Technical Summary

TEC Cooling for Precision CCD Imaging

Overview

The core challenge in scientific-grade CCD imaging is that capturing weak
signals requires long exposure times, while the CCD sensor itself
generates dark current noise due to thermal effects, which accumulates

over time and severely degrades image quality. The fundamental

solution to this problem is to lower the sensor temperature.

Among various cooling methods, thermoelectric coolir&, with its high efficiency, reliability, and controllability, has

become the mainstream—and even standard—solution for scientific-grade CCDs and high-end industrial cameras.

High-Precision CCD Performance Improvements

When precise TEC cooling is applied to high-precision CCDs, controlling
the operating temperature between -30°C and -100°C, the following
performance enhancements are typically achieved:

® SNR Enhancement: Improved from ~10:1 to over 1000:1

® Dynamic Range Extension: Increased from 12-bit to more than
16-bit

® Extended Exposure Time: From a few minutes to several hours

‘ystem-LeveI Impact

TEC cooling not only lowers the CCD temperature but also stabilizes its
thermal operating point, bringing system-level benefits:

® Improved SNR and weak-light sensitivity
® Reduced image drift from temperature fluctuations

® Enhanced repeatability and long-term stability

® Predictable performance across wide ambient temperatures
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Stable thermal control allows CCD imaging systems to operate closer to their theoretical performance

limits, particularly in astronomy, microscopy, and spectroscopy applications.

Representative TEC Models for CCD

The following models represent typical multi-stage TEC platforms commonly
used in scientific CCD applications.

They are provided for reference only and do not represent a complete

product list.
Typical Cold-Side
Model Stages  Typical AT Typical Applications
Temperature
MS-3 3-stage ~120 K —40°Cto —70 °C Basic scientific CCD cooling
Long-exposure astronomy / high-sensitivity
MS-4 4-stage ~130K —60°Cto —90 °C
imaging

Custom MS Multi-stage Customized Customized Special footprint / thermal constraints

Electrical, mechanical, and thermal parameters can be customized based on specific CCD and system requirements.

TEC Advantages for CCD Applications

® Noise suppression: (‘>ols CCD chips below -70~80 °C, reducing

dark current to 1/100 or less of room temperature.

® Stability and precision: Closed-loop temperature control with
40.01 °C accuracy, ensuring highly stable CCD photometric

response (gain, linearity, dark frame).

® System integration and reliability: Solid-state, vibration-free,

compact design; can be integrated directly into the camera head

for miniaturized, all-weather operation.

® Balanced cost and usability: Achieves optimal balance between purchase cost, operating power, maintenance,

and ease of use.
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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

e Module-level and System-level Integration
P&N Europe GmbH

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

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

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

Phone:+86-15059720969
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