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1 Claim.

This invention relates to apparatus for and a
method of detecting radiation resulting from
atomic disintegration. and more particularly to
devices for detecting and counting high energy
particles such as-alpha particles.

General obJects of- this invention are to sim-
plify. the structure and to improve. the perform-,
ance; characteristics of detectors. and counters of
ionizing- partlcles

A more specific object of this invention is to
enhance the performance of alpha particle coun-
ters.

The. invention is, predicated in part upon the
discovery-that germanium has unique properties
rendering: it highly advantageous for use in the
detection and counting of: high energy- ionizing
particles. More specifically, it has been found
that under certain conditions, a rectifying junc-
tion in or to a body of germanium provides a
region which is markedly sensitive to, ionizing
particles, highly discriminatory against low en-
ergy particles, sharply selective. spatially and pos-
sesses homogeneous and reproducible perform-
ance characteristies,

In one illustrative. embodiment of this inven-
tion, an alpha particle detector and counter com-
prises. a body- of germanium, for example of N
conductivity type, having a substantially, ohmic
connection to one face thereof and a highly non-
ohmic connection, for example, a point contact,
to the opposite face. The non-ohmic connection
forms. a rectifying junction with the body, the
high resistance of this junction being ascribable
to the ‘formation of a th1n barrler layer in the
body 1mmed1ate1y under and adJacent the con-,
nectlon The. barrler layer is photosens1t1ve and
has res1stance and capamtance providing a def-
1n1te t1me constant as will be developed herem-
after

In semlconductors such as germanium, con-
duction occurs by the, flow of electrons. or holes
or both. An electric field applied in the reverse
directioh across the barrier described above tends
to, attract the holes toward the non-ohmic con-
nection and electrons toward the ohmic con-
nect1on Thus if holes and electrons are pro-
duced in the v1c1n1ty of the barrier 3 current
flow. between the ohmic and non-ohmlc connec-
tions may obtain.

It has been found that alpha partlcles in-
cident upon the, body and which penetrate the
barner pr ) -
nected between the ohmic and non-ohm c
nections. This may be explained on the b sis
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trons.in. equal numbers, many. hole-electron. pairs
for. each partlcle in the, body, and. in, prox1m1ty
to. ‘the barrler Under the. 1nﬁuence of the. ap-
phed reverse ‘electric, ﬁeld the holes flow to
the. non- -ohmic. connectmn and the electrons. to
the ohmic connectlon Thus, bombardment by
an alpha partlcle can. be cons1dered as equlvalent
to.the production of a current 1mpu1se across. the
barrier layer.

Only: the region in the immediate vicinity. of
the non-ohmiec. connectlon is sens1t1ve to. bom-
bardment by ionizing part1c1es so that. h1gh
spat1a1 resolution is realizable. The response. is
very. rapid so that high speed counting’ of the
incident particles may. be obtained. Furthermore,
the. device. is hlghly dlscrmnnatory agalnst low
energy radlatlon such as beta and gamma par-
ticles; In addltlon it has been found that the
germanium structure.i is such that it i is not, subject
to, trapping of charde carriers such that space
charge effects are. produced Hence, homogene-
ous. and reproduc1b1e performance characterlstlcs
are realized.

The. invention and the various features there-
of will e more clearly and fully understood from
the followmg detalled description with reference
to the accompanying drawing in which:

Pig. 1 is a schematic. showmg the principal
elements and the cooperatlve relation thereof in
an. 1on1z1ng partlcle detector or counter illus-

' tratwe of one. embodiment of this invention;
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Fig. 2 deplcts the. equivalent circuit of the ger-
manium body and the ampllﬁer 1nc1uded in the
dev1ce ﬂlustrated in Fig. 2;

Fig. 3 is a pract1ca1 equwalent of the 01rcu1t
of Fig. 2 for certain relatlons of the parameters
as descrlbed hereinafter;.

Fig. 4 is a graph 111ustrat1ng typical operating
characteristics of the device shown in Fig. 1;

Flg 5 1is a dlagram showing another form of
germamum unit which may be utrhzed in de-
tectors and counters constructed in accordance
with -this invention; and .

Flg 6 is a perspectlve view of another ger-
mamum unit which may. be utilized in practlc-‘
ing thls 1nventlon

Referrlng now to the drawing, the device illus=~
trated in Fig. 1 comprises a body or Wafer 10
of germanium having on one face thereof an
ohmm connectzon it whmh is Jomed to a me-
" tallic base plate 12, and havrng loearlmr agamst
the opposite face a point contact i3, for exam-
ple of Phosvhor pronze. In a typical construec-
tion, the hody 18 may be of high back voltage N
conduct1v1ty type germanium produced, for ex-
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ample, in the manner described in the applica-
tion, Serial No. 638,351, filed December 29, 1945,
of J. H. Scaff and H. C. Theuerer. The face of
the body to which the ohmic connection {i is
made may be sandblasted and the connection
i { may be constituted by an evaporated gold film
which is soldered to a copper base plate {2. The
body 10 in a typical construction may be of
the order of 0.05 inch square and 0.01 inch thick.

An electric field is impressed between the
ohmic connection {1 and the point contact 13 by
a suitable source {4, the source being connected
to the contact 13 through a resistor (5. The
point contact 13 is connected also to the input
of a high frequency amplifier 16 by way of a
series condenser IT and a resistor i8. The out-
put of the amplifier 16 is supplied to an indi-
cating or counting device 19 which, in the form
illustrated, is a cathode-ray oscillograph.

In use, the germanium unit 10 is exposed to
radiations, indicated as emanating from a source
20. Under certain conditions which will be de-
veloped in detail hereinafter, each alpha parti-
cle emanating from the source 20 and incident
upon the body 16 in the vicinity of the point
contact {3 produces a pulse supplied to the in-
put of the amplifier. Hach such pulse is
portrayed upon the screen of the cathode-ray
device. .

The principles involved in the operation of
the device and the conditions requisite for the
counting of incident particles will be understood
from the following considerations. The junc-
tion between the point contact 13 and the body
is rectifving, the impedance thereof being high
when the N type body is positive with respect
to the contact and low when the body is nega-
tive with respect to the contact. The high im-
pedance in the reverse direction is due to a bar-
rier layer immediately below the point contact.
This layer, which is extremely thin. specifically
of the order of 10— centimeters thick, possesses
resistance and capacitance both of which are
functions of the voltage applied across the lay-
er. Qualitatively, the variation of the barrier
impedance with the voltage obtaining across the
germanium body is as follows: As the voltage is
increased in the forward direction, that is with
the germanium negative with respect to the con-
tact, the barrier resistance decreases and the
capacitance increases. For an increase in bias
in the reverse direction, that is with the germani-
um positive with respect to the contact, the
barrier resistance increases and the capacitance
decreases. For example, in typical devices, the
barrier capacitance for one volt bias in the
reverse direction is of the order of one per cent
of the capacitance for zero bias.

The equivalent circuit of the germanium unit
and the input to the amplifier {6 is depicted in
Fig. 2. In this figure Rp and Cpr are the resist-
ance and capacitance respectively of the bar-
rier, Rs is the series resistance of the body cof
germanium and Ra and Cs are the resistance and
capacitance respectively composing the input im-
pedance of the amplifier. The series resistance
Rs is in general very small with respect to the
barrier resistance Rp and may be neglected for
practical purposes. The circuit of Fig. 2 then
reduces to the simple parallel RC circuit illus-
trated in Fig. 3 wherein

C=,+Cp 1)
_ RsRa
R—Rb+Rd (2)

10

15

20

25

30

40

45

56

B3

80

85

70

7

4

As has been noted heretofore, in a semi-
conductive body such as germanium, conduction
in the interior may be by holes or electrons or
both. A high energy ionizing particle, for ex-
ample an alpha particle, incident upon and pene-~
trating the barrier layer results in the libera-
tion of electrons and holes in equal numbers.
Because of the polarity of the bias source 14
holes will be attracted to the point contact 13
and electrons to the ohmiec connection {{. Thus,
incidence of an alpha particle upon the barrier
produces an impulse current across the barrier
layer. The peak voltage produced across this
layer by alpha particle bombardment is given by
the expression

| =2 (3)
wherein » is the peak voltage and Q is the effec-
tive charge delivered to the circuit capacitance.
Q may be expressed as

_neV.
Q=" 4)

in which #n is the total number of charge car-
riers produced by the alpha particle, e is the
electron charge, Vi is the voltage drop through
which each carrier passes and V is the total
voltage drop in the circuit. The peak voltage »
will decay with time at a rate determined by the
product RC.

In order that a pulse due to an alpha particle
may be counted, it is necessary that the peak
voltage v be well above the noise ievel of the
amplifier {6 together with the noise contributed
by the input circuit to the amplifier and, fur-
ther, that the rise time of the amplifier be less
than the product RC in order that the amplifier
can respond before the pulse decays.

The noise level of the amplifier and the input
circuit therefor, neglecting the noise due to the
barrier itself, can be determined in ways well
known in the art. With respect to the noise
due to the barrier, the noise power per cycle
varies inversely with frequency and, in general,
increases with increasing voltage in the reverse
direction. Thus, it is desirable that the low
frequency noise components be not transmitted
to the amplifier and further that the bias on
the germanium unit be as low as practicable
consistent with adequate counting performance.
Exclusion of the low frequency noise components
may be affected by correlation of the capacitance
17 and resistance 18. For example, in a typical
case, a resistance 18 of 10,000 ohms and a capac-
itance {71 of 100 micromicrofarads, providing a
low frequency cut-off of 100 kilocycles have been
found satisfactory. The resistance 15 should be
very large in comparison to resistance 18, where-
by. it is effectively shunted by the latter at high
frequencies. In the typical case above referred
to, a resistance 15 of about 120,000 ohms has
been found satisfactory.

As has been pointed out hereinabove, the peak
voltage v varies inversely with the capacitance C.
A component of the capacitance C is that, Cv, of
the barrier. This component, at zero bias, in
germanium is, to within an order of magnitude,
about 0.1 mf./em.2 and is much smaller, as here-
tofore indicated, for small reverse biases. Thus,
by correlation of the barrier area and the re-
verse bias, a desirably low value of C» can be
realized. ‘

The parameter Cp enters also into the deter-
mination of the time constant determined by the
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RC product which, as noted heretofore, should
be long in comparison to the amplifier rise time.
The time constant can be increased by increas-
ing the input capacitance Ca of the amplifier but
this, in general, is undesirable beyond limits
inasmuch as it weuld reduce the available peak
voltage. Advantageously, therefore, the two ca-
pacitances Ca and Cb are correlated so that Ca is
the larger of the two, for example such that Cb is
negligible in cormparison to Ca.

In a typical case found satisfactory for the
counting of alpha particles, Ca was 17 micromi-
crofarads and Cv» was about 1 micromicrofarad or
less. The barrier resistance was greater than
100,000 ohms for all bias values greater than 0.5
volt. This provided a pulse relaxation time, set
primarily by the product CaRe, of substantially
0.17 microsecond which was adequate for an am-
plifier {6 having a rise time of 0.02 microsecond.

Performance characteristics of a device having
the parameters given hereinabove and exposed to
alpha particles emansating from a polonium
source in proximity to the junction between the
contact 13 and body {0 are depicted in Pig. 4
wherein curve A shows the relation between peak
pulse height and reverse bias and curve B shows
the relation between noise level of the germanium
unit and the reverse bias. The pulse height ap-
proaches a maximum for a reverse bias of abou}
3 volts.
at a reverse bias of 5 velts, the noise level of the
unit began to exceed that of the normal amplifier
and input thermal noise.

The pulse height distribution is irregular, as

indicated by the pips as pertrayed on the screen 3

of the cathode-ray device 19 in Fig. 1. This fol-
lows from the fact that many of the alpha par-
ticles emanating from the uncollimated ssurce
are incident upon the bsrrier region at areas
where the carriers, i. e., electron-hole pairs, that
can be recorded are few.

It will be appreciated that the device enables
detection and counting of alpha particles, or
other particles of comparable energy and spe-
cific ionization. It has both a fast rise and fast
recovery time and, thus, is particularly advan-
tageous for high speed counting. It has been
found that the device is highly discriminatory
against relatively low energy particles such as

beta and gamma radiation. Moreover, only the |

area in immediste proximity to the junction be-
tween the point contact and body is responsive so
that high spatial selectivity obtains and the de-
vice, thus, enables accurate angular distribution
measurements of alpha particles and others of
comparable energy. A suitable collimating ele-
ment, indicated at 20 in PFigs. 1 and 5 may be
provided for directing particles within a desired
space angle against the barrier layer.

In the embodiment of the invention illustrated
in Fig. 5, the germanium body 100 comprises a
filamentary portion 20, for example 0.01 inch by
0.01 inch, and enlarged end portions 21 and 22

In the particular construction utilized, :
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having chmic connections 23 and 24, respectively,
thereto. The body is composed of two zones of
opposite conductivity type, P and N asg indicated
in the figure, meeting at a junction or harrier 25.
The body may be fabricated in one way as de-
scribed in detail in the application, Serial No.
50,896, filed September 24, 1948, of G. L. Pearson.
A bias in the reverse direction across the barrier
is produeced by the source (4. The barrier is re-~
sponsive to ionizing particles, indicated by the
arrow alphs, incident upon the body on and in
the immediate vicinity of the barrier.

A larger sensitive or respousive area in the
germaniuvm unit may be advantageous in certain
applications. Such an area can be realized by
the construction illustrated in Fig. 6 wherein the
rectifying contact 138 is wedge-shaped and has
a knife edge bearing against the face of the
germanium body (8.

Although specific embodiments of the inven-
tion have been shown and described it will be
understood that they are but illustrative and
that various modifications may be made therein
without departing from the scope and spirit of
the invention.

What is claimed is:

An alphga particle defector comprising a wafer
of N conductivity type germanium, a point con-
tact bearing against one face of said body, a sub-
stantially ohmic connection to the opposite face
of said body, a source connected between said
contact and connection for establishing a bias-
ing field of the order of two volts in the reverse
direction across the barrier layer below said con-
tact, and an indicating circuit including a high
frequency amplifier having its input circuit con-
nected between said contact and said connec-
tion, the capacitance of said input circuit being
very large in comparison with the capacitance of
said barrier layer.

KENNETH G, McKAY.
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