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ABSTRACT OF THE DISCLOSURE 
An electronic telegraph relay is equipped with a con 

stant current generator in its output circuit. As a result, 
the output current provided by the relay is substantially 
independent of changes in working voltage and load. Con 
trol of the relay is through a single transistor or through 
two transistors of opposite type which conduct alternately. 
Constant current output is assured by a constant voltage 
Source including a Zener diode placed in parallel with 
the base-emitter circuit of an output transistor causing 
the level of conduction of the output transistor to remain 
steady despite relatively wide variations in working volt 
age and load. 

The present invention relates to electronic telegraph 
relays and in particular to output relays for telegraph cir 
cuits. 

It has previously been suggested that a plurality of 
types of electronic telegraph relays be used to replace 
electromagnetic relays. Most electronic telegraph relays 
are designed to have the same ON-OFF action as elec 
tromechanical relays. By previously known electronic 
telegraph relays, faster switching is obtained than by 
electromechanical relays, but even if the disadvantages of 
mechanical contacts are avoided, several of the disad 
vantages of electromechanical telegraph relays are still 
present. 
One of these disadvantages is that most of the previ 

ously known electronic telegraph relays are not able to 
deliver an output current which, within wide limits, is 
independent of varying working voltage and varying load. 
The relay only provides for ON and OFF switching of 
the Working voltage and the line current must be adjusted 
manually each time a change is made in the character 
istics of the line or of the receiving apparatus together 
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ma., to receiving apparatus which is designed for 60 m.a. 
As long as the relay is used with particular receiving ap 
paratus, the line characteristics may be varied within 
Wide limits without manual adjustments being necessary. 
Furthermore, the working voltage source which is used 
need not be provided with special voltage stabilizing 
CalS. 

The relay according to the present invention may be 
used for single current as well as for double current. 
An advantage of the invention is that there is obtained 

a substantial reduction of the time constant L/R, where 
L is the circuit inductance as represented by the mag 
net coil of a teleprinter and where R represents the re 
sistance of the circuit against current changes. This re 
sistance R is very large in a constant current generator. 
Another feature of the invention is that the constant 

current generator comprises a transistor which is con 
trolled so that the current through the emitter-collector 
circuit of the transistor is substantially constant. 

In order to perform this control, a reference voltage 
device is connected between the base electrode of the 
transistor and the emitter-resistor. 

Usually electronic telegraph relays include control cir 
cuits which show dependence on incoming control sig 
nals which control the ON and OFF switching of one or 
more transistors, so that the output current at least passes 
the emitter-collector circuit in one of the transistors. 
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with the ohmic resistance or the circuit will, in many 
cases, develop in a relatively large time constant, which 
limits the applicability of the relay. 
As mentioned before, the formation of sparks from 
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mechanical contacts is avoided by switching with conven 
tional electronic telegraph relays, but there still arise 
problems with electromagnetic radiation which in some 
cases may be very undesirable. 

It is a principal object of the present invention to pro 
55 

vide electronic relays which provide constant output cur 
rents regardless of variations in the supply voltages and 
in the load. 
The main feature of the invention is that at least one 

constant current generator is used in the output circuit 
of the relay. When a constant current generator is used . 
in the output circuit of a telegraph relay, the relay will 
be able to deliver a constant current to the load even if 
the working voltage for the relay varies and even if the 
load itself varies. 

It will therefore, not be necessary to adjust the output 
current manually in accordance with varying line and 
load characteristics. Manual adjustments are only nec 
essary when the type of receiver apparatus is changed, 
say from receiving apparatus which is designed for 40 
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Another feature of the invention is that at least one 
reference voltage device is arranged in or connected to 
the telegraph relay, so that the potential across the emit 
ter-collector circuit when a transistor is switched ON is 
compared with the reference potential. Signals resulting 
from the comparison control the said transistor so that 
the current through said transistor attains a predetermined 
substantially constant value which within wide limits is 
independent of the working voltage and the load. 

It is furthermore considered to be advantageous to use 
a zener diode as reference voltage source. 
By using an electronic telegraph relay as defined above, 

it is possible to obtain a reduced time constant, so that 
the current reaches the desired level faster and a con 
stant current is obtained for varying working voltage and 
load. There will, however, always be a risk that if signal 
pulse edges are too sharp, electromagnetic radiation will 
result which contains information about the corresponding 
signal pulse edges, and this should be avoided, in partic 
ular, where the relay is used in connection with crypto 
graphic equipment. 

According to the present invention a capacitor is, there 
fore, connected into the output circuit, e.g. from the 
base electrode to the collector electrode of the output 
transistor so that there are obtained "soft' but defined 
signal transitions. 
A further feature of the present invention, when using 

two constant current generators is that both current gen 
erators are arranged to generate constant and equal cur 
rents independent of incoming control signals, the two cur 
rents in dependence of the control signals, at double cur 
rent, being alternately applied to the load in opposite 
directions and at single current, being alternately applied 
together to and away from the load. 
The present invention will in the following be described 

in detail in connection with the drawings, where: 
FIGS. 1 and 2 show principal schematics of the present 

invention, and 
FIGS. 3, 4 and 5 show three embodiments of the in 

vention. 
In FIG. 1 an incoming square wave signal is shown con 

nected to a control circuit SK in the telegraph relay. This 
control circuit controls a constant current generator KS 
in such a manner that it, when double current is used, is 



3,359,433 
3 

connected to plus (--) in one case and minus (-) in the 
other case, and when single current is used, alternately 
is connected to one of the battery terminals and to no 
battery terminal. The constant current generator KS is, 
therefore, always connected into the circuit when current 
is applied to the load Z. 

In FiG. 2 is shown a principal diagram of another em 
bodiment of the invention where two constant current 
generators KS and KS2 are used. KS is in this case 
connected to plus, while KS2 is connected to minus. The 
square wave signals applied to the control circuit. SK pro 
vides switching of the constant current generators KS 
and KS2 so that only one of these at any time is con 
nected into the output circuit of the relay. This embodi 
ment of the invention is particularly suitable for trans 
mitting double current signals. 

In FIG. 3 the control signal, i.e. the square wave signal 
is shown connected to the base electrodes of two transis 
tors, TR and TR2, via a voltage divider, R1 and R2. 
These transistors are controlled OFF and ON so that only 
one is conducting at a time. When therefore, the tran 
sistor TR1 is Switched ON, the transistor TR2 is auto 
matically switched OFF. Furthermore the transistor TR3 
will be switched OFF when the transistor TR1 is switched 
OFF and vice versa, as the emitter-collector-circuit for 
the transistor TR1 is connected in series with the resistors 
R3 and R4 between the battery terminals zero and minus 
for controlling the transistor TR3. Correspondingly the 
transistor TR4 will be switched off when the transistor 
TR2 is switched off and vice versa, as the emitter-collector 
circuit for the transistor TR2 is connected in series with 
the resistors R5 and R6 between the battery terminals 
zero and plus, for controlling the transistor TR4. When 
the transistor TR3 is switched OFF, the transistor TR5 
will be switched ON, but when the transistor TR3 is 
switched ON, the transistor TR5 will be switched OFF 
due to the negative potential which is applied to the base 
electrode of this transistor from minus via TR3 and the 
resistor R7. The transistor TR6 will correspondingly be 
switched ON when the transistor TR4 is switched OFF, 
but the transistor TR6 will be switched OFF when the 
transistor TR4 is switched ON, due to the positive po 
tential which is applied to the base electrode of the tran 
sistor TR6 from plus via R10 and transistor TR4. From 
plus to minus there is in series with a resistor R11 con 
nected two zener diodes Z1 and Z2. When transistor TR3 
is switched OFF, and the transistor TR4 is switched ON 
as mentioned above, a current flows from plus through 
the resistance R10-the emitter-collector circuit for the 
transistor TR4-R11-Z1 to minus. As previously stated 
the transistor TR5 is switched ON when the transistor 
TR3 is switched OFF, so that the potential across the 
resistors R7, R8 and the emitter-base-circuit for the tran 
sistor TR5 is determined by the potential across the Zener 
diode Z1. The relation between the breakdown potential 
of the Zener-diode and the resistors R7 and R8 is deter 
mined so that there will flow a predetermined substan 
tially constant current in the emitter-collector-circuit of 
the transistor TR5 and, therefore, also through the load Z. 

Correspondingly there will flow a current from plus 
through resistors R10, R9, transistor TR6 and load Z 
to zero, when the transistors TR3 and TR4 respectively 
are controlled ON and OFF. The circuits which respec 
tively comprise resistors R7, R8 and transistor TR5, and 
resistors R0, R9 and transistor TR6, provide together 
with the Zener-diodes Z1 and Z2 and the resistor R1 two 
constant current generators. If the working voltage source 
positively is very stable, the zener-diodes Z1 and Z2 may 
be exchanged with resistors. 
As will be seen from the figure, a capacitor C1, C2 

is connected across the base-collector circuit for each of 
the output transistors TR5 and TR6, in order to obtain 
“soft” signal transitions. 
The circuit which is shown in FIG. 3 may also be used 

for single current, by only using one half of the circuit. 
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4. 
One end of the resistor R11 must then, however, be con 
nected to zero. If e.g. the upper half of the circuit is to 
be used, the lower end of resistor R1 must be connected 
to zero. This circuit is within wide limits independent 
of variations in the working potential. If e.g. normal 
battery potentials are --35 v., the circuit will work satis 
factorily even at battery potentials of th:20 v. and --50 v. 
The circuit is furthermore substantially independent of the 
load Z. If the load Z represents the magnet coil in a 
teleprinter, a plurality of such magnet coils, i.e. tele 
printers, may be connected in series. 

In FIG. 4 is shown a circuit which is particularly de 
signed for transmission of single current signals. In this 
circuit is furthermore used two output transistors con 
nected in series, TRi0 and TR9, so that the circuit may 
be connected to a relatively large voltage source, without 
using special transistors. The controlling square Wave 
signals control the transistor TR7 via the voltage divider 
R22 and R13. When the transistor TR7 is switched OFF, 
transistor TR8 will also be switched OFF as the emitter 
collector circuit for TR7 is connected in series with the 
resistors R4 and R5 between the battery terminals Zero 
and minus for controlling the transistor TR8. When the 
transistor TR8 is switched OFF, the transistor TR9 will 
be switched ON due to the positive potential which is 
supplied to the base electrode of transistor TR9 from 
zero, via the resistors R16 and R17. A diode D1 is ar 
ranged for providing the necessary bias for transistor 
TR9. TR9 acts in this case as a switch for TR10 and 
also for the output current. When, therefore, TR9 is 
switched ON, a current flows from zero through the load 
Z, further through the emitter-collector circuit for tran 
sistor TR10-resistor R18-collector-emitter circuit for 
transistor TR9 and diode D to minus. There will further 
more flow a current fromzero through resistor R19 and 
Zener-diode Z3, transistor TR9, diode D1 to minus, so 
that the potential across R18 in series with the emitter 
base-circuit for transistor TR10 solely is controlled by 
the potential across the zener-diode Z3. The current flow 
ing through the transistor TR10 is, therefore, prede 
termined by the components R18 and Z3 so that there 
will flow a substantially constant current through this 
transistor and through the load Z. When, however, the 
transtistor TR9 is switched OFF, there will not flow any 
current through either the load Z, transistor TR0 or 
through the zener-diode Z3. In order to obtain “soft' sig 
nal transistions, a capacitor C3 is in this circuit connected 
from the base electrode of the first output transistor TR9 
to the collector electrode for the other output transistor 
TR10. 

In FIG. 5 is shown a circuit for an electronic telegraph 
relay according to the present invention which may be 
used for single current as well as for double current by 
setting a switch S2 to the one or the other of its two 
positions. In this circuit there is included a switch S1 
which connects a resistor R25 into the circuit or short 
circuits this resistor in a simple manner to enable the 
adjustment of a telegraph relay to one of two current 
levels. It may e.g. in some cases be desirable to use 40 m.a. 
In this circuit the transistors TR14 and TR5 are con 
trolled by selecting the values of the components Z4 and 
R23-R25, so that there always flows a current of equal 
magnitude through the respective emitter-collector cir 
cuits. It is in the following assumed that the components 
are chosen so that there always will flow 20 ma. through 
transistor TR15 and 20 ma. through transistor TR4. It 
is furthermore assumed that it is desirable to send double 
current. The incoming square wave signal is supplied to 
the base electrode of transistor TR11, so that the tran 
sistors TR12 and TRA3 automatically are switched OFF 
and ON. When the transistor TR3 therefore is switched 
ON there will flow 40 ma. through this transistor, as 
20 mal. flows through TR5 and further through TR13, 
while 20 ma. flows through TR14, further through the 
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load Z, as the transistor TR12 is blocked, and through 
the transistor TR13 to the negative battery terminal. 
When correspondingly the transistor TR12 is switched 
ON while the transistor TR13 is switched OFF, the 
current through transistor TR14 flows right through tran 
sistor TR12 and diode D2 to minus, while the current 
through transistor TR15 in this case will flow through the 
load Z in opposite direction and further through tran 
sistor TR12 and diode D2 to minus, 
The resistor R20 is arranged to provide the necessary 

bias for transistor TR11 and resistor R21 is connected 
to the collector-electrode of the transistor in order to 
complete the circuit. 

If, however, it is desirable to send single current sig 
nals, the switch S2 is switched to its other position, so 
that the current through the transistor TR14 and the 
transistor TR15 flows together, in one case right through 
the transistor TR14 to minus, and in the other case 
through the load Z and through transistor TR12 and the 
diode D2 to minus. 
In order to obtain "soft' signal transistions there are 

connected capacitors C4 and C5 across the base-collector 
circuit for transistors TR12 and TR13 respectively. 

It should be noted that the above detailed description 
of several embodiments of the invention in no manner 
must be considered as limiting for the scope of protection. 
What is claimed is: 
An electronic telegraph relay including control circuits 

and a pair of constant current generators responsive to 
input pulses of positive and negative polarity for provid 
ing distinct output currents of positive and negative 
polarities at amplitudes which are substantially inde 
pendent of changes in working voltage and independent 
of changes in load, comprising: 

(1) a first control circuit including a first PNP tran 
sistor coupled to a first NPN transistor, each having 
a base, an emitter, and a collector, 

an input terminal connected to the base of the 
first PNP transistor, 

means biasing the first PNP transistor to a state 
of conduction in response to negative input 
pulses on the input terminal, 

means biasing the first NPN transistor to a state 
of conduction in response to conduction in the 
collector of the first PNP transistor, 

(2) a second control circuit including a second NPN 
transistor coupled to a second PNP transistor, each 
having a base, an emitter and a collector, 

means connecting the base of the second NPN 
transistor to the input terminal, 

means biasing the second NPN transistor to a 
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6 
state of conduction in response to positive input 
pulses on said terminal, 

means biasing the second PNP transistor to a 
state of conduction in response to conduction 
in the collector of the second NPN transistor, 

(3) a first constant current generator including a third 
NPN transistor having a base serving as the generator 
input terminal, an emitter, and a collector, 

a Zener diode connected between the emitter and 
the base of the third NPN transistor to assure 
constant current output, 

means coupling the input terminal of said first 
constant current generator to said first NPN 

i transistor and for biasing said generator into 
conduction to deliver a negative output current 
when said first NPN transistor is non-conducting 
and biasing the generator to a non-conductive 
state when said first NPN transistor is con 
ducting, 

(4) a second constant current generator including a 
third PNP transistor having a base serving as the 
generator input terminal, an emitter and a collector, 

a zener diode connected between the emitter and 
the base of the third NPN transistor to assure 
constant current output, 

means coupling the input terminal of said second 
constant current generator to said second PNP 
transistor and for biasing said generator into 
conduction to deliver a positive output current 
when said second PNP transistor is non-con 
ducting and biasing the generator to a non-con 
ducting state when said second PNP transistor 
is conducting, and 

means connected to the collector of the third PNP 
transistor and to the collector of the third NPN 
transistor to deliver the respective positive and 
negative output currents at a common terminal. 
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