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Many analytical applications made possible by one flexi-
ble IR laser system

Creating new laser systems for use in spectroscopy applications is a challeng-
ing and costly endeavor. In order to give even small and medium-sized enter-
prises access to such innovative technology, the Fraunhofer Institute for Relia-
bility and Microintegration 1ZM co-launched the QuantumCascade project to
develop a modular laser system for a range of multispectral analytics.

Infrared spectroscopy has many uses in a vast range of applications, from geosciences
to medical technology or even waste management and recycling. Spectroscopic analyt-
ics have become far more precise over the last two decades, and far more complex
over the same period. Current devices use light at different wavelengths for a range of
multispectral tests, but they have become bulky and stationary. Putting their capabili-
ties into the original handheld form factor would allow sophisticated analytics out in
the field, but designing and miniaturizing the technology to do this is a resource and
know-how-intensive feat.

This is where the QuantumCascade project enters the picture: A modular and powerful
laser system, integrated on a glass board, would bring down the R&D effort needed to
develop innovative devices and give makers access to a versatile and reliable light
source for spectroscopy. Quantum cascade lasers (QCLs) operate at wavelengths be-
tween 2 ym and 15 pym, in the medium infrared (MIR) range. QuantumCascade com-
bines up to three QCLs that can be programmed to emit pulses as short as 5 nanosec-
onds, which are particularly crucial for spectroscopic analytics with organic substances.

Highly integrated solution for a vast range of applications

Alongside the lasers themselves, the design includes embedded laser drivers that were
developed in partnership with Laser Electronics LE GmbH, and integrated optical beam-
forming using aspherical optics and coupling to special MIR fibers.

The novel design places each QLC inside its own cavity in the glass. The temperature in
each can be stabilized separately, which means that the lasers can be operated each at
the right temperature and, by implication, the right wavelength. The electronic drivers
and control circuits in the design are mounted by industrial soldering processes on a
thin-film metallized glass board. Selective laser etching is used to structure this glass
board with pm accuracy — so that optical components can be mounted directly. The so-
lution is highly integrated, which makes it possible to encapsulate the entire system —
for operation in harsh environments or to get cleaned for use in medical applications.
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tumCascade is the next step in the evolution of a thin-glass platform developed at
Fraunhofer IZM that integrates and couples optical and electronic components effi-
ciently.

QuantumCascade was a joint project of the Fraunhofer Institute for Reliability and Mi-
crointegration IZM and Laser Electronics LE GmbH. The project ran from June 1, 2022
to March 31, 2025, made possible by 390,990 Euros in funding from the Investi-
tionsbank Berlin IBB as part of the Pro FIT project program (project no. 10184209), in-
cluding funding from the European Regional Development Fund (EFRE).

(Text: Steffen Schindler)
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QCL3 Treiberboard
85 12/2024

Demonstration unit created in the QuantumCascade project. The thin-glass
board developed and constructed at Fraunhofer IZM measures 80 by 100 mm
and includes integrated lasers and drivers that can be controlled via a customi-
zable interface. © Gunnar Béttger

Print-quality images: www.izm.fraunhofer.de/pics.
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The Fraunhofer-Gesellschaft, headquartered Germany, is the world’s leading applied research organiza-
tion. With its focus on developing key technologies that are vital for the future and enabling the commercial
exploitation of this work by business and industry, Fraunhofer plays a central now and in the future. Founded
in 1949, the Fraunhofer-Gesellschaft currently operates 75 institutes and research institutions throughout
Germany. The majority of the organization’s 32,000 employees are qualified scientists and engineers, who
work with an annual research budget of 3.6 billion euros. Of this sum, 3.1 billion euros are generated
through contract research.

Highly integrated microelectronics are omnipresent and yet often evade the eye. With 4 central technology
clusters, Fraunhofer IZM covers a wide range of areas in quantum, as well as medical, communications and
high-frequency technology. With our world-leading expertise, we offer our customers cost-effective develop-
ment and reliability assessment of electronic packaging technologies, as well as custom-tailored system inte-
gration technologies at wafer, chip and board level. For over 30 years and at 3 locations, we have been sup-
porting start-ups as well as medium-sized and large international companies (with knowledge transfer) and
researching key technologies for intelligent electronic systems of the future
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