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tion to the drop in the photocathode potential experi-
enced at high input light levels to prevent cut off of
the image.

6 Claims, 3 Drawing Figures
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IMAGE INTENSIFIER TUBE EMPLOYING A
MICROCHANNEL ELECTRON MULTIPLIER

GOVERNMENT CONTRACT

The invention herein described was made in the
course of or under a contract with the department of
defense.

DESCRIPTION OF THE PRIOR ART

Heretofore, it has beenn proposed to build a light
image intensifier tube employing a microchannel elec-
tron multiplier to provide increased gain for the image
intensifier tube. More particularly, the tube comprised
aa photocathode disposed at the input end of the tube
for receiving a photon image and for converting same
into an electron image which was emitted into the tube.
A cathode luminescent (fluorescent) screen was pro-
vided at the output end of the tube to receive the elec-
tron image and to convert same into a light or photon
image for viewing or use. An anode was disposed adja-
cent the photocathode for accelerating the electron im-
ages and for focusing the accelerated electron images
upon the input face of a microchannel electron multi-
plier plate. The electron multiplier plate multiplied the
electron current of the electron images and the output
electron images of the multiplier were directed onto
the output fluorescent screen. A distortion corrector
electrode was interposed between the anode and the
microchannel electron multiplier for correcting pin
cushion type distortion in the electron image as focused
on the microchannel electron multiplier. The potentials
supplied to the photocathode, anode, and distortion
corrector electrode were all referenced to the potential
of the microchannel electron multiplier such that varia-
tions in the potential applied across the multichannel
multiplier did not result in variations in the electron op-
tics causing unwanted changes in the magnification of
the tube.

The problem with this prior art image intensifier tube
was that positive ions produced near the output end of
the microchannel electron multiplier, due to electron-
residual gas collisions, could flow back to the photo-
cathode through the anode to produce localized secon-
dary electron emission from the photocathode which
contributed to the electon image as a spot of increased
electron density and as focused upon the output screen
manifested itself as a spurious bright spot in the output
image. Therefore, it is desired to provide means for
preventing the flow of positive ions, at low input light
levels, from the multichannel electron multiplier to the
photocathode.

SUMMARY OF THE PRESENT INVENTION

The principal object of the present invention is the
provision of an improved image intensifier tube em-
ploying a microchannel electron multiplier.

In one feature of the present invention, a positive bias
potential is applied, at low input light levels, to the
anode relative to the potential applied to the micro-
channel multiplier plate such that positive ions created
in the microchannel multiplier plate cannot flow to the
photocathode through the anode, whereby bright spots
are eliminated in the output image of the intensifier
tube.

In another feature of the present invention, the po-
tential suppliied to the photocathode and anode are
referenced to the potential applied to the microchannel
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electron multiplier plate and voltage divider resistors
are provided between the photocathode and the micro-
channel multiplier and between the anode and the mi-
crochannel multiplier. These resistors are proportioned
such that as the anode intercepts substantial electron
current drawn from the photocathode at high input
light levels, the potentials are dropped across said volt-
age dividing resistors in such a manner that as the nega-
tive photocathode bias potential is reduced, the posi-
tive potential applied to the anode is reduced to a nega-
tive value relative to the microchannel plate multiplier
such that the electron image current to the microchan-
nel multiplier is not cut off at high input light levels.

Other features and advantages of the present inven-
tion will become apparent upoon a perusal of the fol-
lowing specification taken in connection with the ac-
companying drawings, wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic longitudinal sectional view,
partly in block diagram form, of an image intensifier
tube incorporating features of the present invention,

FIG. 2 is a plot of voltage V vs. longitudinal distance
along the axis of the tube of FIG. 1 depicting the poten-
tial profile of the tube and how it varies with changing
input light intensity, and

FIG. 3 is a simplified schematic circuit diagram for
the anode and the cathode bias circuits of FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIG. 1, there is shown an image in-
tensifier tube 1 incorporating features of the present
invention. The tube 1 includes an evacuated tubular
envelope 2, as of glass or ceramic, closed at its input
end via an optically transparent electrode, not shown,
deposited upon the curved face 4. A photocathode 5 is
deposited over the transparent electrode. An anode
electrode 6 is disposed adjacent the photocathode 5
and includes a spherically convex face 7 facing the pho-
tocathode § with a small central aperture 8 disposed on
the axial center line of the tube 2.

The photon image to be intensified passes through
the transparent input plate 3 and transparent electrode
to the photocathode 5 wherein the photons are ab-
sorbed and converted into an electron image emitted
from the photocathode 5 into the evacuated tube 2.
The emitted electron image is accelerated and focused
through the central aperture 8 of the anode 6 onto the
input face 9 of a microchannel electron multiplier plate
L1 for multiplying the electron current of the electron
image. The electron output image of the microchannel
electron multiplier 11 is accelerated and directed
through an electron permeable metallic film, not
shown, deposited overlaying an output fluorescent
screen 12 of a cathode luminescent material which in-
turn is deposited upon the internal face of an optically
transparent end plate 13, as of glass, sealed in a gas
tight manner across the output end of the envelope 2.

A hollow cylindrical distortion corrector electrode
14 is interposed, along the beam path, between the
anode 6 and the input face 9 to the microchannel elec-
tron multiplier plate 11 for correcting the electron
image to remove undesired “pin cushion” type distor-
tion.

The multiplir plate 11 includes a pair of electrodes
disposed on opposite faces 9 and 15 of the multiplier
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plate 11. A source of potential V,, as of 700 to 1,000
volts, is applied across the electrodes 9 and 15 of the
multiplier 11 for variably adjusting the gain of the mul-
tiplier plate 11. The output electrode of the multiplier
15 is grounded and the potentials applied to the distor-
tion corrector electrode 14, anode 6, and photocath-
ode § are all referenced to the potential applied to the
input face 9 of the multichannel electron multiplier 11.
More particularly, a source of cathode potential V,, as
of —4,000 volts, is applied between input face 9 and the
photocathode 5 via the intermediary of a cathode bias
resistor R, as of 7X10%Q}.

A negative potential is applied to the distortion cor-
rection electrode 14 as derived from the cathode po-
tential at point C via the intermediary of a pair of volt-
age divider resistors Ry, and Ry, to provide approxi-
mately 0.9 of the cathode potential to the distortion
corrector electrode 14.

The anode 6 is supplied with bias potential relative to
the input electrode 9 of the microchannel plate 11 via
the intermediary of a low reverse leakage, as of 0.1uA,
Zener diode 19 and Zener biasing resistor 21, as of
108Q), connected across the microchannel plate 11 be-
tween electrodes 9 and 15. The Zener diode 19 is se-
lected to provide a regulated voltage thereacross, as of
800 volts, which is derived from node 22 and fed via
anode bias resistor R, as of 2 X 10%Q, to the anode 6.
A final accelerating potential V,, as of 4,000 volts, is
applied to the output screen 12 relative to the output
face 15 of the microchannel plate 11.

Referring now to FIG. 2 there is shown, by solid line
25, the low input light level potential profile for the
image intensifier tube 1. From profile curve 25 it is
seen that the anode 6 is biased approximately 800 volts
positive with respect to the input face 9 of the micro-
channel plate 11. This positive potential applied to the
anode 6 relative to the microchannel plate input face
9 prevents positive ions, as indicated by 26, which are
generated near the output of the microchannel plate at
potential energies of approximately one-half to two-
third of the microchannel plate voltage V,, (800 volts),
from flowing baack along the path of the electron im-
ages through the anode opening 8 to the photocathode
5. The positive ions are thus trapped between the
anode opening 8 and the input face 9 of the microchan-
nel plate 11. Thus, in this manner, bright spots are elim-
inated in the output light image obtained from the fluo-
rescent screen 12, The positive anode bias V, applied
to the anode 6 and as derived across Zener diode 19
should preferably have a potential greater than one-
half the potential applied across the microchannel elec-
tron muitiplier plate 11. By use of a regulated anode
bias voltage V, referenced to the input voltage of the
microchannel plate 11, changes in the microchannel
plate voltage V,, above that of its regulated voltage V,
do not produce variation in the magnification of its
tube.

In the low input light intensity operating regime of
the image intensifier tube 1, a negligible amount of the
electron image current is intercepted by the anode 6
and, thus, the effective photocathode to anode resis-
tance R, is very high, i.e., much higher than the sum
of the resistance of the cathode bias resistor R, and the
anode bias resistor R, such that the entire anode bias
potential V, is applied to the anode 6.

However, in the high input light intensity regime, a
substantial amount of electron image current emitted
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from the photocathode § is intercepted on the anode 6
such that the effective resistance R, of the beam be-
tween the photocathode 5 and the anode 6 is small
compared to the resistance of the bias resistors R, and
R,. In this regime, bias resistors R, and R, form a volt-
age divider network, as shown in FIG. 3, for dividing
the potentials V, and V. such that the negative cathode
potential is decreased from —4,000 volts to approxi-
mately ~200 volts with respect to the input of the mi-
crochannel plate, and the anode potential is decreased
from +800 volts to approximately —200 volts with re-
spect to the input of the microchannel plate. The small
but finite resistance R, between the cathode § and the
anode 6 causes the anode always to be slightly more
positive than the cathode potential. By reducing the
anode potential to a potential slightly negative with re-
spect to the microchannel input potential the electron
image will not be cut off because the cathode potential
will thus always be negative with respect to the micro-
channel input face 9.

The resistors R, and R, are proportioned such that
the ratio R, to R, is equal to or preferably within 50%
greaater than the ratio of the source potentials V, to
V.. In other words, R,/R, = V,/V. . Thus, in the high
input light intensity regime, the ion trapping potential
V, applied to the anode is overcome by negative poten-
tial derived via the voltage divider network of resistors
R, and R, and source V,, thereby eliminating the ion
trapping effect in the high current regime. However, in
the high current regime, the electron image signal cur-
rent is so high that the amount of noise current contrib-
uted by ions is negligible and therefore not trouble-
some.

The advantage to the image intensifier tube of FIG.
1 is that the magnification does not change for varia-
tions in the potential across the microchannel plate. lon
produced bright spots in the output photon image are
automatically eliminated over the operating range of
the tube from low input light intensity to high input
light intensity. Also, the image is not cut off at high
input light intensities and a separate power supply for
deriving the ion trapping potential V, is not required as
this potential is derived from the microchannel voltage
Vi via the Zener diode 19,

What is claimed is:

1. In an image intensifier tube, a photocathode means
disposed to receive a photon image for emitting into
the tube an electron image corresponding to the re-
ceived photon image, microchannel electron multiplier
means having an input face disposed to receive the
emitted electron image for multiplying the electron
current of said image, an anode electrode means dis-
posed intermediate said photocathode means and said
microchannel multiplier means along the path of flow
of the electron image for accelerating the electron
image and for focusing same upon said electron receiv-
ing the face of said microchannel electron multiplier

- means, and power supply means for biasing said anode -
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electrode means at a potential positive with respect to
the operating potential of said input face of said micro-
channel electron multiplier means to inhibit the flow of
positive ions from said microchannel multiplier means
to said photocathode means, said biasing means for bi-
asing said anode means relative to said microchannel
electron multiplier means include, a series connection
of a voltage regulating means and a resistor to form a
source of regulated anode bias potential connected in



3,868,536

5

parallel with the potential applied across said micro-
channel electron multiplier means, and means for ap-
plying the regulated anode bias potential derived across
said voltage regulator means to said anode means.

2. The apparatus of claim 1 wherein said voltage reg-
ulating means includes a Zener diode.

3. The apparatus of claim 1 wherein said means for
applying the voltage derived across said voltage regula-
tor means to said anode means includes, anode resistive
means connected in series beteen said anode means
and said source of regulated anode bias potential.

4. The apparatus of claim 3 including, cathode bias
means for biasing said photocathode means at a poten-
tial negative with respect to the potential of the input
face of said microchannel electron multiplier means,
and cathode resistive means connected in series with
said cathode bias means between said photocathode
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means and said microchannel electron multiplier
means.

5. The apparatus of claim 4 wherein said anode resis-
tive means and said cathode resistive means form a
voltage divider when said anode intercepts substantial
electron image current emitted from said photocathode
means, and said cathode resistive means being substan-
tially more resistive than said anopde resistive means.

6. The apparatus of claim 5 wherein the resistances
of said cathode resistive means and said anode resistive
means are proportioned such that the ratio of the
anode resistance R, to the cathode resistance R, is ap-
proximately equal to or within 50% greater than the
ratio of the anode source potential V, to the cathode

source potential V..
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