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(57) Abstract 

Apparatus which stabilizes the temperature, and thereby the output wavelength, of an injection laser. Means (50 and 
23) monitor the laser terminal voltage across a laser (11) and derive a voltage therefrom which is proportional to the junc-
tion voltage of the laser. Means (24) compares the voltage to a reference value from source (27) and a temperature controll-
er (35) adjusts the laser temperature in response to the results of the comparison. Further embodiments of the present in-
vention vary the output wavelength of the laser by varying the reference value from source (27) against which the laser 
junction voltage is compared. 
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TEMPERATÜRE STABILIZATION OF INJECTION LASERS 

Technical Field 
The present invention pertains to apparatus for 

stabilizing the temperature, and thereby the output 
5 wavelength,, of injection lasers. 

Background of the Invention 
Optical communications systems utilizing lasers, 

and having high-bit rate modulation and/or wavelength 
division multiplexing, require accurate control of laser 

10 wavelength. Such accurate control is difficult to 
implement in present transmission systems because the 
laser wavelength is monitored by using elaborate and 
complex optical components and/or circuit elements. Some 
examples of the prior art include: U.S. Patent 

15 No. 3,588,253, Ü.S Patent No. 4,387,462, and Japanese 
Patent Disclosure No. 1983-77272. 

U.S. Patent No. 3,588,253 discloses a 
spectrograph which includes a temperature tunable laser 
diode. The laser diode is placed in a Dewar flask and 

20 liquid helium is used to control the temperature of the 
environment in which the laser diode is positioned. Since 
the wavelength of single mode emission from the laser 
diode depends upon the temperature thereof, the wavelength 
of the single mode emission from the diode is varied by 

25 varying the temperature of the diode. 
U.S. Patent No. 4,387,462 discloses a 

temperature stabilization apparatus which stabilizes a 
single frequency laser. The laser is disposed in a hard-
sill glass laser tube having a resistance coating on an 

30 exterior surface thereof. A power supply is coupled to 
the resistance coating for heating the glass tube. 
Temperature sensors are mounted at various locations to 
monitor the temperature of the laser tube. The 
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temperature sensors are coupled to a temperature 
controller, which in turn, is connected to the power 
supply for controlling the temperature of the tube. 

Japanese Patent No. 1983-77272 discloses an 
5 apparatus for temperature control of a semiconductor 

laser. The apparatus uses a photodiode, having a 
predetermined voltage-temperature characteristic, to sense 
the temperature of a heat sink upon which the photodiode 
and the laser are disposed. A thermo-module adjusts the 

10 temperature of the laser in response to variations in the 
photodiode output voltage. 

If the large bandwidth capability of presently 
available single-mode fibers is to be used to its full 
capacity, it is necessary to develop a compact and 

15 integrated wavelength stabilization apparatus for laser 
transmitters other than those disclosed in the art. 
Summary of the Invention 

Apparatus in accordance with the present 
invention stabilizes the temperature, and thereby the 

20 output wavelength, of an injection laser by monitoring the 
laser terminal voltage and deriving a voltage therefrom 
which varies with the temperature of the laser. The 
temperature of the laser is then varied in response to 
this derived voltage. Thus, by monitoring the voltage, 

25 the inventive apparatus can more quickly and accurately 
stabilize the laser's temperature than apparatus that 
monitor laser heat sink temperatures and whose operation 
depends on the thermal lag of the heat sink as well as 
apparatus whose operation depends on the position of a 

30 temperature sensor. 
In one embodiment, a circuit senses the laser's 

terminal voltage and derives a voltage therefrom which is 
proportional to the laser's junction voltage. Further 
circuitry compares the voltage to a reference voltage and 

35 generates an output signal whose value depends on the 
comparison. The output signal serves as an input into a 
temperature controller, for example a thermoelectric 
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cooler, in order to adjust the laser's temperature. The 
thermoelectric cooler is a conventionally known device 
which has the property of getting colder when electric 
current flows in one direction and getting hotter when the 

5 direction of the current is reversed. 
The above-described embodiment depends upon the 

fact that the junction voltage of an injection laser 
saturates above laser current threshold at a value— 
referred to as the "saturation voltage"—which is 

10 proportional to the energy of the semiconductor bandgap, 
and thereby to the laser output frequency. Further, the 
energy of the semiconductor bandgap, and thereby the laser 
output frequency, varies as the laser temperature varies. 
As a result, the "saturation voltage" varies as the laser 

15 temperature varies, and there is a direct correlation 
between shifts in "saturation voltage" and shifts in laser 
output frequency due to laser temperature variation. 
Thus, by monitoring the laser's junction voltage and by 
controlling the laser's temperature so that the junction 

20 voltage is stabilized, the laser output frequency—and 
hence the wavelength—is stabilized. 

In an embodiment of the present invention which 
is similar to the one discussed above, the frequency, and 
hence the wavelength, of the laser is varied by varying 

25 the reference voltage. 
In still further embodiments of the present 

invention which are useful in wavelength multiplexer 
communications systems, the relative wavelength 
differences between several lasers are stabilized by using 

30 a voltage which is proportional to the junction voltage of 
a first laser as the reference voltage for a second laser 
and using a voltage which is proportional to the junction 
voltage of the second laser as the reference voltage for a 
third laser and so forth. 



WO 87/01875 

- 4 -

PCT/US85/01814 

Brief Description of the Drawing 
A complete understanding of the present 

invention may be gained by considering the following 
detailed description in conjunction with the accompanying 

5 drawing, in which: 
FIG. 1 shows, in pictorial form, an equivalent 

circuit representation of an injection laser; 
FIG. 2 shows, in graphical form, the laser 

terminal voltage as a function of laser current for an 
10 InGaAsP buried-heterostructure laser operating at 1.5 

microns output wavelength at temperatures of 20, 30, 40 
and 50°C; 

FIG. 3 shows, in pictorial form, a block diagram 
of an apparatus fabricated in accordance with the present 

15 invention for stabilizing the laser temperature, and 
thereby the laser output wavelength; 

FIG. 4 shows, in pictorial form, a circuit 
diagram of an apparatus fabricated in accordance with the 
present invention of stabilizing an injection laser's 

20 temperature, and thereby the laser's output wavelength; 
and 

FIG. 5 shows, in pictorial form, a block diagram 
of an apparatus fabricated in accordance with the present 
invention wherein the wavelength difference between the 

25 outputs of several lasers are stabilized. 
To facilitate reader understanding, identical 

reference numerals are used to designate elements common 
to the figures. 
Detailed Description 

30 FIG. 1 shows an equivalent circuit 
representation of a buried-heterostructure injection 
laser. The equivalent circuit comprises the parallel 
combination of ideal diode 202 and zener diode 201 in 
series with resistance 204 and ideal diode 203. Such an 

35 equivalent circuit representation is found in an article 
entitled "Electrical Derivative Characteristics of InGaAsP 
Buried Heterostructure Lasers", by P.D. Wright, W. B. 
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Joyce, and D.C. Craft in J. Appl. Phys. Vol. 53, No. 3, 
March 1982, pp. 1364-372. According to this 
representation, the laser junction voltage, Vj, i.e. the 
voltage between the cathode arid anode of ideal diode 202, 

5 is given by: 

v.. = V f c(I) - alog ( I / I q ) - rl, (1) 

where Vfc(I) is the laser terminal voltage as a function of 
the laser current I, r is the series resistance of 
resistor 204 , a is the well known diode constant nkT/q of 

10 ideal diode 203 , and I is the reverse current of ideal 
diode 203 . 

When Vj is assumed constant, for example when 
the laser diode is saturated, a and r are computed from 
derivatives of Vfc(I) with respect to I as follows: 

2 2 I d V. ( I ) 
15 a § (2) 

dl 

dV (I) 
< - - I i - - ! <3> 

For a specific laser, the unknown values in 
equation (1), i.e. a and т_, are determined by first 
fitting equation (1) to experimentally determined values 

20 of the laser's terminal voltage in the region above 
threshold where v^ saturates and then computing a and r 
using equations (2) and ( 3 ) . For example, FIG. 2 shows 
fitted curves of the laser's terminal voltage as a 
function of laser current for an InGaAsP buried-

25 heterostructure laser operating at 1 . 5 microns output 
wavelength at temperatures of 20 , 30 , 40 and 50°C. 
Experimental data in region 300 , where the laser is 
saturated, was used to fit equation ( 1 ) . Region 300 is 
also the region where the derivatives of equations (2) 

30 and (3) are computed. Using the experimental data for the 
above-referenced InGaAsP laser, it is found that 
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a » 0.00505 volts and r = 6.45 ohms. 
The term I in equation (1) is a constant term, 

ideally independent of I, which is used to select a 
compensation diode as discussed shortly. The term I is 

5 computed by matching v^ to the laser's bandgap energy 
obtained from optical wavelength measurements. The 
voltage Vj is directly proportional to the bandgap energy 
and therefore inversely proportional to the output 
wavelength. Thus, equation (1), at a particular value 

10 of I, is used to determine IQ. This is done by 
measuring Vfc and the laser's output wavelength at a 
particular value of I. Next, the left hand side of 
equation (1) is computed in terms of the measured 

he wavelength, i.e. v. = s гтгт where h is ' j q(measured wavelength) — 
15 Planck's constant and с is the speed of light. Next, the 

right hand side of equation (1) is computed by using the 
measured values of I, Vfc, a, and r. Then the IQ value on 
the right hand side of equation (1) is adjusted to match 
the left hand side. 

20 FIG. 3 shows a block diagram of an apparatus 
fabricated in accordance with the present invention for 
stabilizing laser temperature, and thereby the laser 
output wavelength. Laser terminal voltage Vfc/ taken at 
points 21 and 22 across laser diode 11, is input to 

25 terminal 28 of operational amplifier 23. Current 
source 40 injects current into laser 11 through circuit 
block 50. Referring to FIG. 1 and equation (1), when 
laser 11 is modulated above threshold by varying the 
current injected from current source 40, resistor 204 and 

30 diode 203 of the equivalent circuit representation provide 
voltage drops which are functions of the injected current. 
Circuit block 50 comprises circuit elements which, as a 
function of the current, form a voltage drop which matches 
that of resistor 204 and diode 203. This voltage drop is 

35 provided as input to terminal 29 of operational 
amplifier 23. The output of operational amplifier 23, 
voltage 25, is thereby proportional to the laser junction 
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voltage of laser 11, v^. However, if laser 11 is to be 
operated without modulation, then the terms in 
equation (1) which are functions of I are merely 
constants. In this case, circuit block 50 may be removed 
and a constant reference voltage, equal to the constant 
current voltage drop of resistor 204 and diode 203, may be 
applied to terminal 29 of operational amplifier 23. 

Laser output wavelength stabilization is 
performed by comparing voltage 25 against a reference 
voltage, V j. Thus, voltage 25, output from operational 
amplifier 23, is input to terminal 31 of operational 
amplifier 24. v

r ef from voltage source 27 is input to 
terminal 26 of operational amplifier 24. Operational 
amplifier 24 compares v^ and and amplifies the 

15 difference as voltage 30. Voltage 30, output from 
operational amplifier 24, drives thermoelectric cooler 35 
which adjusts the laser temperature and thereby stabilizes 
the output wavelength of laser 11. 

FIG. 4 shows a block diagram of an apparatus 
20 fabricated in accordance with the present invention for 

stabilizing an injection laser's temperature, and thereby 
the laser's output wavelength, wherein resistor 42, 
diode 43 and adjustable resistors 41 and 44 embody circuit 
block 50 shown in FIG. 3. Diode 43 performs the function 

25 of canceling the nonlinear portion of the laser equivalent 
circuit arising from diode 203. Circuit elements 41-44 
compensate for resistor 204 and diode 203 of the laser 
equivalent circuit in a manner similar to that disclosed 
with respect to the circuit of FIG. 8 of an article 

30 entitled "An Automatic Bias Control (ABC) Circuit for 
Injection Lasers" by A. Albanese in 
The Bell System Technical Journal, Vol. 57, No. 5, May-
June 1978, pp. 1533,1544, which circuit of FIG. 8 is also 
disclosed in U.S. Patent No. 4,081,670. 

35 More specifically, the voltage at terminal 29 of 
operational amplifier 23 is given by: 
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V- = kl ( vj + r I + vd + vx ) + K2 ( vj + r I + vd + vx + R I ) (4) 

where I is the laser injection current, v^ is the laser's 
junction voltage, v^ is the voltage drop across the 
laser's internal diode 203 from FIG. 1, vx is the voltage 

5 drop across diode 43, R is the resistance of resistor 42, 
k^ is less than one and is the constant of adjustable 
resistor 44, and k 2 is less than one and is the constant 
of adjustable resistor 41. 

The voltage at terminal 28 of operational 
10 amplifier 23 is given by: 

V+(= Vj + rl + vd (5) 

Thus, the output voltage 25 of operational 
amplifier 23 is directly proportional to: 

Vj(l-kj-kj)+1[r(l-k1-k2)-Rk2]+[vd(l-k1-k2)-vx(kj+k2)] 
15 (6) 

In order for voltage 25 to be proportional to v^ 
and independent of injection current, I, the second and 
third terms of equation 6 must be equal to zero. This 
results in the following: 

2 0 vx / vd = (l-k1-k2)/(ki+k2) (7) 

R/r = (l-k1-k2)/k2 (8) 

Thus, k^ and k 2 are varied in such a fashion 
that equations (7) and (8) are satisfied. For the case 
that vx = v^, i.e. diodes 43 and 203 are equivalent, we 
find that k^ + k 2 • 1/2 and Rk2/r « 1/2. If, in addition, 
R = r, i.e. resistors 42 and 204 are equivalent, then 
k 2 = 1/2 and k^ = 0. This means that by using a resistor 
and diode which are equivalent to resistor 204 and 
diode 203 of laser diode 11, respectively, a single 

25 
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adjustable resistor having a constant k 2 = 1/2 can be 
used. Such an equivalent resistor and diode can be 
fabricated from the same materials used to form the laser 
diode itself. 

5 In practice, when resistance 42 and diode 43 do 
not match resistance 204 and diode 203, respectively, one 
would choose resistor 42 to have as close a value as 
possible to the value £ of resistor 204 and diode 43 to 
have as close a value as possible to the values a and I 

10 of diode 203. (These values of a, I and r_ are determined 
as described above.) As discussed above, when the values 
of resistor 42 and diode 43 are equal to the values of 
resistor 204 and diode 203, respectively, k 2 = 1/2 and 
k^ = 0. In order to determine the values of k^ and k2 

15 when the resistors and diodes are close, but not equal, in 
value, k 2 = 1/2 is initially selected and k^ is varied 
near 0 in the following manner. The goal is to obtain a 
value of voltage 25 which is proportional to Vj. This 
means that for values of injection current above 

20 threshold, voltages 25 should be flat as the injection 
current I is varied. Thus, vary injection current above 
threshold for one value of k ^ If voltage 25 is not flat, 
change k^ and try again. When voltage 25 is reasonably 
flat, k 2 is varied slightly and the process is repeated 

25 until the appropriate values of kĵ  and k 2 are determined 
for use in the circuit shown in FIG. 4. Once the 
appropriate values of ^ and k 2 are determined, they may 
be implemented in many ways known in the art. For 
example, they may be implemented as potentiometers, or as 

30 laser trimmed adjustable resistors and so forth. 
As discussed above, the laser temperature 

determi nes the output wavelength. Thus, if from 
voltage source 27 in FIGS. 3 and 4 were changed, the laser 
temperature provided by thermoelectric cooler 35 would 

35 change and thereby the output wavelength of laser 11. 
Thus embodiments of the present invention may be 
fabricated to provide a tunable laser by providing a 
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variable voltage source 27 (not shown). 
In addition, further embodiments of the present 

invention, as shown in FIGS. 3 and 4, may be fabricated 
which provide automatic bias of the laser above threshold 

5 by inputting voltage 25 into a current control device like 
that disclosed in U.S. Patent 4,081,670. In such an 
arrangement, voltage 25 is input into the ABC circuit of 
CI.S. Patent 4,081,670 and the output from such ABC circuit 
is input into laser diode 11 through circuit block 50 of 

10 FIG. 3 or through resistor 42 and diode 43 of FIG. 4. 
FIG. 5 shows a block diagram of an apparatus 

fabricated in accordance with the present invention 
wherein the wavelength differences between the outputs of 
several lasers are stabilized. Such an embodiment is 

15 expected to be useful for a wavelength multiplexed 
communications system. Thermal apparatus, comprising for 
example thermocouple and thermoelectric cooler combination 
91 energized by power supply 93, maintains laser 81 at a 
fixed temperature. Current source 70 pumps laser 81 

20 through circuit block 150 and current source 71 pumps 
laser 82 through circuit block 151. Circuit blocks 150 
and 160 and operational amplifiers 151 and 161 are 
arranged as described above so that voltages 105 and 106, 
outputs from operational amplifiers 151 and 161, 

25 respectively, are proportional to the laser junction 
voltages of lasers 81 and 82, respectively. Voltage 105 
of laser 81 is input into terminal 102 of operational 
amplifier 100 and voltage 106 of laser 82 is input into 
terminal 101 of operational amplifier 100. Operational 

30 amplifier 100 generates voltage 107, the difference 
between the laser junction voltages. This difference is 
input into operational amplifier 115 along with 
voltage 117 from reference voltage source 116. 
Operational amplifier 115 outputs voltage 108 which 

35 measures the difference between voltage 107 and 
voltage 117. Difference voltage 108 drives thermoelectric 
cooler 92 to provide a temperature for laser 82 which 
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"follows" the temperature of laser 81 by a pre-set amount, 
which amount is determined by voltage 117. As has been 
discussed above, maintaining a fixed difference between 
the temperatures of lasers 81 and 82 will maintain a fixed 

5 difference between the output wavelengths of lasers 81 
and 82. It should be clear to those skilled in the art 
that further lasers may be connected to laser 81, for 
example by means of lead 121, in the same manner that 
laser 82 was connected in order to provide fixed 

10 wavelength differences among a multiplicity of lasers. 
It should also be clear to those skilled in the 

art that further embodiments of the present invention may 
be made by those skilled in the art without departing from 
the teachings of the present invention. 
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What is claimed is: 
1. Apparatus for stabilizing the temperature of 

an injection laser CHARACTERIZED IN THAT the apparatus 
comprises: 

5 means for deriving from the laser's terminal 
voltage a derived voltage which varies with the 
temperature of the laser, and 

means for altering the temperature of the laser 
in response to said derived voltage. 

10 2. Apparatus in accordance with claim 1 wherein 
the means for deriving comprises means for deriving a 
voltage which is proportional to the laser's junction 
voltage, 

3. Apparatus in accordance with claim 2 wherein 
15 the means for altering comprises means for comparing said 

derived voltage with a reference voltage. 
4. Apparatus in accordance with claim 3 wherein 

the means for altering comprises means for changing the 
temperature in response to the results of the comparison. 

20 5. Apparatus in accordance with claim 4 wherein 
the means for changing the temperature comprises an 
amplifier means for amplifying the results of the 
comparison and a thermoelectric cooler means responsive to 
the amplified comparison voltage. 

25 6. Apparatus in accordance with claim 1 wherein 
the means for deriving the voltage includes circuit means 
for eliminating the voltage drop across the internal 
resistance and internal diode-like circuit elements of the 
laser. 

30 7. Apparatus in accordance with claim 6 wherein 
the circuit means comprises first and second adjustable 
resistors and a series combination of a resistor and a 
diode, one end of the first and second adjustable 
resistors being connected to opposite ends of the resistor 

35 and another end of the first and second adjustable 
resistors being connected to each other. 
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8. Apparatus for a variable wavelength 
injection laser which comprises: 

means for deriving a voltage proportional to the 
junction voltage of the laser, 

5 a variable reference source, 
means for comparing said derived voltage with 

the voltage from the variable reference source, and 
means for altering the temperature of the laser 

in response to the results of the comparison. 
10 9. Apparatus in accordance with claim 8 wherein 

the results of the comparison is a comparison voltage and 
wherein the means for altering the temperature comprises 
an amplifier means for amplifying the results of the 
comparison and thermoelectric means responsive to the 

15 amplified comparison voltage. 
10. Apparatus for stabilizing the wavelength 

between at least two injection lasers which comprises: 
means for stabilizing the temperature of one of 

the lasers, 
20 means for deriving voltages proportional to the 

junction voltages of the lasers, 
means for comparing the difference between the 

voltages of the lasers with a reference voltage, and 
means for altering the temperature of the other 

25 one of the lasers in response to the results of the 
comparison. 
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