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57 ABSTRACT 
A barrier layer of an electrically conductive material 
such as indium oxide (In Oa), optically transparent to 
x-ray phosphor luminescence, is disposed between the 
phosphor layer and photocathode film of an X-ray 
image intensifier tube to provide sufficient electrical 
sheet conductance relative to the photocathode film. 
The barrier layer provides electron replenishment to 
the photocathode at all points of electron emission 
therefrom to thereby reduce potential drop laterally 
across the photocathode from the ring electrode to the 
center of the photocathode, and also minimizes sur 
face irregularities on the phosphor layer to thereby 
significantly reduce electron-optic image distortion in 
the image intensifier tube. 

6 Claims, 10 Drawing Figures 
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3,838,273 
X-RAY IMAGE INTENSIFIER INPUT 

My invention relates to an x-ray image intensifier 
tube, and in particular, to an electrically conductive 
barrier layer in the input screen thereof. 
The X-ray image intensifier tube is especially useful 

in the medical field for obtaining brighter x-ray images, 
particularly the images of body organs which generally 
are of low contrast. The conventional input screens of 
X-ray image intensifiers are of two types, a first employ 
ing a uniform layer of a dense high atomic number 
phosphor along a surface of a glass substrate adjacent 
the source of the X-ray photons for absorbing the inci 
dent X-rays which have traversed through a patient's 
body, and a thin photoemitting film deposited on the 
opposite surface of the glass substrate. The x-ray pho 
tons absorbed in the phosphor layer are converted to 
light photons in the order of approximately 1,000 light 
photons for each x-ray photon and emitted in all direc 
tions from the point of X-ray photon absorption. The 
light photons incident on the photocathode film are 
converted to photoelectrons and accelerated by means 
of an anode electrode and electron-optically focussed 
onto a second phosphor screen at the output end of the 
image intensifier in close proximity to the anode, re 
Sulting in a brighter image than at the input phosphor 
SCreen. 
The second conventional input screen utilizes a sub 

strate fabricated of glass or aluminum, and the phos 
phor layer is formed along the opposite surface of such 
substrate from the source of x-ray photons, and the 
photocathode film is deposited on the free surface of 
the phosphor layer. 
Image intensifier tubes utilizing either of the herein 

above described input screens experience significant 
electron-optic image distortion resulting from symmet 
rical and uniform drops in the electrical potential of the 
photocathode film laterally thereof from the ring elec 
trode to the center of the photocathode due to the high 
resistance of the photocathode. Further, with the sec 
ond type of input screen, an electron-optic image dis 
tortion also arises due to a nonsymmetry, local varia 
tion in the photocathode potential due to the nonuni 
form thickness and nonuniform resistivity of the photo 
cathode film resulting from the irregular surface of the 
phosphor layer on which the photocathode film is de 
posited. 

In the case of the hereinabove second conventional 
input screen, it is conventional to deposit a thin barrier 
layer of an electrically insulating, phosphor lumines 
cence transparent material between the phosphor layer 
and photocathode film in order to obtain chemical iso 
lation therebetween. Such thin barrier layer results in 
only slight smoothing of the irregular surface of the 
phosphor layer and thus is only slightly effective in re 
ducing the electron-optic image distortion due to the 
nonuniform thickness and resistance of the photocath 
ode film, but it has no effect on the distortion arising 
from the uniform drop in potential laterally across the 
photocathode film. Also, there has been considerable 
difficulty in the prior art in suitably coupling a thick 
phosphor layer with a verythin photocathode film; and 
since the future trend in x-ray image intensifier tech 
nology appears to be toward even thicker phosphor lay 
ers or intentionally structured input phosphor screens 
for achieving higher image resolution and higher local 
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2 
image contrast, the phosphor layer-photocathode film 
interface problem will become even more acute. 
Therefore, one of the principal objects of my inven 

tion is to provide an x-ray image intensifier tube having 
a new and improved input screen and which has sub 
stantially reduced electron-optic image distortion. 
Another object of my invention is to provide an inter 

face for efficiently coupling a thick phosphor layer with 
a very thin photocathode film. 
A further object of my invention is to provide an in 

terface between the phosphor layer and photocathode 
of future generation high resolution-high contrast input 
SCCCS, 

Briefly stated, and in accordance with my invention, 
I provide a barrier layer of an electrically conductive 
material which is optically transparent to X-ray phos 
phor luminescence and which functions as an interface 
between the phosphor layer and photocathode film of 
an x-ray image intensifier tube. The barrier layer mate 
rial is compatible with both the phosphor and photo 
cathode materials and provides chemical isolation 
therebetween and is sufficiently thick to provide sub 
stantial smoothing of irregularities on the surface of the 
phosphor layer. Most importantly, the significantly 
lower resistance of the barrier layer relative to the pho 
tocathode results in the barrier layer providing electron 
replenishment to the photocathode at all points of elec 
tron emission therefrom to thereby substantially reduce 
a uniform potential drop from the ring electrode to the 
center of the photocathode due to the high resistance 
of the photocathode film. The resultant reduction in 
uniform potential change laterally across the photo 
cathode film as well as a reduction in nonuniform varia 
tion due to minimization of irregularities on the surface 
of the phosphor layer results in a significant reduction 
in electron-optic image distortion due to those factors 
in the image intensifier tube. A particularly suitable 
barrier layer material is indium oxide in Os. 
The features of my invention which I desire to pro 

tect herein are pointed out with particularity in the ap 
pended claims. The invention itself, however, both as 
to its orgainzation and method of operation, together 
with further objects and advantages thereof may best 
be understood by reference to the following description 
taken in connection with the accompanying drawings 
wherein like parts in each of the several figures are 
identified by the same reference character, and 
wherein: 
FIG. is an elevation sectional view of a conven 

tional x-ray image intensifier tube; 
FIG. 2 is an enlarged elevation sectional view of a 

portion of a first conventional input screen in an x-ray 
image intensifier tube; 
FIG. 3 is an elevation sectional view of a second con 

ventional input screen; 
FIG. 4 is an elevation sectional view of a relatively 

new type input screen utilizing evaporated phosphor 
material; 
FIG. 5 is a graphical representation of the wavelength 

responses of the phosphor, barrier layer and photocath 
ode materials of an input screen in accordance with my 
invention; 
FIG. 6 is an elevation sectional view of the FIG. 2 

input screen with the addition of a new barrier layer in 
accordance with my invention; 

FIG. 7 is an elevation sectional view of the FIG. 3 
input screen with the addition of my barrier layer; 
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FIG. 8 is an elevation sectional view of the FIG. 4 
input screen with the addition of my barrier layer; 
FIG. 9 is an elevation sectional view of a future gen 

eration input screen utilizing my barrier layer; and 
FIG. 0 is an elevation sectional view of a second 

type future generation input screen utilizing my barrier 
layer. 

Referring now in particular to FIG. 1, there is shown 
a conventional x-ray image intensifier tube comprised 
of a glass envelope 10 having an input window 10a 
through which the x-ray photons pass after having tra 
versed through a patient's body. A conventional type 
input screen comprising a substantially uniform phos 
phor layer 11 on which is deposited a thin photocath 
ode film 12 may be formed on the inner surface of 
input window 10a or, alternatively, as illustrated in 
FIG. 1, the phosphor layer 11 is formed on a separate 
substrate member or face plate 13 which is slightly 
spaced from the inner surface of input window iOa in 
the order of 4 inch. Face plate 13 is supported within 
glass envelope 10 and oriented parallel to the input 
window 10a. The photoemitting film 12 forms the cath 
ode of the x-ray image intensifier tube and is electri 
cally connected to the negative polarity terminal of a 
power supply which energizes the tube. The phosphor 
may be of the granular type such as zinc cadmium sul 
fide or of the transparent type such as cesium iodide as 
typical materials and the thickness of the layer (or mul 
ti-layers) is generally in the range of 5 to 15 mils. The 
photocathode film 12 has a thickness typically in the 
range of 50 to 250 Angstroms. The photoemitting ma 
terial in film 12 is typically of the multi-alkali type and 
has a relatively low electrical sheet conductance 
thereby presenting a relatively high electrical resis 
tance. 
An electrically conductive ring 14 having its inner 

surface in contact with the outer edges of the photo 
cathode film 2 (or an electrically conductive strip in 
contact with the edges of film 12) is utilized for apply 
ing the negative potential symmetrically to such film. 
The ring electrode 14 may also serve to support the 
input screen assembly (11, 12, 13) in its proper orien 
tation within glass envelope 10. In the case of the input 
screen being formed directly on the input window 10a, 
a film of electrically conductive material such as evapo 
rated aluminum may be deposited on the inner surface 
of the glass envelope along the edge of the input screen 
and in contact with the photocathode film for applying 
the potential thereto. Alternatively, and in both cases 
of the input screen being formed directly on input win 
dow 10a or on a separate substrate member 13, the 
inner major surface of window 10a or member 13 may 
be completely coated with the evaporated aluminum to 
form a light-reflective surface to any rearward traveling 
light photons in the phosphor layer and thereby in 
crease the number of light photons directed to the pho 
tocathode film 12. Obviously, in the case of a separate 
substrate member 13 as shown in FIG. 1, it may be fab 
ricated of glass or a low atomic number metal such as 
aluminum, in the latter case the evaporated aluminum 
coating not being required. In any case, the (photo) 
cathode electrode 12 is electrically connected to the 
negative polarity terminal of the power supply by 
means of a suitable electrical conductor 15 passing 
through the wall of glass envelope 10 via a vacuum seal. 
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4. 
The photoelectrons emitted from photocathode film 

12 are focussed by electrode 16 which is maintained at 
a potential of several hundred volts positive with re 
spect to photocathode film 12 and are accelerated to 
approximately 25 kilovolts as one typical example by 
means of anode electrode 17 positioned within the out 
put end of glass envelope 10. Focussing electrode 16 is 
generally oriented either along the inner surface of 
glass envelope 10 in the region between the cathode 
and anode electrodes, or may be slightly spaced there 
from. Electrodes 16 and 17 are suitably shaped to pro 
vide the desired electron-optical focussing of the accel 
erated photoelectrons onto the output phosphor screen 
8 which is formed either on the inner end 10b surface 

of glass envelope 10 or slightly spaced therefrom. The 
image appearing on the second phosphor screen 18 is 
a much brighter version of the image on the input phos 
phor screen 11 and can be viewed directly by the physi 
cian or be subjected to further processing. The paths of 
two photoelectrons between the photocathode film 12 
and output phosphor screen 18 are indicated by dashed 
line and arrowheads. 
The thickness of the phosphor layer in conventional 

image intensifiers is a compromise between a thick 
layer necessary for high x-ray absorption and a thin 
layer necessary for high image resolution and local 
image contrast. As a result, the conventional 5 to 15 
mil thickness phosphor layer has a relatively low X-ray 
absorption in the order of 15 to 35 percent of the inci 
dent x-rays and future generation input phosphor 
screens to be described hereinafter with reference to 
FIGS. 9 and 10 can result in thicker phosphor layers to 
thereby increase the x-ray absorption, and thus the sen 
sitivity, but with less loss in resolution and local con 
trast than occurs in conventional image intensifiers, or 
alternatively, will utilize conventional thickness phos 
phor layers but obtain increased resolution and con 
traSt. 
FIG. 2 illustrates a second embodiment of a conven 

tional input screen of an X-ray image intensifier 
wherein the major surface of the support member 13 
adjacent the source of X-ray photons is the support for 
phosphor layer 11, and the opposite major surface of 
the support member 13 is the support for photocathode 
film i2. In view of the orientation of phosphor layer 11 
and photocathode film 12 relative to support member 
13, member 13 must be fabricated of a phosphor lumi 
nescence transparent material such as glass and is typi 
cally of 5 mils thickness. The phosphor layer 11 is illus 
trated as consisting of a relatively thick multi-layer of 
relatively large size phosphor grains (i.e., of particle di 
ameter greater than 0.3 mil in order to have high light 
transmission characteristics). Although the phosphor 
grains are illustrated for convenience as being spheri 
cal, it is to be understood that the grains generally are 
not quite spherical in shape. Also, the grains are not 
necessarily equal in size due to the process of formation 
of such granular phosphor. The granular phosphors in 
the FIG. 2 embodiment are very thinly coated with a 
silicone resin such that upon compaction of the phos 
phors the resin provides an adhesive effect for retaining 
the phosphors on the surface of substrate member 13. 
The granular phosphors may be zinc cadmium sul 
fide or gadolinium oxysulfide as two suitable granular 
phosphors. In some cases, a suitable activator is added 
to the phosphor host material, typical activators for 
zinc cadmium sulfide being silver and for gadolinium 
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oxysulfide being terbium. The photoemitter material 
forming photocathode film 12 may be of the common 
types known as S-20 (a compound of antimony, ce 
sium, sodium and potassium) or S-1 1 (a compound of 
cesium, antimony and oxygen) as two typical examples, 
and is of thickness in the hereinabove recited range of 
50 to 250 Angstroms, and typically may be 150 Ang 
Strons. 
The FIG. 2 input screen has an advantage over the 

input screen depicted in FIG. 1, and in greater detail in 
FIG. 3, in that the photocathode film 12 is deposited 
upon a smooth surface of the glass support member 13 
thereby eliminating electron-optical image distortion 
due to a nonuniformly thick or nonuniformly resistive 
photocathode film resulting from irregularities along 
the output surface of the phosphor layer. However, 
since only the edges of the photocathode film 12 in the 
FIG. 2 embodiment are in contact with the electrically 
conductive ring member 14 for applying the proper po 
tential to the photocathode (as in the case of FIG. 1), 
the electron-optic image distortion due to variation of 
electric potential laterally across the photocathode film 
remains as a source of electron-optic image distortion 
in this conventional input screen structure. 
FIG. 3 is an enlarged view of a portion of the input 

screen depicted in FIG. 1. In addition to the distinction 
between the FIGS. 2 and 3 embodiments in the relative 
orientation of the substrate member 13, the substrate 
member 13 in FIG.3 may be fabricated of glass, alumi 
num or other low atomic number metal whereas sub 
strate member 13 in FIG. 2 is restricted to a phosphor 
luminescence optically transparent material such as 
glass. The phosphor layer 11 in FIG. 3 consists of a 
granular phosphor which may be of the same type and 
size as in FIG. 2, but is embedded in a silicone resin, 
that is, the resin occupies a substantial part of the vol 
ume in the phosphor layer in order of 15 to 30 percent 
whereas any resin employed in the FIG. 2 embodiment 
is merely for causing adherence of the phosphor grains 
to each other and to the substrate member. One of the 
main reasons for using granular phosphor in a silicone 
resin binder is to eliminate the several mils separation 
between phosphor and photocathode represented by 
the thin glass substrate in FIG. 2, which separation 
causes a degradation of local image contrast and reso 
lution (i.e., a degradation of the image modulation 
transfer function), and it should be understood that the 
granular phosphors in the FIG. 2 embodiment can also 
be in a resin binder. 
As stated hereinabove, a thin barrier layer 30 of an 

electrically insulating, phosphor luminescence trans 
parent material has conventionally been utilized as an 
interface between the phosphor layer and photocath 
ode film to obtain chemical isolation therebetween. 
The barrier layer 30 has a thickness typically in the 
range of 0.1 to 1.0 micron and is fabricated of materials 
such as aluminum oxide or silicone dioxide. The thin 
ness of this barrier layer is sufficient to obtain the de 
sired chemical isolation between the phosphor and 
photoemitter materials, but such thinness results in 
only a slight smoothing of irregularities on the phos 
phor surface. This conventional barrier layer 30 is not 
used in the FIG. 2 input screen since there is no inter 
face between the phosphor layer 11 and the photocath 
ode film 12. 
Referring now to FIG. 4, there is shown a relatively 

new type of input screen which utilizes evaporated 
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6 
transparent phosphor material rather than the granular 
type utilized in the FIGS. 2 and 3 embodiments. The 
transparent phosphor material may be thallium acti 
vated cesium iodide as one typical example, is of thick 
ness in the same range as the layers in FIGS. 2 and 3 
(5 to 15 mils) and has the advantage over the granular 
phosphors in that it has a higher light transmission 
characteristic and theoretically sould have no surface 
irregularities thereby permitting a more uniform photo 
cathode film 12 to be deposited thereon. However, in 
practice, a difficulty arises in depositing evaporated 
phosphor in that there invariably develops a grain 
growth or general cracking due to thermal stress 
thereby developing an undesired physical network of 
phosphor islands formed by cracks which progress 
from the free surface of the evaporated phosphor 11 
toward the aluminum or glass substrate 3 and may 
even develop completely to such substrate surface. The 
electrically nonconductive thin barrier layer 30 may be 
utilized as a chemical isolating interface between the 
evaporated phosphor material 11 and photocathode 
film 12, and additionally may result in some smoothing 
or the unintentionally structured phosphor layer by 
bridging across, hopefully, at least some of the cracks 
developed from the free surface of the evaporated 
phosphor. Thus, the use of electrical insulating barrier 
layer 30 in the FIG. 4 prior art embodiment may also 
result in some reduction in the electronoptic image dis 
tortion arising from a nonuniform thickness or nonuni 
formly resistive photocathode film deposited on an ir 
regular surface on the phosphor layer, and more specif 
ically in the case of the FIG. 4 embodiment, arising 
from microscopic and macroscopic electrical island 
formation on the phosphor surface due to the cracks 
developed from the free surface thereof. However, as 
in the case of the FIG. 3 embodiment, conventional 
electrically insulating, thin barrier layer 30 has no ef. 
fect on the electron-optic image distortion arising from 
the uniform drop in potential laterally across the photo 
cathode film due to the high electrical resistance 
thereof. 

In accordance with my invention, I provide a barrier 
layer as a chemically isolating interface between the 
phosphor layer and photocathode film which is formed 
of a material completely different from the materals 
utilized in the above-described prior art barrier layers 
to thereby obtain a significantly improved x-ray image 
intensifier input screen. In particular, I utilize a mate 
rial which has the desirable characteristics of the prior 
art barrier layer materials, namely, low vapor pressure 
such that it can be deposited at low pressure by a sim 
ple process and at low cost, phosphor luminescence 
transparency for good optical coupling and image con 
version and chemical compatibility with the phosphor 
and photoemitter materials both during fabrication and 
throughout the lifetime of the image intensifier. But 
most importantly, and the prime distinguishing features 
between my barrier layer material and the prior art, I 
utilize a material which is relatively electrically con 
ductive, and the layer is of substantial thickness. The 
electrically conductive characteristic of my barrier 
layer material is defined as a material having an electri 
cal resistance in the range of 10 to 10 ohms per square, 
and is typically 1,000, to provide sufficient electrical 
sheet conductance relative to the photocathode film 
whereby the resistance of my barrier layer is signifi 
cantly less than the resistance of the photocathode film. 
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As a result, my barrier layer which is electrically con 
nected to the negative polarity terminal of the power. 
Supply, effectively electrically short-circuits the photo 
cathode film and thereby provides electron replenish 
ment to the photocathode film at all points of electron 
emission therefrom. This electron replenishment sub 
stantially reduces the potential drops developed later 
ally across the photocathode film and thereby results in 
a significant reduction in electron-optic image distor 
tion due to such factor which cannot be obtained with 
the conventional type conductive barrier layer. My bar 
rier layer is also sufficiently thick (0.1 to 25 microns) 
to afford Substantial smoothing or bridging of surface 
irregularities on the phosphor layer and thereby also 
obtain a significant reduction in electron-optic image 
distortion due to such factor. 

In accordance with my invention I have found that 
indium oxide (InO) is a first material which is espe 
cially suitable for forming my electrically conductive 
barrier layer. It can be applied in either of two ways: it 
can be evaporated onto a room temperature substrate 
at low oxygen pressure (e.g., 10 microns for example) 
and subsequently fully oxidized in air at 200°C and 1 
atmosphere for times from 30 minutes to 2 hours; or, 
it may be applied in a one step bell jar process by evap 
orating indium onto a 200 to 300°C substrate in the 
presence of 50 - 150 microns oxygen, no further oxida 
tion being necessary. FIG. 5 illustrates the wavelength 
responses of the indium oxide and two materials for 
which it functions as the barrier layer, namely, a thalli 
um-activated cesium iodide phosphor and the S-20 
type photoemitter material. The response curve desig 
nated "PHOSPHOR CsI:Tl is a plot of the relative 
spectral emission of the activated cesium iodide vs. 
wavelength in Angstroms. THe curve designated 
“PHOTOCATHODE S-20 is the relative photocath 
ode response for the photocathode material S-20, a 
compound of an antimony, cesium, sodium and potas 
sium. Finally, curve "BARRIER LAYER InO,” is a 
plot of (1-a) where 'a' is the absorbtivity of indium 
oxide. In O. A comparison of the three curves indicates 
that the response of indium oxide is very well matched 
to that of the cesium iodide phosphor and S-20 photo 
cathode in that its peak transmission is over a suffi 
ciently broad wavelength band to include the signifi 
cant wavelength responses of cesium iodide phosphor 
and S-20 photocathode materials. In fact, the broad 
spectral transmission of the indium oxide makes it suit 
able for use with virtually any of the X-ray sensitive 
phosphors which have spectral emission in the visible 
band of wavelengths and with other newer negative 
electron affinity photocathodes such as gallium arse 
nide GaAs:Cs. My invention is therefore basically the 
use of indium oxide, or other suitable electrically con 
ductive, X-ray luminescence optically transparent ma 
terials to be described hereinafter as a barrier layer be 
tween the phosphor layer and photocathode film of an 
x-ray image intensifier tube. The use of this new and 
improved barrier layer is not limited to the conven 
tional type X-ray image intensifier input screens but is 
also equally important for use with future generation 
type input screens to be described hereinafter. 

Referring now to FIG. 6, there is shown a first em 
bodiment of the use of my electrically conductive bar 
rier layer in an X-ray image intensifier input screen. 
The input screen in the FIG. 6 embodiment corre 
sponds to the conventional input screen illustrated in 
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8 
FIG. 2 wherein the phosphor layer 11 and photocath 
ode film 2 are disposed on opposite sides of a smooth 
glass (or other phosphor luminescence transparent ma 
terial) substrate member 13. Due to the glass substrate 
13 presenting a smooth surface to the photocathode 
film, the electon-optic image distortion is due primarily 
to the symmetrical changes in potential developed lat 
erally across the (high resistance) photocathode film 
from the ring electrode to the center of the film as de 
scribed hereinabove. My electrically conductive, x-ray 
phosphor luminescence optically transparent barrier 
layer 60, which may be indium oxide as one example, 
is deposited on the surface of the glass substrate mem 
ber 13 such that it is disposed between the glass sub 
strate and the photocathode film 12 as illustrated in 
FIG. 6. Barrier layer 60 is of substantially uniform 
thickness such that photocathode film 12 also retains 
its smooth Surface as it had in the FIG. 2 conventional 
embodiment. The various thicknesses of elements 11, 
12 and 13 in the FIG. 6 (and also FIGS. 7-10) embodi 
ments may be the same as in the FIGS. 2 (and 3 and 4) 
embodiments. Barrier layer 60 in all of the embodi 
ments herein described is of thickness in the range be 
tween 0.1 to 25 microns, and in the FIG. 6 embodiment 
would generally be in the lower portion of the thickness 
range since it does not have to provide the smoothing 
of surface irregularities function in the phosphor layer 
as in the embodiments to be described hereinafter. 
Thus, the barrier layer thickness in the FIG. 6 embodi 
ment is more generally in the range between 0.1 to 1.0 
microns. Barrier layer 60 is deposited on glass substrate 
member 13 in a pattern such that the edges of layer 60 
slightly overlap the side surfaces of substrate 13 and 
therefore come in contact with ring electrode 14 (see 
FIG. 1). Alternatively, an aluminum or other highly 
electrically conductive film may be formed along the 
edges of barrier layer 60 to provide electrical connec 
tion thereof to the ring electrode. Since barrier layer 60 
is connected to the source of potential (via conductor 
15 shown in FIG. 1) there is no need for photocathode 
film 2 to be also so connected, and my barrier layer 
60 provides electron replenishment to the photocath 
ode film at all points of electron emission therefrom to 
thereby significantly reduce electron-optic image dis 
tortion due to undesired relatively high potential drops 
developed laterally across the photocathode film. 
Upon barrier layer 60 having been deposited on sub 

strate 13, the photocathode film 12, which may be of 
the multi-alkaline types hereinabove-described, is de 
posited on barrier layer 60 by conventional techniques. 

Referring now to FIG. 7, there is shown a second em 
bodiment of an input screen utilizing my barrier layer, 
and in particular is an improvement over the conven 
tional input screen illustrated in FIG. 3. Thus, in FIG. 
7, my barrier layer 60 is deposited directly on the irreg 
ular surface of phosphor layer 11. Alternatively, an 
electrically nonconductive barrier layer 30, as defined 
with reference to FIG. 3, may be deposited on the irreg 
ular surface of the phosphor layer 11 for additional 
chemical compatibility of the phosphor and photocath 
ode materials, and my electrically conductive barrier 
layer 60 is then deposited on top of barrier layer 30 
such that the electrically conductive barrier layer 60 is 
in contact with the photocathode film 12. Thus, if de 
sired, both type barrier layers can be utilized in the 
input screen with the electrically conductive barrier 
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layer being in contact with the photocathode film and 
connected to the source of potential in order to provide 
electron replenishment thereto. In the FIG. 7 embodi 
ment, and assuming that the nonconductive barrier 
layer is not utilized, my electrically conductive barrier 
layer 60 provides the advantages described with refer 
ence to the use of such barrier layer in the FIG. 6 em 
bodiment as well as providing chemical isolation be 
tween phosphor (or phosphor-in-resin) layer 11 and 
photocathode film 12, being compatible with both ma 
terials during preparation and throughout the life 
thereof and affording substantial smoothing or bridging 
of surface irregularities in the phosphor layer 11 such 
that electron-optic image distortion from this second 
factor is also substantially reduced in addition to the 
reduction in such distortion due to uniform drops in po 
tential laterally across the photocathode film. The elec 
trically conductive barrier layer 60 thickness in my 
FIG. 7 embodiment is generally in the mid portion of 
the 0.1 to 25 micron range and therefore is more gener 
ally of thickness in the range of 0.5 to 3 microns, espe 
cially in the case wherein nonconductive barrier layer 
30 is not employed. 

Referring now to FIG. 8, there is shown my improved 
version of the input screen depicted in FIG. 4 wherein 
phosphor layer 11 is an evaporated transparent phos 
phor such as cesium iodide. The network of micro 
scopic and macroscopic electrical islands formed by 
the cracks progressing from the free surface of the 
evaporated phosphor layer 11 which progress toward 
or actually to the aluminum (or other low atomic num 
ber metal) or glass substrate member 13 are substan 
tially eliminated by depositing my electrically conduc 
tive barrier layer 60 (of thickness in the range of 1 to 
3 microns) along the entire free surface of evaporated 
phosphor layer such that surface continuity exists over 
the phosphor surface and the physical network of is 
lands is no longer present and the edges of layer 60 are 
connected to the source of potential. However, barrier 
layer 60 bridges the cracks developed from the surface 
of the phosphor layer and also penetrates into the voids 
developed by such cracks, and in the case of the cracks 
extending to (i.e., contacting) the surface of an alumi 
num substrate which has its side surfaces connected to 
the ring electrode, it may not be necessary to provide 
an electrical connection from the outer edges of barrier 
layer 60 to the ring electrode. Alternatively, and espe 
cially in the case wherein substrate member 13 is 
formed of electrically insulating material such as glass, 
the conventional electrical insulating barrier layer 30 
may be deposited on the cracked surface of the evapo 
rated phosphor layer 11 and my electrically conductive 
barrier layer 60 then deposited on top of the insulating 
layer. In this latter embodiment, the electrically con 
ductive barrier layer 60 obviously must be electrically 
connected to the ring electrode. 

Referring now to FIG. 9, there is shown what may be 
described as a future generation input screen wherein 
the phosphor layer is an intentionally fabricated array 
of columnar, honeycomb, or other generally symmetri 
cally arranged phosphor structures which provide a 
light piping effect to the phosphor luminescence. The 
phosphor layer is thus a single layer of a plurality of 
spaced apart relatively thick phosphor structures 1 
having base portions disposed along and in adherence 
with a low atomic number metal substrate member 13 
on the major surface thereof that is opposite from the 
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source of the X-ray photons. The columnar phosphor 
structures 11 illustrated in FIG. 9 may be generally 
square, hexagonal or even circular in cross section as 
typical shapes and have a height (distance normal from 
substrate member 13)-to-width ratio in the range of 2:1 
to 10:1. Although the phosphor structures 11 are pref. 
erably equally spaced apart and are of identical dimen 
sion, this may not occur in a practical sense due to pos 
sible difficulties in the fabrication process thereof. 
Thus, as illustrated in FIG. 9 the columnar structures 

are not equally spaced apart and the shapes, al 
though similar, are not identical. The light piping effect 
produced by the intentionally structured phosphor 
layer provides a high resolution-high contrast input 
phosphor screen and cesium iodide is a typical trans 
parent phosphor which is especially suitable for this 
embodiment. My electrically conductive barrier layer 
material, such as indium oxide, is deposited along the 
entire nonbase portion of the phosphor structures by 
evaporation as in the previous embodiments such that 
for the more narrowly spaced apart phosphor struc 
tures, the electrically conductive barrier layer material 
60 completely fills the voids therebetween, whereas in 
the more widely spaced apart structures, the barrier 
layer material coats such nonbase surfaces of the phos 
phor structures but a much smaller void may remain 
between such structures. Thus, in the case of the nar 
rowly spaced apart phosphor structures 11, my conduc 
tive barrier layer 60 bridges the adjacent phosphors 
along the free ends thereof whereas the more widely 
spaced apart phosphor structures do not have their free 
ends bridged. The photocathode film 12 is then evapo 
rated only upon the surfaces of the barrier layer formed 
along the free ends of the phosphor structures such that 
photocathode film is continuous in the regions wherein 
the barrier layer bridges adjacent phosphor structures, 
and is discontinuous wherein such bridging does not 
occur. In either event, since the conductive barrier 
layer material 60 extends from the base of the phos 
phor structures 11 to the photocathode film, such bar 
rier layer provides electron replenishment to each por 
tion of the photocathode film 2. In the event substrate 
member 13 is fabricated of glass of other x-ray trans 
parent, electrically insulating material, the major sur 
face of substrate member 13 along which the base por 
tions of the phosphor structures 11 are disposed is first 
coated with an electrically conductive film such as 
evaporated aluminum and this film, or the electrically 
conductive substrate member, if used, are electrically 
connected to the ring electrode. The thickness of layer 
60 would typically be in the range of 1 to 3 microns. 
FIG. 10 illustrates a second embodiment of a future 

generation input screen wherein granular phosphors 
are utilized with no, or very limited amount of binder 
material and the electrically conductive barrier layer 
material 60 is intended to cover major portion of the 
outer surface presented by the multi-layers 1 of phos 
phor grains. In this embodiment, the evaporation of the 
electrically conductive barrier layer material at the low 
pressure of several tens of microns causes such conduc 
tive layer to extend over all of the exposed surfaces of 
the phosphor grains in a thickness range of 2 to 25 mi 
crons as well as behind the grains in the regions where 
the grains are adjacent to or in contact with substrate 
member 13. The barrier layer does not necessarily have 
to fill the larger voids between adjacent more widely 



3,838,273 

spaced apart phosphor grains as is depicted in FIG. 10. 

Indium oxide adheres very well to the thick phosphor 
film of the structured phosphor layer in FIG.9, as illus 
trated in FIG. 8 as well as to the phosphor grains de 
picted in FIGS. 7 and 10. Other suitable electrically 
conductive barrier layer materials which may be used 
in any of the embodiments hereinabove described are 
slightly chemically reduced titantium diode TiO, cu 
prous iodide CuI, and zinc oxide ZnO. 
From the foregoing description, it can be appreciated 

that may invention makes available an x-ray image in 
tensifier tube having a new and improved input screen 
which, due to the use of an electrically conductive bar 
rier layer between the phosphor material and photo 
cathode material significantly reduces electron-optic 
image distortion due to undesired unifrom potential 
drops and nonuniform potential variations laterally 
across the photocathode film by providing electron re 
plenishment to the photocathode film as well as 
smoothing surface irregularities on the phosphor layer. 
The electrically conductive barrier layer provides a 
compatible interface between the phosphor layer and 
photocathode for both conventional type input screens 
and future generation high resolution-high contrast 
input screens. 
Having described a number of specific embodiments 

of my input screen, it is believed obvious that modifica 
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tion and variation of my invention is possible in light of 30 
the above teaching. Thus, other materials suitable for 
my electrically conductive barrier layer other than 
those enumerated above may also be used as long as 
they meet the limitations of having an electrical resis 
tance in the range of 10 to 10 ohms per square and are 
optically transparent to the particular phosphor lumi 
nescence involved, provide chemical isolation between 
the phosphor and photocathode materials and are com 
patible therewith and can be deposited in sufficient 
thickness to provide a smoothing or bridging of surface 
irregularities or cracks in the phosphor layer. Finally, 
there may be some applications wherein a very thin 
(approximately 10 Angstroms) film of an electrically 
insulating material may be utilized between the electri 
cally conductive barrier layer and photocathode film, 
but in this latter case the insulating or nucleating film 
would be sufficiently thin such that its desired charac 
teristics would be effective without providing substan 
tial electrical insulation between the electrically con 
ductive barrier layer and photocathode film. It is, 
therefore to be understood that changes may be made 
in the particular embodiment described which are 
within the full intended scope of the invention as de 
fined by the following claims. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. An improved x-ray image intensifier tube input 

screen comprising . 
a substrate member for supporting an X-ray sensitive 
phosphor layer thereon, 

an x-ray sensitive phosphor layer having a first major 
surface disposed along a major surface of said sub 
strate member opposite from a source of X-ray pho 
tons, the phosphor layer being a multilayer of gran 
ular phosphors of relatively large grain size of parti 
cle diameter greater than 0.3 mil embedded in a sil 
icone resin binder, and 
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2 : 
a photocathode film in optical communication with 

said phosphor layer for producing emission of pho 
toelectrons therefrom in response to X-ray photons 
being converted to light photons by luminescence 
in said phosphor layer, 

the improvement consisting of 
a relatively thick barrier layer of a relatively electri 

cally conductive material, optically transparent to 
the phosphor luminescence, chemically compatible 
with the photocathode film material and with the 
phosphor and providing chemical isolation be 
tween the phosphor layer and photocathode film, 
said barrier layer having a first major surface dis 
posed along a second major surface of said phos 
phor layer opposite the first major surface thereof, 
said photocathode film disposed along a second 
major surface of said barrier layer opposite the first 
major surface thereof, the thickness of said barrier 
layer being in the range of 0.5 to 3 microns so that 
it is sufficient to provide substantial smoothing of 
surface irregularities on the second major surface 
of the phosphor layer and permitting a more uni 
form thickness of said photocathode film to be de 
posited thereby reducing electron-optic image dis 
tortion due to nonuniform potential variations 
across said photocathode film resulting from the 
nonuniform thickness of nonuniform resistance 
thereof, the barrier layer material having an electri 
cal resistance in the range of 10 to 10 ohms per 
square to provide sufficient electrical sheet con 
ductance relative to said photocathode film so that 
said barrier layer upon being connected to a source 
of electric potential provides electron replenish 
ment to said photocathode film to thereby signifi 
cantly reduce electron-optic image distortion due 
to undesired relatively high potential drops across 
said photocathode film laterally thereof, and 

a barrier layer of a relatively electrically non 
conductive material disposed between said electri 
cally conductive barrier layer and said phosphor 
layer. 

2. The improved input screen set forth in claim 1 
wherein 

said nonconductive barrier layer is of thickness in the 
range of 0.1 to 1.0 micron. 

3. The improved input screen set forth in claim 1 
wherein 

said relatively electrically nonconductive material is 
aluminum oxide. 

4. An improved x-ray image intensifier tube input 
screen comprising 
a substrate member for supporting an x-ray sensitive 
phosphor layer thereon, 

an X-ray sensitive phosphor layer disposed along a 
major surface of said substrate member, and 

a photocathode film in optical communication with 
said phosphor layer for producing emission of pho 
toelectrons therefrom in response to x-ray photons 
being converted to light photons by luminescence 
in said phosphor layer, 

the improvement consisting of 
said phosphor layer being a single layer of a plurality 
of slightly spaced apart relatively thick phosphor 
structures providing a light piping effect to the 
phosphor luminescence and having base portions 
disposed on said substrate member along a major 
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surface thereof opposite from a source of the x-ray 
photons, and 

a relatively thick barrier layer of a relatively electri 
cally conductive material, optically transparent to 
the phosphor luminescence, chemically compatible 
with at least the photocathode film material, and 
disposed between said phosphor layer and said 
photocathode film, the thickness of said barrier 
layer being sufficient to provide substantial 
smoothing of surface irregularities on the phosphor 
layer, the barrier layer material having an electrical 
resistance in the range of 10 to 10 ohms per square 
to provide sufficient electrical sheet conductance 
relative to said photocathode film so that said bar 
rier layer upon being connected to a source of elec 
tric potential provides electron replenishment to 
said photocathode film to thereby significantly re 
duce elctron-optic image distortion due to unde 
sired relatively high potential drops across said 
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4. 
photocathode film laterally thereof. 

5. The improved input screen set forth in claim 4 
wherein - 

said barrier layer deposited along the nonbase por 
tions of the phosphor structures to thereby coat at 
least the surface portion of the phosphor structures 
opposite the base portion thereof, and 

said photocathode film disposed along the barrier 
layer deposited on the surface portions of the phos 
phor structures opposite the base portions thereof. 

6. The improved screen set forth in claim 5 wherein 

said relatively thick phosphor structures are of co 
lumnar shape and the axes thereof are substantially 
normal to said substrate member, 

said barrier layer being of thickness in the range of 
l to 3 microns. 
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