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FOUR-ELECTRODE TRANSISTOR MODULATOR

Robert L. Wallace, Jr., Plainfield, N. 1., assignor to Bell
Telephone Laboratories, Incorporated, New York,
N. Y., a corporation of New York

Original No. 2,657,360, dated October 27, 1953, Serial
No. 304,569, August 15, 1952, Application for reissue
August 29, 1955, Serial No. 531,311

8 Claims. (CL 332—52)

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue. .

This invention relates to semiconductor signal translat-
ing apparatus and more particularly to signal-modulating
apparatus of the class now known as transistors. It has
for its principal objects to extend the frequency range
and increase the efficiency of operation: of transistor
modulators.

In general, a transistor comprises a body of semi-
conductive material having three connections thereto,
termed the emitter, the collector, and the base. In one
manner of operation, signals are impressed between the
emitter and the base and amplified replicas thereof appear
in a load circuit connected between the collector and the
base. The devices may be of any one of several specifi-
cally different types. In one, of which the devices dis-
closed in Patent 2,524,035, granted October 3, 1950,

to J. Bardeen and W, H. Brattain are 1llustrat1ve, the

emitter and collector connections are point contacts. In
another, of which the devices disclosed in an article by
Shockley, Pearson and Haynes, published in the Bell
System Technical Journal, July 1949, pages 435 et seq.
and in Patent 2,569,347, granted September 25, 1951,
to W. Shockley are illustrative, either the emitter or the

. collector or both includes a junction between two zones
of opposite conductivity type in the semiconductive body.
Such a junction is commonly designated a P—N (or
N—P) junction and is so referred to herein. Techniques
for fabricating such a unit are described in an application
of G. K. Teal, Serial No. 168,184 filed June 15, 1950

and in a publication in the Physical Review for February
15, 1951, vol. 81, page 637.

In an application of R. L. Wallace, JIr., Senal No.
294,298, filed June 19, 1952, now Patent 2,695,930,
issued November 30, 1954, there is described a new and
improved transistor of the junction variety which is dis-
tinguished from its predecessors by the addition of an
auxiliary base electrode.  Like the normal base electrode,
the auxiliary one is connected to the intermediate semi-
conductor zone, but the connection is made at a part of
that zone which is spatially removed from the normal base
connection. Application of . a small voltage of appro-
priate magnitude and sign between the normal base
electrode and the auxiliary base electrode results in the

- flow of an auxiliary current from-one of these two elec-
trodes to. the other. It has been discovered that this
voltage or current produces a marked reduction in the
base resistance of the tranmsistor; and, since this base
resistance is the source of a diminution of the transistor
gain at high frequencies, reduction of this base resistance
results. in enhanced high frequency operation.

The present invention is based on the discovery that
several of the transistor parameters, notably its effective
base resistance r» and its current multiplication factor a,
vary widely with small changes in the base-to-base cur-
rent within a suitable range. Indeed, the base resistance
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changes from a magnitude of the order of 1200 ohms
when the auxiliary base-to-base current is zero to a value
of 10 chms or less for a base-to-base current of about
0.11 milliampere and varies in ‘a substantially linear
fashion with the base-to-base current between these values.

-In accordance with the invention, therefore, a modulat-

ing signal is applied to\the auxiliary base electrode and is
adjusted to supply a current which varies with: the modu-
lating signal within the range zero to 0.2 milliampere
or so, With this arrangement the collector output cur- -
rent, which by virtue of well-known transistor action is
an amplified replica of the input signal current applied to
the emitter electrode, is modulated through a w1de range
in dependency on the modulating signal. -

In addition to the base resistance and the current multi-
plication factor, it turns out that the emitter resistance
and the collector resistance of the transistor likewise de-
pend for their magnitudes on the magnitude of the base-
to-base current. These dependencies also produce modu-
lation of the output collector current in relation to the
modulating signal. By judicious selection of the external
circuit in the light of its intended use, some- selected
one of these effects may be caused to predominate.

As with modulators generally, there are thus two input
terminals, namely, the emitter connection and the auxil-
iary base connection, and it is perhaps a matter of point
of view or convenience whether to regard the signal ap-
plied to the emitter as the principal one and that applied
to the auxiliary base electrode as the modulating signal or
vice - versa. In particular, if the emitter current be held
constant and a signal applied to the auxiliary base elec-
trode, this signal is not only translated into the collector
output circuit, but the translation is accompanied by a
power gain.

Furthermore, with an appropriate steady bias applied
to the collector, an input signal applied to the emitter
may be withdrawn, with some amplification, from the
auxiliary base connection. As in other situations in which
power amplification is available, any such output, i. e.,
from the collector or from the auxiliary base connection,
may be fed back to any such input to maintain self-
oscillation, regard being of course had to considerations
of impedance-matching and phase adjustment in the feed-
back path.

When self-oscillations are maintained by feedback, for
example from the collector to the auxiliary base connec-
tion, these oscillations may conveniently be modulated by
application of an input signal to some other input point,
for example, the emitter. Because both the frequency of
oscillation and its amplitude depend in general on some
parameter of the tramsistor which in turn depends on
the auxiliary base current, frequency modulation and am-
plitude modulation normally occur together. If fre-
quency modulation alone is desired, the amplitude modu-
lation may be removed by the addition of a limiter. If,
on the other hand, amplitude modulation of a constant-
frequency carrier is desired, it is preferable to derive the
carrier. from an external source, and to employ the tran-
sistor solely as a modulator without back-coupling or
self-oscillation.

The invention will be fully apprehended by reference
to the following detailed description of preferred illus-
trative embodiments thereof taken in connection with the
appended drawings in which:

In the schematic circuit diagrams of Figs. 1-8, Fig. 1
shows a four-electrode transistor modulator in accord-
ance with the invention;

Fig. 2 shows an e:tension of the modulator of Fig. 1
to provide a self-os:illator and a frequency converter:

Fig. 3 shows an aliernative to the converter of Fig. 2;

Fig. 4 illustrates amplification by a four-electrode
transistor in a different fashion;
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. Fig. § shows ‘a self-oscillator employing the 5mpliﬁer

of Fig. 4; ) PO . P
Fig. 6 shows a frequency converter based on the
oscillator of Fig. 5; ‘

Fig. 7 shows an oscillator and frequency converter.-em- .

ploying a four-electrode - transistor connected in the
grounded emitter configuration; I '

Fig. 8 shows. an alternative to Fig. 7; . .

In the curves of Figs. 9-15, Figs. 9, 10, 11 and 12
show the. variations with auxiliary base current of tran-
sistor base resistance, current multiplication factor,; emitter
resistance and collector resistance, respectively;

Figs. 13 and 14 show the improvement in current
multiplication factor and in stage gain which result at
high frequencies from the addition of the auxiliary base
connection and its bias; and

Fig. 15 shows the variation of transistor base resistance
with frequency in the presence of an auxiliary base con-
nection current.

Referring now to the drawings, Figs. 915 show various
characteristics of the novel four-electrode transistor and
the fashion in which they vary with base-to-base current
and with frequency. ’ :

Fig. 1 shows such an N—P—N junction transistor as
fabricated for example in accordance with the teachings of
the aforementioned application of G. K. Teal. It has an
emitter zone 1 and a collector zone 2, each of N-type
material, and an intermediate thinner base slab, or zone
3, of P-type material. The latter forms an emitter junc-
tion § with the emitter zone 1 and a collector junction

6 with the collector zone 2. The device is provided with

the customary emitter and collector connections 7, 8 to
the emitter and collector zones 1, 2 and with the normal
base connection 9 to the intermediate base zone 3. It
is provided in addition with an auxiliary base connection
10 to the intermediate base zone. For operation as a
modulator in the grounded base configuration, the normal
base electrode 9 may be connected to ground, while the
emitter connection 7 is returned to it by way of a voltage-
supporting resistor 11 and a potential source 12 which
applies a negative potential of appropriately small magni-
tude to the emitter conmection 7. The collector con-
nection 8 is returned to ground by way of a frequency
selective network 13, which may be coupled to a load 20,
and a second potential source 14 which applies a larger
positive potential to the collector conrnection. A firsi
" signal S1.may 'be applied for example by way of a block-
ing condenser 15 to the emitter connection 7 and a

second signal Sz may be similarly applied by way of.

another blocking condenser 16 to the auxiliary base elec-
trode 10.

The auxiliary base electrode 10 may be biased nega-
tively in the amount of one or two volts, as by return-
ing it to ground by way of a resistor 17 and a battery
which, for the sake of convenience may be the emitter

. bias battery 12. The bias battery causes a bias current
to flow in the base-to-base circuit. The polarities of the
potential sources are those appropriate for a transistor of
the N—P—N variety. .For a P—N—P transistor ail
polarities should be reversed. :

It is explained in the aforementioned application of
R. L. Wallace, Jr. that application of a negative bias of
the magnitude of about two volts to the auxiliary base
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applied to its emitter connection. These effects are shown

_in Fig. 14... . .. -
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electrode 10 greatly reduces the effective cross sectional - _

area of the emitter junction 5, restricting it to that part
of this junction which lies in the immediatc vicinity
of the normal‘base electrode 9. In consequence of this
action, the effective base resistance ro of the transistor
is greatly reduced as compared with its magnitude in
the absence of the auxiliary base electrode 10 and its
bias current. This effect is shown in Fig. 9. 1t is further
shown in that application that this reduction of base
resistance results in a great enhancement of high frequency
operation of the transistor as an amplifier for signals

‘The present invention is base in part on the discovery
that this enhancement of high frequency operation may
be varied under the control of a signal applied to the
auxiliary base electrode 10. Thus, in the apparatus of
Fig. 1 when it is employed for example in radio transmitter
apparatus to modiilate voice signals [on to] onte a radio
frequency carrier, the signal source S: may be a carrier
source of constant amplitude and constant frequency
while the signal source Sz may be an audio source, for
example, a microphone. Disregarding the auxiliary base
electrode 10, the transistor operates as an amplifier for
the high frequency carrier signals of the source S;. The
source Sz then operates to vary the amplifier gain so
that, finally, the signals of the source S: are modulated by
those of the source Ss, i. e., the carrier signals are mod-
ulated by the voice signals. 'Modulation products of -
various frequencies appear translated and amplified in
the collector circuit as output and a desired one of these
modulation products may be selected and the others sup-
pressed by inclusion of the frequency selective network 13,

It is frequently of importance to change the carrier
frequency of a modulated signal. A familiar example is
that of a so-called “first detector” in a superheterodyne
radio receiver, whose function is to change the high fre-
quency of a received radio carrier wave to an intermediate
frequency, e. g., 465 kilocycles per second, in order that the
latter may be further amplified and purified of undesired
components by stages whose tuning is fixed, which may
be designed to pass the intermediate frequency and its
audio sidebands and to exclude all other signals. The
apparatus of Fig. 1 operates in this fashion. The in-
coming modulated carrier wave may be applied as a
signal S; to the emitter connection, while the modulating
signal Sz is furnished by the output of a local oscillator
which is preferably, although not necessarily, isolated
from the four-electrode transistor to minimize influences
which the incoming signal might otherwise have on the
oscillator frequency.

Inasmuch as the apparatus of Fig. 1 is an amplifier
for signals applied to its emitter electrode without regard
to its auxiliary base electrode, it follows that a self-
oscillating circuit may be constructed by feeding back

3 power from its collector connection 8 to its emitter con-

nection 7 in an amount sufficient to maintain self-
oscillation. The feedback network may be of any de-
sired variety but, insofar as the transistor is primarily
a current-operated device, a current feedback path is pre-
ferred. Fig. 2 shows a self-oscillator of this sort. It is
the same as the modulator of Fig. 1, but for the omission
of the sources St and Sz and the 'addition of a current
feedback path 18 which is connected between an appro-
priately located tap on one winding of its output trans-
former and, if desired, by way of a blocking condenser,
to the emitter electrode 7. The oscillation frequency is
determined by the selective network 13.

Another apparatus element which is common in the
art of radio reception is a so-called heterodyne converter,
namely, an oscillator whose output oscillations are modu-
lated by an input signal, and the apparatus of Fig. 2
serves well in this capacity. An input signal may be
applied to the emitter connection 7, to the auxiliary base
connection 10, or to the collector connection 8 of the
oscillator of Fig. 2, and in either event, the output de-
rived from the collector connection 8 comprises self-
oscillations which are modulated by such input signal.

In a converter of this sort the principal and desired
effect is amplitude modulation of locally-generated self-
oscillations. It turns out, however, that an incidental
effect of the incoming signal is to produce frequency
modulation of the locally generated oscillations. At the
low oscillation frequencies (e. g., 1000 kilocycles per
second) customarily empioyed in conventional frequency

converters this frequency modulation is small, incidental
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and unimportant. When, on the other hand, the oscilla-
tion frequency is raised to 100 megacycles or there-
abouts, the magnitude of the frequency deviation is raised
proportionately, indeed to a degree appropriate for use
with conventional frequency modulation receivers, and
this may be turned to good account in the construction
of a generator of frequency modulated oscillations.

While, in general, application of an input modulating
signal to any point of the feedback path 18 may affect
the magnitude of any or all of the transistor parameters
and so the oscillation frequency, it appears that the prin-
cipal effects may be correlated with the input points in
the following fashion: When the modulating signal de-
rived, for example, from a source Ss is applied to the
emitter connection 7, it directly affects the magnitude of
the emitter resistance re and this in turn alters the phase
shift around the feedback loop from the value it would
have if due only to the feedback path condenser. Such
alteration of phase shift affects the frequency of oscilla-
tion.
between the source Ss and the emitter in order to isolate
the self-oscillating circuit from the input source.

When, in the second place, an input signal derived, for
example, from the source Ss is applied, e, g., by way of a
transformer 23 to the auxiliary base electrode 10, it acts
in the fashion discussed above to cause vibrations of re,
I, re and « as shown in Figs. 9, 10, 11 and 12, respec-
tively. While some of these variations may tend to
offset others, a residual variation appears which is suffi-
cient to cause substantial modulation of the oscillation
frequency. In addition, by varying the potential across
the collector junction, it varies the effective ground ca-
pacitance 24 of this junction which again results in
frequency modulation. It may indeed be that this varia-
tion of the effective output capacitance of the transistor is
the principal factor in promoting frequency variations.

When in the third place, an input signal derived for
example, from the source Ss is applied, e. g., by way of
a transformer 25 to the collector electrode 8, it appears
that .the principal effect is to modulate the potential of
the collector junction and so of its effective capacitance
and that this is the principal cause of frequency varia-
tions.

Because of the location of the transformer 25 at a
point of the collector-to-base circuit where high fre-
quency currents are present in large amounts, it is pre-
ferred to connect a bypass condenser 26 across the sec-
ondary winding of this transformer. Its input signal
frequency impedance should of course be high.

The four-electrode tramsistor of the aforementioned
application of R. L. Wallace, Jr., has been found to act

as an amplifier in another fashion over and above that:

heretofore described, namely, by introducing signals on
the auxiliary base electrode 10 and recovering them in the
circuit of the collector 8. Referring again to Fig. 1, this
is tantamount to disabling the source Si1, and so applying
a steady bias to the emitter connection 7 while employing
the source Sz as the input source. The manner in -which
such an amplifier operates will be understood when it is
recalled that, for any junction transistor, the collector
current is principally determined by the product of the

A radio frequency choke is preferably included
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current multiplication factor « and the emitter current .

Ye. As explained above, and as indicated in Fig. 10, the
current multiplication factor « is found to depend very
closely on the magnitude of the auxiliary base current.
From this it follows that a signal applied to the auxiliary
base electrode reappears translated in the collector circuit,

Furthermore, this translation is accompanied by am-
plification, provided a sufficient disparity exists between
output impedance and input impedance. Experimentally
it is found that the base-to-base impedance of the tran-

sistor is only a few hundred ohms while the collector im-

pedance is of the order of megohms. With such a wide
disparity betwen the output impedance and the input im-
pedance the observed values of current amplification

65

70
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6
from the base-to-base circuit as input to the collector cir-
cu@t as output are quite adequate to give rise to power
gain,

From the foregoing, it is apparent that self-oscillations
can also be maintained by feeding back collector output
power, not to the emitter connection 7 as in Fig. 2, but
to the auxiliary base connection 10 as in Fig. 3. The
transistor and its emitter and collector bias sources are
the same as before. Feedback from collector to auxiliary
base electrode may be accomplished in any desired
fashion but, because of the aforesaid wide disparity of
impedances, a stepdown transformer 30 of appropriately
large turns ratio is preferred. ‘

The self-oscillations maintained with the circuit of
Fig. 3 may be controlled by a selective network 31, and
they may be modulated by the application of a modulating
signal Se to almost any active electrode, but in particular
to the emitter connection 7. .

It is to be noted that, while[[,]J with the grounded base
configuration there is nmo phase reversal as between a
signal injected in the emitter connection 7 of the tran-
sistor and withdrawn at the collector connection 8, such
phase reversal does hold as between the auxiliary base
connection 10 and the collector. It arises by reason
of the fact that, as shown by Figs. 9 and 10, an increase
in the auxiliary base -current causes a reduction in the
current amplification factor and therefore, as previously
discussed, in the collector current. This phase reversal
may be compensated by appropriately poling the respec-
tive windings of the feedback transformer 30 of Fig. 3.

Fig. 4 shows still a third way in which the four-elec-
trode transistor may act to amplify a signal applied to its
input terminals 20, e. g., between its emitter electrode 7
and its base electrode 9. When the emitter is biased in
the forward direction so that electrons are injected into

the P-type layer 3, the effect is to reduce the apparent re- .

sistivity of the P-type layer. As a result, signals applied
to the emitter connection appear translated in the auxil-
iary base connection 10 as output. A load 40 may then
be connected between the auxiliary base connection 10
and the. normal base connection 9. When the device is
operated in this fashion, the collector electrode 8 may be
held at a steady potential of very low value provided it is
not biased in the forward direction, which in the present
case means negatively biased. Indeed, the collector may
be disconnected. In Fig. 5, which is otherwise the same
as Fig. 4, the output power of the auxiliary base elec-
trode 10 is fed back by way of an impedance-matching
transformer 50, tuned by a condenser 51, to the emitter
connection 7. In this case, no phase reversal takes place
in the signal translation through the transistor and, in
consequence, the transformer should be poled to produce
no compensating phase reversal.

The arrangement of Fig. 5 lends itself readily to em-
ployment as a converter, and Fig. 6 shows an appropriate
circuit arrangement. It differs from Fig. 5 only by the
addition, in the collector circuit, of a frequency selective
network 60 which feeds a load 61 and by the addition
of a signal source S7, for example a modulated carrier
wave source, connected to its emitter electrode 7. Self-
oscillations are generated in the manner of Fig. 5, while
the signals applied to the emitter electrode 7 from the
external source St are translated by straightforward three-
electrode transistor action into the output circuit 60, 61.

A convenient way in which to regard the interaction of

these two effects is that the amplification of the signals
translated from emitter to collector is varied at the self-
oscillation rate by the oscillation signal applied from the
auxiliary base electrode 10, to the emitter electrode 7.
The modulators (or mixers or oscillators or converters)
described in the foregoing are particularly effective at
high (megacycle range [2]) frequencies. This is for

the reason that a transistor amplifier of the grounded base
configuration is especially sensitive to changes in its base
resistance. Reference to Figs. 9 and 10 shows that both
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7
the base resistance r, and the current multiplication fac-
tor « fall with mcreasmg auxiliary base current. While
the amphﬁer gain is reduced by a reduction in «, this

effect is not very pronounced at high frequencies at which,

as shown by Fig. 10, « departs substantially from unity.
However, at low (kilocycle range) frequencies at which
the value of « is very nearly unity, the effect of variations
in « tends to offset the effect of variations in r,, thus re-
ducing the effectiveness of the auxiliary base electrode
current for control purposes.

This difficuity can be surmounted by employing the
grounded "emitter connection. A modulator so con-
structed and employing the same transistor is shown in

Fig. 7. Here the signal input to be modulated, e. g., the

carrier Ss, is applied to the normal base connection 9, the
emitter connection 7 being grounded, while the modulat-
ing signal may be applied to the auxiliary base connection
10 and the modulation product appears in the circuit of
the collector 8 as output. As before, a frequency se-
lective network 70 may be included in the collector cir-
cuit to discriminate against all signals other than the
desired modulation product.

Referring to an article by R. L. Wallace, Jr., and W. J.
Pietenpol in the Bell System Technical Journal for July,
1951, volume 30, page 530 and in particular to Equation
33 thereof, it is there shown that, with a junction tran-
sistor amplifier connected in the grounded emitter con-
figuration, provided the external load resistance is small
in comparison with the collector resistance, the collector
or output current i, is related to the emitter or input
current i, to a good approximation by the equation

lz a

11—1—(! (2)

Hence, especially when « is close to unity, as it is at
low frequencies, this current ratio is very sensitive to
changes in «. Therefore, if in such a stage the auxiliary
base current is varied, the current ratio, and so the gain
of the stage, is varied in accordance with the variations
in «. Thus, any signal transmitted through the stage
from emitter to collector is modulated in accordance with
the signal applied to the auxiliary base electrode.

By the addition of a feedback path, for example from
the collector electrode to the base-to-base circuit by way
of an appropriately poled transformer 72, self-oscilla-
tions may be maintained in the fashion described in con-
nection with Fig. 3, their frequency being determined by
a selective network 71. This oscillation causes a varia-
tion of « and hence, as previously discussed, modulates
the base-to-collector gain for a signal, for example an
incoming modulated carrier wave, which is applied to
the normal base electrode 9.

Still - another converter circuit appropriate for use at
low frequencies is shown in Fig. 8 wherein the local os-
cillations are produced by feedback from the auxiliary
base electrode 10 to the emitter connection 7, the external
signal, for example an incoming modulated carrier ‘wave
Se, being applied to the normal base electrode 9 as before
and the output taken by way of a frequency selective
network 80 in the customary fashion, the latter being
preferably tuned to the desired intermediate frequency.
A scries tuned inductance-capacitance combination may
be connected between the normal base electrode 9 and
ground. Provided the auxiliary base biasing resistor 81
and the normal base biasing resistor 82 are both of high
resistance, and provided, further, that the blocking con-

Commencing at a frequency of about 3 megacycles per
second, it begins to fall in amplitude, being reduced to
70 per cent of its original amplitude at 20 megacycles
per second.

The lower curve shows the frequency variation of « for

- ‘the junction transistor to which has been added the aux-
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denser 83 is of low impedance, the oscillating circuit is -
completed by way of this LC combination which thus -

provides tuning. This arrangement permits the imped-
ance of the stage as a whole to be high at the carrier fre-
quency.

In Fig. 13, the upper curve shows the variation of «
with frequency for an N.—P—N junction transistor before
the addition of the base-to-base bias of the invention. Its
low frequency value «o is very slightly less than unity.

70

7

iliary base contact and the base-to-base voltage and a
transverse current of -1.5 milliamperes. It may be de-
noted «’. Its low frequency value «’o is less than the
original low frequency value «o but it follows the same
trend, falling to 70 per cent of its low frequency value at
20 megacycles per second. Thereafter it falls less steeply
than the upper curve.

In Fig. 14, the curve labeled “In2==0" shows the corre-
sponding variation of the voltage gain. Starting with a
magnitude of 24 decibels at low frequencies it commences
to fall at about 0.1 megacycle per second, falling to 70
per cent of its low frequency value at a frequency of
bout one megacycle per second and continuing to fall
thereafter with a slope of approximately 6 decibels per
octave.

The two remaining solid curves show, for two different
values of load resistance, the frequency variation of the
voltage gain and illustrate the great improvement which
is achieved by the practice of the invention. While their
low frequency values are about 18 decibels and 22 deci-
bels, as compared with 24 decibels for the unbiassed
curve, they do not commence to fall until a frequency of
about 5 megacycles per second is reached, falling to 70
per cent of their low frequency values at a frequency of
about 17 megacycles per second.

This frequency, at which the biased gain curves fall
to 70 per cent of their low frequency values, is termed the
high frequency “cutoff” of the unit which includes the im-
proved transistor as its active element. The 70 per cent
relation is convenient for computation, but it of course
does not indicate that the transistor is inoperative at
higher frequencies. On the contrary, with a sufficiently
large gain at low frequencies, and a 70 per cent of this
large gain remaining at 20 megacycles per second, and
with decrease of gain at still higher frequencies at the rate
of about 6 decibels per octave, there may well remain a
substantial amount of gain several octaves above this
cutoff frequency. This has been confirmed experimen-
tally. ‘

The great improvement in high frequency gain depicted
in Fig. 14, despite the falloff of « with frequency depicted
in Fig. 13, is believed to be due at least in part to a com-
pensatmg deductxon in base resistance with frequency as
depicted in Fig. 15.

What is claimed is:

I1. Signal translating apparatus which comprises a
body of semiconductive material having therein a first
and a second zone of one conductivity type and a third
zone of opposite conductivity type between said first and
second zones and forming a first junction with the first
zone and a second junction with the second zome, an
emitter connection to the first zone, a collector connection
to the second zomne, a normal base connection to one part
of the third zone, ar auxiliary base connection to another
part of the third zone, input circuit means for applymg a
first input signal to the emitter connection, an output cir-
cuit including a load connected to said collector connec-
tion, and means for applying modulating signals to said
a‘uxiliary base connection, whereby a modulation product
of said first input signal and said modulating signal
appears in said load.J

[2. Signal translaiing apparatus which comprises a
body of semiconductive material having therein a first
zone of one conductivity type bounded by at least one
other zone of ‘opposite conductivity type, a normal and an
auxilfary base connection to the first zone, an emitter
connection and a collector connection elsewhere on the
body, means for applying a first signal to one of said
connections, means for applying a second signal to an-
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other of said connections, and means for deriving a modu-
lation product of said two signals from a third one of
said connections.}

-[3. Signal translating apparatus which comprises a
body of semiconductive material having therein a first
and a second zone of one conductivity type and a third
zone of opposite conductivity type between said first and
second zones and forming a first junction with the first
zone and a second junction with the second zone, an
emitter connection to the first zone, a collector connection
to the second zone, a normal base connection to one part
of the third zone, an auxiliary base copnection to another
part of said third zone, means for applying a first signal
to the emitter connection, means for deriving a translated
signal from the collector connection, translation of said
signal being dependent on the base resistance of the body,
and means for varying said base resistance, thereby to
modulate said translation.]

[4. Apparatus as defined in claim 3 wherein said base
resistance-varying means comprises a source of a second
signal, and means for applying said second signal to con-
trol the current of said auxiliary base connection.}

5, Signal translating apparatus which comprises a body
of semiconductive material having therein a first and a
second zone of one conductivity type and a third zone of
opposite conductivity type between said first and second
zones and forming a first junction with the first zone and a
second junction with the second zone, an emitter connec-
tion to the first zone, a collector connection to the second
zone, a normal base connection to one part of the third
zone, an auxiliary base connection to another part of said
thlrd zone, means for applying a signal to be translated to
one of sald emitter and auxiliary base connections, means
for deriving an output signal from one of said collector
and auxiliary base connections, and means for feeding
back said output signal to the other of said emitter and
auxiliary base connections. :

6. Apparatus as defined in claim 5 wherein said output
signal is derived from said collector connection and is
fed back to said emitter connection.

7. Apparatus as defined in claim 5§ wherein said output
signal is derived from said collector connection and is
fed back to said auxiliary base connection.

8. Apparatus as defined in claim 5 wherein said output
signal is derived from said auxiliary base connection and
is fed back to said emitter connection.

9. Signal translating apparatus which comprises a body
of semiconductive material having therein a first and a
second zone of one conductivity type and a third zone of
opposite conductivity type between said first and second
zones and forming a first junction with the first zone
and a second junction with the second zone, an emitter
connection to the first zone, a collector connection to the
second zone, a normal base connection to one part of the
third zone, an auxiliary base connection to another part
of said third zone, a feedback path coupling said col-
lector connection back to said emitter connection, thereby
to promote sustained self-oscillations, and means for ap-
plying a modulating signal to one of said emitter, col-
lector, and auxiliary base connections.

[10. A modulator for use in the megacycle frequency
range which comprises a body of semiconductive material
having therein a first and a second zone of one conduc-
tivity type and a third zone of opposite conductivity type
between said first and second zones and forming a first
junction with the first zone and a second junction with
the second zone, an emitter connection to the first zone,
a collector connection to the second zone, a normal base
connection to one part of the third zone, an auxiliary
base connection to another part of said third zone, an
external circuit of the grounded base configuration
interconnecting said emitter, normal base, and collector
connections, means for applying a signal to be modu-
lated to said emitter connection, means for applying a
modulating signal to said auxiliary base connection, and
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means for withdrawing a modulation product of said sig-
nals from said collector connection.}

[11. A modulator for use in the kilocycle range which
comprises a body of semiconductive material having
therein a first and a second zone of one conductivity type
and a third zone of opposite conductivity type between
said first and second zones and forming a first junction
with the first zone and a second junction with the second
zone, an emitter connection to the first zone, a collector
connection to the second zone, a normal base connection
to one part of the third zone, an auxiliary base connec-
tion to another part of said third zone, an external cir-
cuit of the grounded emitter configuration interconnect-
ing said emitter, normal base and collector connections,
means for applying a signal to be modulated to said nor-
mal base connection, means for applying a modulating
signal to said auxiliary base connection,.and means for
withdrawing a modulation product of said signals from
said collector connection.]

12. A signal translating device which comprises a body
of semiconductive material having therein a first zone
of one conductivity type and a second zone of opposite
conductivity type disposed collinearly on the major axis
of the body, said second zone forming a junction with
the first zone, said junction being disposed in a plane
substantially normal to said major axis and having a
geometrical area equal.to the cross-sectional area of the
body normal to its major axis, an emitter connection to
the first zone, a normal base connection to one part of
the second zone adjacent to said junction, an auxiliary
base connection to an opposite part of said second zone,
and a collector connection elsewhere on the body, said
base connections being disposed on an axis which is nor-
mal to said major axis, means including a potential
source for applying a small forward bias to the emitter
connection with respect to the normal base connection,
means including a potential source for applying a reverse
bias to said collector connection, means for applying to
said auxiliary base connection a bias of the same sign as
the bias applied to said emitter connection to cause the
flow of an auxiliary current in said second zone between
said normal and auxiliary base connections, thereby to
disable from functioning as an emitter junction all of the
area of said junction except for a minor fraction thereof
which is most proximate to said main base connection,
input circuit means for applying a first input signal to said
emitter connection, an output circuit including a load
connected to said collector connection, and means for

_applying modulating signals to said auxiliary base con-

nection, whereby a modulation product of said first input
signal and said modulating signal appears in said load.

13. A signal translating device which comprises a body
of semiconductive material having therein a first and a
second zone of one. conductivity type disposed on the
major axis of the body, and a third zone of opposite con-
ductivity type between said first and second zones and
forming a first junction with the first zone and a second
junction with the second zone, said junctions being dis-
posed in parallel alignment normal to said major axis and
having geometrical areas equal to the cross-sectional area
of the body normal to its major axis, an emitter connec-
tion to the first zone, a collector connection to the second
zone, a normal base connection to one part of the third
zone adjacent to said first-named junction, an auxiliary

.base connection to an opposite part of said third zone,

said base connections being disposed on an axis which is
normal to said major axis, means including a potential
source for-applying a small forward bias to the emitter
connection with respect to the normal base connection,
means including a potential source for applying a reverse
bias to said collector connection, means for applying to
said auxiliary base connection a bias of the same sign as
the bias applied to said emittéer connection to cause the
flow of an auxiliary current in said third zone between
said normal and base auxiliary connections, the potential
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gradient in said third zone due to flow of said auxiliary
current therethrough acting to bias a minor fraction of
the area of said first junction in the forward direction
and the remainder of the area of said first junction in the
reverse direction, said minor fraction being proximate to
said main base connection, input circuit means for apply-
ing a first input signal to said emitter connection, an out-
put circuit including a load connected to said collector
connection, and means for applying modulating signals
to said auxiliary base connection, wherchy a modulation

product of said first input signal and said modulating

signal appears in said load.

14. A signal translating device which comprises a body
of semiconductive material having therein a first and a sec-
ond zone of one conductivity type disposed on the major
axis of the body, and a third zone of opposite conductivity
type between said first and second zones and forming a
first junction with the first zone and a second junction with
the second zone, said junctions being disposed in parallel
alignment normal to said major axis and having geometri-
cal areas equal to the cross-sectional area of the body nor-
mal to its major axis, an emitter connection to the first
zone, a collector connection to the second zone, a normal
base connection to one part of the third zone adjacent to
said first-named junction, an auxiliary base connection to
an opposite part of said third zone, said base connections
being disposed on an axis which is normal to said major
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axis, means including a potential source for applying a
small forward bias to the emitter connection with re-
spect to the normal base connection, means including a
potential source for applying a reverse bias to said collec-
for connection, means for applying to said auxiliary base
connection a bias of the same sign as the bias applied to
said emitter connection to cause the flow of an auxiliary
current in said third zone between said normal and auxili-
ary base connections, thereby to disable from function-
ing as an emitter junction all of the area of said first
junction except for a minor fraction thereof which is most
proximate to said main base connection, input circuit
means for applying a first input signal to said emitter con-
nection, an output circuit including a load connected to
said collector connection, and means for applying modu-
lating signals to said auxiliary base connection, whereby
a modulation product of said first input signal and said
modulating signal appears in said load.
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