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ATOMIC CLOCK

STABLE POLARIZATION CONTROL
FOR COMPACT ATOMIC CLOCK SYSTEMS

Atomic clocks use the interaction between precisely controlled laser
light and atomic energy levels as an ultra-stable frequency reference.
Modern quantum metrology systems use precise laser beams, ma-
gnetic fields, and cold atoms to trap, cool, interrogate, and read out
atomic states.

As atomic clock architectures move from laboratory setups toward
miniature and transportable frequency standards, developers need
optical components that support stable atom-light interaction, com-
pact integration, and reliable long-term performance.

THE INTEGRATION CHALLENGE

In cold-atom frequency standards, laser light is used for cooling, optical pum-
ping, state preparation, and fluorescence readout. During microwave inter-
rogation, however, residual laser light must be strongly suppressed to reduce
light-induced frequency shifts and unwanted scattering.

System developers are therefore confronted with challenges such as:

High laser extinction requirements during microwave interrogation
Stable polarization control for optical pumping, trapping, and readout
Compact electro-optic shutter designs for miniature clock architectures
Alignment-sensitive polarization optics in multi-function laser modules
Operation at atomic transition wavelengths such as 780 nm
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Any instability in polarization or insufficient extinction can reduce signal con-

trast, increase measurement noise, and affect the reproducibility of the clock
signal. In Scherer et al., beam extinction of 55 dB is discussed as a require-
ment to prevent off-resonant scattering during microwave interrogation under
the described conditions.

IN PRACTICE
How codixx polarizers support atomic clock systems:

e Polarization-based EO shuttering: colorPol® polarizers can be combined with electro-optic retar-
ders to form compact shutter stages for rapid laser intensity suppression
Reduced light-induced clock shifts: High extinction and stable polarization help suppress residu-
al laser light during interrogation phases

Defined polarization states: Stable linear polarization supports optical pumping, state prepara-
tion, and controlled atom-light interaction

Compact optical layouts: Thin glass polarizers enable short beam paths and integration into mi-
niature laser modules

Proven use at 780 nm: A published miniature cold-atom frequency standard used codixx colorPol
VIS 041 BC6 CWO02 polarizers in a retarder-polarizer-retarder-polarizer shutter stack at 780 nm, with
specified transmission of 82% and contrast ratio of 60 dB



https://www.codixx.de/fileadmin/colorPol_IR_1550_BC4_HT_general.pdf

WHY DEVELOPERS CHOOSE US

RELIABLE PERFORMANCE

Glass-based polarizers remain stable under UV exposure, humidity and cleaning cycles. Optical
characteristics stay constant even after repeated sterilization.

EASY SYSTEM INTEGRATION
Produced on glass wafers, colorPol® elements are compatible with automated processes such
as pick & place or bonding. This ensures precise assembly and efficient series production.

DESIGN FREEDOM
Custom wavelength ranges, polarization axes, shapes and AR coatings allow developers to de-
sign their system exactly as planned — without adjusting to component limits.

CONSISTENT QUALITY
In-house production and ISO 9001:2015-certified processes ensure reproducible optical perfor-

mance and full traceability across batches.

LONG-TERM ECONOMY

High transmission and mechanical durability reduce recalibration, downtime and replacements,
lowering total system cost.

colorPol® polarizers give developers freedom of design with reliable, long-lasting optical com-
ponents made for integration and scalability.
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Innovation in Glass — Reliability & Quality

We develop and produce high-precision, customized
polarizers and substrates that set new standards. Our
products stand for the highest quality, long-lasting perfor-
mance, and reliable availability.

Manufactured in Germany and supported by stable supply '.!'l
chains, we offer our customers maximum planning o iy
security and reliability — even for demanding applications.
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