United States Patent 9
Whetten et al.

[54] X-RAY DETECTOR

Nathan R, Whetten, Burnt Hills; John
M. Houston, Schenectady, both of
N.Y.

General Electric Company,
Milwaukee, Wis.

33,794
Apr. 26, 1979

[75] Inventors:

[73] Assignee:
[21] Appl. No.:
[22] Filed:

| Related U.S. Patent Documents
Reissue of:

[64] Patent No.: 4,031,396
Issued: Jun, 21, 1977
Appl. No.: 616,930
Filed: Sep. 26, 1975

U.S. Applications:
[63] Continuation-in-part of Ser. No. 554,171, Feb. 28, 1975,

abandoned.
[S1] Int. Cl3 ....iriereeircreneeerreraanaee GO01T 1/18
[52] US.ClL oo 250/385; 250/445 T;
| 250/381; 313/93
[S8] Field of Search ................... 250/385, 381, 445 T;
| 313/93
[56] References Cited
U.S. PATENT DOCUMENTS
2,397,073  3/1946 Hareetal. wooooeeerveevrnnnn. 313/93
2,489,133 11/1949 Herzog ...ccccorvvirerenrecicencenereens 313/93
2,519,007 8/1950 WISOM coiiviiiciriciirrresnersennes 250/385
2,696,564 1271954 Ohmart ...coocccerervncernreecsosenses 250/389
2,873,399 271959  (GATTiSOM .ovccieeeeeerenereeeennnarenns - 313/93
3,373,283 3/1968 Lansiart et al. ........... S 250/389
3,385,988  5/1968 Hyun ...uueeeveeeeeeeennn reereeeereres 313/61

[11] E Re. 30,644
[45) Relssued Jun. 9, 1981
3,418,474 12/1968 Spergel et al. ....... erisessresesine 250/385
3,509,339 - 4/1970 Doehner ..coocvvieecrnieienenneas 250/366
3,609,435 9/1971 Tayloretal. ..ccovvereevrmmenvnnnnnns 313/93
3,614,437 10/1971 Allemand ........cocrvereriicninnenn. 250/385
3,703,638 1171972  Allemand ......oooeeeeeveeveennnn.... 250/385
3,704,284 11/1972 Garmire ..cccoeeveevecervecrvnernnnans 250/385
3,884,817  5/1975  Jilbert veevevevereeereeeeeeen 250/385
- 3,808,465 8/1975 Zaklad et al. ....covvveevenennnn.n. 250/385
3,930,162 12/1975 REISS ceuevreeeverrrireensernnsrrenessens 250/385
4,075,491 2/1978

Boyd ...covviirtriierniienniereneeee 250/385

OTHER PUBLICATIONS

“Ionization Chamber & Counters” by Rossi, Chapter I,
McGraw Hill Book Co. 1949, pp. 20, 21, 97—11_5.

Pr:mary Examiner—Harold A. Dixon
Attorney, Agent, or Firm—Douglas E. Stoner Dana F.
Blgelow

[57] ABSTRACT

An ionization chamber for use in determining the spatial
distribution of x-ray photons in tomography systems
comprises a plurality of substantially parallel, planar
anodes separated by parallel, planar cathodes and en-
closed in a gas of high atomic weight at a pressure from
approximately 10 atmospheres to approximately 50
atmospheres. The cathode and anode structures com-
prise metals which are substantially opaque to x-ray
radiation and thereby tend to reduce the resolution
limiting effects of x-ray fluoresence in the gas.

In another embodiment of the invention the anodes
comprise parallel conductive bars disposed between
two planar cathodes.

Guard rings eliminate surface léakage_currents between
adjacent electrodes.

34 Claims, 8 Drawing Figures
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X-RAY DETECTOR '

Re. 30,644

2

detector spatial resolution. The parallel plate electrodes .-

~ of the present invention may be constructed of high

Matter enclosed in heavy braekets [ ] appears in. the |

original patent but forms no part of this reissue specifica-

tion; matter printed in 1tahcs mdlcates the addmens made ;

by reissue. .

This is a contlnuatien-m -part. cf U.S. Pat applrcatlon |
Ser. No. 554,171 filed Feb. 28, 1975, and now aban-

doned.

BACKGROUND OF THE INVENTION

Thls invention relates to mmzatlcn chamber X- ray
detectors. More specifically, this invention relates to
multlcellular detectors comprising high pressure gas for
use in computenzed tomography systems.

In a computerized, x-ray tomograph a spatial dlstnbu-
tion of x-ray intensities must be translated into-electrical
- signals which are processed to yield image information.
Detectors for use in such systems must efficiently detect
x-ray, electromagnetic energy with a high degree of
spatial resolution. The x-ray pulse repetition rate In
tomograph systems-is generally limited by the recovery
time of the x-ray detectors. It is desirable, therefore, to
utilize x-ray detectors characterized by fast recovery
times, high sensitivity, and fine spatial resolution. Pro-
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posed x-ray tomography systems employ hundreds of -

such x-ray detectors. A  multicellular. construction,
wherein multiple, spatially separated detection cells are

30

incorporated in a single detector assembly, provides an. .

economic means for the productrcn of such. systems

SUMMARY OF THE INVENTION _
In accordance with the present invention, x-ray elec-

tromagnetic radiation is detected in a high pressure gas
of high atomic weight. X-ray photons interact with the-

gas to produce photoelectron-ion pairs in the presence
of an electric field. The electrons thus produced are
collected on an array of positively charged .electrodes
to produce electric currents-in proportion to the x-ray
intensity in the vicinity of the electrodes. In one em-
bodiment of the invention the positive electrodes com-
prise a linear array of parallel metal rods disposed mid-
way between a pair of flat, parallel, negative electrodes.

The electrons and positive ions which are produced

by the interaction of the x-ray photons and the gas dnift -

along the electric field lines and are collected respec-
tively on the positive and negative electrodes. Substan-
tially all of the electrons and ions produced by the inter-

action of an x-ray pulse with the gas must be collected -

and removed from the detector before 'a subsequent
x-ray pulse may be unambiguously detected. High pulse
repetition rates are required for efficient computerized

tomography so that detectors with short.ion-electron-

collection times are desirable for use in such equipment.
One embodiment .of the present invention -comprises a

high pressure ionization chamber having a plurality: of

closed spaced parallel plate electrodes which lie sub-
stantially parallel to an incident x-ray beam. This elec-

trode configuration allows prompt removal of the elec- .

tron-ion pairs and permits the use of high x-ray: pulse
repetition rates at relatively low electrode potentials.
Heavy gas atoms, which are used:in.the ionization
x-ray detectors of the present.invention; tend to fluo-
resce; radiating photons.at. low energy, x-ray frequen-
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cies. These low energy, x-ray photons have.a relatively

long range in the detector gas and itend to degrade

atomic weight material which acts to absorb those low
energy, secondary photons at the detector cell bound- -

-aries and, thus, improve the spatial resolutlon of the

detector.

nghly efficient x-ray detectors are requlred to make
maximum use of the information available from each
x-ray exposure and to thereby minimize the total radia-
tion exposure. Tomography detectors must, therefore,
detect at least 50 percent of incident x-ray photons. Safe
and efficient system operation typically requires detec-
tors capable of detecting more than 70 percent of the
incident x-ray beam which typically has an energy in
the range from 30 to 100 KEV.

It is, therefore, an object of this invention to provide
a multicellular, . hlgh pressure x-ray detector having.
high efficiency. |

Another object of this invention is to provide a high
pressure, ionization chamber x-ray detector having a

short recovery time as compared to prior art detectors.

Another object of this invention is to provide a high
pressure, ionization chamber x-ray detector having im-
proved spatial resolution as compared to prior art de-
tectors. . .

- Another object of this 1nvent10n is to provide a multi-
cellular detector which is insensitive to the resolutron
limiting effects of gas fluorescence. -

Yet another object of this invention is to provide
multicellular x-ray detectors which are suitable for use
in high speed, computerized, x—ray tomography sys-
tems.

BRIEF DESCRIPTION OF THE DRAWINGS
 The novel features believed characteristic of the pres-

ent invention are set forth in the appended claims. The

invention itself, together with further objects and ad-
vantages thereof, may best be understood with refer-
ence to the following detailed description taken in con-
nection with the appended drawings in which:

FIG. 1 is an embodiment of a detector of the present
invention incorporating parallel, metal bar anodes;

FIG. 2 is an alternate embodiment of an anode struc-
ture for use in the detector of FIG. 1;

'FIG. 3 is another embodiment of a detector of the
present invention which incorporates parallel plate
cathodes:'and anodes;

FIG. 3a is a top view of the detector embodlment of
FIG 3; - -

“FIG. 4 is an alternate embcdlment of an anode struc-
ture for the detector of FIG. 3;

- FIG. 5§ is a structure incorporating the anodes of FIG
4 in a detector of the type indicated in FIG. 3a.

- FIG. 6is an alternate electrode embodiment for use in
the detector of FIG. 3; and |

FIG. 7 1s an alternate anode embodiment for use in
the detector of FIG 1. |

| ;, _ DESCRIP’I‘ION OF THE PREFERRED
' EMBODIMENT

" X-ray photons will interact with atoms of a heavy
detector gas to produce electron-ion pairs. The x-ray
photons are, generally, absorbed by a gas atom which
emits a photoelectron from one of its electronic levels.
The photcelectrons move through the gas interacting
with and ionizing other gas atoms to produce a shower
of electrons and positive ions which may be collected
on: suitable electrodes to produce an electric current
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flow. If, for example, xenon gas at approximately 10
atmospheres pressure is irradiated with 60 KEV x-ray

photons, photoelectrons will be ejected from the 34.5

KEYV xenon k shell at approximately 25.5 KEV. The

25.5 KEV photoelectrons, having a range of approxi-

mately 0.1 mm in the xenon, will produce approxi-

mately 800 electron-ion pairs each. If these electron-ion
pairs are produced in a region between two electrodes

of opposite polarity, they will drift along electric field
hines to the electrodes and yield a net electric current

10

flow between them. The electric current flow between ™

the electrodes is thus a function of the total number of

x-ray photons interacting in the vicinity of those elec-
trodes.

The probability of detection of an x-ray photon is a
function of the atomic number of the gas and of the
number of gas atoms lying between the collector elec-

15

trodes. Thus, high sensitivity detectors may be con-

structed from a gas of high atomic weight at a relatively
high pressure. Detector sensitivity may also be in-
creased by increasing the spacing, and therefore the
number of gas molecules, between the electrodes. In-
creased electrode spacing, however, increases the dis-
tance the electron-ion pairs must drift for collection and
thus tends to increase the recovery time of the detector.

An increased electric field gradient between the elec-
trodes will tend to increase the electron-ion drift veloc-
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ity and thus somewhat shorten the detector recovery -

time; the drift velocity, however, increases in relatively
small proportion with electrode voltage increases. Fur-
thermore, it is well known that an excessive electric
field gradient will cause avalanche gas breakdown and
will create highly nonlinear responses in detection sen-
sitivity.

The detectors of the present invention operate with
electric field gradients which are insufficient to cause
electron multiplication: that is, they may be character-
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from the incident x-ray photons. Thus, photons which
are produced by fluorescence in the region of one elec-
trode cell may travel through a multicell detector to the

region of another electrode cell where they will be
“detected in the samé manner as incident x-rays. The

k-shell fluorescence effect may, therefore, be seen to
contribute to the degradation of spatial resolution in

multicell, ionization chamber detectors.

FIG. 1 illustrates an embodiment of a multicell, x-ray
detector the present invention. A pressure vessel 10
contains a detector gas 12 at high pressure. One side of
the pressure vessel 10 defines a thin window 14 which is
substantially transparent to electromagnetic radiation at
x-ray frequencies. The window 14 may be constructed
from any of the materials which are well known and

commonly used for that purpose in the radiation detec-
tion arts; for example, aluminum, plastic resin, or a

matrix of plastic resin reinforced by low atomic number
metals. The term “substantially transparent”, as used

herein, means that the probability of x-ray radiation

interacting with the window material is much less than

the probablhty of that x-ray radiation mteractmg with
the detector gas 12.

The detector gas 12 fills the pressure vessel 10 and is
chosen to be substantially opaque to electromagnetic
radiation at x-ray frequencies. As used herein, the term
“substantially opaque” means that the probability of
x-ray radiation interacting with the detector gas 12 is
much greater than the probability of that electromag-
netic radiation interacting with the window 14. The gas
type, gas pressure, and electrode spacing are chosen

~using methods well known to the art so that a large

35

ized as ionization chambers and not as proportiona] |

counters. The production of electron-ion pairs de-

scribed above is attributable solely to energy transfer
from the ejected k-shell photoelectrons and is not

caused by collistons of electrons or ions moving under -

the influence of the impressed electric field. The values
of electric field gradients which are suitable for use in
ionization chamber detectors are well known in the art
and are more fully described in Medical Radiation
Physics, W. R. Hendee, Year Book Medical Publishers,
Chicago, at chapters 4 and 17. The detectors of the
present invention operate with electric field gradients

between approximately 10 and apprommately 1000

v/mm.
An l-shell electron will generally drop to fill the

opening which is produced by the emission of the k

shell photoelectron from a heavy gas atom. The energy
difference resulting from the drop of the electron from
the 1 to the k shell levels is radiated in the form of a
secondary x-ray photon. In xenon gas, for example, the
1 to k energy level shift produces 29 KEV x-ray pho-
tons. The range of these secondary photons in the high

45

50

33

pressure gas 1s generally much larger than the range of 60

the photoelectrons. By way of example, in xenon at 10

atmospheres pressure 25.5 KEV photoelectrons have a’
range of approximately 1 mm while 29 KEV x-ray:

photons have a range of approximately 20 mm.

The secondary photons which are produced by the

fluorescence of the heavy gas atoms upon excitation by

incident x-ray photons will be absorbed by other heavy
gas molecules 1n the detector and are indistinguishable:

65

num or other lew atomic number metals. A

fraction (typically more than 70 percent) of the incident
x-ray photons are absorbed within the gas. The detector
gas 12 may, typically, comprise a rare gas of high
atomic number, for example, xenon, krypton, argon, or
a molecular gas comprising atoms having an atomic
weight greater than that of argon (i.e., 39.9); at a pres-
sure from approximately 10 atmos*.pheres to approxi-
mately 50 atmospheres

A first cathode 16 is positioned w1th1n the pressure
vessel 10 substantlally parallel to the window 14. The
first cathode 16 is constructed from conductive materi-
als which are substantially transparent to electromag-
netic radiation at x-ray frequencies; for example, alumi-
second
cathode 18 1s similarly positioned within the pressure
vessel, parallel to and spaced apart from the first cath-
ode 16. The second cathode may be constructed from
any conductive material and need not be transparent to
x-ray electromagnetic radiation. By way of illustration
only, in a typical detector the second cathode 18 is
spaced approximately 2.5 cm from the first cathode 16.

A plurality of anodes 20, which comprise a row of
parallel, conductive bars, are positioned midway be-
tween and parallel to the first cathode 16 and the second
cathode 18. Each of the plurality of anodes 20 is associ-
ated with a connecting lead 22 which passes through
the pressure vessel 10 on an insulating feedthrough 24.

‘The connecting leads 22 serve to transmit electric cur-

rent signals from the anodes 20 to a signal processing
circuit 26 which may be positioned external to the pres-
sure vessel 10. The first cathode 16 and the second
cathode 18 are electrically connected in parallel by a
cathode lead 30 which passes through the pressure ves-
sel 10-on an insulating feedthrough 24a. A source of
direct current electric potential 28 is connected in series
between the cathode lead 30 and the anodes 20 to pro-
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duce an electric field between the anodes 20 and the
cathodes 16 and 18. In typical detectors of the present
invention the electric field gradient is between approxi-
mately 100 and approximately 300 v/mm.

- Incident x-rays 32 enter the detector through win-
dow 14 1n a direction substantially perpendicular to the
plane of the first and second cathodes 16 and 18. The
x-rays interact with the atoms of gas 12 to produce
electron-ion pairs which drift along the electric field to
produce current flow between the anodes 20 and the
cathodes 16 and 18. The current flow from a particular
anode 20 is associated with and proportional to the
number of x-ray-gas interactions occurring in the vicin-
ity of that electrode. The signals from the anodes may
be combined in the signal processor 26, using techniques
well known to the tomography art, to yield an image
from the x-ray intensity along the line of anodes.

This embodiment of detector yields high sensitivity
and relatively fast response time. Electron-ion pairs
- produced between the anodes and cathodes must tra-
verse only half the distance separating the first cathode
from the second cathode. The volume of gas 12 avail-
able for the detection of x-rays in the vicinity of a par-
ticular anode 20 is equal to the sum of the volume of gas
lying between that anode and the first cathode 16 and
the volume of gas lying between that anode and the
second cathode 18. The volume of gas available for
detection is thus twice that available in a simple planar
detector. -

Another embodiment of an anode structure 20 suit-
able for use in the detector of FIG. 1 1s illustrated In
FIG. 2. In this embodiment the anodes comprise a row
of parallel metal strips 34 disposed on the surface of a
sheet of dielectric material 36. The dielectric sheet 36
may be constructed, for example, from ceramic, mica,
plastic resin, or any other material of the type com-
monly used for this purpose in the electrical arts. The
metal strips 34 may be attached to the dielectric sheet 36
in any conventional manner, for example, by vapor
deposition, by screen printing, or by adhesive bonding.
Lead wires 22 are bonded to the individual metal strips
34 and pass through the pressure vessel 10 in the manner
described above.

FIGS. 3 and 3a illustrate another embodiment of the
detector of the present invention. A pressure vessel 10
having an x-ray transparent window 14 is filled with a
detector gas 12 in the manner and of the type described
above. A plurality of flat anodes 42 are aligned within
the pressure vessel 10 in a direction substantially per-
pendicular to the window 14. The anodes 42 are indi-
vidually connected to a plurality of leads 22 which pass
through the pressure vessel on dielectric feedthroughs
24. A metal plate cathode 38 is positioned equidistant
between each of the anodes 42. The cathodes 38 are
connected in paralle]l by a lead 30 which passes through
the pressure vessel 10 on a dielectric feed-through 40.

The anode plates 42 and the cathode plates 38 are
constructed from metals which are substantially opaque
to electromagnetic radiation at x-ray frequencies. Met-
als of high atomic number, for example, molybdenum,
tantalum, or tungsten, are suitable for use as the anodes
42 and the cathodes 38. By way of illustration only, in a
typical detector the anode and cathode plates are con-
structed from 0.05 mm molybdenum or tungsten sheets.
The cathode lead 30 and the anode leads 22 are electri-
cally connected to a signal processor 26 and a potential
source 28 in the manner described above.

Re. 30,644
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6 .
Photons of x-ray radiation 32 enter the detector
through the window 14 in directions substantially paral-
lel to the anode plates 42 and the cathode plates 38. The
photons interact with the fill gas 12 in the regions be-
tween the anode plates 42 and the cathode plates 38.
Electron-ion pairs which are produced by interaction of
the gas 12 with the photons 32 drift along electric field
lines between the anodes and cathodes and are collected
thereon to produce electric current signals. The electric
current flowing from a particular anode 42 is propor-

- tional to the number of x-ray photons interacting with
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the gas 12 in the space between that anode and the
adjacent pair of cathodes 38. |
This embodiment of the detector is insensitive to the
resolution limiting effects of k-band x-ray fluorescence.
Any x-ray photons which are produced by fluorescence
in the region between an anode plate 42 and a cathode
plate 38 must pass through a cathode plate 38 before
they would be capable of producing electron-ion pairs

which would drift to an adjacent anode. As indicated

above, the cathode plates 38 are constructed from mate-
rial which is substantially opaque to x-ray photons and
the incidence of fluorescent x-ray photons with suffi-
cient range to produce current in adjacent anode cells is
thereby greatly reduced. The anode 42 and cathode 38
structures of the present embodiment lie parallel to the
direction of photon incidence. The plates of the anodes
42 and the cathodes 38 may, therefore, be spaced rela-
tively close together yielding a detector with a short
recovery time, while the length of the plates may be
increased to produce a detector of high sensitivity. By
way of illustration only, in a typical detector, the anode

and cathode plates are mounted on 2 mm centers. The

parallel electrode plates of this detector embodiment
also serve to absorb incident photons which are scat-
tered from external objects (i.e., tissue under examina-
tion) and which enter the detector at an oblique angle.

FIG. 4 illustrates an alternate embodiment of the
anode plates 42 which may be utilized in the detector of
FIG. 3. In this embodiment, each anode plate comprises
a thin dielectric sheet 46; which may, by way of illustra-
tion, be constructed from ceramic, mica, or Mylar T™

- plastic resin sheet. A pair of electrodes 44, constructed
from metal which is substantially opaque to electromag-

45
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netic radiation at x-ray frequencies, are disposed on
opposite sides of the dielectric sheet 46. Separate leads
22 are connected to each metal electrode 44 and pass
through the pressure vessel 10 on separate dielectric
feed-throughs 23. Electron currents flowing to opposite
sides of the anode plate 42 are thus collected on the
separate metal sheets 44 and transmitted separately to
the signal processor 26 (of FIG. 3). The spatial resolu-
tion of the detector is thereby increased by a factor of
two. | |

A method of constructlon of an assembly of anode
and cathode plates is illustrated in FIG. 5. The anode
plates 42 and the cathode plates 38 are alternately
stacked on a plurality of insulating bolts 48. A series of
tubular insulators 50 are threaded on the bolts 48 be-
tween the anode plates 42 and the cathode plates 38 and
serve to position the plates. The plates may be mounted
in parallel alignment for detection of a collimated x-ray
beam or the thickness of the insulators 50 may be varied
to produce a curved plate alignment suitable for detec-
tion of a diverging x-ray beam.

The electron-ion current flowing w1th1n these ioniza-
tion chambers is typically very small and may be of the
same order of magnitude as leakage currents which
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flow on the structures. These leakage currents which
may induce noise in or interfere with the operation of
detector amplifier electronics may be drained from the
detector circuit on guard rings which are spaced on the
electrode support structures between adjacent elec-
trodes and are operated at anode potential.

FIG. 6 1s an alternate embodiment of electrode struc-

tures for use in the detector of FIG. 3. Guard ring ele-
- ments 32 are disposed on support rods 50 between the

cathode plates 38 and the anode plates 42 to drain sur-
face leakage currents which might otherwise flow be-
tween them. Guard rings are connected to the positive
terminal of the potential source 28 in parallel with the
signal processor 26.

FIG. 7 1s an alternate embodiment of the anode of
FIG. 2 which incorporates guard ring elements 54
which are disposed on the dielectric sheet 36 between
adjacent anode strips 34. The guard rings are connected
and function to drain surface leakage currents in the
manner described above.

It may, therefore, be seen that the present invention
provides x-ray detector structures which produce elec-
trical signals in response to a linear space distribution of
x-ray intensities. The structures allow the construction
~of detectors having high sensitivity, short recovery
time, and fine spatial resolution and which are relatively
insensitive to the adverse effects of k shell, x-ray fluo-
rescence.

The electrodes in the -descriptions of the preferred
embodiments of the present invention have, for ease of
description, been referred to as “cathodes” and “an-
odes”. It is to be understood, however, that the polarity
of the electric potentials applied to these detectors may
be reversed without affecting the principles of opera-
tion of the disclosed invention and that the “anode”
structures may be operated at an applied potential
which is negative with respect to the ‘“‘cathode” poten-

tial. The terms “cathode” and “anode” as used herein

and in the appended claims mean electrodes of opposite
polarity.

While the invention has been described in detail
herein in accord with certain preferred embodiments,
thereof, many modifications and changes therein may
be effected by those skilled in the art. Accordingly, it is
intended by the appended claims, to cover all such
modifications and changes as fall within the true spirit
and scope of the invention.

The invention claimed is:

1. An x-ray detector comprising:

a gaseous medium of the type characterized as being
substantially opaque to electromagnetic radiation
at x-ray frequencies;

a plurality of substantially planar sheet anodes, com-
prising material which is characterized as being
substantially opaque to electromagnetic radiation
at x-ray frequencies, disposed in said gaseous me-
dium;

a plurality of substantially planar sheet cathodes,
comprising material which is characterized as
being substantially opaque to electromagnetic radi-
ation at x-ray frequencies, disposed in said gaseous
medium, each of said cathodes lying approximately
equi-distant between two of said anodes;

means for applying direct current electric potential
between said cathodes and said anodes:

means for separately measuring the electric current
flow from each of said anodes connected in series
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between said anodes and means for applying said
potential; and

a beam of x-ray photons disposed and directed to
impinge on said gaseous medium in directions sub-
stantially parallel to the planes of -adjacent said
anode sheets and said cathode sheets.

2. The detector of claim 1 wherein said anodes are
substantially parallel.
3. The detector of claim 1 wherein said anodes are

spaced equi-distant, one from another.

4. The detector of claim 1 wherein each of said an-
odes comprises:

a ftlat dielectric plate having two sides and

two metallic electrodes disposed on the sides of said
dielectric plate.

5. The detector of claim 1 further comprising a pres-
sure vessel disposed about and containing said anodes,
said cathodes, and said gaseous medium.

6. The detector of claim § wherein said pressure ves-
sel further comprises a window perpendicular to said
cathodes, said window being characterized as substan-
tially transparent to electromagnetic radiation at x-ray
frequencies. |

7. The detector of claim 6 wherein said window com-
prises aluminum. |

8. The detector of claim 6 wherein said window com-
prises plastic resin. |

9. The detector of claim 1 wherein said gaseous me-
dium comprises elements having an atomic weight
greater than or equal to the atomic weight of argon.

10. The detector of claim 9 wherein the pressure of
sald gaseous medium is between approximately 10 and
approximately 50 atmospheres.

11. The detector of claim 1 wherein said gaseous
medium is a gas selected from the group consisting of
argon, krypton, and xenon.

12. The detector of claim 1 wherein said source of
electric potential is adapted to impress an electric field
gradient between approximately 10 and approximately
1000 v/mm 1n the regions separating said anodes and
said cathodes.

13. The detector of claim 1 wherein the magnitude of
said source of electric potential is chosen to cause said
detector to operate in the ionization chamber mode.

14. The detector of claim 1 further comprising dielec-
tric support means disposed between said anodes and
said cathodes and guard rings disposed on the surface of
sald support means between adjacent anodes and cath-
odes.

15. The detector of claim 1 wherein said anodes and
said cathodes comprise materials selected from the
group consisting of tantalum, tungsten, and molybde-
num.

16. An x-ray detector comprising;:

a first cathode comprising a flat conductive sheet of
material characterized as substantially transparent
to electromagnetic radiation at x-ray frequencies;

a second cathode disposed parallel to said first cath-
ode;

a plurality of anodes comprising parallel strips of
conductive material disposed on a sheet of dielec-
tric matenal in a plane lying equi-distant from said
first cathode and said second cathode:

a gaseous detecting medium disposed between said
anodes and said first cathode and said second cath-
ode, said medium being characterized as substan-
tially opaque to electromagnetic radiation at x-ray
frequencies; |
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guard ring elements disposed on said dielectric sheet
between adjacent strips of said conductive mate-
rial; |

means for applying direct current electric potential
between said cathodes and said anodes whereby an
electric field is impressed between said cathodes
and said anodes, and said detector is caused to
operate in the ionization chamber mode; and

means for connecting each of sald anodes to a signal
processing circuit.

17. An x-ray detector comprlsmg

a gaseous medium of the type characterized as being
substantially opaque to electromagnetic radlatlon
at x-ray frequencies;

a plurality of substantially planar anodes d:sposed in
said gaseous medium;

a plurahty of substantially planar cathodes dlsposed
In said gaseous medlum, each of said cathodes lying
approximately equi-distant between two of said
¥ cathodes} anodes;

dielectric support means dlsposed between said an-
odes and said cathodes; and

guard rings disposed on the surface of said support

“means between adjacent anodes and cathodes.

18. The detector of claim 17 wherein said anodes and
said cathodes comprise material characterized as being
substantially opaque to electromagnetic radiation at
x-ray frequencies.

19. The detector of claim 17 wherem said anodes and
said cathodes comprise material selected from the
group consisting of tantalum, tungsten, and molybde-
num.

20. An x-ray detector for detectmg radiation from an
X-ray source, comprising:

a gaseous medium of the type characterized as bemg
substantially opaque to electromagnetic radiation at
x-ray frequencies;

a plurality of substantially planar sheet anodes, compris-
ing material which is characterized as being substan-
tially opaque to electromagnetic radiation at x-ray
frequencies, disposed in said gaseous medium;

a plurality of substantially planar sheet cathodes, com-
prising material which is characterized as being sub-
stantially opaque to electromagnetic radiation at
x-ray frequencies, disposed in said gaseous medium,
each of said cathodes lying approximately eqm-d:stant
between two of said anodes;

said planar sheet anodes and said planar sheet cathades
disposed substantially parallel to the direction of im-
pingement of any radiation from the X-ray s source;
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means for applying direct current electric potential be-

tween said cathodes and said anodes;

means for separately measuring the electric current flow

from each of said anodes connected in series between
said anodes and means for applying said potential.

21. The detector of claim 20 wherein said anodes are
substantially parallel.

22. The detector of claim 20 wherein said anodes are
spaced equi-distant, one from another.

23. The detector of claim 20 wherein each of said anodes
comprises. -

a flat dielectric plate having two sides and

two metallic electrodes disposed on the sides of said

dielectric plate.

24. The detector of claim 20 further comprising a pres-
sure vessel disposed about and containing said anode.s' said
cathodes, and said gaseous medium.

25. The detector of claim 24 wherein said pressure vessel
further comprises a window perpendicular to said cathodes,
said window being characterized as substantially transpar-
ent to electromagnetic radiation at x-ray frequencies.

26. The detector of claim 25 wherein said window com-
prises aluminum.

27. The detector of claim 25 wherein said window com-
prises plastic resin. |

28. The detector of claim 20 wherein smd gaseous me-
dium comprises elements having an atomic weight greater
than or equal to the atomic weight of argon.

29. The detector of claim 20 wherein the pressure of said
gaseous medium is between approximately 10 and approxi-
mately 50 atmospheres. |

30. The detector of claim 20 wherein said gaseous me-
dium is a gas selected from the group consisting of argon,
krypton, and xenon. |

31. The detector of claim 20 wherein said source of
electric potential is adapted to impress an electric field
gradient between approxxmatebz 10 and approximately
1000 v/mm in the regions separating said anodes and said
cathodes.

32. The detector of claim 20 wherein the magnitude of
said source of electric potential is chosen to cause said
detector to operate in the ionization chamber mode.

33. The detector of claim 20 further comprising dielec-
tric support means disposed between said anodes and said
cathodes and guard rings disposed on the surface of said
support means between adjacent anodes and cathodes.

34, The detector of claim 20 wherein said anodes and
said cathodes comprise materials selected from the group

consisting of tantalum, tungsten, and molybdenum.
* %x *x % %
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