Office de la Propriete Canadian CA 2224969 C 2003/02/25

(22) Dat
(41) Mis
(45) Dat

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 224 969
g'rn(c)iL%?r?(iesgaenada ﬁrgijgt?;%/aa;da (12) BREVET CANADIEN
CANADIAN PATENT
13) C
e de depot/Filing Date: 1997/12/16 (51) CL.Int.%/Int.CI.° HO1L 31/024, HO1L 33/00
e a la disp. pub./Open to Public Insp.: 1998/06/27 (72) Inventeur/Inventor:

EMA, TAKAYUKI, JP

e de délivrance/lssue Date: 2003/02/25

(30) Prionte/Priorty: 1996/12/27 (8-358168) JP (73) Proprietaire/Owner:

ANDO ELECTRIC CO., LTD., JP
(74) Agent: MARKS & CLERK

(54) Titre : INSTRUMENT DE REGULATION DE TEMPERATURE POUR DISPOSITIF OPTIQUE A SEMI-
CONDUCTEURS
(54) Title: TEMPERATURE CONTROL DEVICE OF AN OPTICAL SEMICONDUCTOR DEVICE

TEMPERATURE
DETECTING CIRCUIT

(57) Abrége/Abstract:
A temperature control device of an optical semiconductor device Is provided for keeping the optical semiconductor device
constant. An optical semiconductor device (1) Is fixed to a thermal conductor (2). One thermistor (11a) Is arranged on the

thermal

conductor (2) at the portion where it Is susceptible stronger to an ambient temperature rather than the optical

semiconductor device (1) Is susceptible to the ambient temperature while another thermistor (11b) Is arranged on the thermal
conductor (2) at the portion where it Is susceptible weaker to the ambient temperature rather than the optical semiconductor
device (1) Is susceptible to the ambient temperature. The difference between an average temperature of the thermal conductor
(2) at two points detected by the thermistors (11a and 11b) and a set temperature Is detected by a temperature detecting means

(3) coIr
opposIn

prising a bridge circuit (30) having the thermistors (11a and 11b) which are connected to each other so as to form
g sides of the bridge circuit (30) and a differential amplifier (31) for receiving an imbalanced voltage of the bridge circuit

(30). Th
control

e thus detected difference of the temperature is outputted to a temperature control circuit (4), whereby the temperature
circuit (4) controls a Peltier driving current of a Peltier element (5) so that the average temperature of the thermal

conductor (2) at two points thereof and the set temperature become equal to each other.

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

OPIC - CIPO 191




CA 02224969 1997-12-16

ABSTRACT

A temperature control device of an optical semiconductor device is
provided for keeping the optical semiconductor device constant. An optical
semiconductor device (1) is fixed to a thermal conductor (2). One thermistor
- (11a) is arranged on the thermal conductor (2) at the portion where it is
susceptible stronger to an ambient temperature rather than the optical
semiconductor device (1) is susceptible to the ambient temperature while
another thermistor (11b) is arranged on the thermal conductor (2) at the
portion where it is susceptible weaker to the ambient temperature rather
than the optical semiconductor device (1) is susceptible to the ambient
temperature. The difference between an average temperature of the thermal
conductor (2) at two points detected by the thermistors (11a and 11b) and a
set temperature is detected by a temperature detecting means (3)
comprising a bridge circuit (30) having the thermistors (11a and 11b) which
are connected to each other so as to form opposing sides of the bridge circuit
(30) and a differential amplifier (31) for receiving an imbalanced voltage of the
bridge circuit (30). The thus detected difference of the temperature is
outputted to a temperature control circuit (4), whereby the temperature
control circuit (4) controls a Peltier driving current of a Peltier element (5) so
that the average temperature of the thermal conductor (2) at two points

thereof and the set temperature become equal to each other.
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SPECIFICATION

TEMPERATURE CONTROL DEVICE
OF AN OPTICAL SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a temperature control device of an
optical semiconductor device needing an environment which is less changed in
temperature, particularly to that having temperature detecting points where
the optical semiconductor device is clamped at both sides, in which one is
susceptible to an ambient temperature and the other is not susceptible to the
ambient temperature rather than the optical semiconductor device to the
ambient temperature, and wherein an average temperature at both
temperature. detecting points is constant, thereby controlling the
temperature of the optical semiconductor device.

2. Prior Art

A conventional temperature control device of an optical semiconductor
device of this type is used for permitting the temperature of optical
semiconductor device, etc. to keep constant. Fig. 4 is a block diagram
showing one example of a construction of the conventional temperature
control device of an optical semiconductor device. In Fig. 4, a thermal
conductor 2 is a block made of a material of high thermal conductivity such
as copper, iron, etc. An optical semiconductor device 1 is fixed to a surface 2a
of the thermal conductor 2 and a Peltier element 5 is jointed to one side
surface of the thermal conductor 2 at a jointing surface 5a.

A temperature detecting circuit 6 detects the difference between a

temperature of the thermal conductor 2 at a temperature detecting point 12
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to which the optical semiconductor device 1 is fixed and a set temperature,
and output a temperature detecting signal to a temperature control circuit 4.
The temperature control circuit 4 controls a Peltier driving current for
applying to the Peltier elemént 5 In response to the temperature detecting
signal. The Peltier element 5 changes the temperature of the jointing surface
5a of the thermal conductor 2 upori a reception of the Peltier driving current,
thereby controlling the temperature of the optical semiconductor device 1 by
way of the thermal conductor 2.

"~ The operation of the temperature control device of an optical
semiconductor device will be now described. When the ambient temperature
is changed, the temperature of the optical semiconductor device 1 and that of
the thermal conductor 2 to which the optical semiconductor device 1 is fixed
are also changed. The temperature detecting circuit 6 detects the differénce
between the temperature of the temperature detecting point 12 and the set
temperature, and output a temperature detecting signal to the temperature
control circuit 4. The temperature control circuit 4 controls the Peltier
driving current to be applied to the Peltier element 5 so as to secure a
negative feedback in response to the temperature detecting signal.

When the Peltier driving current to be applied to the Peltier element 5
is changed in its direction, the thermal conductor 2 is cooled or the
temperature of the temperature detecting point 12 of the heated thermal
conductor 2 becomes a set temperature. In such a manner, when the
temperature of the thermal conductor 2 is detected to control the
temperature of the temperature control device of an optical semiconductor
device so as 'to permit the temperature of the thermal conductor 2 to be

constant, thereby keeping the temperature of the optical semiconductor

device 1 fixed to the thermal conductor 2 constant.
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However the conventional temperature control device of an optical
semiconductor device has a problem in that since the temperature detecting
point 12 is spaced apart from the optical semiconductor device 1, and hence it
1s susceptible from the ambient temperature so that there occurs a

difference of temperature between the temperature detecting point 12 and

the optical semiconductor device 1.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide a
temperature control device of an optical semiconductor device capable of
keeping the temperature of an optical semiconductor device constant even if
a part of the thermal conductor is susceptible to an ambient temperature
because the change of temperature of the optical semiconductor device is
restrained by the change of inclination of temperature of the thermal
conductor caused by the influence of the ambient temperature, a heat source,
etc.

To achieve the above object, a temperature control device of an optical
serhiconductor device of the present invention comprises a thermal conductor
2 to which an optical semiconductor device 1 is fixed, a Peltier element 5 fixed
to the thermal conductor 2, two thermistors 11a and 11b which are attached
to the thermal conductor 2 at positions where they are susceptible stronger
and weaker to an ambient temperature than the optical semiconductor
device 1 is susceptible to the ambient temperature so as to detect
temperatures of the thermal conductor 2 at two points, a temperature
detecting means 3 for detecting the difference between an average
temperature of the thermal conductor 2 at two points detected by the

thermistors 11a and 11b and a determined set temperature, and for

outputting a temperature detecting signal, and a temperature control circuit
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4 for outputting a Peltier driving current to the Peltier element 5 in response
to the temperature detecting signal, thereby keeping the optical

semiconductor device 1 constant by way of the thermal conductor 2.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 11s a block diagram showing an example of a temperature control
device of an optical semiconductor device according to the present invention;
Fig. 2 1s a circuit diagram showing a temperature detecting circuit of
Fig. 1;
Fig. 3 1s a view showing the relation between an ambient temperature

and temperatures of thermistors; and

Fig. 4 1s a block diagram showing a conventional temperature control

device of an optical semiconductor device.

PREFERRED EMBODIMENT OF THE INVENTION

A temperature control device of an optical semiconductor device of the
present invention will be now described with reference to Fig. 1 which is a
block diagram showing a structure of the temperature control device of an
optical semiconductor device according to the preferred embodiment of the
invention.

An optical semiconductor device 1 comprises a laser diode, an LED, a
photodiode, etc. A thermal conductor 2 comprises a block made of a material
having an excellent conductivity such as copper, iron. The optical
semiconductor device 1 is fixed to a surface 2a of the thermal conductor 2,
and a Peltier element 5 is jointed to a jointing surface 5a of the thermal
conductor 2 at one side surface thereof.

Thermistors 11a and 11b are respectively attached to the surface 2a

of the thermal conductor 2 where they are susceptible stronger and weaker to
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an ambient temperature rather than the optical semiconductor device 1 is
susceptible to the ambient temperature. That is, the temperature control
device of an optical semiconductor device is arranged in a manner that the
optical semiconductor device 1 is narrowed in position by the thermistors 11a
and 11b wherein the thermistor 11a is positioned at the portion where it is
susceptible stronger to the ambient temperature rather than the optical .
semiconductor device 1 is susceptible to the ambient temperature while the
thermistor 11b is positioned at the portion where it is hardly susceptible to
the ambient temperature rather than the optical semiconductor device 1 is
susceptible to the ambient temperature. '

The thermistors 11a and 11b detect the temperature of the thermal
conductor 2 at two points of the surface 2a thereof, and supply the detected
output to a temperature detecting means 3 (hereinafter referred to as a
temperature detecting circuit 3). The temperature detecting circuit 3
receives the detected output from the thermistors 11a and 11b, amplifies the
difference between an average temperature of the thermal conductor 2 at
two points of the surface 2a thereof and a predetermined set temperature,
and outputs a temperature detecting signal to the temperature control
means 4 (hereinafter referred to as temperature control circuit 4).

The temperature control circuit 4 controls a Peltier driving current to
be applied to a Peltier element 5 so as to generate a negative feedback in
response to the temperature detecting signal. When the Peltier driving
current 1s applied to the Peltier element 5, the Peltier element 5 changes the
temperature of the jointing surface 5a jointed to the thermal conductor 2,

then controls the temperature of the optical semiconductor device 1 by way

of the' thermal conductor 2.

The operation of the temperature control device of an optical

semiconductor device will be now described. The thermistors 11a and 11b
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detect the temperatures of the surface 2a of the thermal conductor 2 at two
points where they are arranged. The detected outputs of the thermistors 11a

and 11b are respectively supplied to the temperature detecting circuit 3.

When the ambient temperature changes in this state, the temperature

detecting circuit 3 amplifies the difference between an average temperature
of the surface 2a of the thermal conductor 2 at two points where the
thermistors 11a and 11b are arranged and a predetermined set temperature,
then outputs a temperature detecting signal.

The temperature control circuit 4 controls a Peltier driving current to
be applied to the Peltier element 5 so as to secure a negative feedback in
response to the temperature detecting signal. The thermal conductor 2 1s
cooled or heated in response to the direction of the Peltier dnving current to be
applied to the Peltier element 5, and an average temperature detected by the
thermistors 11a and 11b of the thermal conductor 2 becomes the set
temperature. The temperature of the optical semiconductor device 1 fixed to
the thermal conductor 2 keeps constant by detecting the temperature of the
thermal conductor 2 at two points by the thermistors 11a and 11b and
controlling the temperature for permitting the average temperature detected
by the thermistors 11a and 11b to be constant.

Figs. 3 1s a view showing the relation between the ambient temperature
and a temperature 111a of the thermistor 11a, and a temperature 111b of
the thermistor 11b in this preferred embodiment of the invention.

The thermistor 1la is susceptible stronger to the ambient
temperature rather than the optical semiconductor device 1 1s susceptible to
the ambient temperature, since it is positioned at the portion remote from
the Peltier element 5 compared with the optical semiconductor device 1. The
thermistor 11b is susceptible weaker to the ambient temperature rather

than the optical semiconductor device 1 is susceptible to the ambient
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temperature since it is positioned at the portion close to the Peltier element 5
rather than the optical semiconductor device 1. As a result, there occurs the
difference of temperature between the thermistor 11a and the thermistor
11b. Since the thermistor 11a is susceptible stronger to the ambient
temperature, the temperature 111a of the thermistor 11a increases with the
increase of the ambient temperature.

On the other hand, since the temperature 111b of the thermistor 11b
1s controlled so that the average temperature of the thermistors 11a and 11b
becomes constant, the temperature 111b of the thermistor 11b decreases
with the increase of the ambient temperature. In the preferred embodiment,
the optical semiconductor device 1 is disposed in the middle of the thermistors '
11a and 11b so that the temperature of the optical semiconductor device 1
becomes an intermediate temperature between the temperature of the
thermistor 11a and that of the thermistor 11b, thereby restraining the
change of temperature of the optical semiconductor device 1 with the
influence of the ambient temperature.

When the optical semiconductor device 1 generates heat, the optical
semiconductor device 1 is positioned in a manner that the optical
semiconductor device 1 has an intermediate temperature between the
temperatures of the thermistors 11a and 11b, thereby restraining the change
of temperature of the optical semiconductor device 1 owing to the influence of
the ambient temperature.

The internal construction of the temperature detecting circuit 3 will be
now described. Fig. 2 is a block diagram showing the construction of the
temperature detecting circuit 3 according to the preferred embodiment of the
invention. The temperature detecting circuit 3 in Fig. 2 comprises a bridge
circuit 30 which is formed of the thermistor 11a and thermistor 11b having

the same characteristics, a resistor 30a and a resistor 30b, and a differential
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amphfier 31 for receiving imbalanced voltage outputs 30c and 30b. The
thermistor 11a and thermistor 11b which are connected to each other by way

of the resistors 30a and 30b form the opposing sides of the bridge circuit 30.
Since the negative feedback is secured so that the detecting signal of
the temperature detecting circuit 3 becomes 0 V, the bridge circuit 30 is
always balanced in a normal state. The following expression (1) is established
assuming that a set temperature is TO, a temperature of the therxnistor 1la
1s TO + t1, a temperature of the thermistor 11bis TO - t2:
(1) R1 xR2=RTH (TO + tl) x RTH (TO - t2)
R1: resistance value of the resistor 30a

R2: resistance value of the resistor 30b
RTH (TO + tl): resistance value of the thermistor 11a

RTH (TO - t2): resistance value of the thermistor 11b

R1 x R2 is expressed in the following expression (2) assuming that t1 =
t2 = 0.
(2) R1xR2=RTH (T0) 2

The following expression (4) is got by the expression showing the
relation between the resistance value of the thermistors and the temperature
expressed by the following expression (3) and the expression (1).
(3) RTH(K1)=RTH (KO) x EXP {B x (1/K1 - 1/K0)}

RTH (K1): resistance value of the thermistor at temperature K1 (K)

RTH (KO): resistance value of thé thermistor at temperature K0 (K)

B: Constant B
(4) RTH (T0O) 2 = RTH (T0) 2
x EXP {B x(1/(TO+tl1)+1/(T0-1t2)-2/T0)}
The following expression is established when t1 of the expression (4) is

solved.
(5) t1 =T0x1t2/(TO - 2t2)
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Since the T0 1s normally about 300k, and it is very large with respect
to difference 2t2 between the set temperature TO and the temperature of
thermistor 11b, the following approximate expression is established assuming
that TO - 2t0 = TO
(6) t1=1t2

Since the temperature of the thermistor 11a is expressed by TO + t1
and the temperature of the thermistor 11b is expressed by TO - t1 from the
expression (6), the average value of the thermistor 11a and 11b is expressed

as follows, and which becomes normally TO.

(7) (TO0+t1+TO0-t1)/2=TO

In this preferred embodiment, the thermistors 1la and 11b
respectively use thermistors having 10 kQ at 25 °C and they are fixed to the
thermal conductor 2 at portions where they are susceptible stronger and
weaker to the ambient temperature rather than the optical semiconductor
device 1 is susceptible to the ambient temperature. When the difference of
the temperatures between the optical semiconductor device 1 and the

thermistor 11a is equal to that between the optical semiconductor device 1

and the thermistor 11b, the change of temperature can be minimized. Since

the resistors 30a and 30b use thermistors having 10 k2 at 25 °C, they have
10 kQ from the expression (2). The constant B of the thermistor may be in

an arbitrary value.

According to the temperature control device of an optical
semiconductor device of the present invention, the two temperature detecting
points are provided on the thermal conductor to which the optical
semiconductor device is fixed, and the optical semiconductor device 1s
disposed at the intermediate portion between the two temperature detecting
points, wherein the thermal conductor is controlled in the manner that the

average temperature at the two points becomes constant, thereby
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restraining the variation of temperature of the optical semiconductor device
owing to the temperature inclination of the thermal conductor which is
caused by the influence of the ambient temperature, or other heat sources, or
the like.

Accordingly, the temperature of the optical semiconductor device can
always keep constant even if the structure of the temperature control device

of an optical semiconductor device is susceptible to the ambient temperature

at a part of the thermal conductor.

10
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The embodiments of the invention in which an exclusive property

or privilege i1s claimed are defined as follows:

1. A temperature control device of an optical semiconductor device,

the temperature control device comprising:

a thermal conductor to which an optical semiconductor device 1s fixed;

a Peltier element fixed to the thermal conductor;

two thermistors which are attached to the thermal conductor at
positions where they are susceptible, stronger and weaker, to an ambient
temperature than the optical semiconductor device 1s susceptible to the
ambient temperature, so as to detect temperature of the thermal
conductor at two points;

a temperature-detecting means for detecting the difference between an
average temperature of the thermal conductor at two points detected by
the thermistors and a determined set temperature, thereby outputting a
temperature-detecting signal; and

a temperature-control circuit for outputting a Peltier driving current to
the Peltier element in response to the temperature-detecting signal,
thereby keeping the optical semiconductor device constant by way of the

thermal conductor.

2. The temperature control device of an optical semiconductor device

according to claim 1, wherein the temperature-detecting means
comprises a bridge circuit having the thermistors connected to each

other so as to form opposing sides of the bridge circuit, and a differential

amplifier for receiving an imbalanced voltage of the bridge circuit.

11
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FIG. 1

TEMPERATURE
DETECTING CIRCUIT

TEMPERATURE
CONTROL CIRCUIT




CA 02224969 1997-12-16
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