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A gas-filled proport ional counte r camera that images 
photon emitt ing sources has been provided. A two-
dimensional, position-sensitive propor t ional multiwire 
counter is provided as the de tec tor . The counte r con-
sists of a high voltage anode screen sandwiched be-
tween orthogonally disposed planar arrays of multiple 
parallel strung, resistively coupled ca thode wires. Two 
terminals f rom each of the ca thode arrays are con-
nected to separate timing circuitry to obtain separate 
X and Y coordinate signal values f rom pulse shape 
measurements to define the position of an event 
within the counter arrays which may be recorded by 
various means for data display. The counter is fur ther 
provided with a linear dr i f t field which effectively en-
larges the active gas volume of the counter and con-
strains the recoil e lectrons p roduced f rom ionizing ra-
diation entering the counter to drift perpendicular ly 
toward the planar detect ion arrays. A coll imator is in-
terposed between a subject to be imaged and the 
counter to transmit only the radiation f rom the subject 
which has a perpendicular t rajectory with respect to 
the planar ca thode arrays of the detector . 

7 Claims, 6 Drawing Figures 

' ' 2 



P A T E N T E D 151374 

SHEET 1 OF 5 

3 , 7 8 6 , 2 7 0 

FTQ. J L 



PATENTED JAN) 51974 

SHEET 4 OF 5 

3 , 7 8 6 , 2 7 0 



PATENTED JAN 51974 3 , 7 8 6 , 2 7 0 

SHEET 3 Of 5 

£ 5 4 

^ T I M I N G CHANNEL 7 7 / 7 5 

B I P O L A R 
PULSE 

SHAPER 

CROSSOVER 
DETECTOR 

X 1 

START f 

+ 2 0 0 0 V 

z 
TIMING 

CHANNEL 

TAC 

,79 STOP 

cx X 

85 

81 
JL 

TIMING 
CHANNEL 

87 FX2 

V 
START 89 

TAC 

T IMING 
CHANNEL 

X T STOP 

ocY 

- ro tyv T 1 ^ 



PATENTED JAN) 51974 

SHEET 4 OF 5 

3 , 7 8 6 , 2 7 0 

I O N I Z A T I O N ELECTRON FROM 
C O L L I M A T O R AND DRIFT F IELD 

100 ft y 
z : 

(OV) 

/ — 

7 
7 

-103 
TO 

• T IMING 
C H A N N E L S 

z: 7 

o ( + 2 0 0 0 V ) 

L ^ w v - f - v v y v 

108 
I TO 
f T IMING 

CHANNELS 

105 

F / 7 f 5 



P A T E N T E D JAN) 51974 

SHEET 4 OF 5 

3 , 7 8 6 , 2 7 0 

CATHODE. 
ANODE 

CATHODE V 

2010V 

£ 1 3 6 



3,786, 
• ' ' ' ' 1 

PROPORTIONAL COUNTER RADIATION 
CAMERA 

REFERENCED PATENTS 5 

U.S. Pat. No. 3,603,797, issued Sept. 7, 1971, for a 
"Two Dimensional Position-Sensitive Radiation Detec-
tor" having a common assignee with the present inven-
tion. 

BACKGROUND OF THE INVENTION 1 0 

The present invention was made during the course of, 
or under, a contract with the United States Atomic En-
ergy Commission. 

This invention relates generally to two-dimensional 15 
radiation detectors of the gas-filled proportional 
counter type and more specifically to an ionizing radia-
tion camera with a gas-filled position-sensitive propor-
tional multiwire counter as the detector. 

The proportional counter has several advantages 20 
over other radiation detection devices which could be 
used to advantage as a radiation camera. This is espe-
cially true in view of the multiwire position-sensitive 
proportional counter described in U. S. Pat. No. 
3,603,797, referenced above. In this detector the out- 25 
put pulses have a particular pulse shape, or rise time, 
which is indicative of the position of an event detected 
with the multiwire array. The pulse shape and energy 
of individual detected events are measured to allow 
pulse shape and energy discrimination for background 3 0 

reduction. Thus, low energy photons may be imaged 
with greater sensitivity and selectivity than in other 
known radiation camera systems. The electronic signal 
processing and image storage permit image enhance-
ment and background subtraction: 3 5 

The dimensions of the sensitive area of the camera 
can be adapted to image large subjects. The length of 
the multiwire electrodes of the counter and the number 
or spacing of the wires are practically unlimited and the 
counter gas mixtures and pressures can be selected to 4 0 

detect a wide range of energies with adequate detection 
efficiency and good spatial resolution. 

Since the detector readout can be connected directly 
to storage devices, such as a lithium storage tube with 
a television monitor display, the image may be viewed 4 5 

in real-time and/or transferred single-frame to video 
tape for dynamic imaging, e.g., function studies of body 
organs. Although the camera of this invention, as in any 
other known electronic imaging device, does not have 
the resolution of an X-ray photographic process, it does 
provide a practical system for fast imaging of subjects 
with acceptable sensitivity and spatial resolution of rel-
atively weak radiation images which is simple to con-
struct, relatively uncomplicated to operate and inex- 5 5 
pensive to build and maintain. This camera has poten-
tial application in the fields of nuclear medicine, nu-
clear physics, and X-ray diffraction. 

SUMMARY OF THE INVENTION 
In view of the above, it is an object of this invention 6 0 

to provide an ionizing radiation imaging device em-
ploying a multiwire proportional counter detector. 

Another object of this invention is to provide an ion-
izing radiation camera which is simple to construct, op- 6 5 
erate and maintain. 

Yet another object of this invention is to provide a 
radiation camera as in the above objects which has a 

270 
2 

linear output that can be connected to a television type 
monitor for real-time display. 

The camera of this invention has four main parts: col-
limator; gas-filled, position-sensitive proportional 
counter including an electrostatic drift field within the 
gas volume of the counter to increase radiation stop-
ping power and increase sensitivity; signal processing 
system; and display or storage system. The collimator, 
which is interposed between the subject to be imaged 
and the counter may be of the type which transmits 
only the radiation having a perpendicular trajectory 
with respect to the multiwire planes of the proportional 
counter. The proportional counter detects a portion of 
the transmitted radiation and produces electrical out-
put signals proportional to the X-Y coordinate and the 
entry of each event. The signal processing and display 
system transforms the electrical signals and reproduces 
the radiation image. 

Other objects and many of the attendant advantages 
of the present invention will be obvious from the fol-
lowing detailed description of the invention taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the basic components 
and signal flow of a proportional counter camera ac-
cording to the present invention. 

FIG. 2 is a perspective, partially sectional view of the 
proportional counter of FIG. 1. 

FIG. 3 is a fragmented exploded view of the multi-
wire electrode grid assembly shown in FIG. 2. 

FIG. 4 is a schematic diagram o f t h e counter of FIG. 

FIG. 5 is a schematic diagram of an alternate elec-
trode grid arrangement which may be used with the 
counter of FIG. 2. 

FIG. 6 is a schematic diagram of an alternate embodi-
ment of a multiwire two-dimensional proportional 
counter camera according to the present invention. 

DETAILED DESCRIPTION 

Referring now to FIG. I , there is shown a radiation 
camera according to this invention illustrated for imag-
ing a Picker thyroid phantom (subject) 5 containing a 
solution of ,25I. A collimator 7, which may take various 
forms as will be described herein, is interposed between 
the subject 5 and a proportional counter 9. The output 
of the counter 9 is connected to a signal processing cir-
cuit 11 in which signals whose shapes are indicative of 
the X-Y coordinates and the energy of detected events 
are transformed into electrical signals whose ampli-
tudes are proportional to the event positions which may 
be stored in a conventional X-Y recorder or displayed 
on a television type monitor 13. A detailed description 
of the various parts and alternative embodiments of the 
system shown in FIG. 1 will be described. 

Typically, the collimator may be a channel collimator 
7 which ensures the passage of only mutually parallel 
rays into the counter 9. The channel collimator, as 
shown in FIG. 1, typically has a 120 X 160-mm2 open 
area, an ~ l - m m 2 channel size, and a 25-mm height. 
The channel walls are 0.1-mm thick copper. The geo-
metric efficiency of the collimator, i.e., the ratio of 
photons transmitted to photons emitted by the subject 
5, is approximately 10~\ For a 100-mm spacing be-
tween the subject and the anode plane of the multiwire 
counter 9, the spatial resolution, i.e., the image diame-
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ter of one point of the subject 5, is 4-mm if all transmit- The connections to the cathode grids are made through 
ted photons are detected at the anode plane of the insulated connection posts 43 (only one illustrated in 
counter. However, since part of the distance between FIG. 3) which provide passage of electrical leads 45 to 
the subject and the anode plane is in the counter gas the cathode grids. The posts 4 3 extend through the 
volume, as will be explained hereinbelow, the effective 5 mounting plate 17 and are sealed to prevent leakage of 
distance between the points of photon emission and de- gas from the counter envelope 20. 
tection is reduced; and, therefore, the overall spatial The remainder of the counter 9 consists of an elec-
resolution of the camera, when used with collimator 7, tron drift field arrangement generally indicated at 51. 
is approximately 2-mm for a subject 100-mm above the The drift field is incorporated in the counter 9 to pro-
counter detect ion plane. In this case, the collimator 10 vide a greater active gas volume within the sensitive 
limits the resolution of the camera. area of the counter to increase the detection efficiency. 

Referring now to FIG. 2 and FIG. 3, the proportional A series of parallel spaced field plates or electrodes 53 
counter 9 is shown to include a cylindrical housing 15 through 59 are mounted above the electrode grids by 
which contains the counter gas. The housing illustrated means of insulating mounting posts 61 extending from 
here is constructed of an aluminum cylinder approxi- 15 the multiwire electrode grid assembly 18. Each of the 
mately 400-mm in diameter. The cylinder is closed at plates has an equal area central opening 63 which de-
the bottom end with a 20-mm thick mounting plate 17 fines the counter sensitive area. The field plates 53-59 
which supports the internal electrode arrangement 18. are spaced apart equal distances and have different po-
The other end of the cylinder 15 is closed by a radiation tentials, decreasing toward the counter grids 18, so as 
entrance window 19 to form a sealed counter gas enve- 20 to produce a linear drift field region. The linear drift 
lope 20. The window 19 may be adapted so that various field causes the electrons produced by an event to drift 
types of window materials may be interchanged to per- toward the anode on a perpendicular path with respect 
mit the penetration of a wide range of photon energies to the grid planes 18, thus preserving the original coor-
and to contain a wide range of counter gas pressures. dinates of the entering radiation. The most negative 
Tests of the illustrated device were performed in which 2 5 electrode 53, which is closest to the entrance window 
the gas pressure was less than 2 atm. and the window 19 is covered with a 25-//.-thick aluminum membrane 
was 0.75-mm thick aluminum. 65. This membrane transmits most photons and defines 

Three f rames which hold the multiwire cathode and the upper boundary of the drift field, therefore limiting 
anode arrangement 18 are nested together in an assem- the active counting volume of the proportional counter 
bly to form grid planes with an anode plane centered 3 0 9. The drift field plates are typically spaced about 
between two cathode planes. The assembly is mounted 12-mm apart with adjacent plates connected by resis-
on the mounting plate 17 within the counter gas enve- tors which decrease the voltage toward lower plate 59 
lope 20. The bottom (cathode) multiwire electrode with the upper plate 53 having approximately —5000V 
frame 21 is mounted directly to the mounting plate 17. applied thereto as will now be explained with reference 
As shown in detail in FIG. 3, the second (anode) elec- 3 5 to FIG. 4. 
t rade f rame 23 is disposed within a channel 25 of f rame As shown in FIG. 4, an X-ray or gamma ray emitting 
21 and the third (ca thode) f rame 27 rests on both source 71 is located in front of the detector 9. The col-
frames 21 and 23. Each of the f rames 21, 23, and 27 limator 7 is positioned between the source 71 and the 
is provided with pretensioned mounting springs 29 detector window 19. The field plates 53, 55, 57, and 59 
which are held in the respective frames by vise blocks 4 0 positioned beneath the window 19 are connected to-
31. Frame 21 carries the lower cathode grid wires 33, gether by equal value resistors 73 with the lowest plate 
f rame 23 carries the anode grid wires 35, and f rame 27 59 connected to —1000V potential and the upper plate 
carries the upper cathode grid wires 37 which are 53 connected to a negative 5000V supply. The multi-
mounted orthogonal to the anode wires 35 and lower wire cathode grids 33 and 3 7 are orthogonally disposed 
cathode wires 33. 4 5 beneath the field plate 59 with the anode grid 35 sand-

The construction of the multiwire grids 3 3 , 3 5 and 37 wiched between the cathodes 3 3 and 37. Each wire of 
is simplified considerably by the following method. the anode grid 35 is connected to a +2000V bias volt-
Each grid is made with a single, continuous wire strung age supply. The cathode grids 33 and 37 are connected 
around a set of reference pins (not shown) so that a set at each end to ground through a load impedance ZL. 
of approximately 100 parallel, coplanar wires is Alternatively, the cathode grids may be formed of sepa-
formed. The cathode wires (75-/i-diameter nichrome) rate strung wires connected together at one end by 
3 3 and 37 are connected to the respective pretensioned equal value resistors (not shown) to obtain a similar 
springs 29 with low outgassing epoxy as indicated at 3 9 electrical arrangement. 
without making any electrical connection between the 5 j In either of the cathode arrangements the total resis-
wires and springs 29. Similarly, the anode wires (35-fi- tance of each cathode between outputs is typically 6 K 
diameter stainless steel) are soft soldered, as indicated ohms, and the total capacitance between each cathode 
at 41, to their respective pretensioned springs 29 thus and the anode is 100 picofarads. Assuming 100 wire 
resulting in electrical connection at their base area (not cathodes, each cathode can be considered as a lumped-
shown). The springs 29 pretensioning rig and reference 6 Q e lement RC line for the signal flow with 60 ohms resis-
pins (not shown) are removed, and the wires remain tance and 1 picofarad capacitance per wire segment 
supported under tension by the springs 29. With this with respect to the anode. The RC-line termination im-
assembly the f rame material with exception of the vise pedances Z,, are rational fraction approximations to the 
blocks 31 of the anode f rame 23 does not need to be characteristic impedance of the cathode RC lines. In 
constructed of low outgassing electrical insulating ma- 6 5 the detection process an ionizing event produces a lo-
terial. Only one electrical connection to the anode grid calized electron avalanche in the vicinity of the anode 
35 and two electrical connections to each cathode grid wire closest to the coordinates of the entry of a de-
33, 37 are required, as will be described hereinbelow. tected photon. The positive ions produced in the ava-
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lanche move toward the cathode planes and induce a The potential applied to the resistor coupled field 
displacement current in each cathode which divides plates 53 -59 is adjusted for a particular counter gas 
into two equal parts and flows through portions of the mixture and pressure to obtain the maximum drift ve-
respective cathode RC lines and the respective load or locity o f t h e electrons produced in the drift field region, 
termination impedances ZL to ground. Each pulse pro- 5 The shapes of the currents in the terminating net-
duced across the respective load impedance has a dif- works (ZA) from the displacement currents produced in 
ferent shape dependent upon the position o f t h e event the cathodes by the localized electron avalanche pro-
within the cathode grids. These pulses are processed as duce similar voltage shapes V x l , Vx 2 , VBl and V„2 which 
described in applicants 'U.S. Pat. No. 3,603,797, refer- are functions of the length of RC line between the 
enced above. 10 points of induction, as illustrated by the cathodes inter-

Briefly, the outputs of the cathodes are connected section of line 22, and the cathode outputs. Therefore, 
through pulse amplifiers (not shown) to the inputs of if L is the total length of the cathode RC lines, the 
corresponding timing channel networks 77-83. Each shapes of and Vj.2 are proportional to X and L-X, 
timing channel network 7 7 - 8 3 is identical to channel respectively; and the shapes of V y l and Vu2 are propor-
11 which is shown to consist of a bipolar pulse shaper 15 tional to Y and L-Y, respectively. The various voltage 
73 which shapes the input pulse from the V z l output of pulses are converted to bipolar pulses and the zero 
the upper cathode 37 into a bipolar pulse having a zero crossover points are detected by the corresponding 
base Voltage crossover time which varies in accordance timing channels. Since the crossover time varies in pro-
with the rise time of the input pulse and a crossover de- portion to the rise time of the voltage pulses applied to 
lector 75 connected to the output of the pulse shaper 20 the timing channel inputs, the difference in time as 
73; Typically , the bipolar pulse shaper 73 consists of an measured by the TAC's 85 and 89 provides signals in-
amplifier, two RC differentiators and one or more RC dicative of the X and Y coordinates, respectively, of 
integrators with identical time constants. Additional the event detected by the counter 9. The delay genera-
discussion as to the pulse shaper circuit and operation tors 87 and 91 provide a crossover signal delay equal 
may be had by referring to applicants' referenced pa- 25 to one-half of the total crossover time variation corre-
tent. sponding to the total cathode length, thus assuring that 

The output of channel 77 is connected to the " s ta r t " for any particular event the " s ta r t " pulse always pre-
input of a conventional time-to-amplitude converter cedes the " s top" pulse, which is required for proper 
(TAG) 85 and the output of channel 79 is connected operation of the TAC's and gives a zero volt TAC out-
to the " s t o p " input of TAG 85 through a variable delay 3 0 put signal for X = 0 or Y = 0. 
generator 87. The output of TAC 85 is then a signal Additional circuitry (not shown) may be added to 
whose amplitude is proportional to the position of an obtain energy information. The energy loss of a de-
ionizing event within the detector along the X axis as tected photon in the counter gas, proportional to the 
sensed by the upper collector grid 37. total current flow in the cathodes, can be measured in 

The position of the event along the Y axis is detected 3 5 two ways: (1) by adding the four voltages V z l , Vj.2, V v l , 
by the orthogonally disposed lower cathode grid 33 and and V„2 at the cathode outputs or (2) by measuring di-
the signals are processed by an identical circuit as de- rectly the total current flow to ground with a low impe-
scribed above. The output of the timing channel 81, dance current- or charge- sensitive preamplifier and 
connected to receive the pulse Vu,, is connected to the meter circuit. 
" s ta r t " input of a TAC 89 while the output of timing 4 0 Images taken by the camera may be stored and dis-
Channel 83, Connected to receive the pulse V ^ , is con- played by several data display and storage devices 
nected to the " s t o p " input of TAC 89 through a vari- other than a two-parameter analyzer. The simplest con-
able delay generator 91. The output of TAC 89 is a sig- ventional system is an oscilloscope with a photographic 
nal whose amplitude is proportional to the position of camera that takes time exposed pictures of the oscillo-
the ionizing event along the Y axis. The outputs of 4 5 scope traces. The horizontal and vertical deflection 
TAC's 85 and 89 may be connected to various well- electrodes are connected, respectively, to X and Y out-
known X-Y recording means, such as the TV type mon- puts taken at the TAC's 85 and 89, respectively. A 
itor illustrated in FIG. 1. short unblanking pulse ( ~ 1 /is) is applied to the con-

The operation of the camera may be best illustrated trol grid of the cathode ray tube after the deflection 
by referring to FIGS. 1 and 4. As described above, a transients. Thus, oscilloscope traces with coordinates 
photon from a source such as the thyroid phantom 5 proportional to X and Y are displayed on the oscillo-
(FIG, 1) is imaged upon the counter window 19 by scope and integrated on the camera film. The advan-
means of collimator 7. The imaged photons enter the tages of such a system are low cost, good gray-scale ca-
counter 9 (FIG. 4) through the window 19 and proceed 5 5 pability, and continuous resolution. However, image 
through the counter gas envelope 14 to the drift field monitoring and image processing for background sub-
region 20. Since the cathode and anode grids are so traction or noise rejection are not practical, 
closely spaced, thus limiting the active gas volume and, A bistable storage scope was evaluated as an image 
therefore, the efficiency of the detector, compensation monitor, connected and blanked in the same way as a 
is provided by the drift field 20 which effectively in- 6 Q standard oscilloscope. The advantage of this type of 
creases the amount of counter gas in the path of the monitor is that it combines continuous resolution with 
transmitted photons. This increases the probability of real-time observation of the image. The lack of gray-
interaction between photons and counter gas. The drift scale and image processing capabilities and the long de-
field maintains the direction of electrons produced by flection transient (—90 /is for 200-mm, full-scale de-
an interaction along the photon entrance path perpen- 6 5 flection) are disadvantages. 
dicular to the counter grid planes thus preserving the Another device, a lithicon storage tube with TV mon-
original coordinates of the interaction as represented itor display 13, as illustrated in FIG. 1, offers the great-
by line 22 illustrating a photon path. est number of advantages: good gray-scale capability; 
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short deflection transient (10 /us full scale); 1200-TV-
line resolution; contrast, intensity, and magnification 
control of the stored image; and choice of image dis-
play on the TV monitor or single-frame transfer to 
video tape for dynamic imaging, e.g., function studies 
of organs. 

The input connections and unblanking of this lithicon 
system are identical to those of the first two devices; all 
three have been used simultaneously. 

An alternate embodiment of the counter grid ar-
rangement is shown in FIG. 5. An ionization electron 
from a linear drif t field 20 (FIG. 4 ) is assured to be inci-
dent on the grid region as before. In this embodiment, 
position signals are obtained from the anode grid 101, 
biased at +2000V, and an upper cathode grid 103. The 
anode bias is provided by a +2000V supply, connected 
to the anode through a high resistor 108 (typically 10 
megohms). The lower cathode 105 may be a solid plate 
or grid to aid in forming the electric field. Here the 
anode grid 101 is a detection electrode which may be 
constructed similarly to the cathode grids as discussed 
above or constructed in the alternative manner as men-
tioned above by connecting one end of each anode wire 
101 to the adjacent wire end through equal value resis-
tors 107. This embodiment simplifies the construction 
of the detector since only two wire grids are required, 
but requires additional care in the connection between 
electrodes and the signal processing circuits. The cath-
ode 103 is shown as described above with reference to 
FIG. 4. The grids 101 and 103 are placed mutually per-
pendicular and the pulses are handled in the same man-
ner as described above. 

It will be understood that the continuous wire grids 
as illustrated by 103 and the resistor connected grids 
109 are electrically equivalent by making the values of 
resistors 107 equal to the resistance per single wire 
length of the grid 103, in this case 100 ohms as illus-
trated in FIG. 5. 

Referring now to FIG. 6, an alternate embodiment of 
the photon camera is illustrated wherein photons from 
a distributed source 111 are imaged by means of a pin-
hole collimator 113 into an ionization region 115 prior 
to its detection at the grids 117 of a two-dimensional 
position-sensitive proportional counter as described 
above. The collimator 113 is a fixed aiperture collima-
tor with functions similar to the fixed aperture of a pho-
tographic pinhole camera; that is, the radiation image 
received at the counter grids 117 is inverted with re-
spect to the source 111. The counter is enclosed in a 
housing 119 constructed of a radiation shielding mate-
rial with an upper shielding plate 121 which defines the 
pinhole aperture 113. The radiation pinhole aperture 
113 may be formed by a radiation pervious material 
such as beryllium to form an enclosed counter gas en-
velope 122 as in the previously described counter 9. 

As was described above, the very small active volume 
of the grid 117 area requires the addition of a drift field 
in the region 115 to improve the counter efficiency. 
This camera adds a new requirement in that the radial 
direction of propagation of the electrons produced 
from photon interaction with the counter gas in the re-
gion 115 must be ensured in the drift field. This re-
quirement is not met by a linear drift field. 

A spherical drift field has been provided which is dis-
posed within the counter envelope 122. The spherical 
drift field provides equipotential surfaces which are 
segments of concentric spheres whose centers are lo-

,270 
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cated at the pinhole 113. Thus, the electric field lines 
along which the electrons drift are radii of these 
spheres. 

The drift field illustrated in FIG. 6 is composed of 
5 eight field-forming electrodes or plates 123. The plates 

123 have circular cross section openings which in-
crease in diameter toward the lower plate to form a 
frustoconical shape passage in the region 115. The 
plates 123 are mounted on spaced insulators 125 and 

10 are maintained at potentials which decrease toward the 
grids 117 by 1/R where R is the distance f rom the pin-
hole to the respective planes of each of the electrodes 
123. The spacings and potentials of the electrodes 123 
are adjusted so that an approximately spherical poten-
tial field is formed in region 115. The top electrode 123 
is provided with a dish-shaped solid entrance mem-
brane 127 to limit the upper drift field region. A typical 
voltage on the top or entrance plate 123 is —2010 volts. 
Resistors (not shown) connected between each of the 

2 0 plates 123 provide the proper potentials to the other 
plates until a voltage of zero is reached at the grounded 
lower plate 124. 

A spherical segment small mesh grid 129 (typically 
2 5 aluminum gauze) is mounted on, but insulated from, 

plate 124 by means of mounting insulators 131. Grid 
131 likewise has a radius equal to its distance from the 
pinhole 113 and connected by means of resistors to the 
field-forming electrodes to provide the 1/R voltage at 

3 0 its position in the field. The grid 131 minimizes the dis-
tortion caused by the transition between the spherical 
drift field and the planar counter detection grids 117. 

This camera arrangement has certain advantages 
over the previously described embodiment. The pin-

35 hole collimator makes it possible to use high gas pres-
sures in the enclosure. With distances suitably adjusted, 
a source 111 larger or smaller than the active area of 
the counter grid 117 may be imaged in order to more 
efficiently use the counter area. 

40 Referring again to FIGS. 1, 2 and 4, the camera illus-
trated therein was tested in a series of imaging experi-
ments to measure linearity and spatial resolution and to 
illustrate contrast and uniformity with a 2-mm wire 
spacing. 

45 The linearity of the photon camera was checked with 
a perforated plate having 4-mm-diameter holes spaced 
12-mm apart. The perforated plate covered the entire 
sensitive area of the camera. Images were obtained 
with the channel collimator 7 removed and the perfo-

5 0 rated plate placed directly on the window of the pro-
portional counter. A point source of 22-keV X-rays 
from l09Cd was centered 150 cm above the window. 
The image was recorded on Polaroid film, with the time 
exposure display method described above. The integral 

5 5 non-linearity in both directions, X and Y, was less than 
1 percent of the sensitive area. 

The spatial resolution of the camera without a colli-
mator was measured with a perforated absorber plate. 
The plate was directly on the window, and the source 
configuration was the same as in the linearity test. The 
perforations in the plate were one row of 4-mm-
diameter holes; four rows of 2-mm-diameter holes; and 
four rows of 1-mm-diameter holes. The spacings be-

g j tween holes in each row were twice the hole diameters. 
The rows of smaller diameter holes (1 and 2 mm) were 
grouped in orthogonal sets of two parallel rows each. 
The displacement of these rows along their main axes 
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was 1 mm with respect to the corresponding parallel 
rows. 

The resolution test shows that the spatial uncertainty 
of the camera (without collimator) is approximately 1 
mm in all directions, which is less than the anode wire 
spacing. Since the 1-mm displacement of the parallel 
rows of perforations is reproduced in the image of the 
absorber plate, and since the images do not show the 
characteristic structure pf images from multiwire de-
tectors along the anode direction, we assume that the 
resolution of this camera is essentially continuous. This 
suggests that due to the finite track length of the 22-
keV photoelectrons and the subsequent diffusion of the 
electrons in the drift region, electron clouds are pro-
duced which extend over several anode wires, resulting 
in simultaneous signals on these wires. Since the cam-
era measures the position of the centroid of the charge 
distribution, displacement smaller than one wire spac-
ing in the direction across the anode wires can be de-
tected. 

The possible application of this camera in nuclear 
medicine is illustrated by the image of a standard 
Picker thyroid phantom on the TV monitor (FIG. 1). 
The image was produced with the channel collimator 
placed on the window and a 125-mm distance between 
the phantom and the anode. The phantom was filled 
with a 200-/a C solution of 125I which emits 29-keV X-
rays. The intensity of the X-ray emission from the 
phantom was modulated by several plastic absorbers 
incorporated in the phantom to simulate " h o t " and 
"co ld" nodules. The left lobe and the 11-mm diameter 
" h o t " nodule in the right lobe of the phantom had 
about twice the intensity of the left lobe. The diameters 
of the " c o l d " nodules, which did not emit X-rays, were 
4, 8, and 11 mm. All nodules were resolved in the im-
age, and the difference in intensity was clearly shown. 
Some contrast was lost by X-ray scattering in the plas-
tic of the phantom. A total of 2 X 10s detected photons 
was accumulated to produce this image (including 
background). 

The following is a brief summary of some of the oper-
ating conditions and characteristics of the photon cam-
era. 

Sensitive area: 200 X 200 mm2 . 
Active counter gas volume: 3 liters. 
Depth of counter gas volume: 75 mm. 
Counter gas mixture: 100% CH4 + 90% Ar, Kr, or 

Xe. 
Counter gas pressure: 75-150 cm Hg. 

Spatial resolution: 
a. Proportional counter: 1 mm in any direction 

(40,000 picture elements, tested with 22-keV pho-
tons in Kr—CH4 at 150 cm Hg pressure). 

b. Collimator: ~ 2 mm for a 125-mm distance be-
tween subject and anode plane. 

Integral non-linearity: < 2 mm. 
Counter detection efficiency: 65 percent for 30 keV 

photons in Kr—CH4 at 150 cm Hg pressure. 
Collimator geometric efficiency: ~10~ 4 . 
Energy resolution (for 22-keV photons): 11 percent 

(fwhm) for a collimated point source, 35 percent 
(fwhm) for a source irradiating the entire sensitive 
volume of the detector. 

Count rate capacity (without pile-up rejection cir-
cuits): 20,000 counts/s, limited generally by the 
display system. 

Background count rate: 20 counts/s in Xe—CH4 at 
150 cm Hg pressure without additional shielding. 

Position signal processing time: < 5 jxs/photon. 
Bias (for 30-keV photons): 

5 Anode-Cathode: 2.1 kV in Ar—CH4 at 150 cm Hg 
pressure; 3.5 kV in Xe—Ch4 at 150 cm Hg pres-
sure. 

Drift field: 40-60 V/mm. 
Electron drift velocity: —40 mm/fis in Kr—CH4 at 

10 150 cm Hg pressure. 
Position sensitivity: 207 X 10~2 V/mm. 
Time analyzer gain: 5 X 106 V/s. 
Filter center frequency: 2 X 106 radians/s. 
Position noise: <0.5 mm (rms). 

15 What is claimed is: 
1. An ionizing radiation camera for imaging radiation 

sources, comprising: 
a gas-filled proportional counter envelope having a 

radiation pervious window therein for receiving ra-
20 diation from said source; 

first, second, and third closely stacked planar detec-
tion electrodes disposed within said counter enve-
lope in spaced parallel planes, at least two of said 
planar electrodes comprising multiple resistively 

25 coupled parallel strung wires so as to form first and 
second pairs of output terminals, each pair of said 
output terminals taken at opposite sides of said re-
sistively coupled multiple wire electrodes so that 
the shape of output pulses from the respective ter-
minal pairs is indicative of the location of a radia-
tion event across the corresponding multiple wire 
electrode, and said multiple wire electrodes being 
disposed orthogonally with respect to each other; 

means for providing an electrostatic drift field region 
in the path of radiation from said source between 
said window and said electrodes so that electrons 
generated by radiation interacting with the counter 
gas are forced to drift along the same trajectory as 
the entering radiation; 

a positive high voltage source connected to the cen-
tral one of said stacked detection electrodes form-
ing an anode so as to provide an electrostatic field 
in the area of said electrodes; 

a first pulse detector means connected to said first 
pair of output terminals and responsive to the rise 
times of output pulses from said first pair of output 
terminals for producing an output pulse having an 
amplitude proportional to the position of a de-
tected event across the corresponding multiple 
wire electrode connected to said first pair of termi-
nals; 

a second pulse detector means connected to said sec-
ond pair of output terminals and responsive to the 
rise of output pulses from said second pair of out-
put terminals for producing an output pulse having 
an amplitude proportional to the position of said 
event across the corresponding multiple wire elec-
trode connected to said second pair of terminals; 
and 

two dimensional recording means connected to the 
outputs of said first and second detector means for 
recording the radiation image of said source. 

2. The radiation camera as set forth in claim 1 further 
6 5 including a channel collimator disposed between said 

source and the window of said counter. 
3. The radiation camera as set forth in claim 2 

wherein said means for providing an electrostatic drift 
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field region includes a plurality of parallel stacked elec-
trodes and a source of negative high potential con-
nected to said electrodes forming said drift field so as 
to provide a linear drift field region through an ex-
tended active gas region of said counter . 5 

4. The radiation camera as set forth in claim 3 
wherein said drift field electrodes are formed by a plu-
rality of parallel insulatably spaced apart conductive 
plates each having a central aligned rectangular open-
ing defining the sensitive detection area of said 10 
counter , a first one of said plates disposed adjacent said 
window having an electrically conductive radiation 
pervious material disposed in the rectangular opening 
thereof so as to limit the drift field region, said first 
plate being connected to said negative high voltage 15 
supply and a plurality of equal value resistors con-
nected respectively between adjacent ones of said 
plates and the last one of said plates adjacent said de-
tection electrodes and ground potential. 

5. The radiation camera as set forth in claim 4 20 
wherein said at least two of said multiple wire detection 
electrodes are formed of series connected equal resis-
tance wires disposed on either side of said central one 
of said stacked electrodes. 

270 
12 

6. The radiation camera as set forth in claim 1 
wherein said window is of a size to form a pinhole 
image of said radiation source on said detection elec-
trodes and wherein said means for providing said drift 
field region includes a plurality of insulatably spaced 
apart electrodes each having a central aligned different 
size opening forming a frustoconical shaped aperture 
projecting therethrough, a first one of said electrodes 
disposed adjacent said window and whose opening 
forms the top of said frustoconical shaped aperture, 
and means for applying a negative high voltage to said 
electrodes so as to provide a generally spherical drift 
field in said region, said voltages applied to said elec-
trodes decreasing from the top to the base of said re-
gion by a factor of 1/R, where R is the distance of a 
plate from said window. 

7. The radiation camera as set forth in claim 6 further 
including a spherical segment shaped grid forming one 
of said electrodes disposed adjacent said detection 
electrodes at the base of said frustoconical shaped ap-
erture, said spherical segment grid having a radius 
equal to its distance from said pinhole window. * * * * - * 
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