
Technical Summary

TEC Cooling for Low-Noise Infrared Detectors

Overview

Thermal noise is a fundamental performance limiter in infrared detectors.

As detector temperature increases, dark current and Johnson–Nyquist

noise rise rapidly, reducing signal-to-noise ratio (SNR), image contrast, and

effective detection range.

Thermoelectric cooling (TEC) provides a compact, solid-state, and precisely

controllable solution to lower and stabilize detector operating temperature,

directly improving detector-level and system-level performance.

Measured Detector-Level Performance Improvements

When TEC cooling is applied to infrared detectors, the following detector-level improvements are typically observed

under system-relevant test conditions:

Performance

Metric
Typical Improvement System Impact

Dark current

density
~10﹣3 → ~10﹣6 A/cm² Up to 1000× reduction in noise floor

NETD >100 mK→ <20 mK Higher image contrast and sensitivity

Detection range +30–50% Extended effective observation distance

Data compiled from published detector cooling studies, EMVA1288 testing guidelines, and system-level measurements.

Values shown are representative reference data and may vary depending on detector type and operating conditions.

System-Level Impact

TEC cooling does more than reduce temperature — it stabilizes the

detector operating point.

Key system-level benefits include:

 Improved SNR and detection sensitivity



 Reduced image drift caused by temperature fluctuations

 Enhanced repeatability and long-term stability

 Predictable detector behavior across wide ambient temperature ranges

By maintaining a stable thermal environment, TEC cooling enables infrared systems to operate closer to their

theoretical performance limits.

Representative TEC Models for Infrared Detectors

The following models represent typical multi-stage TEC platforms

commonly used in infrared detector applications.

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

product list.

Model Stages Typical ΔT
Typical Cold-Side

Temperature
Typical Applications

MS-3 3-stage ~110 K −40 °C to −70 °C Compact IR detectors, low-noise imaging

MS-4 4-stage ~140 K −60 °C to −90 °C Ultra-low noise, long-range IR systems

CustomMS Multi-stage Customized Customized
Detectors with special footprint or thermal

constraints

Electrical, mechanical, and thermal parameters can be customized based on specific detector and system

requirements.

Reliability & Integration Advantages

 Solid-state design with no moving parts

 Zero vibration, ensuring imaging stability

 Precise temperature control (±0.1 K typical)

 Compact, lightweight, and orientation-independent

 Refrigerant-free with low electromagnetic interference (EMI)

 Suitable for harsh and wide ambient temperature environments



Test & Qualification Capability

Performance validation and reliability testing are conducted

in dedicated laboratories, including:

 Environmental and thermal cycling tests

 Long-term stability and life testing

 Qualification aligned withMIL-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

Our application engineering team provides support for:

 TEC selection and thermal modeling

 Module-level and System-level Integration

 Performance validation and reliability considerations

Contact us to discuss your thermal management requirements.

Technical consultation and sample evaluation are available.

P&N Technology (Xiamen) Co., Ltd

Website: https://www.pn-itec.com/
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