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The present invention relates to the treatment and prep 
aration of electric semi-conducting materials such as are 
used for electric recti?ers‘or crystal triodes, or energy 
detectors. ‘ I 

Hitherto, single crystals of certain elements such as, 
silicon or germanium taken from group 4 of the pe 
riodic table of elements have been commonly used as 
semiconductor materials, but other semiconductors con 
sisting of chemical compounds between certain elements 
from groups 3 and 5, such as aluminium antimonide, are 
now being investigated. 
The electrical conductivity of semi-conductors such 

as germanium is generally considered to depend on the 
presence in the crystal of a certain number of lattice 
irregularities. 

These can be two kinds: 
(1) The kind in which a small percentage of the 

atoms of the crystal are replaced by some other element 
or elements; and 

(2) The kind in which the crystal has lattice defects, 
that is, a percentage of the atoms are missing altogether 
from the lattice, or ‘are displaced from their proper posi 
tions. 

Lattice irregularities of type 1 may be produced by the 
addition to the basic semiconductor material (such as 
germanium or silicon) of a small percentage of a donor 
element, such as arsenic, from group 5 of the periodic 
table. In that case there are produced a small number 
of easily detached electrons which can act as current 
carriers, and the semi-conductor is then said to be of the 
N-type, or to have N-type'conductivity. Type 1 irregu 
larities may also be produced by the addition of a small 
percentage of an acceptor element, such as aluminum, 
from group 3 of the periodic table. In that case the 
crystal lattice is de?cient in electrons and there are pres 
ent a number of sites in the lattice where an electron is 
missing, which are called “holes,” and which act like 
positive current carriers. The semiconductor is then 
said to be of the P-type, or to have P~type conductivity. 
It should be pointed out, also, that gold has been found 
to be a very effective acceptor element. 
Type 2 lattice irregularities, namely lattice defects, 

have substantially ‘the same effect as the addition of ac 
ceptor elements and‘ produce P-type conductivity. 
For convenience, the elements added, or present in 

small percentages, for controllingthe conductivity type 
of the semiconductor, will be called “signi?cant im 
purities,” and will be referred to as donor or acceptor_ 
impurities according as the corresponding elements are 
donor or acceptor elements. 
When lattice irregularities due to any or all of the 

above described causes are present, the resulting type 
of conductivity of the semiconductor is determined by 
the preponderating cause. For example, if both donor 
and acceptor impurities are present in a region of the 
semiconductor, the conductivity of that region will be 
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N-type or P-type according as the donor or the acceptor 
r impurity atoms are in the majority.v 
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In the manufacture of semi-conductor devices, it is 
often desired to produce a semi-conducting crystal with 
two or more regions of alternately P~ and N-type con— 
ductivity separated from one another by what are called 
P-N junctions. One method of doing this is described 
in‘the speci?cation of British Patent No. 753,133. Very 
briefly, it consists in starting with a slice from a semi-: 
conducting crystal having N-type conductivity, depositing 
on one surface of the slice a thin ?lm of an acceptor 
impurity, and then heating the crystal to a suitable tem 
perature for di?using the acceptor impurity into the crys 
tal. If su?icient quantity of the acceptor impurity is 
used, a layer of the crystal will be converted to P-type 
conductivity, and a P-N junction will be formed at a 
depth below the surface depending on the heat treatment.‘ 
The difficulty which has-been encountered with this 

method is that the heat treatment causes the signi?cant 
impurity to spread very rapidly over all the surfaces of 
the crystal slice, so that a P-type layer is formed on every 
such surface, and has to be ground off where it is not 
wanted; . , 

The object of the present invention is to prevent the 
unwanted spreading of the deposited signi?cant impurity 
over the surface of the crystal. It is believed that this 
spreading is largely due to the existence at the surface of 
relatively large numbers of lattice defects of the kind 
in which atoms are missing from the lattice. 

Accordingly, the invention provides a remedy which 
has been found to be effective in preventing this un_ 
wanted spreading. This remedy consists in depositing 
on the surface or surfaces of the semiconductor, which 
is or are not to be covered, by the signi?cant impurity, 
a ?lm of an inhibiting element which is isoinorphous with 
the basic semiconductor material but different there 
from (or a compound of such an element), at some 
stage before the heat treatment for diffusing the signi? 
cant impurity into the semiconductor is applied. Stated 
more speci?cally, the inhibiting element is: taken from 
group 4 of the periodic table in the case where the semi 
conducting crystal is silicon or germanium. 
The invention also provides a semiconductor device 

employing a semiconductor which has been treated in the 
manner just stated. 

In practice, the most convenient inhibiting element 
for a germanium crystal‘has been found to be silicon, 
either in the elementary form, or in the form of silicon 
monoxide. 
One example of the process according to the invention 

will be explained with reference to the drawing accom 
panying the provisional speci?cation, in which Figs. 1 to 
6 show sectional views of a semiconducting crystal illus 
trating stages in the process. 

In these ?gures the thickness of layers and ?lms on the 
surface of the crystal is greatly exaggerated in order to 
show the details clearly. 

Referring to Fig. 1, a slice of a germanium crystal I, 
assumed to be of the N-type, and having a speci?c re 
sistanceof about 5 ohm-cm, for example, is shown in 

. section. The crystal slice may be circular in plan, or 
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rectangular, or of any other form. The slice, having 
been cut to the desired shape, is ?rst etched with any 
suitable etching solution to remove impurities from the 
surface, and any disturbed material produced by the cut 
ting operations, and is then washed and dried. It will 
be assumed that it is desired to produce a P-N junction 
at some convenient distance ‘below the top surface 2. 
The next step according to the invention is to evaporate, 
or otherwise deposit in some suitable way, on all other 
surfaces of the slice, a thin ?lm or coating of silicon ' 



3 
monoxide 3. This ?lm may for example be 10-6 inch 
thick. 
A ?lm 4 (Fig. 2) of an acceptor impurity element, 

such as gold, for example, is then evaporated or other 
wise deposited on the upper face of the crystal. This 
layer may be about 2>< l0—7 inch thick, for example, and 
the crystal is then heated at a temperature of about 850° 
C. for about 4 hours in order to diffuse the gold into the 
crystal. , 

The atoms of gold will convert the upper portion of the 
crystal to P-type conductivity, ‘thereby producing a P 
type region or layer about 0.008 inch thick, shown ‘at 5 
in Fig. 3. Between the layer 5 and themain portion 6 
of the crystal there will be produced a P-rN junction 7, 
shown as a dotted line, about 0.008 inch below the sur 
face. As already explained, the ?lm 3 prevents the gold 
from spreading over the whole surface of the crystal 
during the heat treatment. - 

If a second P—N junction is required, ‘the process may 
be repeated. As shown in Fig. 4, the crystal with its 
P- and N-type regions 5 and 6 already formed has again 
deposited on its upper surface, by evaporation or other 
wise, a thin ?lm 8 of a suitable donor impurity element 
such as antimony. This ?lm may for example, be about 
10-4 inch thick. The crystal is again heated at a tem 
perature of about 850° C. for about ?ve minutes in order 
to diffuse the donor element into the P-type layer, thereby 
reconverting its upper portion to N-type conductivity. 
In this way an N-type layer 9 (Fig. 5) is formed, which 
may be 0.001 inch thickpfor example. vA second P-N 
junction 10 is thus formed, the crystal being divided into 
three regions with respectively N-, P-, and N-type prop 
erties. As before the spread of the donor impurity ele 
ment over the whole surface of the crystal is prevented 
by the film 3. 

It will be evident from Figs. 1, 2 and 3 that if the 
portion of the ?lm 3 on the lower surface of the crystal 
1 be omitted (the portions on the sides of the crystal 
still remaining, a gold ?lm may be deposited on both 
the upper and lower surfaces. After diffusion for 4 
hours at 850° C., a crystal as shown in Fig. 6, with three 
regions 11, 12, 13 having respectively P-, N-, and P-type 
conductivity will be produced, separated by P-N junc 
tions 14, 15 about 0.008 inch from the upper and lower 
surfaces. 

It will be evident also that a crystal with any number 
of regions with alternately P- and N-type conductivity 
may be produced by repeating the process described with 
reference to Figs. 1 to 5 using deposited ?lms of alter 
nately acceptor and donor elements on the upper surface 
of the crystal. 

It should be mentioned that the heating necessary for 
the signi?cant impurities generally produces lattice de 
fects in suf?cient number to convert the whole crystal to 
P-type conductivity irrespective of the presence of donor 
impurities. Therefore, in order to remove these un 
wanted lattice defects, the crystal should ‘be annealed at 
a temperature of about 500° C. after heating for the dif 
fusion of the signi?cant impurities. 

It will be understood that although in the above process 
gold is used as an acceptor element, various others, such 
as aluminium, gallium, or indium could be used. Like 
wise, for a donor element, phosphorus, arsenic or his 
muth, for example, could be used instead of antimony. 

While the preferred material for the ?lm 3 is silicon 
monoxide, pure silicon could alternatively be used, or 
some other element from group 4 of the periodic table, 
which however, should be different from the material of 
which the crystal 1 consists. 

It should be understood also that it is not essential 
that the basic semiconductor material should be ger 
manium; silicon could be used, or one of the compound 
materials mentioned above. Further, the original crystal 
could be P-type instead of N-type, in which case a donor 
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impurity element would be used for the ?lm 4 in Fig. 2 
instead of an acceptor element, and an acceptor element 
for the ?lm 8 in Fig. 4 instead of a donor element; and 
the crystal produced would then be of the P-N-P type, 
like that shown in Fig. 6. 
The thickness of the deposited ?lms, and the time and 

temperature used for the diffusion process, which have 
been given above as examples, are not in any sense essen 
tial to the invention, and will be varied according to the 
conditions which have to be met. 

It should be added that the inhibiting film 3 can be 
applied after depositing the ?lm of the signi?cant im~ 

. purity on the surface of the crystal instead of before, 
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but it must be present before any heating for diffusion 
of the impurity into the semiconductor. When several 
successive diffusion processes are applied, it will not gen 

7 erally be necessary to reapply the ?lm 3 after each dif 
fusion process. 

It will be understood that‘ a semiconductor having one 
or more >P-N junctions produced in the manner explained 
above may be provided in any suitable way with elec 
trodes to form a recti?er or crystal triode, or other serni~ 
conductor device. 

While the principles of the invention have been de 
scribed above in connection with speci?c embodiments, 
and particular vmodi?cations thereof, it is to be clearly 
understood that this description is made only by way 

‘ of example and not as a limitation on the ‘scope of the 
invention. 
What I claim is: ' 

1. A method of treating a body of semiconductor 
crystalline material selected from the ‘class consisting of 
germanium and silicon and of given conductivity type 
for the purpose of producing therein a P-N junction, 
comprising the steps of depositing on a given surface of 
the body a ?lm of a signi?cant impurity element of the 
kind adapted, when added to the semi-conductor material, 
to produce conductivity of the type opposite to the given 
type, and heating the body to a temperature suf?cient 
to cause the signi?cant impurity element to ‘be diffused 
into the body, characterised in this, that at some stage 
before the body is heated, there is deposited on all other 
surfaces of the body except the given surface a ?lm ‘of 
a material selected from the class consisting of an ele— 
ment and an inorganic compound of such element taken 
from group IV of the periodic table which is isomor 
phous with the semi-conductor material, but different 
therefrom. . 

2. A method of treating a germanium crystal of given 
conductivity type for the purpose of producing a P-N 
junction below a given surface of the crystal, which com 
prises the steps of depositing on all surfaces of the crystal 
other than the given surface a ?lm of a material selected 
from the class consisting of silicon and an inorganic com 
pound of silicon, then depositing on the given surface a 
?lm of a ?rst signi?cant impurity element of the kind 
adapted, when added to germanium, to produce conduc 
tivity' of the type opposite to the given type, and then heat 
ing the crystal to a temperature su?icient to cause the 
impurity element to be diffused into the crystal. 

3. A method according to claim 2 which comprises the 
additional steps of depositing on the given surface a ?lm 
of a second signi?cant impurity element of the kind 
adapted, when added to germanium, to produce con 
ductivity of the given type, and then heating the crystal to 
a temperature su?icient to cause the impurity element to 
be diffused into the crystal, for the purpose of producing 
a second P~N junction below the given surface. 

4. A method of treating a germanium crystal slice of 
given conductivity type for the purpose of producing two 
P-N junctions between the two opposite faces of the slice, 
which comprises the steps of depositing on those surfaces 
of the crystal other than the said faces a ?lm material sc-, 
lected from the class consisting of silicon, and an in— 
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organic compound of silicon, then depositing on each of crystal is of N-type conductivity, and in which the said ?rst 
the said faces a ?lm of a ?rst signi?cant impurity element signi?cant impurity element is gold, and in which the said 
of the kind adapted, when added to germanium, to pro- second impurity element is antimony. 
duce conductivity of the type opposite to the given type, References Cited in the ?le of this patent 
and then heating the crystal toa temperature su?iclent to 5 
cause the said ?rst signi?cant impurity element to be dif- UNITED STATES PATENTS 
fused into the crystal slice from each of the said faces. 2,473,887 Jennings ____________ __ June 21, 1949 

5. A method according to claim 4- in which the said 2,560,594 Pearson _____________ __ July 17, 1951 
inorganic compound of silicon is silicon monoxide. 2,597,028 Pfann ______________ __ May 20, 1952 

6. A method according to ‘claim 4 in which the said 10 2,701,326 Pfann et al. __________ __ Feb. I, 1955 


