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ALPHIA PARTICLE COUNTER 

Kenneth G. McKay, Summit, N.J., assignor to 
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York, N.Y., a corporation of New York - - - - 

Application September 7, 1949, Serial No. 114,303 
1. Claim. 

- 1. 
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 particles. 
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 characteristics. 
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 thin barrier layer in the 
body immediately under and adjacent the con 
nection. The barrier layer is photosensitive and 
has resistance and capacitance providing a def 
inite time constant as will be developed herein 
after. - - - . 

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

It has been found that alpha particles in 
cident upon the body and which penetrate the 
barrier produce pulses in an output circuit con 
nected between the ohmic and non-ohmic c 
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trons inequal numbers, many hole-electron pairs 
for each particle, in the body, and in proximity 
to the barrier. Under the influence of the ap 
plied reverse electric field, the holes flow to 
the non-ohmic connection and the electrons to 
the ohmic connection. Thus, bombardment by 
an alpha particle can be considered as equivalent 
to the production of a current impulse across the 
barrier layer. 

Only, the region in the immediate vicinity of 
the non-ohmic connection is sensitive to bom 
bardment by ionizing particles so that high 
spatial resolution is realizable. The response is 
very rapid so that high speed counting of the 
incident particles may be obtained. Furthermore, 
the device is highly discriminatory - against low 
energy radiation such as beta and gamma par 
ticles. In addition, it has been found that the 
germanium structure is such that it is not subject 
to trapping of charge carriers such that Space 
charge effects are produced. Hence, homogene 
ous and reproducible performance characteristics 
are realized. 
The invention and the various features there 

of will be more clearly and fully understood from 
the following detailed description with reference 
to the accompanying drawing in which: 

Fig. 1 is a schematic showing the principal 
elements and the cooperative relation thereof in 
an ionizing particle detector or counter illus 
trative of one embodiment of this invention; 

Fig. 2 depicts the equivalent circuit of the ger 
manium body and the amplifier included in the 
device illustrated in Fig. 2; 

Fig. 3 is a practical equivalent of the circuit 
of Fig. 2 for certain relations of the parameters 
as described hereinafter; - Fig. 4 is a graph illustrating typical operating 
characteristics of the device shown in Fig. 1; 

Fig. 5 is a diagram showing another form of 
germanium unit which may be utilized in de 
tectors and counters constructed in accordance 
with this invention; and 

Fig. 6 is a perspective view of another ger 
manium unit which may be utilized in practic 
ing this invention. 

Referring now to the drawing, the device illus 
trated in Fig. 1 comprises a body or wafer 0 
of germanium having on one face thereof an 
ohmic connection it which is joined to a me 
tallic base plate 2, and having bearing against 
the opposite face a point contact 3, for exam 
ple of Phosphor bronze. In a typical construc 
tion, the body () may be of high back voltage N 

imanium 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 is 
made may be sandblasted and the connection 

may be constituted by an evaporated gold film 
which is soldered to a copper base plate 2. The 
body O 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 and the point contact 3 by 
a suitable source 4, the source being connected 
to the contact 3 through a resistor 5. The 
point contact 3 is connected also to the input 
of a high frequency amplifier 6 by way of a 
series condenser and a resistor 8. The out 
put of the amplifier 6 is supplied to an indi 
cating or counting device 9 which, in the form 
illustrated, is a cathode-ray oscillograph. 
In use, the germanium unit 0 is exposed to 

radiations, indicated as enanating from a Source 
20. Under certain conditions which will be de 
veloped in detail hereinafter, each alpha parti 
cle emanating from the source 2 and incident 
upon the body G in the vicinity of the point 
contact 3 produces a pulse Supplied to the in 
put of the amplifier. Each 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 3 and the body 
is rectifying, 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 104 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 
un 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 germaniuin unit 

and the input to the amplifier 6 is depicted in 
Fig. 2. In this figure Rb and Cb are the resist 
ance and capacitance respectively of the bar 
rier, Rs is the series resistance of the body of 
germanium and Ra and Ca are the resistance and 
capacitance respectively composing the input in 
pedance of the amplifier. The series resistance 
Rs is in general very small with respect to the 
barrier resistance Rb 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=--C, (1) 

- R, Rd R=E, (2) 
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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 4 
holes will be attracted to the point contact 3 
and electrons to the ohmic 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 

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

neXV Q=r 
in which n is the total number of charge car 
riers produced by the alpha particle, e is the 
electron charge, W1 is the voltage drop through 
which each carrier passes and W is the total 
voltage drop in the circuit. The peak voltage 2) 
will decay with time at a rate determined by the 
product R.C. 
In order that a pulse due to an alpha particle 

may be counted, it is necessary that the peak 
voltage y 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 
f7 and resistance 8. For example, in a typical 
case, a resistance 8 of 10,000 ohms and a capac 
itance of 100 micronicrofarads, providing a 
low frequency cut-off of 100 kilocycles have been 
found satisfactory. The resistance 5 should be 
very large in comparison to resistance 8, Where 
by it is effectively shunted by the latter at high 
frequencies. In the typical case above referred 
to, a resistance 5 of about 120,000 ohms has 
been found satisfactory. 
As has been pointed out hereinabove, the peak 

voltage varies inversely with the Capacitance C. 
A component of the capacitance C is that, Cb, of 
the barrier. This component, at Zero bias, in 
germanium is, to within an order of magnitude, 
about 0.1 mi./cm2 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 Cb can be 
realized. 
The parameter Cb enters also into the deter 

mination of the time constant determined by the 

(4) 
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RC product which, as noted heretofore, should 
be long in comparison to the ainplifier rise time. 
The time constant can be increased by increas 
ing the input capacitance Ca of the annplifier but 
this, in general, is undesirable beyond limits 
inasmuch as it would reduce the availabie peak. 
Woltage. 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 comparison to Ca. 
In a typical case found satisfactory for the 

Counting of alpha particles, Ca, Was 17 microni 
Crofarads and Cb Was about 1 microi:icrofarador 
less. The barrier resistance was greater than 
00,000 ohms for all bias values greater than 0.5 

volt. This provided a pulse relaxation tine, set 
primarily by the product, Cabre, of Substantially 
0.17 microSecond which was adequate for an ann 
plifier 6 having a rise tirine of 0.02 microSecond. 

Performance characteristics of a device having 
the parameters given herein above and exposed to 
alpha, particles enanating fro2n a polonium 
Source in proximity to the junction between the 
contact 3 and body are depicted in Fig. 4. 
wherein curve Ashows the relation between peak 
pulse height and reverse bias and curve B shows 
the relation between noise level of the gernaniura 
Unit and the reverse bias. The pulse height ap 
proaches a maximum for a reverse bias of about 
3 volts. 
at a reverse bias of 5 volts, the noise level of the 
unit began to exceed that of the norinal anplifier 
and input thermal noise. 
The pulse height distribution is irregular, as 

indicated by the pips as portrayed on the screen : 
of the cathode-ray device 9 in Fig. 1. This foll 
lows from the fact that many of the alpha, pas 
ticles emanating from the uncolinated source 
are incident, upon the barrier 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 immediate 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 
measureets of alpha, particles and others of 
comparable energy. A suitable collimating ele 
ment, indicated at 30 in Figs. 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 foo comprises a 
filamentary portion 20, for example 0.01 inch by 
0.01 inch, and enlarged end portions 2 and 22 

In the particular construction utilized, : 
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6 
having ohmic connections 23 and 24, respectively, 
thereto. The body is composed of tWo ZOnes of 
opposite conductivity type, P and N as indicated 
in the figure, meeting at a junction or barrier 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 produced by the source 8. The barrier is re 
sponsive to ionizing particles, indicated by the 
arrow alpha, incident upon the body on and in 
the inninaediate vicinity of the barrier. 
A larger sensitive or responsive area, in the 

germanium unit may be advantageous in certain 
applications. Such an area can be realized by 
the construction illustrated in Fig. 6 wherein the 
rectifying contact 39 is Wedge-shaped and has 
a knife edge bearing against the face of the 
germanium body . 
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 alpha, particle detector 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 
jected 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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