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LASER CONTROL CIRCUIT 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

This invention relates to control circuits, and particu 
larly to an arrangement for controlling an injection 
laser. 
Use of an injection laser in an optical transmission 

system requires that the laser be prebiased with a cur 
rent which is smaller than the laser threshold current 
(point above which the lasing action starts). This is 
necessary to minimize the delay between the input of an 
electrical signal to a laser and the laser corresponding 
light output. Because the laser threshold current varies 
with temperature and age, the prebias current has to be 
correspondingly adjusted for the proper operation of a 
laser in an optical transmission system. 

Prior art laser control circuits are arranged to accom 
plish this by sensing the optical, such as the circuits in 
US. Pat. No. 3,898,583, power output of a laser with a 
relatively slow feedback loop which averages the laser’s 
optical power output over several time slots. A voltage 
derived from the optical power output is then compared 
to a fixed reference voltage by a difference ampli?er 
which uses the difference to adjust its output and thus 
vary the prebias current. While such an arrangement 
provides an adequate adjustment of the prebias current 
to compensate for the threshold current variation, it has 
several shortcomings. When the density of light pulses 
in a laser light output varies, the prior art control circuit 
causes variations in the amplitudes of the individual 
light pulses. Furthermore, for an electrical input signal 
having a long string of digital zeroes or the removal of 
the input signal altogether, the prior art circuit causes 
the prebias current to increase so high that reapplication 
of the signal can cause irreversible damage to the laser. 

Therefore, it is an object to provide an improved 
laser control circuit. 
Another object is to provide a laser control circuit 

which maintains individual light pulses at a constant 
amplitude. 

Yet another object is to provide a laser control circuit 
which prevents the laser from being irreversibly dam 
aged in response to an electrical input signal. 
These and other objects are realized in an illustrative 

emobodiment of the invention in which a control circuit 
for an injection laser includes a driver circuit which 
applies a driving current to the laser in response to an 
electrical modulating signal. A prebias current applies a 
prebias current to the laser in response to the difference 
between a signal derived from the electrical modulating 
signal and a signal derived from the laser light output. 
A feature of the invention is the prebiasing of the 

laser in response to the difference between a signal 
derived from an electrical modulating signal and a sig 
nal derived from the laser light output. 
Another feature of the invention is the prebiasing of 

the laser always below its threshold current. 

BRIEF DESCRIPTION OF THE DRAWING 

A better understanding of the invention may be de 
rived from the following detailed description as that 
description is considered with respect to the attached 
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2 
drawing, which shows an illustrative embodiment of 
the invention. 

DETAILED DESCRIPTION 

In the drawing there is shown a laser control circuit 
which illustrates the principles of the invention. The 
control circuit is of a kind used in an optical transmitter 
[shown in the] disclosed by T. L. Maione et al. [Ser. 
No. 668851 filed concurrently with this application] in 
US. Pat. No. 4,019,048. An electrical digital data signal, 
which is to be converted to an optical signal, is applied 
via a terminal 103 simultaneously to a prebias control 
circuit 101 and a driver circuit 102. The driver circuit 
102 establishes a driving current In for a laser 106 in 
response to the applied electrical signal. The prebias 
circuit 101 establishes a prebias current Ip for the laser 
106 in response to the difference between a signal de 
rived from the input signal and a signal derived from the 
laser 106 light output. 
The laser control circuit is arranged to work with a 

negative electrical modulating signal input having digi 
tal ones ("ONES") and digital zeroes (“ZEROES"). A 
“ONE“ signal is represented by a negative voltage that 
is close to ground potential. Application of a signal 
representing a “ONE" turns the laser 106 OFF (light 
OFF). A "ZERO" signal is more negative than the 
“ONE” signal. Application of a signal representing a 
"ZERO” turns the laser 106 ON (light ON). 

In operation of the driver circuit 102, a "ONE“ signal 
is applied via the terminal 103 to the base of a transistor 
104. The emitter of transistor 104 is coupled to the 
emitter of a transistor 105, which transistor has substan 
tially the same electrical characteristics as transistor 
104. Transistors 104 and 105 make up a symmetric emit 
ter-coupled pair of NPN transistors having a common 
emitter resistor 110 connected between their emitters 
and a negative potential source. 
The “ONE” signal applied to the base of transistor 

104 causes its base voltage to become more positive 
than a reference voltage V X which is applied to the base 
of transistor 105. This causes transistor 104 to turn ON 
and transistor 105 to turn OFF. When transistor 105 is 
OFF, no driving current Ipis conducted through a lead 
121 connecting the collector of transistor 105 to the 
cathode of laser 106 and the laser does not lase. 

Application of a “ZERO" signal to the base of the 
transistor 104 causes the transistor’s base voltage to 
become more negative than the reference signal voltage 
VX on the base of transistor 105. This causes transistor 
104 to turn OFF and transistor 105 to turn ON. When 
transistor 105 is ON, a driving current ID of a predeter 
mined magnitude is conducted from ground through 
the laser 106, the lead 121, the transistor 105 and the 
resistor 110 to the negative potential source. The magni 
tude is such that the sum of the driving current ID and 
the prebias current I p conducted through the laser 106 
exceeds the laser‘s threshold current and thus biases the 
laser to lase. 

In the prebias circuit 101, electrical modulating sig 
nals are applied via the terminal 103 to the base of a 
transistor 107. The emitter of transistor 107 is coupled 
to the emitter of a transistor 108, which transistor has 
substantially the same electrical characteristics as tran 
sistor 107. Transistors 107 and 108 make up a symmetric 
emitter-coupled pair of NPN transistors having a com 
mon emitter resistor 125 connected between their emit 
ters and a negative potential source. 
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Each “ONE” signal applied to the base of transistor 
107 causes its base voltage to become more positive 
than a reference voltage Vyapplied to the base of tran 
sistor 108. This causes transistor 107 to turn ON and 
transistor 108 to turn OFF. When transistor 108 is OFF, 
its collector is held at ground potential. No current is 
conducted through a variable resistor 118 and the volt 
age derived from the electrical modulating signal on a 
lead 120, which is one of the inputs to a difference am 
pli?er 111, also is held at ground potential. The other 
input lead 119 to the difference ampli?er 111 has a po 
tential on it caused by a current conducted'through a 
potentiometer 117 and a ?lter network 116 to ground. 
The potentiometer 117 has one of its terminals con 
nected to a negative potential source and its second 
terminal connected to a positive voltage source. 
The difference ampli?er 111 has a high gain that 

produces a current output proportional to an in?nites‘ 
imal difference between its two voltage inputs. The 
difference ampli?er 111, responding to the voltage dif 
ference present between the two input leads 119 and 
120, produces a current output which is amplified by a 
power ampli?er 112. The output of the ampli?er 112 is 
the prebias current 1;» which is conducted from ground 
through the laser 106 and the lead 122 into the ampli?er 
112. 
This prebias current [p, which is smaller than the 

laser threshold current, causes the laser to act as a light 
emitting diode, so that some light will be emitted by the 
laser and detected by a reverse biased PIN photodiode 
115. The photodiode 115 converts this light into a cur 
rent which is conducted through ?lter 116 and thereby 
contributes to voltage signal on lead 119. For initial 
operation in response to series of “ONES", the wiper on 
resistor 117 is adjusted to a point where the magnitude 
of the voltage on the lead 119 produces a prebias cur 
rent lpof the required magnitude just below the thresh 
old current of the laser. 

Application of the “ZERO" signal to the base of 
transistor 107 causes its voltage to become more nega 
tive than the reference voltage Vyon the base of transis 
tor 108. This causes transistor 107 to turn OFF and 
transistor 108 to turn ON. With transistor 108 in the ON 
state, a current is conducted from ground through a 
?lter network 109, a variable resistor 118, and the tran 
sistor 108 to the source of negative potential causing a 
negative voltage on the input lead 120. 
Once the prebias current [p is established, an electri 

cal signal having half "ZEROES" and half “ONES" in 
a pseudorandom arrangement is applied via terminal 
103 to the bases of transistors 104 and 107. Application 
of a “ZERO" signal to the base of the transistor 104 
turns the laser 106 “ON”. The laser 106 will have a light 
output 113 through its front mirror and a light output 
114 through its back mirror. Light output 113 can be 
injected into an optical ?ber 126 for transmission to 
some distant point. 

Light output 114 impinges upon the PIN photodiode 
115 and is converted into an electrical current which is 
conducted from ground through the ?lter network 116, 
the lead 123 and the photodiode 115 to a source of 
negative potential. This current input through the ?lter 
network 116 causes a negative voltage level on the input 
lead 119 to the difference ampli?er 111. At the same 
time, however, a negative voltage of substantially the 
same magnitude is effected on the input lead 120 to the 
difference ampli?er 111 because of current conducted 
through the ?lter 109, resistor 118 and the transistor 
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4 
108. Resistor 118 is adjusted so that the varying voltage 
derived from the electrical modulating signal on the 
input lead 120 matches the varying voltage on the input 
lead 119 derived from the laser light output. Thus, the 
difference between the two voltage signals on the input 
leads 119 and 120, respectively, will not change, and 
consequently the prebias current will remain substan 
tially constant. 
As previously mentioned, the application of a 

“ONE” signal to the base of transistor 104 causes it to 
turn ON and transistor 105 to turn OFF. This removes 
the driving current ID from the laser 106 and puts the 
laser in a nonlasing state which results in a decrease in 
the light output 114 from the laser, and reduced current 
input into the ?lter network 116. With such reduced 
current, the charge on the capacitor in the ?lter net 
work 116 begins to decay to a new equilibrium value, 
and the negative voltage on the lead 119 becomes more 
positive. At the same time, however, application of the 
“ONE" signal to the base of the transistor 107 turns it 
ON and turns transistor 108 OFF, with the result that 
there is no current input into the ?lter network 109. The 
charge on the capacitor in the ?lter network 109 also 
begins to decay, and the negative voltage on the lead 
120 becomes more positive. Because the time constants 
of both capacitors are substantially the same, the volt 
ages on both leads 119 and 120 decrease together. Con 
sequently, the prebias current Ip will remain substan 
tially constant. Therefore, once the initial adjustment 
for the [pebias] prebias current is made, the [pebias] 
prebias current will now change with the density of 
light pulses or absence of light pulses. 
During a continuous operation of the laser the thresh 

old current will move upward with an increase in the 
laser temperature. The laser control circuit adjusts the 
prebias current 1p in the following manner. When the 
threshold current of the laser increases, the optical 
power output of the laser decreases, and the current 
conducted through the PIN photodiode 115 and the 
?lter network 116 decreases causing the negative volt 
age on the input lead 119 to become more positive. The 
difference ampli?er 111, reacting to the difference be 
tween the two input voltages to the ampli?er, adjusts 
the prebias current Ip upward to increase the optical 
power output of the laser to its previous level. Should 
the threshold point move downward, just the opposite 
takes place. Optical power output increases, and the 
current conducted through the photodiode 115 and the 
?lter network 116 increases causing an increase of the 
negative voltage level on lead 119. The different ampli 
?er 111. reacting to the difference between the input 
voltages, adjusts the prebias current downward. 

It is to be understood that the above-described ar 
rangement is illustrative of the application of the princi 
ples of the invention. As various changes could be made 
in the above-described arrangement without departing 
from the scope of the invention, it is intended that all 
matter contained in the above description or shown in 
the accompanying drawing shall be interpreted as illus 
trative and not in a limiting sense. 
What is claimed is: 
l. A control circuit for an injection laser, the circuit 

comprising; 
means for driving the laser in response to an electrical 

modulating signal, and 
means for prebiasing the laser in response to the dif 

ference between a signal derived from the electri 
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cal modulating signal and a signal derived from the 
laser light output. 

2. The circuit as de?ned in claim 1, wherein the 
prebiasing means always biases the laser below its 
threshold current. 

3. The circuit as de?ned in claim 1, wherein the driv 
ing means include a symmetric emitter-coupled pair of 
transistors conducting a driving current through the 
laser. 

4. A control circuit for an injection laser comprising: 
means for conducting a driving current through the 

laser in response to [the] an electrical modulating 
signal, 

ampli?er means having input and output terminals, 
means for deriving a ?rst voltage input to the ampli 

?er from [an] the electrical modulating signal, 
means for deriving a second voltage input to the 

ampli?er from the laser optical output, and 
means for conducting a current through the laser and 

the ampli?er in response to the difference between 
the ?rst and second voltage inputs to the ampli?er. 

5. The circuit as de?ned in claim 4, wherein the cur 
rent conducted through the ampli?er means always 
prebiases the laser below its threshold current. 

6. The circuit as de?ned in claim 4. wherein the 
means for deriving the ?rst voltage input to the ampli 
?er includes a symmetric emitter-coupled pair of tran 
sistors responsive to the electrical modulating signal for 
establishing a prebias current of a predetermined magni 
tude. 

7. A control circuit for an injection laser, the circuit 
comprising: 
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6 
means for driving the laser in response to an electrical 

modulating signal, and 
means for prebiasing the laser in response to a dtf erence 

between a signal derived from the magnitude of the 
electrical modulating signal and a signal derived from 
the magnitude of the laser light output. 

8. The circuit as defined in claim 7, wherein the prebias 
ing means biases the laser below its threshold current. 

9. The circuit as de?ned in claim 7, wherein the driving 
means include a symmetric emitter-coupled pair of transis 
tors for conducting a driving current through the laser. 

10. A control circuit for an injection laser comprising: 
means for conducting a driving current through the laser 

in response to an electrical modulating signal, 
amplifier means having input and output terminals, 
means for deriving a ?rst voltage input to the amplifier 
from the magnitude of the electrical modulating sig 
nal, 

means for deriving a second voltage input to the ampli 
?er from the magnitude of the laser optical output, 
and 

means for conducting a current through the laser and 
the output terminal of the amplifier in response to the 
difference between the ?rst and second voltage inputs 
to the amplifier. 

11. The circuit as de?ned in claim 10, wherein the cur 
rent conducted through the amplifier means always preb 
iases the laser below its threshold current. 

12. The circuit as de?ned in claim 10, wherein the 
means for deriving the ?rst voltage input to the amplifier 
includes a symmetric emitter-coupled pair of transistors 
responsive to the electrical modulating signal for establish 
ing a prebias current of a predetermined magnitude. 
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