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Introduction

Used to source, detect, and control light, optoelectronics are increasingly important in a wide
range of automotive, telecom, and industrial applications. With high beam quality and low
energy consumption, optoelectronics offer superior performance at a low cost. Due to the
potentially high-temperature environments in which these optoelectronic components operate,
active thermoelectric coolers are used for temperature stabilization to ensure maximum
performance and long-life operation.

Background

The optoelectronics sector includes a number of applications across a swath of industries. Laser
diodes and optical transceivers are among the more established technologies; laser diodes
have been utilized in fiber optic communications, barcode readers, CD/DVD/Blu-ray disc
reading/recording, laser scanning, and light beam illumination, while optical transceivers are key
components in communications networks. Infrared Range (IR) sensors are found in applications
such as temperature sensing, video surveillance and motion detection. They’re also used to test
the quality of solder joints in manufacturing and to ensure even distribution of anti-icing spray on
airplane wings during the winter. Most recently, infrared range sensors were used to detect
people’s body temperatures as a security and safety measure in the fight against the COVID-19
pandemic. Finally, light detection and ranging (LiDAR) is a survey-mapping technology that
uses light waves to detect objects in 3D by measuring the time it takes for laser pulses to
bounce off objects at a distance. It is used for land management and planning including hazard
assessment, forestry, agriculture, and geologic mapping and most recently in autonomous
vehicle systems.

Laser diodes enable fast data transmission at very far distances
in modern telecommunication systems.

Despite these diverse applications, however, one fact is true for all: Temperature stabilization of
the optics and associated electronics is vital for proper operation and performance.

Application Challenges
Optoelectronics applications have a number of thermal requirements and challenges that
designers must take into consideration during design.
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Laser Diodes and Optical Transceivers

By converting electrical current into high-intensity light, laser diodes enable data transmission
over significant distance in modern fiber-optic communication systems. They are also bundled
together in industrial processing to form a high-power laser that can cut through materials and in
LiDAR technology used to map the area surrounding an autonomous vehicle.

Whether used for fiber optics in telecommunications, industrial processing, or autonomous
systems, temperature stabilization is critical in maintaining the diodes’ peak performance and
ensuring long-life operation. Because laser diode package temperatures can reach +85°C in an
outdoor environment, waste heat must be dissipated to keep the laser below its maximum
operating temperature. If the temperature fluctuates, it impacts the laser's wavelength. For
every three degrees of temperature, wavelength can change up to one nanometer. In
telecommunications applications, for example, operating at shorter blue and UV wavelengths
allow more information to be stored on optical disks at a higher density. Temperature must
remain stable to prevent loss of data and disrupted transmission.

Also used to receive and transmit data, optical transceivers are key components of
telecommunication networks. With the ability to convert electrical signals into light signals,
optical transceivers enable high data transmission at very far distances.

Increased data transmission speeds with the new 5G telecommunication standard present
significant thermal challenges for optical transceivers. To ensure high-performance data
transmission and minimize information loss, the laser diode in transceivers must remain below
+70°C. Due to their small form factor and limited access to airflow, transceivers require an
active cooling solution to prevent the unit from exceeding its maximum operating temperature.

IR Sensors

An IR sensor in surveillance cameras, for example, sends out infrared light to measure radiation
(heat) in the target object and converts it into a visual image. To obtain maximum image quality,
IR sensors must be cooled to minimize thermal noise, which is the difference between the target
object and its surrounding environment. The sensor must be kept at an operating temperature
usually well below freezing, so the camera can capture a larger light spectrum and, therefore,
produce a better-quality image. Thermal noise as a result of temperature instability will disrupt
and distort the image quality.

For maximum image quality, IR Sensors require active cooling to minimize thermal noise.
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LiDAR/autonomous systems

LiDAR detects objects in 3D by measuring the time it takes for laser pulses to bounce off
objects at a distance. LIiDAR uses light waves similar to radar’s use of radio waves or sonar’s
use of sound waves. The sensors in the LIDAR systems can read a million data points per
second, enabling them to build high-quality 3D images of scanned objects or landscapes.

The lasers in LIDAR systems, particularly those used in outdoor autonomous applications,
require active cooling to achieve maximum resolution in high-temperature environments. As
temperatures increase, the wavelength of the laser changes, resulting in increased range error.
Maintaining operational temperatures within a LIDAR system’s temperature limits ensures peak
performance.

Lasers in LIiDAR systems require active cooling to ensure
peak performance and maximum image quality.

Design Considerations
Despite these applications differences, they share some common design challenges.

The devices and equipment used in these applications are housed in increasingly smaller
packages. Cooling solutions for laser diodes, IR sensors, and optical transceivers in
optoelectronics devices also must shrink to fit into a 6x8 mm or similar footprint. These small
components require precision handling during material preparation, pick-n-place, and solder
control.

Additionally, while standard-sized parts can use thermal grease as under-surface material, the
smaller components in these applications must be soldered to the casing before being dropped
into the optoelectronic package. Thermal grease can cause outgassing in the vacuum seal of a
laser diode and coat optical components. For this same reason, the components’ lead wires
oftentimes are bare. Components must be relatively clean to ensure the imaging sensors, laser
diodes, or optical transceivers remain uncontaminated.

Temperature stabilization is a key issue in these applications. For example, the typical operating
temperature range for a commercial optical transceiver is 0°C to 70°C, with high-end
transceivers operating up to 85°C. Housed in an 85°C environment, then cooled to 25°C, the
device will almost reach maximum performance at a 60°C temperature differential with minimal
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heat pumping capability. While these applications need cooling, the heat removal required must
be done efficiently thru low thermal resistance heat conduction paths.

Finally, the required cooling solution serves a specialized niche set of applications; the cooling
solution should be optimized specifically for these environments, by a manufacturer who is an
expert in the market.

Active Thermoelectric Cooling

Active thermoelectric devices such as thermoelectric coolers are used in conjunction with
passive heat sinks to offer spot cooling and rapidly move heat away from sensitive
optoelectronics. Thermoelectric coolers can create a temperature differential across the module,
which lowers the temperature differential of the critical device by as much as ~60°C from hot
side. Heat will then need to be routed thru a heat rejection mechanism, such as a thermally
conductive optoelectronic package, to get the heat transferred into the air or another conduction
path.

Because traditional thermoelectric cooler cannot operate efficiently in extreme outdoor
temperatures, spot cooling of imaging sensors in optoelectronic applications is no easy task. At
high temperatures, materials used in the installation of the thermoelectric device, including
solder and copper busbars will diffuse into the thermoelectric device. This will cause the
standard thermoelectric device to create a thermal short and ultimately fail.

Collimating Lens

Cooling Laser Diodes

Optical Isolator

Laser Diode /
Thermistor I |— Optical Fiber
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OTX or HTX Series -
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Laird Thermal Systems’ OptoTEC™ OTX/HTX thermoelectric coolers are used for temperature stabilization
in high-temperature applications with tight geometric space constraints such as laser diodes.
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Laird Thermal Systems OptoTEC™ OTX/HTX Series

To meet demands of elevated operating temperatures, Laird Thermal Systems developed the
OptoTEC™ OTX/HTX Series. The OptoTEC Series is a high-performance, miniature
thermoelectric cooler that utilizes next-generation thermoelectric materials to boost cooling
performance over standard product offerings. Process controls have been enhanced to ensure
repeatability and long-life operation in temperature stabilization applications for optoelectronics
used in telecom and industrial laser markets. This product line has passed Telcordia GR-468
CORE qualification to withstand harsh mechanical and environmental test standards. Custom
configurations are available to accommodate metallization, pre-tinning, ceramic patterns, and
solder posts.

The OptoTEC Series is available in two versions, OTX and HTX. The OptoTEC OTX
thermoelectric cooler has a maximum operating temperature of 120°C while the OptoTEC HTX
thermoelectric cooler is designed to operate in extreme temperatures up to 150°C.

Providing a high coefficient of performance (COP) to minimize power consumption, the compact
thermoelectric cooler delivers reliable solid-state operation with no sound or vibration to ensure
long life operation with low maintenance requirements — resulting in lower total cost of
ownership in optoeletronics applications.

The OptoTEC OTX/HTX series is available in multiple configurations and surface-finishing
options. It combines a small geometric footprint of less than 4x5 mm with reliable and efficient
heat pumping capacity. Assembled with bismuth telluride semiconductor material and thermally
conductive aluminum oxide ceramics, the OptoTEC Series is provided with 57mm un-insulated
wire leads and is designed for lower current and lower heat-pumping applications.
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The miniature OptoTEC™ OTX/HTX Series offers up to 10 Watts of cooling power
and is available in multiple configurations and surface-finishing options

OptoTEC™ MBX Series - NEW
Ultra-compact TECs for Space-constrained Applications

Much smaller than the OTX series is the new ultra-compact OptoTECTM MBX series which
meets the needs of next generation laser diode applications requiring smaller form factors,
lower power consumption, faster response times and lower cost in high volume. These factors
can improve the performance and reliability of the laser diode and enable innovation in optical
telecom applications.
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Advancements in laser diode technology require higher heat pumping capacities to absorb heat

from sensitive optoelectronics and dissipate out thru the package. To pump the heat out, thinner
profiles and more efficient ultra-small TECs are required to maintain precise wavelength control

and temperature stabilization of the laser.

OptoTEC™ MBX Series allow laser diode packages to be designed in smaller form factors
without compromising thermal stability. They also respond more quickly to changes in
temperature, which is important for applications that require rapid thermal control, such as in
optical communication systems.

Utilizing next-generation thermoelectric materials, advanced manufacturing processes and high
performance ceramic substrates, the MBX Series offers micro footprints as small as 1.6 x 1.6
mm’s with thicknesses down to 0.9 mm. The packing fraction for thermoelectric materials
enables high heat pumping densities up to 27 W/cm2 at lower operating currents than traditional
thermoelectric coolers.

Conclusion

The temperature stabilization demands of optoelectronics applications require small form factor,
low-power and efficient cooling solutions that maximize performance and ensure long-life
operation. Laird Thermal Systems meets that need with the enhanced OptoTEC OTX/HTX
Series, a high-performance, miniature thermoelectric cooler that utilizes next-generation
thermoelectric materials to boost cooling performance over standard product offerings.

Learn more about OptoTEC™ OTX/HTX Series and OptoTEC™ MBX Series



https://lairdthermal.com/products/thermoelectric-cooler-modules/peltier-optotec-otx-htx-series
https://lairdthermal.com/products/thermoelectric-cooler-modules/micro-MBX-series
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About Laird Thermal Systems

Laird Thermal Systems develops thermal management solutions for demanding applications
across global medical, industrial, transportation and telecommunications markets. We
manufacture one of the most diverse product portfolios in the industry ranging from active
thermoelectric coolers and assemblies to temperature controllers and liquid cooling systems.
Our engineers use advanced thermal modeling and management techniques to solve complex
heat and temperature control problems. By offering a broad range of design, prototyping and in-
house testing capabilities, we partner closely with our customers across the entire product
development lifecycle to reduce risk and accelerate their time-to-market. Our global
manufacturing and support resources help customers maximize productivity, uptime,
performance and product quality. Laird Thermal Systems is the optimum choice for standard or
custom thermal solutions. Learn more by visiting www.lairdthermal.com.

Contact Laird Thermal Systems

Have a question or need more information about Laird Thermal Systems? Please contact us via
the website www.lairdthermal.com.
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