Technical Summary

TEC Cooling for Stable and Precise X-ray Detection

Overview

In core applications such as X-ray fluorescence spectroscopy and

energy-dispersive analysis in electron microscopy, the energy
resolution of the detector directly determines the accuracy of
elemental analysis. Detector background noise and leakage current are
extremely temperature-sensitive; a 1°C fluctuation can increase noise

several times, causing peak broadening and overlap of adjacent

element peaks, preventing accurate identification. Precise thermal
control is therefore essential for ensuring X-ray detector performance.
Among various thermal control methods, thermoelectric cooling (TEC), with its unique advantages, has become the

standard and preferred integrated solution for modern high-performance X-ray detectors.

X-ray Detector-Level Performance Improvements

With TEC cooling, X-ray detectors typically achieve significant

improvements in key performance metrics:

® Energy resolution: optimized to ‘5 eV @ 5.9 keV
® Peak-to-background ratio: improved 3—-5x

® Detection limit: reduced to ppm level

System-Level Impact

TEC cooling stabilizes the X-ray detector operating point,

delivering key system benefits:

® Reduced thermal noise and leakage, enhancing energy
resolution and sensitivity

® Long-term stability and repeatability, minimizing ambient

fluctuations

® Predictable response, simplifying calibration and data
processing

® Supports compact, reliable designs, enabling module integration
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Representative TEC Models for X-RAY

The following models represent commonly used single-stage or

multi-stage TEC platforms for X-ray detectors, provided for reference

only:
<4
Model Stages Typical AT Typical Cold-Side Temp Typical Applications
Xray- TEC- 1 Single-stage ~40-50K -20°Cto -30°C Base cooling for silicon drift detectors
Xray- TEC- 2 Multi-stage ~60-70K -30°Cto -50°C High-performance X-ray analysis
Custom TEC Multi-stage Customized Customized Special footprint or thermal constraints

Electrical, mechanical, and thermal parameters can be customized according to detector and system requirements.

TEC Advantages for CCD Applications

TEC provides three decisive advantages in X-ray detectors:

® Achieve and maintain optimal energy resolution
TEC can stably cool core sensors such as silicon drift
detectors to their optimal operating range of -20°C to -30°C,
suppressing leakage current (the main source of noise) to
very low levels.

® Ensure long-term stability and repeatability

‘)rovides long-term temperature stability better than £0.1°C.
® Enable compact and l‘gh-reliability designs
Solid-state, compact, and free of moving parts, TEC can be directly integrated with the detector chip in

the same small package (e.g., TO-8).
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Test & Qualification Capability

Performance validation and reliability testing are conducted

in dedicated laboratories, including:
e Environmental and thermal cycling tests
e Long-term stability and life testing

e Qualification aligned with MIL-STD-883 and relevant

industry standards

Test scope and qualification standards may vary depending on application requirements.

ABOUT P&N TECHNOLOGY,P&N EUROPE & i-TEC

P&N China and i-TEC provide thermoelectric cooling
solutions for high-end scientific and industrial
applications. P&N China focuses on large-area and
system-level thermoelectric solutions, while i-TEC

specializes in compact and multistage thermoelectric

solutions for precision temperature control.
P&N Europe (est. 2018) supports European customers through technical sales and regional logistics coordination.

With over 20 years of experience in thermoelectric technology, we emphasize quality, reliability, and long-term

performance in our thermal management solutions and products.

Engineering Support & Contact P&N Technology (Xiamen) Co., Ltd

Website: https://www.pn-itec.com/
Our application engineering team provides support for: Email: info@pengnantech.com

e TEC selection and thermal modeling

Module-level and System-level Integration
* ! v y Y gratl P&N Europe GmbH

e Performance validation and reliability considerations Email: info@pn-europe.com

. . Phone:+49 906 7069310-1
Contact us to discuss your thermal management requirements.

Technical consultation and sample evaluation are available.
i-TEC Technology (Xiamen) Co., Ltd
Email: info@itec-bmr.com
Phone:+86-15059720969


mailto:info@pengnantech.com
mailto:info@itec-bmr.com

	TEC Advantages for CCD Applications

