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devices utilizing silicon. More particularly, it
relates to devices using silicon of high purity for
modifying the frequency or wave form of electri-
cal oscillations. Important applications of such
devices are for modulating, demodulating, or
fectz!yinﬁ electrical oseillgtions and for produe-
ing harmonics of fundamental frequency osecll-
lations.

An object of the invention is to provide a
simple rugged efficlent and inexpensive electri-
cel translating device of the point contact type
capable of efficient operation at frequencies of
the order of ten centimeter wave-lengths and
shorter,

An additional ohject of the invention is the
provision of an electrica] translating device for
extremely low amplitude oscillations in which
the introduction of noise in consequence of the
operation of the transglating device shall be as
little as.possible.

An additional object of the invention.is {0 in-
crease the effectiveness of asymmetrically con-
ducting translating devices of the solid body sur-
face point contact type by reducing the resist-
ance of the back contact of the body.

An gdditional object of the invention is to
enable the construction of silicon surface con-
tact translating devices which shall have prede-
terminable transmission characteristics.

Another ghject of the invention is to provide
a stable demodulating system for osciliationg of
such high frequencies that eleciron discharge de-
vices of the conventional types are ineffective.

An gdditional object of the invention is uniiliza-
tion- of an ingof of silicon to produce as many
e]ectrical translating devices of given dimension
as pUbb].Ult‘

Hitherto the technique of electromagnetlc wave
reception has centered very largely about the
electron discharge device which long ago super-
seded the early contact rectifiers or detectors of
the general types developed by Dunwoody and

THalrand in whialh tha ocovmmwnknin anndaaakiver
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property of a contact between a metallic poing
and the surface of a so-called semiconducting
body is utilized. ‘This change in radio reception
practice was brought zbout by many factors,
among which are the amplifying property of
the electron discharge device which enahbles the
weak incoming energy to be amplified and low
detection efficiency to be overcome, the high sta-
bility of the electron discharge device and the
simplicity with which it Jends itself to coupling
to tuned or selected circuiis.

As the art of transmission of Plﬁr-frnmggnphr
waves progressed in the direction toward higher
frequencies g point is reached at which the nsual
electron discharge device becomes comparatively

ineffective, This point, which is somewhere in

aleptyriosl tronclatinge
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factors in the operation of these electron dis-
charge devices such as the capacitance of the
input cireuit and the appreciable transit time
of electrons as measured In cycles of the ex-’
tremely high frequency oscillations.

A study of conitact rectifier type detectors asg

s SVULOY 01 COLHNRACE: YELL 1LeY Pe aetLcLirs

possible alternatives for the electron discharge
device indicates that a number of characteris-
tics are highly desirable in a substance a body
of which is to be used as a contact detecior.
Of course, a very important consideration is the
rectifying property which depends upon the ratio
of front-to-back resistance, that is, the ratlo be-
tween the current which passes when a given
unidirectional electromotive force is impressed
across the detector and the current which passes
when that same electromotive force is applied in
the reverse direction. Stability of the rectifying
contact is also important and this in turn de-
pends upon the chemicel inertness of the mate-
rials used and the mechanical design of the con-
tacting elements. Another important feature is
that the body possess a sufflciently low specifle
resistance.

& contact rectifying device may, under certaln
conditions, be regarded as an asymmetric recti-
fier with a shunt path comprising series resist-
ance and capacitance. The shunt path causes
a decrease in sensitivity and a change in the ex-
ponential response characteristic as the frequency
is increased beyond certain limits, In general,
the current passed by stich devices Increases as
an exponential function of the increasing voltage,
When an alternating electromotive force is ap-
plied the rectifled current may, for practical pur-
poses within relatively low ranges of applied elec-
fromotive force, be regarded as varying ag the
sguare of the applied voltage. This is quite sat-
tsfactory for signsl detection or for measurement
purposes.

The high frequency limit at which a contact
rectifier remains effective depends upon the area
re;atianb at the rEChfFl‘ﬂg contact. For ii‘.l::uauu:,
if a point contact e made at an area which is
wholly active, a very desirable characteristic
may be obtained, If, on the other hand, the
contact be made at an area which is partly
active and partly inaetive, the inactive portion

will introduce an effective shunt 'nnf'h thus do-
wWiia IDUTCOUS

creasing the sensitivity of the dev1ce as a whole.
Tt is, therefore, important that devices of this
type be constructed from materials having sur-
face areas which are as nearly wholly active a3

possible,
Annthe T

charac the per.
formance of de ectors of the contact rectifier
type is the noise introduced by the detector.
Thig is dependent upon the particular substance

employed and also upon the amplitide of the cur-

terigtie of interest in
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rents to which the detector is subjected. For
example, if a superheterodyne system with s
beating oscillator is employed, the noiseincreases
with the input of beating oscillations in such &
way that for low levels of oscillation current the
signal gain due to the increasing amplitude of
the beating oscillations is more rapig than the
increase in noise whereas for high levels of oscil-
iation currents, the signal gain with increase of
the beating oscillations is small but the noise in-
crease is large.

Another important factor in the produciion of
nolse in the operation of a rectifying contact de-

10

tector is the character of what we may term the

“hack contact” This is the contact which the
semiconductor body makes with the matrix of
conducting material in which it is common!y em-
bedded. If the back coalact is scmewhat imper-
fect the noise factor is high. If, on the conirary,
the back contact iz made with & matrix of con-
ducing material which forms a substantially in-
tegral mass with the semiconductor the noise is
greatly reduced.

T+ Fhas hhanwm ey
It has been found necessary not only i izke

into account the character of the semiconductor
body with which the contact is formed but, also,
to employ a metallie point contact element which
possesses certain characteristics. The point con-
tact member should be iner{ chemically so that
no oxide formsg on itg surface which might make
possible a non-rectifying stable metallic contact.
The point contact member if of the spring wire
or catwhisker type must be dquctile so that small
wires of it are available and it must be sitrong
and flexible enough to provide a contact having
a steady pressure. Whatever its form it should
provide a chemically stable confact whlch is
maintained at a steady pressure.

Accordingly, an additional object of ‘the in-
vention is to provide a metallic point contact
with which it may be possible to assure unehang-
ing contaet pressure with the surface of the semi-
metallic body and to fix the prassure of the con-
tact af any desired magnitude.

It should be appreciated that the various char-
acteristics and desirahle properties which have
been presented must, for practical use in the re-
ception of millimeter-length waves, be attained
in an apparatus of physical dimensions suitabie
for the reception of such waves and which is,
therefore, of extremely smal]l dimensions. This
is for the reason that for transmission in this
frequency range coaxial circuits and wave guides
may be used in which it is frequent]y destrable to

piace the iransiating device within the coaxial
line or wave guide. The small physical dimen-
sions which may be given the contact element
translating device make it ideal for this purpose.
Moreover the minute dimensions of the device
and its supports enable any undesirable shunt

3+ o intod with tha dari
capacitances associated with the device 6o be kept
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very stall so that the transmission properties of -

a coaxia]l c¢ircuit or other high frequency oscil-
lation {ransmitting system are nof too adversely
affected by 4 shunt connection of such & translat-
ing device.

[ P . Y JURT TV P S N S S S S, ‘,,.
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ploying silicon applicant discovered ghat a re-

markable improvement in the point contact rec-
tifying characteristic and other electries} prop-

erties is attainable if resort be had to silicon .

of & high degree of purity, for example, of the
order of at least 99 per cenf.
of that purity has not heen available in the
market in chunks of sufficient size to serve for

fo.

However, silicon |

(]

4

glectrical translating devices. There is on the

market silicon in granular form of a purity. of

about 89.85 per cent produced by the Electro-
metaliurgical Company. Processes for producing
such granular silicon are described in United
States Patent 1,386,227 1ssued August 2, 1BZ1 io
F. M. Becket. N. P. Tucker of the British
National Physical Leboratory has described an
slternative process in the Journal of Iron and
Steel Institute, vol. 15, page 412, 1927. Eimer
and Amend have also supplied highly pure siii-
con in powder form.

. In order to obtain hodies of highly pure silicon
of sufficient size for electrical translating devices
one may melt together & charge of the high pur-
ity granular or powder silicon material such as
has been described. Because of the high melting

[y yoy @ o n o
poiog (1418° .x10°) of silicon and the strong

affinity which sﬂicon has for oxyeen the silicon
must be melted under non-oxidizing conditions.
Applicant discovered that the internal physical
structure of silicon ingots so produced is by no

means homogeneous and that the electrical char-
acteristies of the material are likawige not uni-
form but on the contrary undergo striking varia-
tions from one region to another, For example,
a small block of material cut at one point may
pass electrons readily only in the direclion from
& metallic poini to the block while a similarly
shaped block cut at another locaiion in the ingot
passes electrons readily only in the direction from
the block fo the metallic point. Moreover, at
a point somewhere between the positions of the
blocks & very different internal asymmetric con-
dition exists along a relatively thinp interior sor-
face or boundary, For convenience, & region of
the bloek which passes current readily only when
the bleck is positive may be designated as a “P
zZohe,” ogne in which the block passes current
readily only when the block iz negative, an *“N
zone"” and the Intervening Inierna] asymmetric
boundary region or surface a “barrier’” zgne or
harrier suriace.

In accordance with this mventmn small hodies
of high purity silicon cut from such portions cf
the ingot as to have the desired characteristics
are utilized as the semi-conducting members in
asymmetric electrical translating elements, as for-
example, high frequency coutact deteciors, modu-
lators, rectifiers, or harmonie generators. Such
detectors exhibit a loss of the order of 15 decibels
less than that of previously Enown commercial
silicon detectors. They are found to exhibit a
high ratio of front-to-back resistance, to be chem-

3 17 i+l A +n 1 A ¥ te) nn 3
ically stable and to lend themsclves readily to an

electroplating for the back contact. They are
relatively free from contact noise and if cut from
the N zone are of relatively low specific resistance.

Fig, 1 illustrates the structural characteristics
of a high purity silicon ingot utilized in construct-
ing translating devices according to this inven-
tmn,

Fig. 2 illusirates one form of radic frequency
selective and detecting apparatus employing the
detector of this invention;

Fig. 3 illustrates details of the lecher circuit
constituting the receiving antenna of Fig. 2;

Fig. 4 is an enlarged sectional view in the plane
4—4 of Fig. 3 showing details of the detector;

Fig. 5 illustrates a step in the formation of a
plurality of detector units of rectangular eross-
seetion;

Fig. 6 illustrates a stage in the mounting of an
individual deteetor unit upon a supporting screw;

Fig. T-indicates the manner of shaping the head
of the detector unit:
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™Me. 8 illustrates the appliance for final grinding
of the contact surfaces of a plurality of detector
units;

Figs, 9 and 10 are respectively side and front
views of a detecior contact eiement;

Fig. 11 illustrates a fixture serving to connect a
high frequency input circuit and a heating oscil-
lator to a detector and also to connect an inter=-
mediate frequency outpuf path to the detector;

Fig. 12 is a graph illustrating the rectifying
pertarmance of silicon detectors of thie prior art;

Figs. 13, 14 and 15 are similar graphs which
show respectively the performance of an average
N type detector as is obtained upon firsi contact,
the same characteristic after the contact has been
electrically “conditioned,” and the characteristic
AF o TY +rrn Antantans
Ul d L 0y PJU Uututusis,

Fig. 16 is a schematic of the circuit of a sys-
tem for producing harmonies using a translating
element in accordance with the invention; and

Fig. 17 is a schematic explaining certain aspects
of desizn of translating devices in accordance
with the invention,

It has long been known that bodies of the class
of materials known as semiconductors, includ-
ing silicon, may ke utilizeq for contact detectors
for electrical oscillations. Examples of such con-
taect detectors are those of U, S. Patents to G. W.
Pickard 836,531, Novemher 20, 1906, and 888,191,
May 19, 1908. In an article at page 1003 of the
Flectrical World, November 24, 1906, Pickard
states that afier g trial of a large number of ele-
ments and compounds pure silicon was found very
satisfactory as a recfifying contact detector. In
U. S. Patent 1,698,668, issued Janusary 8, 1929 to
Ballantine and Hull, reference is made to the use
of refined silicoh., As a matter of fact the com-

]
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mercial “pure silicon” available to Pickard and

the “refined” silicon of Ballantine and Hull were
substances of about 98 per cent purity at most
with at least 2 per cent of impurities, More re-
cemntly, there has become available on the market
the small particle silicon, to which reference has
been made, of a very hich purity of the order of
98.5 per cent.

The granulated high purity silicon now avail-
able on the market is produced by crushing ma-
 terial found in & large commercial melt., ‘That
supplied by Electrometallurgical Company is of &
size to pass a 30 mesh screen and to be retained by
an 80 mesh screen. 'The crushed material is puri-
fied by treatment with acids untit if has attained
a purity considera.bly in excess of 99 per cent.

The chemical L.UILlLJUh.I.I.-.lUH of la}‘lJlLH.l. ba.m[.ue uf

this material 1s approximately:

= -__ 9985
- 019
U S 031
Al 020
Ca . e ——— 003
N o e 008
[a) - e —————— 061
Moo e 001
Mg - e 007
S - 011
Mn ... ________ - 0oz

In some samples aniounts of up to .03 Ti and .004
Cr have been found.

An investigation of the metallurgy of high pur-
ity silicon has been made by J,. H, Scaff. Based
on the discovery that the P zone consists of ma-
-terial first to cool and the N zone of material last
to cool a process has been evolved by which high
purity silicen ingots may be produced with a bar-
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rier reglon surface which substantially divides
the ingot inte two unlike portions, one of wkich
is P gone and the other N zone material. This
process Is disclosed and claimed in the gpplica-
tion of J, H. Scaff Serial No. 386,835, filed April
4, 1841 for Preparation of silicon materials,

In accordance with the process the granulated
material is placed in g silica crucible and is then

-fused in an induction furnace in high vacuum

or in an atmosphere of helium. Because of a
tendency to evolution of gas with ensuing violent
turbulence of the material, it is desirable to raise
the temperature to the melting point by heating
the charge slowly. The use of shallow wide
mouth crucikles for containing the silicon charge
to be fused 'alIeVlates this ccndition but it mas’
also be desirable to effect the fusion in an at-
mosphere of inert gas such as helium or hydrogen
at atmospheric pressure. The temperature of
the melt is raised to about 150° C, to 200° C, above
the fusion point, that is, to about 1600° C. The
power supplied to the induction furnace is re-

dnced to naermit tha melt to onnl slawly and at a
auced 1o permit the mell 10 ¢ofl slowly and el a

rate not in excess of 150° per minute until the
mass has a thick coating on the outside at a tem-
perature of 12560° to 1200° C. Thereafter the
heating power may be withdrawn to permit the
silicon mass to cool rapidly,

-The resulting ingot illustrated in Fig. 1 in the
crucible 1 in which it was formeqd differs from
& body of commercial sillcon in that it is me-
chanieally strong and freg from cracks gnd hlow-
holes. When highly polished it has a lighter grey
color than the commercial material. The mate-
rial of the ingot possesses physical characteristics
which vary with distance from the upper surface.
The portion first to cool, adjacent the upper sur-
face in the crucible 1, is of & vertically colum-
nar structure as indicated. Beyond the colum-
nar gtructure is & hon-columhar formation which
is characterized by tiny gas pockets and, when
gectioned, by an odor similar to that of acetylene,
This non-columnar material is more greyish and
hag much smaller crystals than the material at
the top of the ingat,

‘While the purity of this material is very high,

-in fact considerably higher than silicon here-

tofore obtainable in pieces large ehough for elec-
trical purposes, it does contain from about .1 per
cent to .2 per cent of a variety of other elements,
In the crystallization which ensues after the tem-
perature of the meit is permitted to fall, a non-
uniform distribution of impurities is ohtained and
it is this difference in impurity concentration
which is believed to influence the physical prop-
erties of the silicon so that samples cut from
various .portions of an ingot exhibit different
structural and electrical characteristics. It ap.
pears probable that a very small percentage of
gilicon carhide DL&YS & vory Lmﬂﬁl‘u&ﬁu role,

The material of the ingot ig also not homoge-
neous in its electrical characteristics but consisty
of three fairly well defined zones. The upper por-
tion which is first to cool develops a positive elec-
trothermal potential against copper. This F zZone
portion as indicated in Pig, 1 extends to g gec-
ond zone, the barrier zone, which is designated by
B. The gpecific resistance of P zone material is
considerably higher than is that of ordinary com-
mercial silicon. In the harrier zone the specific
resistance rises very abruptly to magnitudes a
hundred times those near the upper surface of
the P zone. Beyond the harrier zone the material
is of N zone type. Its average resistivity is much
lower than that of the other two zones.znd per-
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haps ohe-third the average resistance of the P
zone material,

The ingot is sirong enough that it does not
erumble when cut into small pieces as does com-
mercial silicon. When a small metallic point is
placed in contact with the surface of & block of
the materinl the contact 1s found to have very
mnrked asymmetric properites, We may arbi-
u]a:uuy uesignatn as
nation of silicon block and the metalile point, the
slope of the current voltage curve of the rectify-
ing device for 1 voli applied electromotive force
directed in the low resistance direction. The ra-
tio of the current to that obtalned with the elec-
tromotive force reversed may he designated ss
the front-to-back ratlo. In a general way, the
charaecteristics of the material may be tabulated
as follows, the froni-to-back raties being ob-
tained by messurements with 1 velt impressed
electromotive force:

Front-to-back

Pass current at 1 volt ratio at 1 volt

Impedsnce

-| 7to 30 miNiamperes {14040 33 ohms} & to 56
2 to 7 milliamperes (500 to 140 ohms).. 10 to 100
Bolow 2 ismperes (more than 3 to 1,000
500 ohms),

It will be understood that while the barrier sur-
face or layer is at times extremely thin it in gen-

eral appears o comprise g number of roughly -

parallel boundary surfaces closely spaced from
each other, The barrier zone is not particularly
satistactory for point contact detectors since iis
direction of rectification is apt to be indetermi-
nate depending upon fthe spot on its surface with
which the metallic point makes contact. As has
been stated, the specific resistance of barrier zone
material is high relative to that of the other two
zones. ‘The barrier zone has very remarkabile
asymmetrically conducting, photoelectric and
thermoeleciric properties. A slab of the highly
pure silicon ingot divided by the barrier into por-
tions may constitute an alternating current rec-
tifier if each portmn be provided with an electrie

terminal. This is disclosed and clalmed in the

application of R. S. Ohl Serial No, 381,273, filed
March. 1, 1941 for Improvement in alternating
current rect.iﬁers The use of a body of the high
purity silicon material including a barrier surface
which may be exposed to Hght fo serve as a pho-

taeleetrle device is disclosed and elaimegd in the

OCIECTIILE GUVIUT 10 Lunbaustia Gadls Sadudacs

application of R. 8, Ohl Serial No. 385, 410, filed
May 27, 1941 for Light sensitive electric devices.
The thermoelectrlc property of a body of high
purity silicon which includes the barrier surface
1s disclosed and claimed in the application of R. 8.
Ol Serial No, 438645 fled April 11, 1942 on'
Thermoelectric devlce

Fig, 2 shows the details of a radio receiving ap-
paratus for very short waves., Such a receiving
spparatus is disclosed and claimed in Patent
2,378,044 to R. S, Ohl issued June 28, 1845 result-
ing from application Serial No, 286,530, filed July
26, 1939 for Detector system for very short elec-
tric waves, of which the present application is a
continuation in part. A chamber {2 carried on
the conducting casing 13 comprises a centrally
apertured conducting back plaie i4 of circular
contour threaded at its outer veriphery to engage
with a cylindrical conducting shell 15. Mounted
telescopically on the shell 15 is an annular con-
ducting cap member |6 which may be used o

the resistance of the combi-
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extend the chamber 12 in the longitudinal direc- -

tion t0 adjust or tune the system to respond most

effectively to oscillations of a given wave-length,
At its open outer end the cap 18 is provided with
a radially projecting flzange 17 on which is motnt-
ed an irig 18. Projecting through the central sp-
erture of plate 14 is a pair of lecher conductors
19 which serve as a pick-up antenna or electro-
magnetic wave energy absorber. By sultable ad-
justment of the jris 18 the area of the opening

Jambn e -
intc the chamber 12 may be fized o cause a max-

imum quantity of energy of the oscillations of the
selected wave-length to be absorbed by the lecher
conductors,

The lecher conductors |8 are electrically sep-
arated by a strip 20 of mica or other dielectrie

material ag illustrated in Flg, 3. A tubular glesve
21 of dielectric material-surrounds the lecher con.
duetors very closely to hold them firmly ¢lamped
together as & unit and is in turn enclesed in &
tightly fitting metallic tube 22 a flanged end of
which 1is attached to an enlarged circular dlelec-
trie block 23 having an otening at one side
through which pass the leads 24 that connect the
lecher conduetors to the external eircuit.” A hel-
ical spring 28 confined between the flanged end
of tube 22 and a hollow guide 26 in which the
tube 22 slides urges tube 22, the block 23 and the -
entire lecher circuit assembly to the right to
withdraw it from the chamber 12. The posltion
of the lecher conductors is determined by a bell
crank 21 bearing against the reaction bolt 28
and hinged at 29. The position of the bell crank
is Axed by the adjusting screw 30 and the re-
tracting spring 31, It is, therefore, possible to
nicely adjust the position of the lecher conduc-
torg with respect to chamber 12, The apertura
of the back plate 14 through which the lecher
conductors 19 project is such that the back plate
14 js spaced from the lecher conductors just suf-
ficiently to prevent its acting as g short-circuif-
ing path for intermediate frequency osciiiations.
The eapacitance between the back-plate 14 and
the conductors of the lecher circuit is, however,
sufficient so that the lecher circult ijs effectively
termingted for millimeter-length waves at that
fnce of the back plate which is adjacent the
chamber 2. In practiee the lecher system is
tuned by operation of the screw 10 to one-quar-
ter wave-length or three-quarters wave-length ag
indicated by maximum response indications,
The chamber 12 is adjusted in length to a multi-
ple of & half wave-length ag indicated by an in-
‘Eﬂna‘l'l-n +hao iwio Iﬂ Iu

Lilv AL

coming signal maximum,

adjusted to obiain the most favorable impedanee
condition.

Fig, 4 which is a section in the plane &—#& of
Fig. 3, shows the structure of the contact recti-
fier-detector. It consists of a cylindrical block
23 of fused high purity silicon geated closely in 8
eireular recess in one of the lecher conductors.
The other lecher conductor is provided with an
opening in whidh is inserted a spring 34, the end
86 of which presses down on the polished sur-
face of the block 33 to make the rectifying con-
tact. The spring 34 is held in position by a small
plug 32 of electrically conducting material, fit-
ting tightly in the cpening and staked therein to
secure the spring in position. .

Since the detector is near the open end of the
lecher sysiem 1t is at a point of substantially max-
imum voltage. The semicircular lecher conduc-
tors 19 extend back through the casing 13 and
the annular member i4, as has previously been
explained, is so nearly in contact with them that
it serves as g shori-circulting path for high fre-
quency emergy thus determining the eleetrical
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tuning frequency of the lecher clrcuit, Since the
separation between the member 14 and the lecher
conductors is sufficlent to maintain them elec-
trically separated at an intermediate frequency,
intermediate freguency osciliations which result
{rom interaction of the incoming high frequency
oscillations and of any locally introduced oscilla-
tions will be transmitted by the lecher conductors
to the leads 24 which pass out through the s1de of
member 23.

The silicon body 32 ma round to the de
sired shape and dimensmns from a piece of the
high purity silicon material which has already
been described, The rough ground cylinder may
be first cleaned with carbon tetrachloride and
slightly etched in warm sclution of potassinm
‘hydroxide. As an alternative it may be cleaned
electrolytically by a hydrogen wash in a strong
alkaline solution, After cleaning, rhodium may
be electroplated on the silicon in accordance with
a process described in connection with Fig, 5,
This results in a material reduction of the noise
components Introduced by the silicon body, After
the electroplating the eylinder may be placed in
a suitable chuck in a spindle mounted for rota-
tion. One end of the cylinder may he ground flat
and free from metal with a fine mesh diamond
wheel. If the mesh of the wheel is nof sufficiently
fine the end surface may be polished with a mix-
ture of a very fine air-separated aluminum oxide
dust mixed with SAE 20 engine oil. This pro-
duces a surface of a high polish. The polished
surface may then be employed for contact recti-
fication in conjunciion with a point contact ele-
ment,

The spring contact member 34 of Fig. ¢4 pref-
erably consists of tungsten wire having ifs sur-
face, and particularly its tlp portion, coated with
highly conducting material such as the alloy of
gold, silver and platinum disclosed in U. 8. Patent
937 284, issued October 19, 1909, to E. B. Craft
and J. W, Harris, which is known as No. 1 contact
metal, or with & platinum and iridium alloy. A
contact wire of platinum-iridium alloy may alsc
he used,

In an actual apparatus constructed in accord-
ance with the disclosures of Figs. 2, 3 and 4 and
deslgned to operate for reception of oseillations
of 4 to 19 millimeters wave-length, the two semi-
circular section lecher conductors 19, consisting
of Ng. 1 contact metal, with their intervening
mica strip 20 had = diameter of .053 inch. The
silicon crystal employed as the element 33 of Figs,
3 and 4 was of cylindrical form with & diameter
of .0173 inch and with a lehgth equal to its di-
ameter. The contact spring 34 was formed of
seven or eight turns of 0009 inch diameter pure
tungsten wire, gold plated. This spring was
wound on a form so made that a straight piece
protruded from one end 0f the spring.
was cut off with A small scissors.

The end surface of the block 33 of the rectifier
contact device against which the spring 34 bears
is, as has been explained, highly polished and rel-
atively large The smooth surface reduces the
effect of distributed l.,u.pa,uxu‘y and makes it much
simpler tc search for an effective rectifying con-
tact area in adjustment of the apparatus. The
contact resistance between the silicon cylinder
and its supporting lecher eonductor is reduced to
a minimum by an aquadag coating on the cyl-

The tungsten spring wire 34 is carefully

418 tUngsien spring wirg 22 1g Carcilily

eround at the base end of the coil to have & large
flat surface which may contact with the plug 32
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at its base, The tungsten material of the spring
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wire 34 has sufficient torsional elasticity at the
very small wire dismeters employed to exert suffi-
cient pressure on the crystal block to effect and
maintain a satisfactory rectifying contact. The

muanmiivae althmtigl et svavtiniinrle naritinnl ic $n -
Pressure, &vilDUEL Tty PaluiClualy Cliulaa, 15, il

general, so adjusted as to be of the order of 2.3
kilograms per square millimeter.

The incoming oscillations received In chamber
12 may he superposed therein upon local oscilla-
tions supplied in any desirable manner as, e, g.,
from the local pseillation source 87 with its ra-
diating antennga 58 as indicated in Fig. 2. The
lecher conductors 1B pick up corresponding oscil-
lation electromotive forces and impress them upon
the detector 33, 34, 35, The intermediate fre-
duency currents resulting from the operation of
the detector may then be impressed by leads 24
upon the remaining portion of the radio receiving
system comprising, in tandem, the usual inter-
mediate Irequency amplifier IFA, intermediate
frequency detector IFD, audio frequency ampli-
fier AFA and loudspeaker or other type of signal
indicator.

Another method of preparing high pu.rit.y sillcon
crystal contact rectifier-detector units in accord-
ance with the invention is illustrated in Figs. 5,
6, 7 and 8. In accordance with this method a
block 36 of approximately cubical form may he
cut from the N zone of an ingot such as described
in connection with Fig. 1. The bottom of the
block is smoothed using an iron lap with 600
mesh or, 1000 mesh aluminum oxide, numbher 95
aptical powder obtainable from the Carborundum.
Company, or Number M-302 optical powder oh-
tainable from the American Optical Company. It
is then lightly etched in a 25 per cent or 30 per
cent solution of het sodium hydrozide or potas-
slum hydroxide, The etched surface of the block
which was smoothed is then washed in distitied
water and electroplated for a few minutes in a
hot (80° C.) rhodium phosphate electroplating
solution with a platinum ashnode at a current
density just sufficient to discharge hydrogen, with
the rhodium but not too vigorously, This is gen~
erally at a potential of about 3.2 volts althoush
the potential is frequently higher if the internal
resistance of the sillcon is high. The plated sur-
face may then be tinned with a soft solder using
zine chloride aecid flux. The silicon block 3§ is
then sweated or soldered to & brass lig 31 which
may be clamped in the cutting machine.

Sllicon is a difficult material to solder or to
which to make intimate electrical connectlons
Ul(.U.I!.d.I'Y Cl:li’].l.lllt:[bld.l 5111(..0[1 15 pu.rul,ulany uu-
ficult in this respect and often cannot be sol-
dered, With the high purity silicon material
rhodium enables g very satisfactory joint to bhe
made which does not loosen up, Moreover, rho-
dium plating is found to be very hlghly resistant
to corrosion. Accordingly the use of rhodium for
this purpose is an important feature of the proc-
ess of preparing satisfactory electrical translat-
ing elements using high purity silicon..

The silicon block 36, formed as described, is
then slotted crosswise as illustrated in Fig, 5

using a ]}Ié.l inch thielr metal wheaal fl'hur(rad with

dlamond particles, A stream of dJStilIed water
is used to clear the cuf particles from the kerf
and to cool the surfaces. The cross slots produce
pillars about Y% inch sguare firmly anchored on
the soldered surface. The upper surfaces of the
pillars are riow ground flat on an iron lap, e. 2.,
with 600 mesh aluminum oxide and are rhodium
plated in accordance with the process previously
described, Thin slabs are now slced off the
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pillars by cuts perpendicuiar to the slots. ‘This
vields a plurality of thin square slabs 39 each
rhodium plated on one flat face. Each of these
‘slabs 39 is carefully soldered to the head of a
brass screw 40 as indicated in Figs. 6 and 7.
The screws are made from 13 inch hexagonal
material, the heads being sbout 34 inch thick
and very flat. ‘The silicon slab to be soldered
onto the head is gsbout % inch square and 025
inch thick. The soldering may be easily accom-
plished by holding the {wo surfaces together hav«
ing previously wetted the brass with zinc chloride
acid flux, The screw is then heated on a hot
placeé or soldering iron until the joint or bond

is formed. The unit s immediately plunged in 1

cold water which dissolves the exXcess flux. Each
slab is screwed into a He and then rounded at
41 using a diamond wheel 42 as shown in Pig, 7
with water cooling, A number of fhe units indi-~

cated in Fig. 7 are then screwed into a stainless.

steel jig 43 as indicated in Fig. 8. The jig may
be circular and provided with threads so that it
may be screwed into a threaded chuck., In actual
operation such & jlg has been used- to grind
twenty-four units stimultaneously. A face plate
44 of a special abrasive resistant steel attached
to the Jig by & screw 49 supporis the sitcon
detectors laterally and enables their tops to be
simultaneously ground flat without undue round-
ing at the margins of the outer surface. A lead
lap with 1000 mesh aluminum oxide optical pow-
der iIs employed for this purpose. The powder

noly e
may be-applied from an Erlenmeyer fask in

which it has been mixed with distilled water and
about 1 per cent Ivory soap. The procéss is eoms-
pleted by the application of & water wash while
applying conslderable pressure to the jig contain-
ing the pluralily of silicon units as it is being
held ot the laad lan g_ﬂf'h Anle tha rriichod ehra -

SRS O IE IERC AP WiLD OILY le Crusnedl eoras

sive charged in the lead acting s the cutiing
medium. The water wash is made of about 1
per cent Ivory soap solution and 5 per cent
glyeerine in distilled water. A final polish may
be obfained using No, M-310 optical polishing
rouge and a lead lap. The units are now washed
with soap water and a brush. After cleaning
awsy the abrasive they may be rinsed in clear
water and dried on paper tissues. Each may then
be screwed into a block of phenolic condensation
maferial and & small amount of a freshly pre-
pared 1 or 2 per cent sclittion of hydrofluaric acld
in concentrated nitric acid is applied to the pal-
ished surface from s capillary tube. ‘The acid is
allowed to remain about 5 fo 15 seconds and is
then washed off after which the units are re-
peatedly ecleaned in distilled water a.nd dried.
The surface 1s then ready for use.

The metallic contact point which cooperates
“with the silicon bedy may consist of fine tungsten
wire. Tungsten has the sdvanfage of maintain-
ing its resiliency under severe operating condi-
tlons. For this purpose a short section of hing-
sten wire, e. g., of 002 inch diameter, may be
used. To enable the contacting end to be ground
flat a bundle of tungsten wires, say, 10 to 100
strands, may be assembled and wrapped tightld
with fine copper wire, after which the turns of
copper wire are soldered tightly together and the
whole assembly placed in a chuck in a lathe.
The ends of the tungsten wires may then be
ground flat with a resincid bhonded 600 mesh
diamond wheel kept moist with & wet cloth. ‘The
soldered copper wire may then be dissolved in
warm 20 per cent nitric acid. Fach wire may
then be dipped in molten No. 1 contact metal
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generously covered with borax. The tempera-
ture of the No. 1 metal should be s0 adfusted

-that a rounded end of the alloy is left on the tip

of the wire which is to contact with the silicon
material. The wire may then be cieaned in hot

.sodium or potassium hydroxide and washed In

distilled water, The cleaned wire 48 is then spot
welded at its other end to s coin silver suppori-
ing member 47 as illustrated in Fig. 9. The coin
silver member js fashioned to a predetermined
size from meteria] rolled 1o a scleroscople hard-
ness of 66 to 70, In this way the pressure can
be conireolled by & measurement of the spring
displacement when the contact is set up. Very
desirable rectifying characteristics have been ob-
tained with such a contact at a pressure of about
10 grams, A front view of the structure of Fig 9
Is shown in Fig. 10,

Ag an alternative fo the tungsten contact wire
with the alloy covered contact tip it has been .
found possible to use a wire consisting of a very
fine wire of platinum-iridium alloy having its
contact end surfaced flat. It is necessary, how-

‘ever, to have the silicon detector plate very smooth

50 that the hard wire may not mar its surface.
This construction has the advants.se that smaller
conlact areas Ty e had with the requ:swe
strength of wire to sustein the contact pressure
and the shunt capacitance across the contact is
reduced, thus making the deviee effective for os-
clllations of 10,000 megacycles. The manufac-
turing cost is also reduced by the elimination of

st o ol ekl
the No. 1 contact metal.

If desired, the platinum-iridium wire points
may be given a amooth rounded contour., The
wire to be treated may be set up under a micro-
scope of 150 diameter magnification. A direct
current arc Is caused to play between the point

Tuwm
as 8 cathede and 2 larper plstinum ancde. In

the case of a 002 inch wire the current may be
supplied at an electromotive force as high as
5000 volts through a 2 megohm resistance from
a high voltage rectifler with an are gap of about
1 millimeter between the platinum-iridium wire
and the anode, As scon sg the surfzce of the

point is fused the power should be quickly turned
off E:Iprevent the formation of a globule of moliten
metal.

Fig. 11 shows a detector unit capable of use In
a high frequency siage in which a local oscilla-
tor is employed. A brass block 28 through which
a tubular aperture 48 passes also is provided with
another fubular aperture 50 opening into the
first. A centrslly positioned conductor 5{ is sup-
ported within the aperture 49 to constitute a
coaxial gystem. The conductor 5f s provided
with terminal jacks to permit a coaxial gection

Inweray wladimssme savmdn

" 1o be connected nt one end for the incoming high

frequency waves and & second coaxial section to
be connected at the other end for the beating
oscillations from the local source. The condue-
tor 61 is held in position by s cenirslly apertured
insulator 52 clamped in place by a leck nut 53.
A lock nut 54 fixes the conductor firmly in place
with respect to the insulator., The aperfured col-
lar portion 55 of the detector contact support 41
iz slipped over the conductor 5f hetween a cir-
citlar flange 56 of the conducior and the insulator
52. ‘Within the aperture 50 is threaded a slceve
57 of polystyrene or other dielectric material

_ within which is tightly fitted a central conductor

15

58 having a jack 59 at its outer end and an in-
teriorly threaded aperture 60 at the opposite end
to receive the supporting screw 40 of the silicon
detector element,
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Tt will be apparent that the high Irequency
contact detector is connected In series hetween
the central conductors 51 and 58 go that the
superposed incoming high frequency oscillations
and the local oscillations may be impressed
through the detecting unit in series with the ca-
pacitance across the polystyrene sleeve 51. How-
ever, that capacitance is suificiently small to pre-~
sent a high resctance to-the intermediate fre-
guency oscillations to be transmitted along the
coaxlal system 950, 58.

The performance of high purity silicon detec-
tors constructed in accordance with the invention
may be better appreciated from the graphs’ of
Figs, 12 to 15, inclusive. - Fig. 12 is plotted from
the data for silicon steel contacts given by Austin
at page 135, Bulletin of Bureau of Standards,
1908. These data were obtained from direct cur-
rent measurements and indicate that the device
passes relatively large currents in both directions
even with smal] applied electromotive force.

F]gs 13, 14 and 15 are based upon oscillo-
graphie records yielded in response to application
of alternating electromotive forces to detectors
constructed in accordance with this invention.

Fig. 13 illustrates the rectifying performance
of an average type N unit as obtained upon first
contact. The characteristic changes after the
cohtact has beent “conditioned” by discharging a
comparatively large condenser through it. For
example, affer charging g ¢4 microfarad capacity
from a 9 volt battery and discharging it in the
low resistance direction through a contact the
initial performance of which is represenbed by

TR 19
B Ly 1J, UWHE Gliglaiwicsiows
F‘lg 14, This conditioning pmcedure stabilizes
the contact. performance and reduces the im-
pedance of the contact.

Tig, 14 represents the rectifying characteristic
of a typical N type high purity silicon detector.
For an alternating current electromotive forre of
1 volt the positive half wave yields a considerable
current and the negative half wave a currens
which is very nearly negligible. The greatest
change of current for a given change of eleciro-
motive foree in the 1 volt range under considera-
tion oceurs between about .3 volt and 1 volt. Tor
imnpressed alternating electromotive forces of the
order of 1 volt the rectified or direct current which
results can be expressed roughly by the eguation
I=KE"? where I is the rectified current and E
the impressed alternating electromotive force.
Tn faect the exponent of E iz frequently greater
than 7/2. This device, especially when it is used
as a beat frequency detector, is therefore so ef-
fective in tais range, i e. for electromotive forces
up to 1 volt, that very little gain and generally a
small loss is made hy increasing the impressed

the charachoeristic changed to that of :
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electromotive force beyond about 1 vol; In com-~

parison with silicon contact rectifier-detectors
of the prier art which exhibit a frequency con-
version loss of the order of 20 decibels, the im-
proved pure silicon N type detector of this in-
vention cceasions & loss of about 5 decibels. Such
a device is particularly suitable as a first de-
tector of weak incoming radio oseillations. Tis
relatively low specific resistance and ifs very
great sensitivity are highly advantageous for such
applications. Accordingly, when used as a beat
frequency (or 2 first detector) it is found desir-
ahle to operate with the heating oscillator im-
pressed eleciromotive forée not in excess of &
peak value of 1 volt. The low electromotive
force alsc reduces detecior cirrent noise which,
of course, is a function of the curreni which
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traverses the detector. Whereas in piior point
contact detectors the currens noise amounted to
about 40 decibels above the thérmal noise level
of an equivalent resistance, in the N type de-
tector unit of this invention the current noise
may be less than 3 decibels above thermal noise
and has indeed been frequently observed to be
less than 1 decibel above the thermal noise of an
equivalent resistance, This is obviously a very
notable improvement. It may be observed that
in respect o delector current noise the perform-
ance of this improved detector is better than has
been obtained with detectors of the electron dis-
charge tube type. In still another respect the
possibility of operating effectively at low electro-
motive forces is advaniageous. High impressed

electromotive forces frequently have a tendency

to cause pitiing or production of minute craters
at the highly polished surfaces of contact recti-
fier detectors. This is effectively avoided by the
low electromotive force deviee of this invention.

Translating devices of the N type are also quite

useful as modulators and harmgenic producers.

For sueh uses one iy interested in higher power
levels than in the case of first detectors. The
fact that N type units can be selected to yield
& very favorable front-to-back resistance ratio
over a large range of electromotive forece and at
relatively high absolute electromotive forces ren-
ders them important in these flelds, For odd
harmonic produteion it may be desirable to im-
press a unidirectional bias electromotive force
upon the N type harmonic produeer. This may
be accomplished by inserting a series condenser
in cireuit with the W type unit to cause it to de-
velop a self-biasing electromotive force. The ca-
pacity of the condenser and the magnitude of
the leak resistance in shunt to the condenser may
be readily determined by trial. It may also be
desirable to use a similar expedient to impress
a small biasing electromotive force for detection
of oscillations of electromotive forces of less than
.3 volt peak magnitude in order to bring the de-
tecting operation up to the knee of the rectify-
ing characteristic.

Fig. 15 illusirates the rectifying performance
of an average detector of the P type. The lawer
resistance P type detectors are useful in wvolt-
meters and signal detection. Ordinarily they are
not subjected to more than about 2 volis but in
special cases as high as 12 vyolis effective alter-
nating potential may be applied. P type detec-
tors exhibit a rectifying characteristic at low
ULECLTOTHUMVE ID{GBS wmcn may Ialr]y De repre-
sented by I==K:E? where I is the direct current
and E is the applied alternating poteniial. The
P type rectifier characteristic is somewhat simi-
lar to that of the old commercial silicon yectifiers
of the prior art but the P type rectifier pcmsesses

a oroatie ornmorinr frond ok sneled e — o
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and is, therefore, very much more efficient as an
energy converter than the best silicon detector
of the prior art. 'This “square law” type of char.
acteristic is advantageous for measuring energy
since the deflection of a direct current microam-
nearly proportional to the alternating current
power and, morsover, ig effective for indicating
rectified direct current electromotive forces of
the order of 1/20 volt. By the use of a sensitive
galvanometer direct current voltages less than &

millivolt ¢an be measured, Such.a device may

readily be used for measurement of power at
30,000 megacycle frequently or one centimeter
wave-length,

- meter in girenit with such a device will he very
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In sharp contrast to silicon contact detectors
of Lhe prior art the novel devices described are

highly stabie mechanically, chemically and elec-

trically. Once adjusted the contact may remsin
effective for a period of & month without further
attention. Indeed some experimental devices
still in use have remained in operation for a very
much longer period. This eliminates the need for
delicate and expensive adjusting devices for re-
positioning the contact, which were essential in
most of the prior art contact detectors. These
detectors are effective throughout the entire
range up to oscillation frequencies beyond 10,000
megacycles, Their ouiput is of the order of 16
decibels hisher than that ghtainable with ciliann

decibels higher than that chtainable with silicon
detectors of the most efficient prior iypes and
they are very much more {ree from current noise
reducing it to less than 3 .decibels above thermal
noise.

Fig. 16 shows Schema.twa.lly a circuit for pro-
ducing oscillations of odd harmonie fv-nmrpnr-ine

of given fundamental oscillations. If comprises
a source 67 of fundatnental oscillations, an N
type translating eclement 61, a transformer pri-
mary winding 62 and a condenser 63 all in series.
As has previously been explained the condenser
may serve together with the rectifying element
61 o dévelop the unidirectional biasing electro-
motive force desirable to enable the system to
operate most eficiently ag a harmonie producer.
A high leak resistance 64 permits the bias to de-
velop in response to the rectifying action. A se-
lective circuit 65 including the primary winding
of the tiansformer selects the desired harmonic
and impresses it upen a load cireuit 68.

The performance-of a rectifying translating
device of the type disclesed in this application and
its most efficient design may be explained in part
hy reference to the circuit of Fig. 17 which is an
approximately efjuivalent electrical cireuit. Ri:
represents the resistance encountered in the hody
of the silicon, Rz the intrinsie resiztance across
the point contact measured at an exceedingly low
impressed voltage. Ro represents the variable re-
sistance which is of principal interest in the per-
formance of the translating unit and which is, of
course, ubteriy non-linear in character. - The ca-
pacity C is that at the point of contact between
the metal point and the silicon surface. Rz is
the shunt resistance of all paths in the frans-
lating device by which current may pass without
traversing the rectifying pasth through Ro, In
use at high frequencies it is the objective to make
R: as small as feasible. This is accomplished by
making the silicon body very thin or choosing
more highly conductive material or hoth. In cer-
{ain applications the silicon body has been made

IR, 7Y T d ale i o T A adlaaw

(Ji‘d'_y‘ ‘/:;uu finch thick with no sacrifice of other
properties. The resistance Rz which by-passes
energy arcungd the rectifying path of Re¢ should
hae made as large as possible, This is largely a
matier of the choice of materials, the finishing
of the silicon surface, the contact point size ang

Tha n':'nur-rhr C is

+‘.1n anntarnt noint py«nnnnvn Tha

Cliled{u prvidan

also dependent upon the coniact pomt area. If
the resistance of Ri1 were zero the capacity C
could be tuned out at very high frequencies but
in practical design the most effective measure
is {0 reduce the point diameter of the contact
point, This immediately reduces the capacity
correspondingly. It also reduces the likelihood of
a coniact which might otherwise exist with a
minute poor rectifying point close to the point
in use for the Re path. There is another practical
advantage from the standpoint of manufacture,

10

‘nar sent and o

25

3a

35

16
cost, and meintenance since with exceedingly fine
wire stich 85 ¢an be produced of platinum-iridium
alloy it is possibie to avoid having to fiatten the
ends of the point contact wire. Such points have
been produced of wires 002 inch in diameter and
even as small as .001 inch. The very small points
are highly desirable for use when oscillations of

‘ws.ve-lengths as short as 3 centimeters or less are

u.lvuun:u .

‘What is claimed is:

1. An electrical translating device comprising
a body of silicon of a purity in excess of 99 per
cent and terminals ¢lectirically connected there-
with for passing current therethrough.

2. An electiical translating device comprising
a body of silicon of the order of 99.8 per cent pure
and terminals electrically connected therewith for
passing current therethrough,

J. An elecirical translating device comprising
a body of silicon of a purity of the order of 99.8

rhadinm nlofine Am o mnrbian AF
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the surface thereof whereby £ low impedance
electrical contact to the silicon body may be ef-
fected.

4. An electrical translating device comprising
a body of silicon of a purity of the order of 89.8
per cent, a rhodium plating on g portion of the
surface of the body and a metallic electric con-
ducting member soldereqd to the rhoedium piating.

5. An electrical translating device comprising
a body of silicon of a purity of the order of 99.8
per cent and a metailic point contact held against
the surface thereof wherehy the device may serve
as a point contact rectifier of electrical ogeilla-
tions,

6. An electrical translating device compnsmg
4 body of silicon of a purity of the order of 99.8
per cent which is thermally electropositive and
terminalg electrically connected therewith for

40 passinhg electric eurrent therethrough,

50

60

L]

7. An electrical translating device comprising
a body of silicon of a purity in excess of 89 per
cent which is thermally electronegative ang ter-
mingals electrieally connected therewith for pass-
lng electric eurrent therethrough.

8, An elecirical translating device comprising
& body of silicon of a purity of the order of 99.8
per cent which is thermally electronegative and
terminals electrically connected therewith for
passing electrie current therethrough,

9. An electrical transla.tmg device comprising a
body of silicon of a purity in excess of 99 per
cent and electrical connections to said body for
impressing thereon & signal modified oscillation
electromotive force to be detected whereby cur-
rent components of the modifying signal fre-
quency may be derived in consequence of the
rectif_'ﬁng action of the silicon uuu_y

10. An eleetrical translating device comprising
a body of silicon of a purity of the order of 99.8
per cent and electrical connections to said body
for impressing thereon a signaj modified oscilla-
tion electromotive force to be detected whereby

ceurrent gomponents of the modifying sisnal
1ponents o o0 Mpiiying signal ire-

quency may be derived in consequence of the .

- rectifying acfion of the silicon body.

11, A rectifying contact detector for electra-
magnetic escillations of millimeter wave-length
ranige comprising & body of silicon of a purity in
exeess of 99.8 per cent, an electric conductor
joined thereto by a coniact which is large in
area and very intimate, the body of silicon hav-
ing cne highly polished surface, a second con-
ductor electrieally connected to the body by a

7§ member having a poing contact which is relatively
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Small in ares and which rests upon the polished
surface with & relatively low Pressure.

12. A rectifying contact detector for very short
electromagnetic oscillations comprising a body of
sileont containing more than 99 per cent silicon
having one surface mechanically smoothed off to
cooperate with 2 point contact element and a
conducting member having s point in contact
with the surface.

13. A reciifying contact detector element com-
prising a body of silicon of a purity in excess of
99 per cent having a smoothed surface to enable
it to serve as o contact rectifier and having a back
contact surface plated with rhodium to reduce
nnise currents.

14. A detector for elecirical osciliations com-
prising a thin plate cut from a silicon ingot hav-
ing a purity in excess of 99 per cent, the plate
lying substantially parallel to the surface of the

ingot which was first to cool and a metallic con-.

tact of small ares engaging g surface of the plate.

1E A Andnnibam fre alnadednal coasrna docreoccdodes o
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a body cut from the N zone of an ingot of silicon

of & purity in excess of 99 per cent and a metallic

contact point in engagement with g surface of
the body which is paraltel to the barrier zone.
16. An electrical translating device which is

effective at all freanencies in the misrowave range

comprising - smcon crysta.l of hieh chemical purity
and a fine contact wire making a resilient point-
contact with the surface of said crystal, the ef-
fectiveness of said translating device over said
range depending upon the high degree of purity
of sald crystal which exceeds 99 ner cent,

17. A translating device for electrical waves
comprising g thin plate cut from a silicon ingot
having a purlty in excess of 99 per cent, the plate

[
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lying substantially parallel to the surface of the
ingot which was last allowed to cool, and a mefal-
lic contact of small area in engagement. with the
surface of gaid plate,

18. A translator for electric waves comprising
8 body cut from the P zone of an ingot of silicon
of a purity in excess of 99 per cent, and s metal
contact point In engagement with the surface of
the body which i1s paralle] to the barrier Zone.

12. A transiating device for electrical waves
comprising a plate cut from s silicon body hav-
ing a purity in excess of 99 per cent and having
zones of different electrical properties, the char-
acteristics of sald device depending upon the zone
at which sald plate is cut, and g metgllic contact
element engaging the surface of said piaie.

20. A translating device for electrical waves
comprising a thin plate of fused and erystallized
silleon of & degree of purlty in excess of 99 per
cent, said plate being selectively cut from a
silicon ingot having zones of different electrical
characteristics,

21. An electrical translating device comprising
a body of crystalline silicon and a fine contact
wire making a resilient point contact with the
surface of sald body, said silicon body having a
purity in excess of 99 per cent to give said con-

tact surface o high degree of uniformity- and
sta.bility

22. An elecirical rectifying device for use In
the microwave range comprising a silicon body
having a contact surface and a fine contact wire
making a resilient point contact with sald surface,

gald silicon body having o purity in excess of 00,8

Teifs RLLIGIY DO s Aty Al QALCES UL SvG

38 per cent for giving said surface a high degree of

uniformity and contact stabllity,
- RUSSELL 8. OHL.



