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AN INVESTIGATION OF THE OPERATING CHARACTERISTICS OF 
THE SOLID STATE INTENSIFYING SCREENS 
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ABSTRACT:  This report presents experimental data on the 
characteristics of the solid state intensifying screens 
manufactured by the U. S. Radium Corporation under NOrd 
Contract 18369.  Brightness measurements as a function of 
X-ray intensity from 90 kvp to 10 Mev are given.  A com- 
parison of screen characteristics is made relative to a 
standard fluorescent screen at low X-ray energies and to a 
Nal crystal at high energies.  The increased brightness and 
contrast of the solid state screen is demonstrated.  The 
equation describing screen brightness in terms of the 
various screen parameters is derived.  Experimental data 
is given in support of these equations. 
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AN INVESTIGATION OF THE OPERATING CHARACTERISTICS OF 
THE SOLID STATE INTENSIFYING SCREENS 

The evaluation of two solid state image intensifying screens 
developed under NOrd Contract 18369 has been carried out 
under Task RUME 3E 006/212 1/F008 10 004 and RMMP 33 063. 
This evaluation was to determine the applicability of these 
screens to the field of industrial radiography.  The data 
is presented in the form of response curves in the voltage 
range from 90 kvp to 10 Mev.  The two screens which have been 
evaluated represent an initial effort to develop suitable 
industrial radiographic screens. 

The author wishes to acknowledge the general direction and 
encouragement provided by Mr. George D. Edwards of RUME-322 
and Mr. E. E. Katcher of RMMP-43 of the Bureau of Naval 
Weapons. 

W. D. COLEMAN 
Captain, U. S. N. 
Commander 
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INTRODUCTION 

1. Fluoroscopy for industrial inspection employs a 
screen which is limited in sharpness and brightness response. 
As the usual screens respond linearly to X-ray intensity, the 
development of a screen with non-linear response greater than 
one will improve contrast and thus image sensitivity.  Solid 
state intensifying screens offer this characteristic as well 
as high brightness. A contract was issued to the United 
States Radium Corporation for the development of two prototype 
screens with the desired characteristics. _1/ Upon completion 
of the contract, the screens were evaluated by the Naval 
Ordnance Laboratory.  One screen, no. 251, represents an 
effort to obtain high brightness with only moderate contrast;* 
the other screen, no. 255, was reported to have a high contrast 
with lower screen brightness. 

2. Emphasis is placed upon evaluating screen brightness 
at various energies and intensities and determining the decay 
time. Sensitivity measurements were not attempted due to the 
small size of the screen (approximately 2 inches by 2 inches) 
and brightness irregularities across the surface. 

3. The brightness of screen no. 251 is given at X-ray 
intensities of 90, 150, 250 and 2000 kvp and 10 Mev.  Due to 
dielectric breakdown of screen no. 255 no data above 90 kvp 
was obtained.  A comparison of the light output and contrast 
of screen no. 251 is made relative to a Radelin PFG fluorescent 
screen*at low X-ray energies and a Nal crystal at higher 
energies. 

4. A theoretical discussion of the operating principles 
and characteristics of these screens is given first.  Then 
the experimental data are introduced and comparison is made 
between calculated and experimental results.  Finally, 
attention is drawn to the limitations of the present screens 
concluding with a discussion of the possible methods of 
improvement. 

THEORETICAL CONSIDERATIONS 

5.  The term electroluminescent refers to a substance 
which produces light when excited by an electric field.  Pure 
crystals such as ZnS produce little luminescence.  However, 

*A zinc sulfide (ZnS) screen manufactured by U. S. Radium. 

1 
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when a controlled amount of impurity or activator such as Cu_S 
is added, the light output is greatly increased.  A typical 
electroluminescent cell is composed of the above constituents 
suspended in an insulating resin. 

6. In order to understand the mechanism of excitation, 
picture a crystal of activated ZnS in contact with electrodes 
connected to a voltage source as shown in Figure 1.  A 
potential barrier is established at the interface between the 
ZnS and the electrode.  This barrier is due to electrons which 
have escaped from donor levels within the ZnS to the electrodes, 
producing a positive space charge in the ZnS and an equal 
negative space charge in the electrode.  When an electric field 
is applied, the potential barrier broadens, i.e., the positive 
space charge increases due to hole transport and entrapment in 
the activator levels of the cathode region. 7J    Electrons can 
now penetrate the potential barrier and are accelerated in the 
surrace region by the electric field. Under these conditions 
they gain enough energy to cause excitation of the activator 
by impact.  For an a-c electroluminescent cell consisting of 
ZnS grains suspended in an insulating medium it can be assumed 
that the Cu-S specks upon the ZnS grains act as the electrodes. Z/ 
Since these grains are surrounded by resin, contact between 
the electrodes and the voltage source is not possible.  However, 
when the field is applied, electrons penetrate the barrier 
producing secondary electrons in the ZnS grains.  These are 
transported through the crystal leaving a positive space charge 
at the interface and inducing a negative charge within the Cu-S 
layer.  This lowers the potential and more electrons penetrate 
the barrier, enlarging the space charge, and so on. 

7. Light emission takes place when the free electrons 
recombine with the holes and the ionized activator centers. 
The probability that this happens during the excitation process 
is on the order of 10~8 to 10-9.  4/  Thus, the major part of 
the light output occurs during reversal of the field. 

8. The brightness of the electroluminescent (EL) cell 
therefore depends upon the voltage and frequency across the 
layer.  The fabrication of an image intensifier using an 
EL layer is possible if a method of modulating the voltage 
across the layer is devised.  Fortunately, photoconductance 
offers such a method. 

9. The impedance of a photoconductive (PC) layer such 
as CdS, varies with the intensity of the incident radiation. 
When such a cell is connected with an EL layer across an 
a-c power supply, the PC layer modulates the voltage drop 
across the EL layer.  An electrical analysis is aided by 
Figure 2 which shows the PC layer as a capacitor in parallel 

a 
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with a variable resistor.  The EL layer is almost entirely 
capacitive.  It is connected in series with the PC layer across 
the power supply of voltage, V = V cosut. 

The voltage fraction across the EL layer is: 

V2o  _  22 
V0       Z1+82 

(1) 

Z- ■ the impedance of the EL layer 

Z,  ■ the impedance of the PC layer 

The emittance B2 of the EL layer written as a function of the 
voltage V- = V-    cos»t across it is: 

B2 = u; B2 <* exp(-AV2o"
1/2)  where O/ = 2 -n- f. -^ (2) 

Bj** >   an<^  A are constants of the EL layer involved and depend 
upon layer preparation.  V-  is given by equation (1). 

10. The impedance or admittance of the layers may be 
expressed in terms of their capacitance and conductance as 
follows: 

Z2 =  
1/Y2  where  Y2 = j uJ c2 (3) 

Y2 = admittance 
2 

C- ■ capacitance in farads/m 
u      ■ 2 "W f 

The impedance of the PC layer is: 

1 / * zl =     'Y-y     where Y1 = Gi + j ^ ^ (4) 

Y, = admittance of PC layer 
G-, = conductance of PC layer 

C^ = capacitance in farads/m^ 

CJ = 2 TT f 

Placing (3) and (4) in equation (1) and solving for V-  gives: 
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^a 

'20 

Z    +   Z I2 

lVjfaJC2/ 

J_2 

Y,     ^      Y2 

I + I 
G, + JCJC,       JCJC2 

Gf+    02(C( +   C/ 

G?   + (02cf 
2   ^    G?   +   (J^C.-h C2)z 

G?  +  (J2C?        li 
(5) 

Bg   =   (x>B2o(exP -AV^( 
Gf +  W2Cf 

Gf + OJ^C, + Caf 
r (6) 

11.     The  conductance of   the  PC cell   (G,)is a rather  complex 
expression,^/   involving  the   irradiating   intensity  and   accounting 
for   the  absorption of  radiation   in  the   layer. 

-|[°-  + enT q ^ f(^d1) (7) 

where 

"1 

6o 
e 

M- 

T 

q 
i 

d. 

= conductance of PC cell in ohm 

= dark conductivity 

= electronic charge 

= mobility of the excess charge carriers 

= their lifetime 

= electron equivalent of the radiation 
2 

= radiation intensity in watts/m 

= thickness of PC layer 

The function f (Cxf^d) accounts for layer absorption of the 
radiation (I).  Where the displacement of the charge carriers 
is small compared to d-,, then: 



f (o<d1). 

where 
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2 
dl' 

c<x dx 
OC 

<=< = the linear absorption coefficient of CdS. 

As shown in formula 
relative capacitance 
conductance of the P 
A plot of the emitta 
intensity I is shown 
characterized by a s 
region where the emi 
where brightness is 
region. 

(6), the emittance depends upon the 
of the layers, the applied voltage, the 

C layer, and the power supply frequency, 
nee as a function of the irradiating 
in Figure 3.  This S-shaped curve is 
aturation region at high intensities, a 
ttance varies with intensity, and a region 
independent of intensity, or low input 

12. A 
characteris 
and Santen.. 
function of 
Figure 4. 
the admitta 
conductance 
can be simp 

complete theoretical analysis of the operating 
tics of the screen has been made by Diemer, Klasen, 
2/ A plot of the admittance of a PC cell as a 
frequency is reproduced from this analysis in 

It can be seen that as the input intensity increases 
nee Yi  approaches a constant, indicating that the 
is much greater than the reactance.  Thus formula (6) 

lified for the saturation region and written as 

B2  =ajB2o< exp -AV 
-1/2 / Gi 2^ 2 

+ CJ C2 
1/4 

(8) 

At intermediate intensities the plot of log B2 versus X-ray 
intensity (Figure 3) yields a curve of constant slope Zf . 
Therefore the emittance may be written as: 

B2  = K0I 
f 

+   K- (9) 

K   = proportionality constant 

K,  = displacement constant 

X     =  contrast amplification 

13.  At low X-ray intensities the dark conductance (Gjj)) 
is a limiting factor and formula (6) takes the form 

B2  -^B2cxexp -A 
V 1/2 

GlD' 6J 2 (Cl + C2)2 \1/4 

G1D2 + U V 
(10) 
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Further analysis of screen characteristics indicates that 
contrast amplification and output range (B- max - B- min) may be 
increased by making the ratio of the capacitance of the EL layer 
to that of the PC layer (C2/C1) as large as possible.  Also the 
emittance may be expected to increase with both voltage and 
frequency up to the point of dielectric breakdown of the EL layer. 

OPERATING CHARACTERISTICS OF IMAGE INTENSIFIER SCREEN 

General 

.14.  The response of an intensifier screen, unlike the 
standard fluorescent screen, is not a linear function of X-ray 
intensity.  As discussed in the last section, the screen 
brightness varies with power supply voltage, frequency. X-ray 
photon energy and intensity.  To evaluate the operating 
characteristics, the screen brightness was measured under these 
varying conditions.  An energy range from 90 kvp to 10 Mev and 
a frequency range from 100 to 6000 cps was covered.  The inten- 
sity was varied from approximately 0.1 r/min to 10 r/min. 

15. The decay time and sensitivity is another important 
characteristic.  The decay time as a function of frequency was 
determined for the screens.  However, due to their small size 
(two inches by two inches) radiographic sensitivity was not 
evaluated. 

Experimental Procedure 

16. A Model 520 M Photovolt photometer with a 1P21 photo- 
tube was used to determine screen brightness.  The spectral 
response of the 1P21 phototube is shown in Figure 5 superimposed 
upon the response curve of the eye.  In order to compensate for 
the difference in response, a green filter was used in conjunction 
with the phototube.  A one-inch diameter collimator six inches 
in length was attached to the phototube and screen holder as 
illustrated in Figure 6. 

17. A Macbeth illuminometer was used to find the actual 
brightness of the Radelin PFG fluorescent screen and the inten- 
sifier screen for a given energy and intensity.  A plot of this 
data yields a calibration curve for the photometer readings as 
a function of the actual screen brightness, Figure 7.  There is 
little difference in the brightness of the yellow Radelin PFG 
and the blue-green intensifier screens, indicating that the 
response of the phototube is quite close to that of the eye at 
these wavelengths. 

18. All radiation intensity measurements were made with 
either a Radacon ratemeter or a Victoreen R-chamber using probes 
appropriate for the particular energy range. 

6 
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Experimental Data 

19. Brightness measurements were made utilizing the 
experimental setup shown in Figure 8.  These were taken at 
three power supply frequencies — 400, 1000 and 6000 cps.  The 
data are plotted for screen no. 251 in Figures 9-13 for X-ray 
energies of 90 kvp, 150 kvcp, 250 kvcp, 2000 kvp and 10 Mev. 
Figure 14 is the plot of brightness response for screen no. 255 
at 90 kvcp. 

20. An evaluation of the screen characteristics over the 
X-ray energy range is assisted by Table I which gives the maximum 
screen contrast amplification ( if max)   at 400, 1000 and 6000 cps. 

if  max ranges from 0.63 (2000 kvcp, 400 cps) to 3.1 (250 kvcp, 
6000 cps). 

TABLE I 

^Tmax for Various Energies - Screen no. 251 

Energy 
400 

Frequency (cps) 
1000 6000 

90 kvp 0.86 

150 kvp 1.1 

250 kvcp '     1.1 

2000 kvp 0.63 

10  Mev 

Scr 

90  kvcp 1.7 

1.1 

1.25 

1.5 

1.1 

1.0 

Screen no. 255 

2.3 

2.1 

2.6 

3.1 

1.7 

1.5 

3.0 

21. The response of the screen decreases with increasing 
energy as shown in Figure 15.  Maximum brightness occurs near 
90 kvp.  The response of the Radelin PFG at low energies, and 
a cylindrical Nal crystal (one-inch diameter by one inch) at 
the high energies is plotted for comparison. 

22. A brightness gain of 25 over the Radelin PFG screen 
is possible at low energies.  The intensifier screen also shows 
a gain of 12 and 7 over the Nal crystal at 2000 kvp and 10 Mev, 
respectively. 
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23. Since the brightness curve is S-shaped the brightness 
and intensity range may be determined by limiting operation to 
those regions on the curve where the contrast amplification is 
1.0 or greater. Table II is constructed using this criterion. 
Here the radiation intensity range is given with an associated 
brightness range for an operating frequency of 1000 cps. 

24. The intensity range falls between 0.1 r/rain and 19 r/min, 
while the brightness ranges from 0.0075 ml to 2.0 ml for the 
no. 251 screen.  The greatest intensity and brightness range 
occurs at 250 kvcp.  Screen no. 255 has a greater brightness 
and intensity range than screen no. 251 at 90 kvp although 
over-all brightness is much lower. 

25. The variation in brightness as a function of frequency 
is plotted in Figures 16-20 for low, intermediate, and high 
X-ray intensity levels for both screens.  In general, the 
brightness increases almost linearly with frequency at high 
intensity levels.  At 2000 kvp the curve for 8.8 r/min peaks at 
1500 cps, however it can be seen from Figure 12 that at this 
intensity the screen is still operating in the intermediate 
region.  As the intensity level decreases, brightness increases 
to a peak value, then decreases again.  The lower the intensity 
the lower the frequency at which this peak occurs.  Figure 21 
shows a plot of operating frequency as a function of the X-ray 
intensity for both screens at 90 kvp and at 2000 kvp for screen 
no. 251.  The linear relationship between frequency and X-ray 
intensity is evident. 

TABLE II 

Intensity and Brightness Ranges for 
300 volts - 1000 cps 

Various Energies 

Energy Intensity     Intensity 
Ranqe (r/min)  Ratio 

Brightness 
Range (ml) 

Brightness 
Ratio 

90 kvp 
Screen no. 251 

0.1-1.0          10 0.04-1.6 40 

150 kvcp 0.085-1.5        18 0.016-2.3 144 

2 50 kvcp 0.18-4.0         28 0.01-3.0 300 

2000 kvp 1.0-19           19 0.0075-0.7 93 

10 Mev 2.0-^15                          >7.5 

Screen no. 255 

0.025->0.3 >12 

90 kvcp 0.4-5.0          12 0.0045-0 .65 144 
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Screen Decay 

26. Decay time measurements were made for screen no. 251 
at 90 kvp and 2000 kvp.  These curves are shown in Figures 22 
and 23 while Figure 24 is the curve for screen no. 255 at 90 
kvcp.  The decay time is defined here as the time required for 
the screen brightness to reach two percent of its initial value. 
The decay time is seen to decrease with increasing frequency. 
At 6 kc this is «^ 30 sec for screen no. 251, compared to ^ 5 sec 
for screen no. 255.  It is also apparent that the decay is energy 
dependent.  Figure 23 shows the decay time to be much greater 
at 2000 kvp than at 90 kvp for screen no. 251. 

27. A Feather analysis was made by constructing a tangent 
to the decay curve where it becomes a straight line.  This is 
shown in Figure 22 for screen no. 251 at 90 kvp.  The brightness 
difference between this tangent and the original curve is 
plotted and another tangent constructed.  The determination of 
the slope of these tangents allows an equation to be written 
for the original curve of the form: 

_xt      _>t 
B2 =  1 e    + K2 e    +  • • • 

This analysis was carried out for frequencies of 400, 1000 and 
6000 cps at 90 kvp and 2000 kvp.  Table III gives the values 
of K and A obtained and the resulting brightness decay equation. 

Initial Brightness Buildup 

28. The long decay time illustrates one of the charac- 
teristics of the screens.  Another associated characteristic 
is the initial buildup of emittance at low operating frequencies. 
Figure 25 illustrates this for screen no. 251 at 90 kvp. 
Curve (2) shows the emittance after ten seconds.  Curve (1) 
is a plot of brightness after a steady state condition has been 
reached.  The ten-second curve is S-shaped but the emittance is 
lower than the steady state curve.  As the frequency increases 
this effect decreases. 

Latent Image Formation 

29. It was observed that a latent image could be "burned" 
into the screen, i.e., the image would return after voltage 
removal and then reapplication along with X-radiation.  The 
time required for the screen to "repair" itself between voltage 
removal and reapplication was not determined, but it is excessive. 
The image may be removed by radiating the entire screen with 
X-rays of high intensity. 
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Discussion of Results 

30.  One of the unknown quantities of equation (6), the 
value of (A), can be obtained from the curves of Figures 16 and 
17.  With (A) known, some idea of the conductance can be 
ascertained. 

31.  Equation (8) for the emittance at high X-ray inten- 
sities is based upon the assumption that the conductance of the 
PC layer is greater than the reactance.  The equation if written 
as _ 

"A 1/2 (1 + ^2 C2 ) 
o G-j^ 

B2 = ^ B2o< exP 
1/4 

reduces to 

B2 ■ a'B2o< exp "|  1/2 

if 

>CJ C. and ( 1 + CJ 2 C22 .1/4 1 at saturation, 

32.  A plot of B- vs -n—1/2     from Figures 16 and 17 is 
o 

shown in Figure 26.  The points plotted were taken for screen 
no. 251 operating at 6000 cps and at a saturating X-ray 
intensity level.  The line intersects the ordinate giving the 
value of 

4       2 COB-  =   1.3 x 10  lumen/m /cycle. 

The equation of this line is of the form: 

P = P  e o 
-|J.X 

(12) 

where 
P = B 

P  = 
2 
CJB 2 0C 

H,  = A 

X  =-J-l/2 
o 

At the point on the curve corresponding to 200 volts. 

B. 28   lumen/m   , CJB2CX   =   1.3x10     lumen/m /cycle  and 

V 1/2  =   0.059. 

11 
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Substitution of these values in equation (12) gives p. = A = 103. 

33. The dark conductance of the PC layer (GJJJ) can be 

obtained by substitution of the values for A, B2, and <JJB2OC 

into equation (10).  B2, as shown in Figure 9, is approaching 

0.01 ml (0.1 luroen/m2) at 200 volts and at low X-ray inten- 
sities.  The values for the capacitance of the PC and EL layers 
are 9.8 x lO-10 farad and 3.64 x 10"9 farad respectively, 
see Appendix A.  Substitution of these values into equation (10) 
yield a value for GIQ = 2.9 x lO-5/^ (Appendix B) . 

34. A check on the value of Gjn was obtained by measuring 
the current and phase angle without irradiation but with 200 
volts, 6000 cps on the screen.  The screen current was 12 ma 
while oscilloscope measurement gave a phase angle of 90°. 
The equivalent electrical circuit of Figure 2 shows the 
following relationships between voltages and current in the 
PC and EL layers. 

and 

V = Vi + V2 

I - Ij. - 12 + I3 

where Vi  = l^Z   = I3R = 

V2 - *2ZC2 

I3 
Si 

A graphical solution is given in Figure 27a.  The dark con- 
ductance is GiD = £3 = 6.9 x 10"^  This is the correct order 

Vl 1/ of magnitude when compared to the calculated value of 2.9x10"-^ 

3 5« The conductance during irradiation was obtained under 
the same operating conditions but with 14.5 r/min on the screen. 
The current is 26.4 ma and the phase angle is 78° as shown in 
Figure 27b, giving a value for the conductance of 6.25 x 10~^'fi . 
Thus a change of 9 in PC layer conductance results in a bright- 
ness change of about 180 (from 0.01 ml to 1.8 ml at saturation). 

36.  The linear variation in emittance with frequency at 
high X-ray intensities as shown in Figure 17 verifies equation 
(6) which predicts this behavior.  The reduction in brightness 
shifting to lower and lower frequencies as the X-ray intensity 
decreases is more difficult to explain.  The decrease in 
conductance of the PC layer in addition to the variation in 
capacitive reactance of both layers probably accounts for this 
brightness variation but a quantitative analysis was not 
attempted. 

12 
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37. A considerable gain in brightness and contrast can be 
realized over the standard fluorescent screen and the Nal crystal 
although the screen operation is limited to the X-ray intensity 
range given by Table II.  Unfortunately maximum brightness and 
contrast do not occur at the same frequency.  Since contrast 
increases with frequency while maximum brightness shifts to lower 
frequencies as the X-ray intensity decreases, a choice of the 
operating frequency must be a compromise based upon the require- 
ments of the object to be inspected.  For thin low contrast 
objects a high operating frequency should give good results. 
For thick objects of medium to high contrast, a low operating 
frequency is advised. 

38. The decay of screen brightness as diown in Figures 22 
to 24 varies not only with frequency but with X-ray energy. 
The decrease in decay time with increasing frequency may be 
explained by the recombination process which occurs during field 
reversal.  As the frequency of the field reversal increases, 
the recombination and hence decay rate increases.  The reason 
for the increase in decay time at higher X-ray energies is not 
known. 

CONCLUSIONS 

39. The solid state image intensifier screen offers high 
contrast and brightness over a wide X-ray intensity range.  A 
brightness gain of 2 5 over the standard fluorescent screen is 
possible at low energies.  A gain greater than five was obtained 
for the screen when compared with the Nal crystal at the higher 
energies (2000 kvp and 10 Mev). 

40. Screen no. 251 exhibits high brightness with moderate 
contrast while screen no. 255 has high contrast with brightness 
comparable to the standard fluorescent screen.  Both screens 
must be operated over a limited X-ray intensity range due to the 
S-shaped response curve.  It may be possible to overcome this 
limitation by layer formulation and design changes. 

41. The screen brightness is a linear function of the 
frequency at high X-ray intensities.  At a given transition 
point the brightness no longer increases but decreases as the 
X-ray intensity level is reduced.  This transition point shifts 
toward lower frequencies with a reduction of X-ray intensity. 
Since brightness and contrast do not occur at the same frequency, 
a compromise frequency must be chosen depending upon the object 
to be inspected.  A shift to the lower frequencies is advised 
when the X-ray intensity is low. 

13 
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42. Two possible solutions to this problem have been 
suggested.8/ One is the use of frequency modulation to linearize 
the operating characteristics of the screen.  The resulting 
over-all characteristic would then be an envelope of the 
individual characteristics.  The other solution would be a 
series combination of two screens with a low frequency applied 
to the input stage and a high frequency applied to the output 
stage.  This would combine input sensitivity with a high output 
level, but definition would be adversely affected.  Investiga- 
tion of these methods required the development of a frequency 
modulated audio-generator and fabrication of a special screen. 
The long decay time may be of use in medical fluoroscopy and 
industrial photofluoroscopy however.  Two methods of quenching 
have been proposed, infrared and the Kazan method of erasure. 
Previous work has shown that infrared exposure did not noticeably 
hasten the decay..9/ The Kazan method of erasure employs an 
evaporated layer on top of the PC layer.  Then an a-c voltage 
is applied with a dc bias.  Erasure is accomplished by reversing 
the d-c polarity.  A screen with this extra layer was not 
available for evaluation. 

43. Sensitivity was not determined for these screens. 
However, image quality was affected at low brightness levels 
by uneven emission from the EL surface.  Larger screens are 
being constructed in an effort to overcome this problem; these 
screens will be evaluated upon completion. 

44. The decay curves of both screens show very long decay 
times although screen no. 255 is about six times faster than 
screen no. 251.  This feature restricts the us^ of these screens 
to inspection of stationary objects. 

14 
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APPENDIX A 

A-l.  The capacitance of the PC and EL layers of screen 
no. 251 are calculated using the following formula 

C = £.K  As 
d 

where 

^ = 8.85 x 10"12 farad/m 

K = dielectric constant of the layer 
2 A = screen area in m 

s 

d  = layer thickness in meters 

For the EL layer 

d  = 5.1 x 

For the PC layer 

d  = 5.1 x 10 5m,  K = 5 

d  = 3.8 x 10~4m,  K = 10 

-4  2 A  for screen no. 251 = 42 x 10  m s 

The capacitance of the PC layer 

^ - 9.8 x 10~10 farad 

The capacitance of the EL layer 
-g 

C2 = 3.64 x 10   farad. 

A-l 
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APPENDIX B 

B-l-  Calculation of the PC layer dark conductance G^x) 

B2 -  tjB2« exp 

is rewritten  as: 

f1" 
B2 

CJ B2c< 

4 

V -   A 
V"V2 

o 
) 

-A_ GID
2

   + cü2(Cl+C2)2   \   1/4 
G1D2 +   ^ 

(10) 

Gip2 + CJ2(Cl+C2)2 

GlD2 +    UJ2C12 

B, 

In  tj B 2cc 
-  A 

Vr 1/2 

(GlD2) - G1D2 = J(C1+C2)
2- 

B2 
In CJB2OC 
^~s— ^Ci2 

and the following values are substituted; 
2 

B  = 0.1 lumen/m 

4 2 
OJ B0^ =   1.3   x  10     luxnen/m /cycle 

— 10 
Cj^ =   9.8   x   10 farad 

-9 
C2 =   3.64   x  10        farad 

CO =   (2 TT)    (6000  cps) 

V 1/2 =   0.059 

Solving   for   G1D  gives: 

G1D     =   2.9   x   10~ 5/fl . 

B-l 
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