2,661,448

G. H. RODGERS, JR
TRANSFER RESISTOR AND METHOD OF MAKING
Filed Dec. 20, 1948

Dec. 1, 1953

INVENTOR,
ATTORNEY

GEORGE H. RODGERS, JR.

BY i flomen A s

25

{ 29

\33

/
2,
FIG. 4

4+

FIG. |

28

Ry
—+-20

2

J—
10
/-

. . PN



Patented Dec. 1, 1953

2,661,448

UNITED STATES PATENT OFFICE

2,661,448
TRANSFER RESISTOR AND METHOD OF
MAKING

George H, Rodgers, Jr., Inglewood, Calif., assignor
to North American Aviation, Inc.

Applieation December 20, 1948, Serial No. 66,386

6 Claims.

This invention pertains to the use of the vari-

.able semi-conducting properties of germanium

crystals as electrical amplifiers. It particularly
pertains to the manufacture of a device which
takes advantage of those properties.

Amplifying properties are exhibited by a ger-~
manium crystal if it is arranged so that two small
electrodes are mounted so as to touch one face
of the erystal with a separation of the order of
two or three one-thousands of an inech and a
third contact is made with the base of the crystal.
The amplification is apparent between a poten-
tial applied fo the crystal between the base of
the crystal and one electrode (emitter) and a
current flow in a circuit comprising the other
electrode (collector) and the base of the crystal.
Such an arrangement or device has been denoted
a transfer resistor or “transistor.”

In the past, the fabrication of satisfactory de-
vices of this type has been complicated because
two characteristics—spacing of the collector and
emitter electrodes, and the pressure exerted by
them on the crystal—are critical. Therefore, it
has been necessary to employ g large amount of
highly skilled labor in their manufacture, and
to perform the critical adjustments under the
microscope. Furthermore, these precision ad-
justments imposed a lower limit upon the prac-
ticable size of the transier resistor which would
otherwise not have been imposed. The germa-
nium crystal itself is normally of the order of
15 inch on a side and the collector and emitter
electrodes need be no larger thanh one hundredth
of an inch in diameter.- Yet because of the
method of fabrication heretofore used, it has been
impracticable to attain the small size indicated
by the above dimensions.

A further difficulty has been that the hand
adjustment factor in -each individual transfer

-resistor has prevented the attainment of uni-

formity of the final products. In other words,
each individual transfer resistor fabricated and
adjusted by hand had different performance

“characteristics than the others.:

It is therefore an object of this mventmn to
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It is o further object of this invention to pro-
vide a transfer resistor with fixed spacing be-
tween emitier and collector electrodes and with
easily adjustable pressure by emitter and collec-
tor electrodes on the germanium crystal.

It is still a further object of this invention to
provide a method and means for making transfer
resistors of minimum size with a minimum of
microscopic adjustment and skilled labor. -

Other objects of invention will become appar-
ent from the following description taken in con-
nection with the accompanying drawings, in
which

Fig. 1 is a view of a transfer resistor con-
structed according to this invention;

Fig. 2 is an enlarged partial view of a compo-
nent of the device shown in Fig. 1;

Fig. 3 is a view of a.modified form of the inven-

. tion;

Fig. 4 is an enlarged partial view of a compo-
nent of the device shown in Fig. 3;

Fig. b is a view of a second modification of the
invention;

Fig. 6 is an enlarged detail view of a part of
the device shown in Fig. 5; and .

Fig. 7 is a plan view of the equipment used to

...assemble the device shown in Fig. 5.
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Referring to Fig. 1 there is shown a cross-sec-
tional view. .of a ftransfer resistor constructed
according to this invention. Two small metallic
conductors | and 2 are separated by an insulating
strip 8, and covered by insulator 4 and are con-

. nected at one end to leads 5 and 6 in insulating
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provide a transfer resistor which is relatively easy *

to fabricate on a-large scale.

It is another object of this invention to provide
a transfer resistor which can be made uniformly.

It is another object of this invention to provide
a transfer resistor which requires a minimum. of
skilled labor for its fabrication.

It is another obiject of this invention to provide
a method of fabrication of transfer resistors

~ which eliminates tedious precision adjustments,.

50,

56 &

_electrode.

block 1, and at the opposite end touch germanium
crystal 8 held in mount 9 by set screw (0 and
spring 1i. Mount 9 and insulating block 7 are

‘held in rigid relationship by tubular case 25.

Fig. 2.shows how conductors | and 2, which are
the emitter and collector electrodes in the com-
pleted device, are fabricated so as to elirhinate
haphazard spacing and non-uniformity. Con-
ductors | and 2, which may conveniently be of

-tungsien or Phosphor bronze, are cemented,

molded, or laminated to strips of plastic insula-
tion which form insulators 3 and 4 to separate
and. cover, respectively, the assembled electrode.
This operation may be carried on to form in-
definitely long continuous lengths of assembled
When it is desired to fabricate a
transfer resistor, it -is necessary - only to cut a
short length of assembled electrode normal to its
axis, and bevel the ends of conductors { and 2 -as
indicated in Fig. 1 by grinding the edges, the
grinding bemg conducted on each side toward the

-point to leave a burr on the ends of the piece ex-
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tending beyond the insulating material. The op-
posite end of the piece is uncovered and the two
electrodes attached to leads in block 1. The end
of insulator 3 fits firmly against block T where it
can be cemented in place. Conductors f and 2
contact the face of germanium crystal 8 and,
since they are separated by insulator strip, are
held rigidly in & fixed spatial interielatignsfiip.
In order to improve contact between crystal 8
and the electrodes, it may be necessary to electrg=
plate the ends of conductors | and 2 briefly,
thereby extending them a sriall distanée beyond
the ends of insulator 3.

_The amount of pressure exerfed upen the
erystal by the electrodes is controlled by sprihg
(| which is chosen to give the optimum pressure
with a given electrode lenigth and spacing be-
tween top and bottom of the transfer resistor;
Since these factors cafi be kept constant using
this method of fabrication, the problem of ad-
justing pressure is practically elimihated. Set
screw 10 is provided to make the relationship be-
tween crystal and electrodes rigid,

Fig. 3 shows a somewhat miodified form of the
invention in which the electrodes are forfiigd by
plating a continuous strip of metal on a plédstic
or ceramic body, Electrodes (2 and I3 dfe
formed by electroplating on strip 14, and by
scratching a eroove through the deposited mietal
to form the two, substantially equal stiips of
metal. The formation of this eleeny of the
fransfer resistor carn be confifiuctis and of in-
definitely long lengths. When the transfer re-
sistor is prepared, the appropriate léngth is cut
and beveled, as shown in Fig. 4, inl & plang nor-
mal to the plane of the plated ma i
plastic material is beéveled slightly tg bring t
netallic points in conitact with the germidrium
crystal. The same result may be achieved by
brief electroplating as indic¢ated i refererice to
Figs.1and 2.

fies. 5 and 6 shoW & third emboditiient of the
invention. Two Phosphor bronze wires f§ and
but préfer-
sr, are miseited
L 4 grated by 4 thin
separator (8 of uniform thickress. The wires
ate cemnented Himly to the separator and rigid
tube to. form a continuous #ssembly, which is
not, urlike a péncil dnd will hereafter be de-
noted pencil 19, having two unifornily separated

“leads” of Phosphor bronze which form the
electrodes of the transfer resistor. The rigid
tube may be of ceramic misterial, and the sep-
arator may be of Eucite. .

Alternatively, the tube and electrodes may be
brought together contintously by enameling two
Phosphor bronge wires continuously, drying
them, and bringing them, together with only the
thickness of the enamel separating them, and
‘covering them by éxtruding them in a plastic
coating material, such as & low-shrinkage modi-
fied polystyrene casting resin, to form a rigid
integral shell. For the assenmibled transfer re-

sistor shown in Fig. 5, pencil (9 is held in'ad=-

justable position in case 2§ of the transfer re-
sistor. A set screw 2t is provided to fix the péncil
4t optimum pressure against germanium crystal
42 supported on base 23 by spring 24 bearing
against screw 34. Crystal 22 is attached to base
23 to make adjustment moreé convenient with
serew 34. , _ -

To. construct this embodiment of the invention
the éontinuously formed pericil is sharpened by
insertion in a rigid holding block and by turn-
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ing and grinding it at an angle against a grind-
ing wheel. The pencil is then cut in appropriate
lengths normal to its longitudinal axis. The
ends of the electrodes which are to contact the
crystal may be slightly extended by electrolytic
deposition upon them of platinum in potassium
hydroxide to assure firmer contact with the
crystal, but hofinally this is not itecessary be-
cause grinding of the pencil point produces mi-

4+ croscopic burrs which extend beyond the plastic

or enamel insulating material. The pencil is
then inserted ihto case 25 by means of the ar-
fangement shown in Fig. 7. A flat plate 20 of in-
sulating material mounts terminal posts 28 and

. 29 attached to resistance meters 30 and 3f. Re-

sistance meters 30 and 31 are also attached to
metsl elattip 82 which contacts the base of the
germanium crystal either through case 25 or
metal backplate 33. The unsharpened end of the
pencil is stripped, exposing the bare Phosphor
bronze wires. THeié aie separdted as shown in
Fig. 7 and the point of the pencil is placed in
the open énd of thé ¢ase 25 with the two stripped
ends of PHosplor brovize wire against terminals
Cdse 25 is slowly brought up under
clamip 32 until tieters 30 and 81 reéad 4n equal
amount, indi¢ating equal presstiveé of the élee-
trodes ofi the gérmaniuimi crystal. Sét Sctew 2
is then tightened to sécure thé relationship. A
stdall digb of cemetit may be applied to peneil

" 19 atid case 28 to further secure their rigid rela-

tionship. Set screw 34 in thé opposite end of
cdse 25 is then tightened until the eptimum
readings of freters 30 and 31 are secured. An

- additiorial drop of cement may be applied to set
* setew 384 to prevent accidental displacement

from adjusted position. The entire assembly
may then be dipped in plastic méterial, such as
8 low=shrinkdgé casting resin, to seal ahd seeure
the entire assembly.

There are thus provided transfer résistors and
methods of making thém which assiive uni-
fermity of product, ease of constrtiction, sim-
plicity, and versatility irt size. Since the steps
invelved are prinéipally mechanical, the trans-
fer resistor may beé made very small, being lim-
ited enly by thé minimum c¥ystal and eohdudtor
sizés whieh, as pointed out hereinbefore, aré not
serious limitations.

Altheugh the itwvention has been described shd
illustrated in detail, it is to be clearly under-
stood that the samte is by way of illustratioh and
example only and 1§ riot to be taken by way of
limitation, the épirit and séope of this invention
beihg limited only by tlie térids of the appended
¢kiims.

Iclaim:

1. A double eléctrode for germaniiin alloy
erystal transfer resistor devices eomprisitig two
p_aralflel condustors having iuniform cross=seéc-
tional sreas of .000005 to .00001 Squsie iAch,
means: £0¥ separativg sxid eonduetors by from
{001 to. .005 ixich and thesri§ for helditig the
aforesaid means in rigid assembly:

2. The method of making &leetrodes for a

Cgermanium alloy crystal tratisfer resistor eom-

prising securing two similar electriéal eondue-
tors to a binding and insulating strip of Gonstant
thickness and indefinite length to form a con-
tinuous double eléctrode, eutting said double
electrode normal to its lomgitudinal axis into
predetermined lerigths. and. extending said elec-
trical condtictors, by electrolytic deposition,

3. The method of makibg uniformly spaced
collector and eniitter electrodes for a transfer
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resistor comprising rigidly attaching in parallel
orientation and at predetermined distance apart
two metallic conductors to a continuous insulat-
ing strip of indefinite length, cutting the result-
ing continuous assembly into predetermined
lengths and extending said metallic conductors
by the electrolytic deposition of metal on the cut
ends of said conductor to thereby obtain collec-
tor and emitier electrodas.

4. The steps in making a transfer resistor
comprising continucusly applying a uniform film
of enamel to two Phosphor bronze conductors
of indefinite length, dryine said enamel, and ap-
plying a plastic casting material to said conduc~
tors while parallel and adjacent to each other to
thereby form a double electrode eapable of re-
production with uniform internal spacing be-
tween conductors.

5. Electrical amplifying means comprising a
crystal exhibiting semi-conductive properties, a
tubular holder for said crystal adapied to allow
freedom for translational motion of said erystal
in one direction only, means for adjusting the
position of said crystal in said holder while
malntaining resilient pressure on it, a ¢ylindrieal
member fitted within said holder in opposed po-
sition to said crystal containing two conductors
adapted tc contact said crystal at a predeter-

6

mined distance apart, and means for holding said
crystal and said cylindrical member rigidly in

. obposed position within said holder when said
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adjustment is completed.

6. A device as recited in claim 1 in which said
conductors comprise metallic strips plated as a
single metallic strip on an insulating strip and
in which said means for separating said condue-
tors is a scrateh inscribed on said single metallic
strip to thereby divide it into separate conduc-
torg.

GEORGE H. RODGERS, Jr.
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