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_ 1
This invention. relates to-semi- conductors ‘and
more particularly to a novel-crystal triode.-
A conventional crystal triode or tran51stor in-

- ecludes two small dlameter eléctrodes in the form

of whiskers resting -on- one’ Iace of -a crystal
‘usually of the high back voltage germaniuin type,
and a 'third or base electrode ‘of ielatively laige
area and low resistance: connected to the other
face oOf the -crystal:” When' the' two ‘whiskers,
termed emitter “and ‘collector “respectively, are
placed in close proximity to each other on theface
of the erystal and the proper-direct current bias
. voltages are applied-to them there:is-a mutual
influence: which. permits ‘the device to' be:used
as-an amplifier. ~ Such devices have an output
impedance of hlgher value than that of the in-
put’ impedance. “This feattre ' 6f such “crystal
triodes requires the use of impedance matching,
amplifying or buffer circuits if power gam is re-
quired.

It is'a principal object of the 1nvent10n to pro-
vide a novel crystal triode which m1n1mlzes the
above objectionable features.

Another object is to provide a crystal triode
having a collector electrode which makes a sub-
stantially continuous line contact with- one face
of the crystal.

Another object is to provide a crystal triode
having an electrode arrangement such that the
omnidirectional electrical field produced by one
electrode is utilized to effect an 1ncreased electri-
cal output from the triode.

A further object is to provide a- novel crystal
triode: having a low output impedance so that 1ts
use at high frequencies is more feasible. © -

A still further object .is to provide a crystal
triode having:anouttput electrode in circumferen-
tial -spaced relation to. an . input - electrode, the
back: resistance and the other electrical condi-
tions 'of . the output electrode being variable in
response to variations in the electrical condltlons
of ‘an input electrode.

Other objects of the invention w111 ‘be-pointed
out in the following description and claims and
illustrated in the accompanying drawings, which
disclose, by way of examples, the principle of the
invention and the best mode, which has been con-
templated, of applying that principle.-

In the drawings:

Fig. 1 is'a cross sectional view of one embodl-
ment of the invention,

Fig. 2 is.a top v1ew of the embodlment shown
in Fig. 1,

‘Fig. 3 is.an enlarged view of the portion of
Fig. 1 in¢luded within the closed dotted line 10,
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Flg 4is a conventional circuit dlagram zllus-
trating the character of the invention therem
Fig. 5 shows a set of characteristic curves for
4 conventional crystal triode, and
Fig. 6 shows 4 set of characterlstlc cur ves for

‘the crystal triode of the invention.-

Referring more particularly to F1gs 1; 2 and 3
there is shown a:crystal receptacle suitakle: for
use’ with ‘the novel ‘erystal triode"of ‘the: inven-
tion. A hexagonal ‘metiber 12 is formed to'" ré-
ceive the insulating ‘member {4 and externally'
threaded member 16 having a ‘lug 18- secured
thereto by any ‘suitable means to- msure a-good
electrical connection.. The members 12,14 and 16
are joined together, as shown, to prevent-any'rel-
ative: movement between-them by any ‘suitable
means such as cement. The members 12,14 and
16 thus form 'a single inner member- generally
designated 19 which has its inner-portion-bored
out to receive a rod 20.- :Screw 22 is threaded
through member 12 to hear against the rod-20 to
hold it securely in place. ' A crystal 24 is soldered
on the ‘upper end of rod 20 and terminal’ 26-is

'secured to the lower end of -rod 20 by any su1tab1e

means such as a screw.

‘Sleeve 28 is internally threaded to’ snugly ‘en-
gage the external threads of member 16 and in-
cludes an inwardly extendmg lip 30. Insula.tmg
member 32 and conductlve member ‘34 are
mounted outward from sleeve 28, members 32 and
34-and sleeve 28 being joined together by -any
suitable means to prevent relative: movement be-
tween them and form a single outer member gen-
erally ‘designated 35.

"A-dise 'shaped -€ollector-electrode 36 havmg a
diameter: apploXImatlng that-of ~member’ 16is
placed over:the upper end of the inner memper
19-and the outer member 35 screwed-theréon un-=
til the lip 30 clamps the disc 38 firmly dgainst
member 6. An arm 38 extends inwardly from
the member-34 ‘and includes a terminal 40 con-

ductively connected thereto. A rod 42 is attached

to.and extends ‘downward from the arm ‘38 and
terminates near the crystal 24.

A conventional type whisker 44 is affixed to rod
42 and extends downward in line with the center
of ‘disc 36 to serve as an emitter electrode. The
eleétrode disc 36-may be formed by prlcklng it at
its center and then drilling it to form a contin-
ous line or ciréular knife-edge. Obviously the
whisker passes between the' ecire¢ular knife- ‘edge
at the center defined by the circumference thereof
and makes contact with the crystal 24. The rod
20 is'moved within the mémber 2 until both the
knife-edge of the electrode disc 36 ard the'point
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of the whisker 44 are in contact with the upper
face of the crystal 24. The screw 22 is tightened
to hold the rod 20 firmly in place and thereby
maintain the adjustment of the crystal 24 rel-
ative to the electrodes 35 and 44. A typical di-
ameter of the knife-edge may be 0.004 to 0.005
inch. - : P
Referring-to Fig. 4, a battery 58 in series with
a potentiometer 52 is connected between the
emitter electrode 44 and the base electrode 28.
The battery 54 in series with a potentiometer
56 is connected between the base electrode 29

4 .
electrode and a collector electrode in continuous
line contact with the crystal and in circumfer-

- ential spaced relationship with the emitter elec-

100
. the emitter voltage curves represent emitter volt-
age values from 0 to 1.2 volts in intervals of

and the collector electrode 36. . As seen fromthe -

circuit arrangement, the emitter electrode 44 is
hiased in a positive or forward direction so ‘that
a D. C. current flows into the crystal 24. The

collector electrode 26 is biased in a negative -or

reverse direction with a higher voltage than the
bias voltages on the emitter electrode so that a
D. C. current flows into the collector electrode.

Jt is. well known that current through the
collector electrode is sensitive to-and may be
-controlled by changes of current from the emit-
ter electrode. 'A change in the emitter voltage
Ee may be effected by conventional movement
of the arm of -potentiometer 52 to change the
emitter current and if ‘{he collector voltage Ee

15

25

1s kept constant the change in collector current -

may be larger than the change in. emitter cur-
rent. - If desired, after proper adjustment of the
potentiometers 52 and 55 an A. C. voliage may
be.superimposed in any conventional manner on
the.D. €. voltage E. to therehy vary the emitter

current to cause an increased variance of the

collector current.

. A:change in the collector current as a result '

of -a-change in the emitter -current is attributed
1o .several phenomena. Within the crystal, the
emitter current is thought to be provided largely
by positive charges, referred to as holes. The
collector current, .in the absence of any emitter
~current, is ‘provided exclusively ‘by: .electrons.
The electric field associated with the collector
current attracts ‘the holes toward the -collector
and they affect the collector-current in two ways.
Firstly, the contact between the collector and
crystal does not impede the flow- of holes so that
they-add ‘directly to the collector current. Sec-
ondly, the positive charge is believed to modify
the contact between the collector and erystal so
that-it becomes easier for electrons to. flow out
of ‘the collector. o

- It is-known that the effectiveness of this action
is' dependent among other things upon impuri-
ties in-the crystal, the bias voltage, the magni-
tude of the.collector current, :the temperature,
the electrode arrangement, the electrode spacing
and  the .contact .between’ the. crystal and the
electrodes. : : . .
" Referring. to Figs. 5 and 6, there is demon-
strated the superior performance of the semi-
conductors of the invention as compared to that
of - the. conventional. . semi-conductors - using
whisker type electrodes as -emitters and . .col-
lectors. .

Fig. b shows the collector current in micro-
amperes -for various values of collector voltage
in wolts -when the emitter voltage B is varied
from 0 .volt to 0.4 volt in 0.1 volt intervals.
These curves represent the curves normally ob-
tained ‘when -a germanium type crystal was used
- ‘and both -the emitter and .collector -electrodes
were in the form.of whiskers. . .
- Fig. 6 shows the curves obtainable when-using
& similar -fype -crystal, .o whisker type emitter
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trode as taught by the invention. Here, the col-
lector voltage is drawn to the same scale as in
Fig. 5 but the collector current is given in milli-
amperes and so drawn that the current repre-
sented by a given distance along the ordinate is
equal to 125 times that represented by the same
distance along the ordinate of Fig. 5. In Fig. 6

0.3 wvolt.

" 'The tremendous increase in output obtained
by a'practice of the invention can be readily ap-
preciated by considering, as an example, the
curves representing an emitter voltage of 0.3 volt
when the collector voltage is 20 volts. It is seen
that for these values the collector current indi-
cated by Fig. 5 is approximately 60 microamperes
‘and that indicated by Fig. 6 is approximately 9
milliamperes or ‘9000 microamperes. - In other
words, the current output made possible by .the
novel-collector electrode -of the invention is ap-
proximately 150 times that obtained by a com-
parable ‘crystal triode using ‘conventional type
whisker electrodes.. B

The circumferential arrangement of the col-
lector -electrode of the invention with respect to
the emitter electrode provides an increased area
of contact between the: collector ‘electrode and
the crystal as.compared to that of the crystal
triodes of the two whisker type. The current -
flowing through a crystal triode contact is sub-
stantially proportional to the area of the contact
provided other features effecting such current
flow remain unchanged. Such is demonstrated
by the curves of Fig. 6 as compared to those of
Fig. 5. . :

The higher ecollector current provided by a
practice of the invention, when the emitter volt-
age is 0,-also provides a collector current having
a greater rate of change with a changing emitter
voltage than that obtained by the two whisker
type crystal triode using a similar crystal. ‘This
is attributed to the greater utilization by the in-
vention of the holes introduced at the emitter.
This increased utilization is made possible because
the increased magnitude of the field of the col-
lector . current causes an increased number of
holes to reach the collector Dbefore they .combine
with electrons. The larger the colléctor current,
the larger the number of holes it can -carry with-
out the positive space charge of ‘the holes reduc-
ing the field to such an-extent that a Jarge frac~
tional part of additional holes is -attracted to
the base rather than to the collector. R

Also in the two whisker type‘crystal triode the
path of traverse of the holes between the emitter
and collector is of different length because of the
unsymmetrical effect of the field produced by the
collector current on the holes as they are injected
by the. emitter. As a result, many -of the holes
combine - with electrons before the holes ‘reach
the collector and can therefore make no contiri-
bution toward increasing the collector current.
In the novel crystal triode of the invention -the
holes at the emitter are influenced by a substan-
tially uniform field created as a result of ‘the geo-
metric configuration of the collector electrode.
Accordingly, a larger number .of ‘the holes are
utilized to increase the effect of the emitter volt-
age on the collector current.

While there bave been shown -and .described
and pointed out the fundamental novel features
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of the invention as applied to a preferred em-
bodiment, it will be understoed that various
omissions and substitutions and changes in the
form and details of the device illustrated and in
its operation may be made by those skilled in
the art, without departing from the spirit of the
invention. It is the intention, therefore, fo be
limited only as indicated by the scope of the fol-
lowing claims. : ‘

‘What is claimed is:

1. In a crystal triode; a crystal having a plu-
rality of planar surfaces; a base electrode elec~
trically and mechanically connected to a 'first
face of the crystal; an emitter electrode mounted
in point contact with a second face of said crys-
tal; a resilient disc-shaped collector electrode in
spaced relation to said emitter electrode and hav-
ing a substantially continuous line contact sur-
face substantially parallel to said second face;
mechanical means for holding said disc-shaped
collector electrode and said emitter electrode in
a preselected spaced relationship; and a member

10

—

5

6
having said base electrode affixed  thereto, said
member being longitudinally movable relative to
said mechanical means so that the selected move-
ment thereof causes a preselected pressure to be
exerted between said emitter and collector elec-
trodes and said second face of said crystal.

2. The crystal triode set forth in'claim 1 where-
in said member is rotatable rélative to said me-
chanical means so that said line contact is mov-
able on the face of said crystal to utilize particu-
lar electrical characteristics thereat.

ARTHUR H. DICKINSON.
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