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The present invention relates generally to constant cur 
rent biasing circuits and more particularly, relates to a 
constant current biasing circuit for a transistor. 

It is highly desirable that an ideal constant current 
source exhibits two terminals, a low voltage drop there 
across and good temperature stability. Conventionally, 
a high resistance element in series circuit combination with 
a high voltage supply may be used to serve as a constant 
current source, but the high voltage results in a high dis 
sipation in the series resistor. The common-base col 
lector characteristics of a transistor exhibit a constant 
current, but the circuit is inherently more complicated 
than that of the two terminal device and a secondary cur 
rent reference is still required in the emitter of the tran 
sistor. The current of a reverse-biased semiconductor 
junction is constant over a wide range of voltage, but the 
poor temperature stability of such an arrangement makes 
it impractical. Other constant current devices such as 
the ballast tube or the field effect varistor usually have 
high voltage drops resulting in considerable wasted power. 
The advent of semiconductor devices exhibiting a 

quantum mechanical tunneling phenomena has lead to 
new constant current biasing circuits for a transistor stage. 
Its relative temperature stability has led to temperature 
stabilization circuits for a transistor stage. 
The present invention makes use of the portion of the 

volt-amperage characteristic curve of such a device where 
in the peak to valley current ratio is substantially unity, 
thereby providing a constant current portion of the charac 
teristic curve over a preselected range of voltage of pre 
determined polarity. 
An object of the present invention is to provide a con 

stant current circuit for a transistor stage. 
Another object of the present invention is to provide 

a constant current source for a current switching stage. 
Another object of the present invention is to provide a 

temperature compensating circuit for a transistor where 
in the emitter current varies with a negative temperature 
coefficient. 

Another object of the present invention is to provide a 
constant current source circuit having substantially less 
dissipated power than circuits of the prior art. 
Another object of the present invention is to provide 

a constant current source circuit having excellent tem 
perature stability in comparison with sources of the prior 
art. 

Further objects and advantages of the present invention 
will be readily apparent from the following detailed de 
scription taken in conjunction with the drawing, in which: 

FIG. 1 is a characteristic curve of a device utilized in an 
illustrative embodiment of the present invention; 

FIG. 2 is a characteristic curve of a device utilized in 
the present invention illustrating its relative intensitivity 
to temperature changes; 

FIG. 3 is an illustrative embodiment of the present in 
vention; 

FIG. 4 is a schematic diagram of an alternate embodi 
ment of the present invention; 

FIG. 5 is the characteristic curves of two sepaarte 
devices utilized in another alternate embodiment of the 
present invention; and, 

FIG. 6 is a schematic diagram of another alternate em 
bodiment of the present invention. 
A Semiconductor device exhibiting a negative resist 
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2 
ance in the first quadrant of the current-voltage charac 
teristic curve due to quantum mechanical tunneling is 
characterized by the curve 2 in FIG. 1. One of such 
devices is the tunnel diode. For reverse bias, the re 
sistance of the tunnel diode is small. In the forward 
direction of voltage across the tunnel diode, the current 
therethrough increases to a sharp maximum I on a por 
tion of the characteristic curve referred to as the low 
voltage side. Further increase in the voltage across the 
diode results in the negative resistance portion of the 
characteristic curve wherein the current through the di 
iode drops to a deep and broad minimum, referred to as 
the vallep current Iy. Still further increases in the volt 
age across the diode causes the current to increase again 
on a portion of the characteristic curve referred to as the 
high voltage side. The break-over or threshold cur 
rent level as determined by the peak tunneling current I 
is herein referred to as the threshold or excitation level 
of the diode. For the purposes of this specification, the 
term "tunnel diode' is herein meant to include all devices 
exhibiting the aforementioned characteristics. Tunnel 
diodes conventionally have peak-to-valley current ratios 
of five or more. The present invention, however, utilizes 
in Some of its embodiments, a tunnel diode having a peak 
to-valley current ratio of substantially unity, as illus 
trated by the characteristic curve 4 in FIG. 1. It can be 
seen from the characteristic curve 4 that the device has a 
constant current region curve 4 that the device has a con 
stant current region over a preselected range of voltage 
values of predetermined polarity wherein the peak-to 
valley current ratio is substantially equal to unity. Such 
a device can be readily made by doping the diode in an 
appropriate manner to provide a selected peak-to-valley 
ratio according to the impurity concentration. From 
FIG. 2 it can be seen that the temperature stability of a 
tunnel diode having a peak-to-valley current ratio of sub 
stantially unity is excellent since the tunneling effect, 
which accounts for the constant current region of the 
characteristic curve, is relatively insensitive to tempera 
ture. Accordingly, it can be seen that such a tunnel diode 
has a low voltage drop and high incremental resistance, 
and as such, functions as an inductance by exhibiting a 
low direct current but high alternating current resistance. 
The constant current biasing circuit for a transistor is 

illustrated in the embodiment shown in FIG. 3. The trans 
former coupled transistor stage 10 comprises a transistor 
12 having a base electrode 14, collector electrode 16, and 
emitter electrode 18. A tunnel diode 20, having a char 
acteristic curve 4 as illustrated in FIG. 1, is connected 
in series circuit relationship with an output transformer 
22 across the emitter-collector circuit of the transistor 
12. A means for biasing the emitter-collector circuit is 
provided by the constant potential source V. An input 
transformer 24 is connected in series circuit relationship 
with the tunnel diode 20 across the base-emitter circuit. 
Means for biasing the base-emitter circuit is provided by 
the constant potential source Vibb. A capacitive element 
26 is connected across said tunnel diode 20 to provide 
an alternating current by-pass. The constant potential 
sources Vb and V are selected so that the emitter volt 
age is considerably larger than the voltage V across 
the tunnel diode 20. Further, the potential sources V 
and V are selected to bias the diode 20 into the constant 
current range. If a load such as the base-emitter junc 
tion of the transistor 2 is connected in series circuit 
relationship with said tunnel diode 20, the current through 
the load will be held constant even if the load resistance 
changes within a limited range. The low voltage drop 
across the tunnel diode is considerably less than that 
across a biasing resistor connected in series circuit com 
bination with the emitter as in a conventional resistance 
stabilized transistor stage. The savings in biasing voltage 
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is significant in portable equipments such as hearing aids 
where low supply voltages are the usual mode. 

FIG. 4 illustrates how the constant current character 
istic of a tunnel diode having a peak-to-valley current 
ratio of substantially one can also be obtained by con 
necting a resistance 28 in parallel circuit combination 
with a tunnel diode 25, having negative resistance char 
acteristics. Circuit elements similar to those used in FIG. 
3 have been designated by identical reference characters. 
Assuming the tunnel diode 25 exhibits a characteristic 
curve having a negative resistance over a preselected range 
of preselected polarity, the magnitude of the resistor 28 
is selected to be equal in magnitude to the negative re 
sistance of the tunnel diode. The shunt resistance 28 
may be either external or integrated with the tunnel diode 
25. In either event the constant current characteristic 
functions in the same manner as the results obtained when 
using only a tunnel diode having a peak-to-valley current 
ratio of substantially unity. 
The present invention is not limited to constant current 

biasing of transistors. For instance, by using a tunnel 
diode exhibiting characteristic curve 30 as shown in FIG. 
5, the emitter-current in the transformer coupled tran 
sistor stage 10 of FIG. 3 can have a negative temperature 
coefficient. This condition is best illustrated in F.G. 5 
where, as temperature is increased, the transistor base 
emitter characteristic curve 3 moves to the right thereby 
reducing the base-emitter voltage drop Vibe, thus meeting 
the tunnel diode characteristic curve 30 at a lower current 
and compensating in part for the increased collector cur 
rent with increasing temperature. 
The circuit of FIG. 3 was tested and compared with the 

conventional resistance-biased circuit using the same 
emitter-bias supply voltage to determine the effect of the 
tunnel diode 29. The circuit operating the same tran 
sistor 12 at three different temperatures showed a marked 
improvement in temperature stability over the conven 
tional circuit. Three different transistors were tested in 
the circuti to determine the effect of the tunnel diode on 
interchangeability. The results were as follows: 

Tunne Diode Emitter Resistance 

Temperature------- 0° C. 25° C. 50° C. 0° C. 25° C. 50° C. 

Collector Current in Milliamperes 

Transistor: 
l--------------- 7. 9 7.7 8. 6.7 7.7 9.8 
2----------------------- 7.7 ---------------- 8, 6 
8----------------------- 7.6 ---------------- 8.9 

The results clearly indicate that bias derived from the 
use of a tunnel diode having a peak-to-valley current ratio 
of substantially unity is superior to that derived from a 
resistor from the standpoint of both interchangeability 
and temperature stability. 

Still another alternate embodiment of the present in 
vention is illustrated in F.G. 6 wherein a constant current 
source is provided for a current switching circuit. A first 
transistor 58 and a second transistor 60 is connected in 
a common emitter circuit including a tunnel diode 70 
and means for connecting a voltage V thereto. The 
collectors are each commonly connected through respec 
tive resistors 80 to a common terminal 81 adapted to be 
connected to a potential source V of opposite polarity 
to the potential source V. The first transistor 50 has 
an input terminal 51 connected thereto for receipt of a 
reference input signal. The base electrode of the tran 
sistor 60 is connected to an input terminal 61 adapted 
to receive a variable input signal. The current switching 
circuit shown in FIG. 6 is characterized by the fact that 
the emitter current of the conducting transistor is limited 
by a constant current source. Thus, the transistor is not 
saturated. A nonsaturated switching circuit has higher 
speed capabilities. Should the variable input signal to the 
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input terminal 61 be less than the magnitude of the ref 
erence input signal to the input terminal 51 the first 
transistor 68 is rendered conductive. However, should 
the variable input signal to the terminal 5 exceed the 
reference input value to the input terminal 51 then the 
transistor 50 is rendered conductive. In current switch 
ing circuits of the conventional and prior art a common 
emitter resistor of considerable magnitude is required. 
A large voltage drop results across the common emitter 
resistor. In contrast, the present invention provides a 
constant current source by utilizing a tunnel diode 70 
having a characteristic curve 4 as shown in FIG. 1. Ac 
cordingly, the power supply requirements of the circuit 
are greatly reduced since the voltage drop across the 
tunnel diode 70 is considerably less with the added ad 
vantage of a considerably less power dissipation. 

While the present invention has been described with 
a degree of particularity for the purpose of illustration, 
it is to be understood that all alterations, modifications 
and substitutions within the spirit and scope of the present 
invention are herein meant to be included. 
We claim as our invention: 
1. in an amplifier circuit, a transistor having an emitter 

electrode, collector electrode and base electrode; means 
for connecting an input signal to said base electrode; out 
put means connected across the emitter-collector circuits; 
means for biasing the base-emitter circuit; means for bias 
ing the collector-emitter circuit; and a semiconductor de 
vice; Said semiconductor device being characterized as hav 
ing a voltage-ampere characteristic which includes a con 
stant current portion over a preselected range of voltage 
values of predetermined polarity; said semiconductor de 
vice connected in series circuit combination with said 
emitter and a capacitor connected in parallel circuit re 
lationship with said semiconductor device. 

2. A constant current biasing circuit for a transistor 
having an emitter electrode, collector electrode, and base 
electrode, comprising, in combination; a tunnel diode con 
nected in series circuit combination with said emitter elec 
trode; means for biasing the base-ennitter circuit; means 
for biasing the collector-emitter circuit; said tunnel diode 
having a voltage-amperage characteristic which includes a 
constant current portion extending through a preselected 
range of voltage values of predetermined polarity wherein 
the peak-to-valley current ratio is substantially unity; said 
tunnel diode poled to allow current toward said emitter up 
on voltage of said predetermined polarity thereacross and 
a capacitor connected in parallel circuit relationship with 
said tunnel diode. 

3. A transformer-coupled transistor stage comprising, in 
combination; a transistor having an emitter electrode, col 
lector electrode, and base electrode; a tunnel diode; an 
output transformer connected in series circuit relation 
ship with said tunnel diode across the emitter-collector 
circuit; means for biasing the emitter-collector circuit; an 
input transformer connected in series circuit combination 
with said tunnel diode in the base-emitter circuit; means 
for biasing the base-emitter circuit; said tunnel diode be 
ing characterized as having a voltage-ampere character 
istic which includes a peak-to-valley current ratio of sub 
stantially unity over a predetermined range of voltage 
values of preselected polarity; said tunnel diode poled to 
allow current toward said emitter in response to a voltage 
of said predetermined polarity thereacross and a capacitor 
connected in parallel circuit relationship with said tunnel 
diode. 

4. A common emitter degeneration circuit for tempera 
ture stabilization comprising, in combination; a transistor 
having an emitter electrode, collector electrode and base 
electrode; means for biasing said base-emitter circuit; the 
voltage across the base-emitter electrodes varying in ac 
cordance with the temperature of said transistor; tunnel 
diode means having a negative resistance over a portion 
of its characteristic curve for a selected range of voltage 
magnitudes of predetermined polarity; said tunnel diode 
means connected in series circuit relationship with said 
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emitter electrode and poled to allow current to said emitter 
in response to voltage of said predetermined polarity 
thereacross; the slope of said characteristic curve of said 
tunnel diode means in the negative resistance portion be 
ing preselected so that an increase in collector current 
with temperature is compensated by the lower current 
through said tunnel diode. 
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