. 
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Fig. 6 (a) Output pulses from the image intensifier 
as observed by a Photomultiplier R 647. 

(b) Reference electric pulse from the standard 
pulse generator. 
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Fig. 7 Relative brightness as a function of time for phosphor screen P-ll, P-20 
and P-46. The curves a and b are for the anode current of 2.5 ~A, and 
25 ~A, resDectively. 2The curves C, d and e are for the current densities 
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