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CONTROL CIRCUIT FOR OPTOELECTRONIC MODULE
WITH INTEGRATED TEMPERATURE CONTROL

The present application claims priority to United States Provisional Patent
Application No. 60/357,073 filed February 12, 2002, which is hereby incorporated by

reference.

RELATED APPLICATIONS
The present application is related to co-pending United States non-provisional
application entitled Compact Laser Package With Integrated Temperature Control,
filed herewith and bearing attorney docket number 9775-0063-999, and co-pending
United States non-provisional application entitled Optoelectronic Module with
Thermally Isolated Components, filed herewith and bearing attorney docket number

9775-0059-999. These related applications are hereby incorporated by reference.

BRIEF DESCRIPTION OF THE INVENTION
The present invention relates generally to optoelectronic components. More
particularly, the present invention relates to circuitry for controlling the temperature of

a laser emitter.

BACKGROUND OF THE INVENTION

Fig. 1 shows a schematic representation of the essential features of a typical
prior-art fiber optic transceiver. The main circuit 1 contains at a minimum transmit
and receiver circuit paths and power 19 and ground connections 18. The receiver
circuit typically consists of a Receiver Optical Subassembly (ROSA) 2 which contains
a mechanical fiber receptacle and coupling optics as well as a photodiode and pre-
amplifier (preamp) circuit. The ROSA is in turn connected to a post-amplifier
(postamp) integrated circuit 4, the function of which is to generate a fixed output
swing digital signal which is connected to outside circuitry via the RX+ and RX- pins
17. The postamp circuit also often provides a digital output signal known as Signal

Detect or Loss of Signal indicating the presence or absence of suitably strong optical
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input. The Signal Detect output is provided as an output on pin 20. The transmit
circuit will typically consist of a Transmitter Optical Subassembly (TOSA), 3 and a
laser driver integrated circuit 5. The TOSA contains a mechanical fiber receptacle
and coupling optics, as well as a laser diode or LED. The laser driver circuit will
typically provide AC drive and DC bias current to the laser. The signal inputs for the
AC driver are obtained from the TX+ and TX- pins 12. Typically, the laser driver
circuitry will require individual factory setup of certain parameters such as the bias
current (or output power) level and AC modulation drive to the laser. This is
frequently accomplished by adjusting variable resistors or placing factory selected
resistors 7, 9 (i.e., having factory selected resistance values). Additionally,
temperature compensation of the bias current and modulation is often required. This
function can be integrated in the laser driver integrated circuit or accomplished
through the use of external temperature sensitive elements such as thermistors 6, 8.

In addition to the most basic functions described above, some transceiver
platform standards involve additional functionality. Examples of this are the TX
disable 13 and TX fault 14 pins described in the GBIC (Gigabit Interface Converter)
standard. In the GBIC standard (SFF-8053), the TX disable pin 13 allows the
transmitter to be shut off by the host device, while the TX fault pin 14 is an indicator
to the host device of some fault condition existing in the laser or associated laser
driver circuit. In addition to this basic description, the GBIC standard includes a
series of timing diagrams describing how these controls function and interact with
each other to implement reset operations and other actions. Most of this functionality
is aimed at preventing non-eyesafe emission levels when a fault condition exists in the
laser circuit. These functions may be integrated into the laser driver circuit itself or in
an optional additional integrated circuit 11. Finally, the GBIC standard for a Module
Definition “4" GBIC also requires the EEPROM 10 to store standardized serial ID
information that can be read out via a serial interface (defined as using the serial
interface of the ATMEL AT24CO01A family of EEPROM products) consisting of a
clock 15 and data 16 line.

In the above referenced patent applications entitled “Compact Laser Package

With Integrated Temperature Control” and “Optoelectronic Module with Thermally
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Isolated Components,” temperature controllers are integrated within an optoelectronic

module and/or a laser package itself. It is difficult to implement the temperature

control functionality for such controllers using the prior art control circuitry.
Accordingly, circuitry for controlling temperature regulators of an

optoelectronic device is needed.

SUMMARY OF THE INVENTION

An embodiment of the present invention is an optoelectronic assembly having
an internal temperature controller and an internal microprocessor. In this
embodiment, the microprocessor includes a two wire serial interface for coupling to a
host device, nonvolatile memory for storing temperature lookup tables, and control
logic to process information stored in the memory, as well as information on operating
conditions of the laser emitter. Output from the microprocessor controls a driver for
the internal temperature controller, which regulates the temperature of the laser
emitter. In furtherance of the present invention, the microprocessor is programmable.
Thus, a variety of temperature control algorithms can be implemented by the
MiCroprocessor.

In one embodiment, the present invention is directed to an optoelectronic
transceiver or an optoelectronic transmitter. A laser emitter, a laser driver, a laser
temperature sensor, a temperature control mechanism for the laser emitter, and a
microprocessor for setting an operating parameter for the temperature control
mechanism are contained within a housing. The microprocessor includes nonvolatile
memory for storing information relating to the laser emitter and an interface for
reading and writing digital values to and from locations in the memory. This
information may include lookup tables, such as an ambient temperature lookup table.
The microprocessor also includes analog to digital conversion circuitry to convert
analog signals it receives from the laser driver and sensors in the optoelectronic
device into digital values for storage in the memory. The signals may include a
voltage corresponding to the bias current from the laser driver and signals from an
ambient temperature sensor. In addition, the microprocessor includes logic for

determining a reference voltage value associated with a target temperature for the
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laser emitter based on the lookup tables and other digital values stored in the memory.
The microprocessor also includes digital to analog conversion circuitry for converting
the reference voltage value to a reference voltage, which is then provided to the
temperature control mechanism. The temperature control mechanism causes the
temperature of the laser emitter to reach a target value in response to the reference
voltage provided by the microprocessor. The temperature control mechanism
includes a thermo-electric cooler (TEC), a TEC driver and a TEC controller.

In furtherance of another embodiment of the invention, the microprocessor
includes logic to generate a temperature control value associated with a target
temperature for the laser emitter and a digital to analog converter to convert the
temperature control value to an analog control signal and provide the analog control
signal to a temperature control mechanism. The logic generates the temperature
control value based on lookup tables and other digital values stored in memory. The
temperature control mechanism causes the temperature of the laser emitter to reach a
target value in response to the analog control signal and a reference voltage. In this
aspect of the invention, the temperature control mechanism includes a thermo-electric
cooler (TEC) and a TEC driver. A proportional integral differential controller and a
filter may be used in place of the digital to analog converter. The proportional
integral differential controller generates a pulse width modulated signal having a pulse
width corresponding to the temperature control value. The filter converts the pulse
width modulated signal to a DC control voltage, and the DC control voltage 1s
supplied to the temperature control mechanism.

In yet another embodiment, the present invention provides a method for
controlling an optoelectronic transceiver or an optoelectronic transmitter. The method
includes calibrating a laser emitter in an optoelectronic transceiver or an
optoelectronic transmitter by monitoring the wavelength of optical signals from the
laser emitter while varying its temperature as well as other operating conditions, and
then storing calibration information in the memory of a microprocessor. The method
also includes receiving analog signals from the laser emitter and sensors in the
optoelectronic device and converting the analog signals into digital values, which are

also stored in the memory. Finally, the method includes generating control signals
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based on the digital values in the microprocessor to control the temperature of the

laser emitter.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention, reference should be made to the
following detailed description taken in conjunction with the accompanying drawings,
in which:

Fig. 1 is a block diagram of a prior art optoelectronic transceiver.

Fig. 2 is a block diagram of an optoelectronic transceiver in accordance with
one embodiment of the present invention.

Fig. 3 is a block diagram illustrating circuitry for controlling the temperature
of a laser emitter in accordance with one embodiment of the present invention.

Fig. 4 is a block diagram depicting a portion of a circuit implementing the
microprocessor of Fig. 3 in accordance with one embodiment of the present invention.

Fig. 5 is a diagram of a temperature lookup table in accordance with one
embodiment of the present invention.

Fig. 6 is a block diagram illustrating circuitry for controlling the temperature
of a laser emitter in accordance with another embodiment of the present invention.

Fig. 7 is a block diagram depicting a portion of a circuit implementing the
microprocessor of Fig. 6 in accordance with one embodiment of the present invention.

Fig. 8 is a diagram of a temperature lookup table for the microprocessor in Fig.

Fig. 9 is a block diagram illustrating circuitry for controlling the temperature
of a laser emitter in accordance with yet another embodiment of the present invention.

Fig. 10 is a block diagram depicting a portion of a circuit implementing the
microprocessor of Fig. 9 in accordance with one embodiment of the present invention.

Fig. 11 is a flowchart depicting process steps for controlling the temperature of
a laser emitter in accordance with an embodiment of the present invention.

Fig. 12 is a diagram of a setup and tuning system in accordance with one

embodiment of the present invention.
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Fig. 13 is a flowchart depicting process steps for calibrating a laser emitter in

accordance with an embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the invention are described below. In the interest of
clarity, not all features of an actual implementation are described. It will be
appreciated that in the development of any such embodiment, numerous
implementation-specific decisions must be made to achieve the developers' specific
goals, such as compliance with system-related and business-related constraints, which
will vary from one implementation to another. Moreover, it will be appreciated that
such a development effort might be complex and time-consuming, but would
nevertheless be a routine undertaking for those of ordinary skill in the art having the
benefit of this disclosure.

Fig. 2 shows a schematic representation of a fiber optic transceiver 100 in
accordance with an embodiment of the present invention. Transceiver 100 includes a
Receiver Optical Subassembly (ROSA) 102, which contains a mechanical fiber
receptacle and coupling optics, as well as a photodiode and a pre-amplifier (preamp)
circuit. ROSA 102 is in turn connected to a post-amplifier (postamp) integrated
circuit 104, the function of which is to take relatively small signals from ROSA 102
and amplify and limit them to create a uniform amplitude digital electronic output.
The postamp circuit 104 provides a digital output signal known as Signal Detect or
Loss of Signal indicating the presence or absence of suitably strong optical input. All
the components of the transceiver 100 are preferably located in a protective housing
30, except for connectors that may protrude from the housing. Suitable housings,
including metallic, plastic, potting box and other housing structures are well known in
the art. In one embodiment, the protective housing 30 are as follows: width, 3 cm or
less; length, 6.5 cm or less, and height, 1.2 cm or less. A GBIC standard (SFF-8053
GBIC standard version 5.5) requires the dimensions of a module housing to be
approximately 3cm x 6.5cm x 1.2cm. Thus, the protective housing 30 of this
embodiment meets the form factor requirements of the GBIC standard. In another

embodiment, the physical dimensions of the module housing are: width, 0.54 inches
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or less; length, 2.24 inches or less; and height, 0.34 inches or less. The SFP MSA
(Small Form Factor Pluggable Multisource Agreement) requires the dimensions of a
compliant module housing to be approximately 0.54" x 2.24" x 0.34". Thus, the
module housing in that embodiment meets the form factor requirements of the SFP
standard. Note that the present invention is not limited to the form factor
requirements described above. A person of ordinary skill in the art having the benefit
of this disclosure will appreciate that the present invention is adaptable to various
existing or yet to be determined form factors, some of which can be smaller.

The transmit circuitry of transceiver 100 consists of a Transmitter Optical
Subassembly (TOSA) 106 and a laser driver integrated circuit 108. TOSA 106
contains a mechanical fiber receptacle and coupling optics, as well as a thermo-
electric cooler (TEC) and a laser diode or LED. The laser driver circuit 108 provides
AC drive and DC bias current to the laser. The signal inputs for the drniver are
obtained from I/O pins (not shown) of transceiver 100. In other embodiments, the
TEC is external to the TOSA 106. In yet other embodiments, the TEC is integrated
within a laser transistor-outline (TO) package.

In addition, the optoelectronic transceiver 100 includes a thermo-electric
cooler (TEC) driver 116 and additional circuitry that is not shown for controlling the
temperature of the TOSA 106. An embodiment of the TEC driver 116 and the
additional circuitry is described in greater detail below in connection with Figs. 3 and
6.

Also shown in Fig. 2 is microprocessor 200 configured for controlling the
operations of the transceiver 100. Suitable microprocessors include the PIC16F870
and PIC16F871 8-bit CMOS FLASH microcontrollers manufactured by Microchip
Technology, Inc. Microprocessor 200 is coupled to provide control signals to the
post-amplifier 104 and laser driver 108, and these components and the ROSA 102 and
TOSA 106 provide feedback signals back to the microprocessor 200. For example,
microprocessor 200 provides signals to control the bias current level and AC
modulation of laser driver circuit 108, while post-amplifier circuit 104 provides a
Signal Detect output to microprocessor 200 to indicate the presence or absence of a

suitably strong optical input. Temperature and/or other physical conditions of various
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components of transceiver 100 may be acquired using sensors that are coupled to
microprocessor 200. In some embodiments, conditions of the optical links may also
be acquired using the sensors.

In addition to, and sometimes in conjunction with these control functions,
there are a number of other tasks that may be handled by microprocessor 200. These
tasks include, but are not necessarily limited to, the following:

. Setup functions. These generally relate to the required adjustments made on a
part-to-part basis in the factory to allow for variations in component characteristics
such as laser diode threshold current.

. Identification. This refers to the storage of an identity code within a general
purpose memory (e.g., an EEPROM). Additional information, such as
sub-component revisions and factory test data, may also be stored within the general
purpose memory for purposes of identification.

. Eye safety and general fault detection. These functions are used to identify
abnormal and potentially unsafe operating parameters and to report these to the host
device and/or perform laser shutdown, as appropriate. Sensors may be used to
identify such abnormal or potentially unsafe operating parameters.

. Receiver input optical power measurement. This function is used to measure
the input optical power and a report of this measurement may be stored in the
memory.

. Laser diode drive current. This function is used to set the output optical power
level of the laser diode.

. Laser diode temperature monitbring and control. In one embodiment of the
present invention, a temperature controller (e.g., a thermal-electric cooler) is disposed
in or near TOSA 106 for controlling the temperature of the laser emitter therein. In
this embodiment, microprocessor 200 is responsible for providing control signals to
the temperature controller.

Note that transceiver 100 has a serial interface 202 for communicating with a
host device. As used herein, a host device refers to a link card to which a transceiver
is attached and/or a host system computer to which a transceiver provides an optical

connection. Host systems may be computer systems, network attached storage (NAS)
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devices, storage area network (SAN) devices, optoelectronic routers, as well as other
types of host systems and devices.

In some embodiments the optoelectronic transceiver 100 includes an
integrated circuit controller that may perform some of the functions listed above. For
example, an integrated circuit controller performs the tasks of identification and eye
safety and general fault detection, while the microprocessor provides control signals
to the temperature controller and also may perform other tasks.

Fig. 3 illustrates a portion of a temperature control circuitry 101 of the
transceiver 100 according to one embodiment of the present invention. The
temperature control circuitry 101 is coupled to a TOSA 106. In some embodiments,
TOSA 106 includes a laser assembly 112 (e.g., a laser transistor outline package),
which in turn includes a laser emitter (e.g., an edge emitting laser diode) that is
activated when a positive bias current I, ;. is applied across its p-n junction. Also
shown in Fig. 3 are a laser temperature sensor 110 and a thermo-electric cooler (TEC)
114 coupled to the laser assembly 112. In some other embodiments, the laser
temperature sensor and/or the TEC are integrated within the laser assembly 112. In
yet other embodiments, the laser temperature sensor and/or the TEC are external to
the TOSA 106.

In some embodiments, the laser temperature sensor 110 is a thermistor. Any
other device suitable for measuring the temperature of the laser diode may also be
used. As shown in Fig. 3, the laser temperature sensor 110 generates a signal (V)
that varies as a function of the temperature of the laser diode. As is well known to
those skilled in the art, the wavelength of optical signals generated by a laser diode
varies as a function of the temperature of the laser diode. Accordingly, in other
embodiments, a sensor that measures the wavelength of the optical signals may be
substituted for the laser temperature sensor 110. In still other embodiments, a device
measuring an operating condition of the laser diode that varies as a function of the
temperature of the laser diode is used instead of the laser temperature sensor 110.

The TEC 114 preferably includes two passive heat spreaders (one coupled to
the laser assembly 112 and one coupled to the housing of the transceiver) and a

plurality of thermoelectric elements that transfer heat to or from the laser assembly
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112, depending on the direction of electric currents that are driven through the
thermoelectric elements by a TEC driver 116. In a particular embodiment, the passive
heat spreaders may be made of a ceramic material that includes beryllium oxide
(BeO), and the thermoelectric elements may be made of a material that includes
Bismuth Telluride (Bi,Te;).

With reference still to Fig. 3, laser driver circuitry 108 supplies both AC drive
power and a positive DC bias current I, ., to the laser assembly 112 to activate the
laser emitter. Additionally, the laser driver circuitry 108 provides a voltage signal
V(i

) that is proportional to the bias current |, to the microprocessor 200.

aser bias. aser bias

The microprocessor uses the V(I vi.s) Signal to correct for the effect of aging of the
laser emitter. As is well known to those with skill in the art, the optical output of a
laser emitter decreases as the laser ages, if the bias current I, ;.. 1s held constant. It
is desirable, however, for the optical output of a laser emitter to remain constant over
time, and this may be accomplished by increasing the voltage V(I ., yi.s) t0
compensate for the effect of laser aging. Since the bias current I,,, ., 1S proportional
to the voltage V(I ias)> an increase in V(I e, i) COITesponds to an increase in the
bias current I, ... An increase in the bias current I, ,;,, In turn causes an increase
in the temperature of the laser emitter, and hence in the wavelength of optical signals
from the laser emitter. Thus, maintaining the optical output of the laser emitter at a
constant level over time by increasing the bias current I, ;s would affect the
wavelength of the optical signals from the laser emitter. The microprocessor 200
receives the V(1. i) VOItage signal to enable it to compensate for the effect of laser
aging on the wavelength of the optical signals by adjusting the temperature of the
laser emitter in response to changes in the bias current I ;.

An additional input is provided to the microprocessor 200 by an ambient
temperature sensor 120, which measures the ambient temperature surrounding the
TOSA 106 and generates a signal (V,) for the microprocessor 200 that varies as a
function of the ambient temperature. Although a laser temperature sensor 110 is
preferably placed in the proximity of a laser emitter, the temperature reading from the
laser temperature sensor 110 generally differs from the actual temperature of the laser

emitter because the laser temperature sensor 110 is physically separated from the laser

10



WO 03/069439 PCT/US03/04145

10

15

20

25

30

emitter. As a consequence, the temperature reading from the laser temperature sensor
110 and its signal V, vary as a function of the outside temperature. By receiving the
ambient temperature signal V,, the microprocessor 200 is able to compensate for the
effect of the ambient temperature on the temperature reading from the laser
temperature sensor.

In addition to the V(I i) and Vi, signals, the microprocessor 200 receives
inputs from a host device 220 through serial interface circuitry 202 (Fig. 4). Using the
information collected from the host device, the laser driver circuitry 108 and the
ambient temperature sensor 120, the microprocessor 200 generates an analog

reference voltage signal V . to set the temperature of the laser emitter in the laser

ref

assembly 112. In particular, the microprocessor 200 generates a reference voltage
signal V. based on inputs of V(I :,s) from the laser driver circuitry 108, V, from
the ambient temperature sensor 120 and calibrated values previously stored within the
microprocessor 200 during the calibration of the optoelectronic transceiver 100.

The reference voltage signal V., generated by the microprocessor 200 is then
transmitted to both the TEC controller circuitry 118 and TEC driver circuitry 116.
The TEC controller circuitry 118 also receives a laser temperature signal Vo; from the
laser temperature sensor 110, and the TEC controller 118 is configured to generate a
differential signal V 4 that is proportional to the difference between the input signals it
receives (Vo - V). The differential signal V, from the TEC controller circuitry 118
1s transmitted to the TEC driver circuitry 116, which also receives the reference
voltage signal V . generated by the microprocessor 200. The TEC driver circuitry 116
is configured to generate an output signal Vg to drive the TEC 114 that is
proportional to the difference between its input signals (V.- V). Consequently, the
TEC driver circuitry 116 will drive the TEC 114 based on V; and the reference
voltage signal V . generated by the microprocessor 200.

Fig. 4 is a logical block diagram illustrating a portion of a circuit
implementing the microprocessor 200 according to one embodiment of the present
invention. The microprocessor 200 includes serial interface circuitry 202 coupled to

host device interface input/output lines. In some embodiments, the serial interface

circuitry 202 operates in accordance with the two wire serial interface standard that is

11
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also used in the GBIC (Gigabit Interface Converter) and SFP (Small Form Factor
Pluggable) standards; however, other serial interfaces could equally well be used in
alternate embodiments. In yet other embodiments, a multiple-pin interface could be
used in place of a serial interface. The interface circuitry 202 is used for setup and
querying of the microprocessor 200, and enables access to the optoelectronic
transceiver 100 by a host device 220 connected thereto.

The microprocessor 200 also includes one or more volatile and/or nonvolatile
memory devices, such as a general purpose EEPROM (electrically erasable and
programmable read only memory) device 204, as shown in Fig. 2. Tables and
parameters may be set up using the EEPROM device 204 by writing values to
predefined memory locations in the memory devices, and various output values may
be output by reading from predetermined memory locations in the memory devices.

Included in the EEPROM device 204 are one or more lookup tables 300. An
example of an ambient temperature lookup table 300 is shown in Fig. 5. Lookup
tables may be used to assign values to control outputs as a function of inputs provided
by various sensors. In the example shown in Fig. 5, various changes in the reference
voltage values are assigned to various ambient temperatures. It should be understood
that the values shown in Fig. 5 are provided only to illustrate the concept of a
temperature lookup table, and while they are representative of typical values for an
ambient temperature lookup table, they are not the actual values for a specific laser
emitter and ambient temperature sensor. Alternatively, an ambient temperature
lookup table may be used to map another control output (such as a pulse width or duty
factor) to the ambient temperature of the optoelectronic transceiver 100. Additionally,
other types of lookup tables may be used to map other types of output values of the
microprocessor 200 to other inputs (such as the voltage V(I i,s) for the laser
emitter). '

In an embodiment of the invention, the microprocessor 200 uses two lookup
tables, a baseline value for the reference voltage signal, V,,, stored in the EEPROM
device 204, and the inputs of V(I ;,s) from the laser driver circuitry 108 and V-,
from the ambient temperature sensor 120 to generate the reference voltage signal V .

V.., is the reference voltage value that is generated by the microprocessor 200 when

12
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the ambient temperature of the optoelectronic transceiver 100 is a predefined value,

T,.., and the voltage V(I ) applied to the laser assembly is a predefined value, V

laser bias.

lserbiass L D€ microprocessor 200 uses the following formula to adjust the reference

voltage signal to the appropriate value when the input signals for the voltage
V(s vias) and the ambient temperature V., differ from the predefined values, T, and
Vset laser bias* Vref = Vset+ A\/ref (VTA) + Avref (V(Ilaser bias)) ' Avrei(VTA) and A\/ref

V@,

set

aserbias)) TEPresent the changes in the reference voltage V ¢ as a function of V,,
the signal from the ambient temperature sensor, and the voltage V(I;; bias)s
respectively. AV (V1,4 is obtained from an ambient temperature table and
compensates for the difference between the ambient temperature and the actual
temperature of the laser emitter. Similarly, AV ¢ (V(Ij,ervias)) 18 Obtained from a
voltage lookup table, and it compensates for the effect of laser aging. Each of the
table lookups may be accomplished by selecting a closest or best entry in the
corresponding table, or alternately may be accomplished by interpolating between two
closest or best entries in the table.

Also as shown in Fig. 4, the microprocessor 200 includes analog to digital
circuitry (A/D) 206 for receiving analog signals from other parts of the optoelectronic
transceiver 100 and converting the analog signals to digital values, which may be
processed by the digital control logic 208. The control logic 208 is configured to
receive digital values from the A/D 206 as well as lookup tables, from the EEPROM
204 and from the host device 220 through the serial interface 202. In addition, the
control logic 208 is configured to write selected digital values to predefined memory
locations in the EEPROM 204 and output digital values to host devices when polled
through the serial interface circuitry 202. Furthermore the control logic 208 is
configured to determine V¢ using the formula that is described above. In one
embodiment, the control logic 208 is implemented by software instructions executable
by the microprocessor 200. In this embodiment, the algorithm for determining V ¢
can be updated and modified by the users easily.

Lastly, as illustrated in Fig. 4, digital to analog output circuitry (D/A) 210 is
provided to receive digital values from the control logic 208 and convert them into

analog signals to regulate other parts of the optoelectronic transceiver 100.
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Figs. 6, 7 and 8 illustrate another embodiment of the present invention. As in
the embodiment illustrated in Figs. 3, 4 and 5, a laser assembly 112, a laser
temperature sensor 110, and a TEC 114 are included in a TOSA 106. Also as in the
embodiment illustrated in Figs. 3, 4 and 5, laser driver circuitry 108 supplies both AC
drive power and the positive DC bias current ., ,;,, to the laser assembly 112, and the

laser driver circuitry 108 also provides a V(I ) signal to the microprocessor 500.

laser bias
However, in contrast to the embodiment illustrated in Figs. 3, 4 and 5, in the
embodiment illustrated in Figs. 6, 7 and 8, the output from the microprocessor 500 is
a pulse width modulated signal. An AC to DC filter 402 converts the pulse width
modulated signal to a filtered signal V., which is transmitted to the TEC driver
116. For some applications, the embodiment in Figs. 6-8 may be preferable to the
embodiment in Figs. 3-5 because the filter 402 (Fig. 6) may take up less space and be
cheaper than the analog circuitry required to implement TEC controller 118.

With reference still to Figs. 6-8, the TEC driver 116 receives the filtered signal
Vomrot from the filter 402 and a pre-determined reference voltage V from a voltage
divider formed by resistors 404 and 406. The TEC driver 116 compares Vi t0 V
, and generates the appropriate control signals for driving the TEC 114.

Like the microprocessor 200 in Fig. 4, the microprocessor 500 for the
embodiment depicted in Fig. 7 includes serial interface circuitry 202, a general
purpose EEPROM 204, analog to digital circuitry 206, and control logic 208. A
firmware implemented proportional integral differential controller (PIDC) 502
controls a pulse wave modulated (PWM) of the microprocessor 500.

Fig. 8 illustrates an ambient temperature lookup table 600 for the embodiment
in Figs. 6 and 7. It should be understood that like the values shown in Fig. 5, the
values shown in Fig. 8 are provided only to illustrate the concept of a temperature
lookup table, and while they are representative of typical values for an ambient
temperature lookup table, they are not the actual values for a specific laser emitter and
ambient temperature sensor. The ambient temperature lookup table 600 in Fig. 8 is

configured differently than the ambient temperature lookup table 300 in Fig. 5 for the

embodiment in Figs. 3 and 4. Instead of reference voltage values (V,,), the ambient
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temperature lookup table 600 for the embodiment in Figs. 6, 7 and 8 provides duty
factor values for various ambient temperatures.

The control logic 208 processes the duty factor values from the ambient
temperature lookup table 600 with its other inputs to control the pulse wave
modulated signal that is generated by the PIDC 502. In the embodiment of Figs. 6, 7
and 8, the control logic 208 adjusts the pulse widths of the PWM signal from the
PIDC 502 based on inputs of V, from the laser temperature sensor 110, V(I,,, bias)
from the laser driver circuitry 108, and V;, from the ambient temperature sensor 120,
as well as from the duty factors stored in the ambient temperature lookup table 600
and a voltage lookup table, digital values stored in the EEPROM 204 and input from
host devices through the serial interface circuitry 202. The microprocessor 200 uses
the following formula to adjust the duty factor (DF) to the appropriate value when the
input signals for Vi, V1, and V(I i) differ from predefined values, V1, Veera
and Ve vias: DF = DF .+ ADF(V ;) + ADF(V1,) + ADF(V(Liger bias)- ADF(V1p),
ADF(V,) and ADF(V(1,,., 1i.s) T€present the changes in the duty factor DF as a
function of V; (the signal from the laser temperature sensor), V, (the signal from the

ambient temperature sensor), and V(Ij,ee; ias

) (the voltage that corresponds to the bias
current I, v:..o), respectively. ADF(Vy,) is obtained from a laser temperature table and
compensates for the difference between the measured temperature of the laser emitter

and the temperature of the laser emitter when DF,,,, the default value for the duty

set>
factor, was set. ADF(V;,) is obtained from an ambient temperature table and
compensates for the difference between the ambient temperature and the actual
temperature of the laser emitter. Similarly, ADF (V(I} ., 1.s)) 1S Obtained from a
voltage lookup table, and compensates for the effect of laser aging.

Figs. 9 and 10 illustrate yet another embodiment of the present invention. In
the embodiment shown in Figs. 9 and 10, the microprocessor 510 generates an analog
control voltage signal V.., for the TEC driver 116, instead of generating a pulse
width modulated signal that is then filtered by the AC to DC filter 402 to produce a

filtered signal V The temperature control circuitry 511 in Fig. 9 is identical to

control*

the temperature control circuitry 501 in Fig. 6, except that the AC to DC filter 402 in

Fig. 6 is eliminated. The microprocessor 510 in Fig. 10 is identical to the
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microprocessor 500 in Fig. 7, except that the PIDC 502 in Fig. 7 is replaced with
digital to analog output circuitry 512, which generates the analog control voltage
signal V., for the TEC driver 116.

Fig. 11 is a flowchart for controlling the temperature of laser emitters using a
microprocessor 500 in accordance with embodiments of the present invention. In step
702 control firmware and initial settings are downloaded from a host device, such as a
computer, preferably through serial interface circuitry 202. The control signals
include data relating to laser aging and the effect of ambient temperatures on the
wavelength of optical signals from a laser emitter, and they may be transmitted to the
microprocessor 200 in the optoelectronic transceiver 100 during calibration of the
optoelectronic transceiver, as described below in the discussion of Figs. 12 and 13.
The control commands and signals are stored in the EEPROM 204 in step 704. The
receipt and storage of control commands and signals in steps 702 and 704 may be
accomplished prior to operation of the laser emitter, or while the laser emitter is
operating. During operation of the laser emitter, analog signals representing a variety
of operating conditions of the laser emitter, including its temperature, the voltage
corresponding to the laser bias current, and the ambient temperature surrounding the
laser emitter, are generated and received by a microprocessor 200 in step 706. The
analog signals are converted to digital values in step 708 and stored in the EEPROM
204 of the microprocessor 200 in step 710. Lastly, in step 712 the microprocessor 200
generates control signals for the temperature control mechanism, which preferably
include a TEC 114 and a TEC driver 116, based on the control signals and digital
values that have been stored in the EEPROM 204 of the microprocessor 200 during
the preceding steps.

Fig. 12 is a logical block diagram illustrating a system for setup and tuning of
an optoelectronic assembly in accordance with another aspect of the present invention.
In applications using Dense Wavelength Division Multiplexing (DWDM), laser
emitters must be tuned to transmit optical signals having wavelengths that correspond
to specified International Telephone Union (ITU) channels. The spacing of the ITU
channels for DWDM at 100 GHz 1s 0.8 nm + 0.1 nm. For 200 GHz, the spacing is 1.6

nm # 0.2 nm, and for 50 GHz, the spacing is 0.4 nm + 0.05 nm. Laser diodes that are
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commercially available generally include specification data on the wavelength of
optical signals the laser diodes emit while operating at room temperature. However, it
is desirable to operate laser diodes used in optoelectronic assemblies above the
ambient temperature.

Operating laser diodes above the ambient temperature allows the TEC’s 114 to
function more efficiently because the TEC’s are heating the laser diodes more often
than they are cooling them. TEC’s are more efficient when heating than cooling,
because the thermoelectric effect and resistive heating are working together when a
TEC 114 is heating a laser assembly 112, rather than opposing one another as is the
case when a TEC 114 is cooling the laser assembly 112. Efficiency is of particular
importance in pluggable transceiver applications, where the available power is limited
to specified levels. On the other hand, operating laser diodes at high temperatures
may shorten their useful life.

It is therefore preferable for many applications to tune a laser diode by
adjusting V. (in the embodiments of Figs 3, 4 and 5) or V., (in the embodiments
of Figs 6, 7 and 8) so that the laser diode emits optical signals that fall within a
desired ITU channel wavelength for a selected DWDM frequency when the operating
temperature of the laser diode is as high as possible, but not more than 55° C. The
system and method illustrated in Figs. 10 and 11 may be used to accomplish this
objective. |

With reference to Fig. 12, an optoelectronic transceiver 100 is coupled to
transmit optical signals to a spectrum analyzer 802. The spectrum analyzer 802
measures the wavelength of the optical signals and provides the wavelength to a
computer 804 with test software. The computer 804 sends signals to the
optoelectronic transceiver 100 through a serial interface using the two wire serial
interface standard to adjust the temperature of the laser emitter until the wavelength
for a selected ITU channel is reached. Changing the temperature of a distributed
feedback laser diode, for example, by 1°C generally results in a change of
approximately 0.1 nm in the wavelength of the optical signals it emits.

First, the computer causes the microprocessor to adjust the reference voltage

V,.¢ until the signal from the laser temperature sensor 110 indicates that the laser’s

ref
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temperature is 55° C. The reference voltage V . is then reduced until the spectrum
analyzer 802 indicates that the wavelength of the optical signals has been tuned to the
first ITU channel below a 55° C operating temperature for the laser diode. The
computer 804 causes this reference voltage value, V,, to be stored in the EEPROM
204 of the microprocessor 200 in the optoelectronic transceiver 100. At the time that
V.. is determined, the ambient temperature of the optoelectronic transceiver 100 is at
a predefined value, T, and the bias current I, .., ;. for the laser assembly is at a
predefined value, V1 bias-

After V

has been determined for the predefined ambient temperature T,,, and

set set

the predefined voltage V. the ambient temperature is varied and the control

set laser bias?
value for the temperature control circuitry adjusted so that the laser emitter is tuned to
the appropriate wavelength in order for the computer 804 to produce entries in an

ambient temperature lookup table. In some embodiments of the present invention the
control value is the reference voltage value V,,, and in other embodiments the control

valueis V The ambient temperature table is then stored in the EEPROM 204 of

control*
the microprocessor in the optoelectronic transceiver 100. After the optoelectronic
transceiver is calibrated, the control logic in the microprocessor uses the ambient
temperature lookup table to compensate for the effect of ambient temperature on the
wavelength of optical signals from the laser emitter. Similarly, the voltage V(I vias)

may be varied from its baseline value V and the reference voltage value V¢

set laser bias>
adjusted until the laser emitter is tuned to the appropriate wavelength in order for the
computer 804 to produce entries in a voltage lookup table. The control logic in the
microprocessor of the optoelectronic transceiver may then use the voltage lookup
table to compensate for aging of the laser emitter.

Fig. 13 is a flowchart for calibrating an optoelectronic transceiver 100 in
accordance with embodiments of the present invention. Initially the ambient
temperature and voltage V(I ,is) COITesponding to the laser bias current are set to

predefined values T, and V, ,.rvias- 1he€ temperature of the laser emitter is adjusted

set
in step 902 by varying the reference voltage V., and the wavelength of the optical
signals from the laser emitter is monitored in step 904 until the temperature of the

laser emitter is as high as possible, but less than 55° C, and the wavelength is within

18



WO 03/069439 PCT/US03/04145

10

15

20

25

30

an ITU channel. Once these conditions are satisfied, the baseline reference voltage
value V, is stored in the EEPROM 204 of the microprocessor in the optoelectronic
transceiver 100 in step 906. In step 908 the ambient temperature of the optoelectronic
transceiver is changed to another value. Then in step 910 the temperature of the laser

emitter is again adjusted by varying the reference voltage V .. In step 912 the

ref:
wavelength of the optical signals from the laser emitter is monitored in step 904 until
the wavelength is within a selected ITU channel. The change in the reference voltage
V,.r and the ambient temperature are recorded as an entry in an ambient temperature
lookup table in step 914. This process is repeated for other ambient temperatures
until the ambient temperature table is completed in step 916.

A voltage table is generated in step 918 by following a similar procedure. The
voltage V(Ij,s.vias) 18 Varied from Ve vias» and the temperature of the laser emitter is
adjusted by varying the reference voltage V.. The wavelength of the optical signals
is again monitored until it is within the ITU channel, and then the change in the
reference voltage V. and the voltage V(I i.s) are recorded as an entry in the voltage
lookup table. This procedure is repeated for different voltages to generate the voltage
lookup table.

The description of the system and method for calibrating an optoelectronic
transceiver that appears above is for embodiments illustrated in Figs. 3, 4 and 5 in
which the microprocessor sets the temperature of the laser emitter by regulating V.
Persons with skill in the art having the benefit of this disclosure will recognize that an
analogous system and method may be implemented for the embodiments illustrated in
Figs. 6 - 10 in which the microprocessor sets the temperature of the laser emitter by
regulating V_.o1-

The foregoing descriptions of specific embodiments of the present invention
are presented for purposes of illustration and description. The embodiments were
chosen and described in order to best explain the principles of the invention and its
practical applications, to thereby enable others skilled in the art to best utilize the
invention. They are not intended to be exhaustive or to limit the invention to the
precise forms disclosed. Various modifications may occur to those skilled in the art

having the benefit of this disclosure without departing from the inventive concepts
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described herein. Accordingly, it is the claims, not merely the foregoing illustration,

that are intended to define the exclusive rights of the invention.
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WHAT IS CTAIMED IS:

1. An optoelectronic assembly, selected from one of an optoelectronic transceiver
and an optoelectronic transmitter, comprising:

a housing;

a laser emitter disposed within the housing;

a temperature control mechanism disposed within the housing for regulating
temperature of the laser emitter; and

an integrated circuit disposed within the housing for setting at least one

operating parameter for the temperature control mechanism.

2. The optoelectronic assembly of claim 1, wherein the temperature control
mechanism comprises:

a thermo-electric cooler configured to regulate the temperature of the laser
emitter; and

a thermo-electric cooler driver configured to drive the thermo-electric cooler.

3. The optoelectronic assembly of claim 2, wherein the temperature control
mechanism further comprises a thermo-electric cooler controller configured to control

the thermo-electric cooler driver.

4. The optoelectronic assembly of claim 1, wherein the integrated circuit
comprises:

memory, including one or more memory arrays for storing information related
to the laser emitter;

an interface for reading digital values from and writing digital values to
locations within the memory in accordance with commands from a host device;

analog to digital conversion circuitry for receiving a plurality of analog
signals, converting the received analog signals into digital values, and storing the

digital values in predefined locations within the memory;
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control circuitry configured to generate control signals to control operation of

the laser emitter in accordance with one or more digital values stored in the memory.

5. The optoelectronic assembly of claim 4, wherein the memory includes a
lookup table having a plurality of entries, and the integrated circuit is configured to set
at least one operating parameter for the temperature control mechanism based in part

on one of the plurality of entries in the lookup table.

6. Temperature control circuitry for a laser emitter disposed within a housing of
an optoelectronic assembly, the temperature control circuitry comprising an integrated
circuit disposed within the housing, wherein the integrated circuit includes:

logic configured to determine a reference voltage value associated with a
target temperature for the laser emitter; and

digital to analog circuitry to convert the reference voltage value to a reference
voltage and provide the reference voltage to a temperature control mechanism to set

temperature of the laser emitter to the target temperature.

7. The temperature control circuitry of claim 6, wherein the logic determines the
reference voltage value based at least in part on:
an ambient temperature of the optoelectronic assembly; and

one or more entries in lookup tables in a memory of the integrated circuit.

8. The temperature control circuitry of claim 6, wherein the logic determines the
reference voltage value based at least in part on:
a bias current applied to the laser emitter by a laser driver; and

one or more entries in lookup tables in a memory of the integrated circuit.
9. Temperature control circuitry for a laser emitter disposed within a housing of

an optoelectronic assembly, the temperature control circuitry comprising an integrated

circuit disposed within the housing, wherein the integrated circuit includes:
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logic to generate a temperature control value associated with a target
temperature for the laser emitter; and

a digital to analog converter to convert the temperature control value to a
temperature control signal that, when provided to a temperature control mechanism of
the optoelectronic assembly, causes a temperature of the laser emitter to attain the

target temperature.

10.  The temperature control circuitry of claim 9, wherein the logic generates the
temperature control value based at least in part on:
a bias current applied to the laser emitter by a laser driver; and

one or more entries in lookup tables in a memory of the integrated circuit.

11.  The temperature control circuitry of claim 9, wherein the logic generates the
temperature control value based at least in part on:
an ambient temperature of the optoelectronic assembly; and

one or more entries in lookup tables in a memory of the integrated circuit.

12.  Temperature control circuitry for a laser emitter disposed within a housing of
an optoelectronic assembly comprising:
an integrated circuit disposed within the housing including:

logic to generate a temperature control value associated with a target
temperature for the laser emitter;

a proportional integral differential controller to generate a pulse width
modulated signal having a pulse width corresponding to the temperature
control value; and
a filter coupled to the integrated circuit and configured to:

filter the pulse width modulated signal; and

provide the filtered pulse width modulated signal to a temperature
control mechanism to set temperature of the laser emitter to the target

temperature.
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13.  The temperature control circuitry of claim 12, wherein the logic generates the
temperature control value based on:
a bias current applied to the laser emitter by a laser driver; and

one or more entries in lookup tables in a memory of the integrated circuit.

14.  The temperature control circuitry of claim 12, wherein the logic generates the
temperature control value based on:
an ambient temperature of the optoelectronic assembly; and

one or more entries in lookup tables in a memory of the integrated circuit.

15. A method for controlling temperature of a laser emitter disposed within a
housing of an optoelectronic assembly, the method comprising:

receiving a plurality of analog signals from the laser emitter;

converting the analog signals into digital values;

storing the digital values in predefined locations in one or more memory arrays
of an integrated circuit disposed within the housing; and

generating control signals to control the temperature of the laser emitter in

accordance with one or more digital values stored in the one or more memory arrays.

16. A method for calibrating an optoelectronic assembly, the method comprising:

setting an ambient temperature of the optoelectronic assembly to a first
predefined value;

sending control signals to a temperature control mechanism disposed inside a
housing to vary an operating temperature of a laser emitter of the optoelectronic
assembly;

monitoring an operating parameter of the temperature control mechanism and
a wavelength of the optical signals from the laser emitter as the operating temperature
varies;

when the wavelength equals a predefined target wavelength, storing a current
value of the operating parameter in a memory device of the optoelectronic assembly in

association with the first predefined value of the ambient temperature.

24



WO 03/069439 PCT/US03/04145

O 0 3 O U b W N =

— e
w N = O

17. A method for calibrating an optoelectronic assembly, the method comprising:

setting a laser bias current of a laser emitter disposed within the optoelectronic
assembly to a first predefined value;

sending control signals to a temperature control mechanism disposed inside a
housing to vary an operating temperature of a laser emitter of the optoelectronic
assembly when the laser emitter operates at the first predefined value of the laser bias
current;

monitoring an operating parameter of the temperature control mechanism and
a wavelength of the optical signals from the laser emitter as the operating temperature
varies;

when the wavelength equals a predefined target wavelength, storing a current
value of the operating parameter in a memory device of the optoelectronic assembly in

association with the first predefined value of the laser bias current.
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