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(57) Un boitier pour un composant optique
thermosensible (20) comprend des reécipients interne (14)
et externe (12) en matiere plastique a faible conductivite
thermique, une mousse 1solante (18) placee entre les
deux reécipients. Dans le récipient interne (14) est prévue
une plaque thermoconductrice a laquelle le composant
(20), une résistance thermosensible et un ¢lément
chauffant résistif sont fixés. Un circuit de correction de
temperature (16) est place a l'extérieur du recipient
interne. La résistance thermosensible fait partie d’un
pont de Wheatstone prévu a ’entrée du circuit (16), le
circuit cormrigeant les variations de tension de
fonctionnement. Le transistor de sortie du circuit régule
le courant passant dans I'¢lement chauffant résistif en
reaction aux variations de résistance de la résistance
thermosensible. Ledit transistor s’¢tend dans le récipient
(14) et est en contact avec la plaque thermoconductrice,
la chaleur provenant du transistor €tant dissipée dans la
plaque. Ainsi, la temperature du transistor reste
sensiblement constante.
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(57) A package for a temperature sensitive optical
component (20) includes inner (14) and outer (12)
containers of low thermal conductivity plastics material,
a foam msulation (18) being situated between the two
containers. Within the 1nner contammer (14) are a
thermally conductive plate to which the component (20),
a temperature sensitive resistor, and a resistive heating
element are affixed. A temperature compensating circuit
(16) 1s located outside the nner contamer. The
temperature sensitive resistor 1s part of a Wheatstone
bridge at the input of the circuit (16), whereby the circuit
compensates for variations in operating voltage. The
output transistor of the circuit regulates the current
through the resistive heating element 1n response to
variations 1n the resistance of the temperature sensitive
resistor. This transistor extends into the inner container
(14) and 1s 1n contact with the thermally conductive
plate, whereby heat from the transistor 1s dissipated into
the plate. This maintains the temperature of the transistor
substantially constant.
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(57) Abstract

A package for a temperature sensitive optical component (20) includes inner (14) and outer (12) containers of low thermal conductivity
plastics material, a foam insulation (18) being situated between the two containers. Within the inner container (14) are a thermally conductive
plate to which the component (20), a temperature sensitive resistor, and a resistive heating element are affixed. A temperature compensating
circuit (16) is located outside the inner container. The temperature sensitive resistor is part of a Wheatstone bridge at the input of the circuit
(16), whereby the circuit compensates for variations in operating voltage. The output transistor of the circuit regulates the current through
the resistive heating element in response to variations In the resistance of the temperature sensitive resistor. This transistor extends into the
inner container (14) and is in contact with the thermally conductive plate, whereby heat from the transistor is dissipated into the plate. This
matntains the temperature of the transistor substantially constant.
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PACKAGE FOR TEMPERATURE-SENSITIVE PLANAR OPTICAL
COMPONENTS

The present invention relates to a package for a temperature sensitive
component, and more particularly, to a package that will maintain the component at a
substantially constant temperature when the package is subjected to a large range of
outside temperatures.

T'he optical characteristics of certain optical components are temperature
dependent. A typical example of such a component is a planar WDM component based
on a phase array design ( a design based on optical interferences between a large number
of waveguides with different optical paths). Such components are usually packaged
with a temperature regulation system utilizing a Peltier element. Reference may be made
to H. Uetsuka et al. "Novel 1 x N Guided-Wave Multi/demultiplexer for FDM", OFC'95
Technical Digest, pages 76, 77. However, this type of temperature compensation
system has several disadvantages. It is expensive, it consumes relatively laree amounts
of power, and it requires a thermal exchange with the outside world. Moreover. it

requires a dedicated power supply with AC input power at 110 V or 220 V.
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It 1s therefore an object of the invention to provide a temperature compensation
system that will overcome the heretofore noted disadvantages of prior art systems.
Another object is to provide a component package that will maintain the component at a
substantially constant temperature when the package is subjected to a large range of
5 outside temperatures (typically 0°C to 70°C). A further object is to provide a
temperature compensating component package that 1s simple in design, reliable, compact
and inexpensive to manufacture. Another object 1s to provide a component package that
has self-contained thermal regulation with low power consumption and which uses a
standard electronic power supply (+5V/OV or +5V/-5V| for example).

10 Briefly, the present invention relates to a package for a temperature sensitive
component, the package including outer and inner containers. The temperature sensitive
component is disposed within the inner container. A circuit 1s disposed in the outer
container outside the inner container. A temperature sensor that 1s tn thermal contact
with the component provides an input to the circuit. The circuit controls the

15 energization of a heating element that 1s in thermal contact with the component

In one embodiment the inner and outer contatners are formed of thermally
insulating material and insulation is disposed between the inner and outer contatners.
The circuit includes a transistor for regulating the current flowing through the heating
element.

20 Within the inner container 1s a thermally conductive plate with which the
component, the heating element, the temperature sensor and the transistor are in
contact. The circuit includes a plurality of resistors arranged in a Wheatstone bridge
configuration. The temperature sensor 1s one of the pluralty of resistors, whereby the
circuit compensates for vanations in voltage applied to the Wheatstone bridge

25 Further features and advantage of the present invention will become apparent
from the following description of preferred embodiments thercot, given by way of
example, and illustrated in the accompanying drawings.

Fig. 1 is a cross-sectional view of an embodiment of optical component package
according to the present invention

30 Fig. 2 is a cross-sectional view taken along lines 2-2 of Fig. 1, insulation having
been removed to reveal an internal container.

Fig. 3 is a cross-sectional view of the inner container of Figs. 1 and 2.
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F1g. 4 shows the construction of a resistive heating element which may be used
in the package of Figs. 1 and 3.

F1g. 5 1s a schematic diagram of a temperature regulation circuit.

In accordance with the preferred embodiment of the present invention illustrated
in Figs. 1 and 3, a temperature compensation package 10 is composed of three main
parts: (a) an outer container 12 with optical and electrical inputs and outputs, (b) an
inner container 14 in which the optical component 20 is placed, and (c) an electronic
temperature regulation circuit 16

The outer and inner containers 12 and 14 are preferably made of a low thermal
conductivity polymer. An insulating foam 18 or the like is located between the outer
and nner containers. The polymer outer container thermally 1solates the inside of this
contamer from the outside world. The polymer inner container. along with the foam
insulation, thermally isolates the inner container such that there are no thermal paths
between this container and the outer container. As a consequence of use of such inner

and outer containers and the foam insulation, power consumption is limited to below 3

watts when the component is maintained at 75°C constant temperature and the
temperature compensation package 10 is operating in the temperature range between
0°C and 70°C.

Optical fibers 34 and 36 extend from the ends of component 20 and through
holes 38 and 40, respectively, in inner container 14. Fiber 34 also extends through strain
relief boot 42 that is affixed to one end of outer container 12. and fiber 36 also extends
through a strain relief boot 44 that is affixed to the other end of outer container 12

Within the inner container 14 is a thermally conductive plate 22, on which optical
component 20 1s located. A suitable material for plate 22 is aluminum. Clearly, other
materials could be used instead. A resistive heating element 26 is fixed to the opposite
side of plate 22 than component 20. As shown in Fig. 4, heating element 26 may consist
of a path R24 of resistance heating material disposed between two polyimid sheets 28
(only one of the sheets 28 is shown). One or more temperature sensing resistors R2 |
can be fixed to thermally conducting plate 22 or to that side of component 20 opposite
plate 22. If two sensing resistors R21 are employed, one can be situated at each end of

plate 22 Resistor R21 is preferably formed of platinum. Leads 30 extend from resistor
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R21 through hole 32 in the bottom of container 12 to a temperature compensation
circuit (to be described below).

The temperature compensation circuit 16 is located within outer container 12
close to mner container 14. Circuit 16 regulates the temperature of component 20 using
the information provided by temperature sensor R21. External connection is made to
circutt 16 via pins 48 that extend through a hole in outer container 12.

F1g. 5 shows a circuit which may be used as the temperature compensation
circuit 16 in the package of Figs. 1 to 3. Voltage converter U2 converts a 0/5 volt
source to + 5 volts/- 5 volts. If the external voltage source provides the proper voltage,
converter U2 1s not needed, and the operating voltage is supplied to the various pins 48
Sensing resistor R21 is part of Wheatstone bridge 50, which includes resistors RI1, R2
and R3. The voltage generated at Wheatstone bridge 50 is applied to an amplification
stage UID. That value of resistor R3 which results in the desired operating temperature
of optical component 20 can be determined. and a resistor having that value can be
soldered into the circuit. The use of such a fixed resistor increases the stability and
reliability of temperature regulation. However, if adjustment is required (to compensate
for laser wavelength fluctuations, for example) resistor R3 can be a potentiometer.

The output from stage U1D is connected to a regulation calculation circuit
comprising devices U1C and UlA. The output of UIA, taken at the junction of
resistors R15 and R16, is coupled by current amplifier UIB to an output transistor Q1.
Iransistor Q1 regulates the current flow through a heating resistance R24

If the outside temperature drops, the temperature inside the inner container |4
also drops. The resistance of resistor R21 decreases, thereby causing the voltage at
terminal A3 to become less negative. This voltage is amplified by stage U1D, processed
by stages UIC and U1 A, and amplified by stage U1B. which causes transistor Ql to
increase the flow of current to resistor R24 of heating element 26

The disclosed temperature compensation circuit possesses several advantages.
T'he temperature of the circuit is between the outside temperature and the temperature
of the optical component. This temperature varies according to the outside temperature.
As a consequence, there could be a drift of the thermal regulation if the electronic circuit
were not designed to be insensitive to its own temperature. An obvious precaution to

take 1s to employ temperature stable components. All the components are preferably
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guaranteed for an 85°C operating temperature. In a constructed circuit. all of the input
resistors (R1 through R7 of Fig. 5) had low resistance variations with temperature (1%
range). The remaining resistors (R8 through R18) are in the 5% range.

Moreover, one of the electronic components whose operation varies with
temperature 1s U2, the 0/5 V to +5 V/ -5 V converter. In the Wheatstone bridge portion
of the circuit of Fig. 5, the -5 V voltage is applied symmetrically to platinum sensing
resistor R21 and resistor R3. The circuit therefore compensates for variations in the
voltage of converter U2.

In order to have a very compact and simple design, a ballast transistor Q1 1s used
tor regulation of current flow through the heating element 26. This transistor uses a part
ot the total consumed power, which should be kept to a minimum Moreover, in order

to have a high reliability system, the temperature of this transistor must be kept below
85°C. As the electronics portion of the package is located in a thermally isolated

environment, a temperature as high as 140°C could be reached by this transistor. In
order to provide a reliable, efficient system, component package 10 is constructed such
that ballast transistor Q1 extends into the inner container 14 and is affixed to thermally
conductive plate 22 (see Fig. 3). Heat from transistor Q1 is dissipated into plate 22,
whereby the temperature of the transistor is maintained at the same constant
temperature at which the component 20 is maintained. Thus, the rehability of transistor
Q1 1s increased. Moreover, power dissipated by transistor Q1 is used to heat the
component, thus minimizing the consumption of power.

A typical circuit constructed in accordance with the above description can

include the following components. Capacitor C1 is a 25 volt. 22 mF capacitor. Resistor

R24 1s a 5.3 ohm, 20 watt film resistor. The resistance of R21 1s 100 ohms at 0°C_ The

remaining resistors have values as listed in Table 1
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Table 1
Resistor Resistance (ohms)
5
R1 1.5x 10°
R2 1.5 x 10°
R3 129.1]
R4 10 x 10°
10 RS 10 x 10°
R6 150 x 10
R7 150 x 10°
RS 10 x 10°
R9 10x 10°
15 R10 220 x 10°
R11 1Co x 10°
R12 100 x 10°
R13 100 x 10°
R14 100 x 10°
20 R15 8.2 x 10°
R16 1.2 x 10°
R17 47
R18 0.22
It 1s to be understood that numerous changes may be made to the preferred
25 embodiment described above without departing from the present invention. Thus, for
example, the insulating matenal provided between the inner and outer containers need
not be an insulating foam; other heat insulating material may be used. Similarly, for
example, the thermally conductive plate 22 need not be made of aluminum: other
thermally conductive materials may be used. Further, the above-listed ohmic values of
30 the resistors included in the Fig. 5 circuit are merely examples of suitable values.

Moreover the detailed circuit arrangement of Fig. 5 may be modified as appropriate, for

example, by altering the number of amplification stages.
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I. A package for a temperature sensitive component, characterized in that it comprises:
an outer container,

an inner container located within said outer container,

a temperature sensitive component disposed within saia Inner container,

a circuit 1n said outer container outside said inner container,

a temperature sensor in thermal contact with said component, said sensor
providing an input signal to said circuit,

a heating element in thermal contact with said component, said circuit
controlling said energization of said heating element,

said circuit includes a transistor for regulating the current flowing through said
heating element, said transistor extending into said inner container,

a thermally conductive plate located in said inner container, said component,

said heating element and said temperature sensor disposed on said plate and said transistor in

contact with said plate.

2. The package of claim 1, characterized in that said inner and outer containers are

formed of a thermally insulating material.

3. The package of claim 2, characterized in that said thermally insulating material is a

low thermal conductivity polymer.

4. The package of claim 1 characterized in that said package further comprises a thermal

insulation disposed between said inner and said outer container.

5. The package of claim 4, characterized in that said thermal insulation is a foam
insulation.
6. The package of claim 1 wherein said temperature sensitive component comprises an

optical component.

7. T'he package of claim 1 wherein said temperature sensitive component comprises a

planar optical WDM.

8. The package of claim 1 wherein said temperature sensitive component COmprises an

optical waveguide phase array.

AMENDED SHEET
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9. The package of claim 6 wherein the package maintains the component at a

substantially constant temperature when the package is subjected to an outside temperature

range of 0° to 70°C.

10.  The package of claim 6, characterized in that said circuit includes a plurality of
resistors arranged in a Wheatstone bridge configuration, said temperature sensor being one of
said plurality of resistors, and means for applying a voltage to said Wheatstone bridge resistor

configuration.

1. The package of claim 10, characterized in that there is further provided means for
processing the voltage appearing on said Wheatstone bridge and for providing a control
signal, and current control means responsive to said control signal for regulating the current
flowing through said heating element, said current control means extending into said inner

container.

12. The package of claim 10, characterized in that said means for applying a voltage
comprises a voltage converter and said Wheatstone bridge configuration compensates for

variations in the output voltage of said converter.

13. A packaged temperature sensitive optical component device, characterized in that it
cComprises:

an outer container,

an 1nner container located within said outer container,

a temperature sensitive optical component disposed within said inner
container,

a circuit in said outer container,

a temperature sensor in thermal contact with said optical component, said
sensor providing an input signal to said circuit,
a heating element in thermal contact with said optical component, said circuit controlling said
energization of said heating element, said circuit includes a transistor for regulating the
current tlowing through said heating element,

a thermally conductive plate located in said inner container, said optical
component, said heating element, said temperature sensor and said transistor in thermal

contact with said thermally conductive plate.
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14. The device of claim 13, characterized in that said inner and outer containers are

tormed of a thermally insulating material.

I5. The device of claim 14, characterized in that said thermally insulating material is a

low thermal conductivity polymer. i

16.  The device of claim 13 characterized in that said package further comprises a thermal

insulation disposed between said inner and said outer container.

17. The device of claim 16, characterized in that said thermal insulation is a foam
insulation.
I8.  The device of claim 13 wherein said temperature sensitive optical component

comprises an optical waveguide.

19. The device of claim 13 wherein said temperature sensitive optical component

comprises a planar WDM.

20. T'he device of claim 13 wherein said temperature sensitive optical component

comprises an optical waveguide phase array.

21. The device of claim 13 wherein said temperature sensitive optical component

comprises a plurality of optical waveguides with different optical paths.

22. T'he device of claim 13 wherein the package maintains the optical component at a

substantially constant temperature when the package is subjected to an outside temperature

range of 0° to 70°C.

23.  The package of claim 13, characterized in that said circuit includes a plurality of
resistors arranged in a Wheatstone bridge configuration, said temperature sensor being one of
said plurality of resistors, and means for applying a voltage to said Wheatstone bridge resistor

configuration.

24. T'he package of claim 22, characterized in that there is further provided means for

processing the voltage appearing on said Wheatstone bridge and for providing a control
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signal, and current control means responsive to said control signal for regulating the current

8(b)

tflowing through said heating element, said current control means extending into said inner

container.

25. The package of claim 24, characterized in that said means for applying a voltage
comprises a voltage converter and said Wheatstone bridge configuration compensates for

variations in the output voltage of said converter.

26. A package for a temperature sensitive optical planar WDM waveguide component,
characterized in that it comprises:

an outer container,

an inner container located within said outer container,

a temperature sensitive optical planar WDM waveguide component disposed
within said inner container,

a circuit 1n said outer container,

a temperature sensor in thermal contact with said optical component, said.
sensor providing an input signal to said circuit,
a heating element in thermal contact with said optical component, said circuit controlling said
energization of said heating element, said circuit includes a transistor for regulating the
current flowing through said heating element,

a thermally conductive plate located in said inner container, said optical
component, said heating element, said temperature sensor and said transistor in thermal

contact with said thermally conductive plate.

27. The device of claim 26, characterized in that said optical planar WDM waveguide

component is comprised of a phase array of optical waveguides.

28. T'he device of claim 26 wherein the package maintains the optical planar WDM
waveguide component at a substantially constant temperature when the package 1s subjected

to an outside temperature range of 0° to 70°C.

29. The device of claim 27 wherein the package maintains the optical planar WDM
waveguide component at a substantially constant temperature when the package is subjected

to an outside temperature range of 0° to 70°C.
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