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ABSTRACT: An image intensifier suitable for night vision 
which employs a channel intensifier, i.e., a plate-shaped re 
sistive matrix provided with conductive coatings on opposite 
major faces which constitute input and output electrodes 
respectively connected by elongated passageways in the 
matrix which constitute secondary emissive channels. A 
photocathode responsive to infrared and near infrared radia 
tion is positioned opposite the input electrode while a lu 
minescent screen is positioned opposite the output electrode 
and luminesces under electron impact in the visible spectrum 
adjoining the infrared portion of the spectrum, i.e., in the red 
wavelengths. 
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MAGE ENTENSIFIERS FOR NIGHT VISION 

This invention relates to electron multiplier and image in 
tensifier devices. More particularly the invention relates to 
"channel intensifier" devices and to electronic tubes employ 
ing such devices. i...." 
A channel intensifier device is a secondary emissive elec 

tron multiplier device for an electronic tube which device 
comprises a resistive matrix in the form of a plate the major 
surfaces of which constitute the input and output faces of the 
matrix, a conductive layer on the input face of the matrix serv 
ling as an input electrode, a separate conductive layer on the 
output face of the matrix serving as an output electrode, and 
elongated channels, each providing a passageway from one 
face of the assembly consisting of matrix and input and output 
electrodes to the other face of said assembly. Secondary emis 
sion multiplication takes place in the channels. 

... With such devices the distribution and cross sections of the 
channels and the resistivity of the matrix are such that the 
resolution and electron multiplication characteristic of any 
one unit area of the device is sufficiently similar to that of any 
other unit area for any imaging purposes envisaged. 

If such a device is used in an imaging tube or system, the 
latter will be referred to for convenience as an "image inten 
sifier' tube or system rather than as an "image converter' 
tube or system even in applications where the primary purpose 
is a change in the wavelength of the radiation of the image. 

In such image intensifier tubes a luminescent display or out 
put screen is used containing a phosphor with the highest 
possible luminous efficiency in order to produce the maximum 
brightness gain. For this purpose the phosphors generally used 
for the screen have a luminescence peaking in the green-to 
blue part of the spectrum, in order to coincide more or less 
with the maximum in the spectral sensitivity curve of the eye. 
With the advent of channel intensifier devices it has been 

found that such image intensifier tubes are suitable for obser 
vation at night. Due to the high luminous efficiency of the 
phosphor and the high electron gains possible with such 
devices the luminescence of the screen may exceed con 
siderably the low light level to which the observer's eye is 
adapted when he is not looking at the intensified image on the 
phosphor screen. 

It is an object of the invention, when image intensification is 
used for observation at night, to avoid disturbance of the dark 
adaptation of the observer looking at the intensified image on 
the phosphor screen. . . s 
The present invention provides an electronic image intensi 

fier tube suitable for night vision which tube comprises a chan 
nel intensifier device as herein defined a photocathode on the 
inputside of said channel intensifier device and a luminescent 
viewing screen on the output side of said channel intensifier 
device and according to the invention the screen is adapted to 
luminesce entirely or mainly in the red parts of the visible 
spectrum. , 

By using such a tube for night vision it is possible for an ob 
server to remain dark-adapted since red light affects the dark 
adaptation far less than green or blue light. 
The tube may be one wherein the viewing screen employs a 

phosphor of the zinc-phosphate manganese-activated type 
known generally as the P27 type. 
The photocathode is chosen for sensitivity to radiation of 

the wavelengths principally present at night. This chosen sen 
sitivity characteristic of the photo.cathode may differ for dif 
ferent applications and, in particular, the characteristic may 
include infrared wavelengths in cases in which it is desired to 
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In a preferred arrangement the photocathode is of the mul 

tialkali type generally known as S20. - 
The improvement obtainable in a practical case will now be 

described by way of example with reference to FIGS. 1 and 2 
of the accompanying drawings which illustrate respectively 
the spectral sensitivity cures of the human eye and those of a 
P27 phosphor screen. a 

In FIG.1 are shown spectral sensitivity curves of the eye for 
photopic and scotopic vision indicating relative response as a 
function of the wavelength insofar visible radiation is con 
cerned. FIG. 2 shows the spectral emission characteristic of a 
P27 phosphor indicating relative radiant energy as a function 
of the wavelength. 

FIG. 3 shows an image intensifier for night vision according 
to the invention. . 
One lumen of P27 light, as defined by the photopic sensitivi 

ty curve 1 of the cones, corresponding to the nondark-adapted 
eye, has the effect of only one twenty-fifth lumen on the rods, 
which are normally operative in the dark-adapted eye with the 
scotopic sensitivity curve 2. This expresses numerically the 
fact that the rods are much less sensitive to red light than the 
cones as shown by the curves. It means that the dark-adapted 
eye can be presented with red light from a P27 phosphor at a 
brightness level, expressed in foot-Lamberts, which is about 
25 times higher than when it is presented with “white' light, 
before the dark adaptation is impaired to the same extent. 
A picture on a P27 phosphor screen can thus be viewed with 

the aid of the cones, and seen as a 'red' picture of acceptable 
brightness, without unduly "overloading" the rods. When the 
observer subsequently looks away from the screen at a scene 
with a much lower brightness level, but illuminated with white 
light, he can immediately use his scotopic vision. An image in 
tensifier of the usual type with the improvements therein is 
shown in FIG.3 and includes an envelope 1, a photocathode 2 
principally responsive to wavelengths in the near infrared and 
infrared regions of the spectrum, a channel intensifier 3 com 
prising a resistive matrix having conductive coatings on op 
posite faces constituting input and output electrodes 4 and 5 
respectively connected by elongated channels 6 the walls of 
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observe radiant heat from any warm or heated objects that 
may be present. 

70 

which are secondary emissive thus providing secondary emis 
sive channels, and a luminescent screen 7 which luminesces 
under electron impact in the red region of the visible portion 
of the spectrum. i 
As a modification of the invention, the red luminescent 

viewing screen can be replaced by the combination of a view 
ing screen which, insofar as visible radiation is concerned, is 
not adapted to luminesce entirely or mainly in the red parts of 
the visible spectrum, and a red filter through which said screen 
can be viewed. Such a screen may, for example, be adapted to 
luminesce in white or substantially in white. 

claim: 
1. An electronic image intensifier tube suitable for night vi 

sion which tube comprises a plate-shaped resistive matrix the 
major surfaces of which constitute input and output faces, of 
the matrix, a conductive E. on the input face of the matrix 
serving as an input electrode, a separate conductive layer on 
the output surface serving as an output electrode, said matrix 
having a plurality of elongated channels each providing a 
passageway connecting said input and output electrodes with 
secondary emission taking place in said channels, an infrared 
sensitive photo-cathode on the inputside of said matrix, and a 
luminescent viewing screen on the outputside of said matrix, 
said screen luminescing upon electron excitation substantially 
only in the red region of the visible portion of the spectrum. 

2. A tube as claimed in claim 1 wherein the viewing screen 
employs a phosphor of the zinc-phosphate manganese-ac 
tivated type. 

  


