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This whitepaper analyzes PCB and PCBA requirements for security and surveillance
systems including IP cameras, NVR/DVR units, smart access control, perimeter
security, radar-based detection, alarm systems, and Al-enabled monitoring devices.
Security electronics require strong RF performance, stable power delivery, low-light
sensor integrity, 24/7 reliability, cybersecurity-oriented hardware design, and
high-volume manufacturing. LINKPCBA provides an end-to-end manufacturing
ecosystem optimized for stable, long-life surveillance devices operating in diverse
environmental conditions.

1. Executive Overview

Security and surveillance hardware must operate continuously in both indoor and harsh
outdoor environments. Key requirements include:

* Stable imaging performance (visible light, IR, thermal sensors).

* High-speed interfaces: Ethernet, PoE, Wi-Fi, LTE/5G.

¢ Low-noise PCB architecture for ISP, CMOS sensors and Al processors.

¢ Environmental durability for humidity, UV exposure and temperature swings.

Reliable power architecture for POE and wide-voltage supplies.

EMI/EMC immunity due to proximity to motors, networking and RF equipment.

LINKPCBA integrates RF optimization, sensor integrity engineering, low-noise PCB
stack-ups, PoE thermal handling, and full environmental validation to ensure reliable
24/7 surveillance operation.

2. Engineering Challenges in Security Electronics

Low-Noise Imaging:

¢ CMOS sensors require noise-free analog front-ends.
 ISP/Al processors sensitive to ground bounce and EMI.
* IR LEDs introduce transient noise requiring isolation.

High-Speed Networking:
* Gigabit Ethernet with PoE introduces thermal and EMI challenges.



* Wi-Fi/4G/5G modules require RF tuning and matched antennas.

Power Stability:

* Security devices run from 5V, 12V, 24V or 48V PoE sources.

* Ripple, transients and brown-out events must be filtered.

* Buck/boost converters must avoid noise injection into sensitive circuits.

Environmental Endurance:

¢ Qutdoor cameras face —40°C to +85°C temperature swings.

* UV, rain and humidity accelerate PCB oxidation and corrosion.

* Thermal loads from IR LEDs and Al processing must be managed.

Mechanical Durability:
* Vibration from gates, motors or industrial mounts stresses solder joints.
* Weatherproof sealing requires moisture-resistant PCBs.

Cybersecurity-Oriented Hardware:
¢ Secure boot modules require stable power and RF integrity.
* Cryptographic chips require clean, noise-free supply rails.

3. PCB Fabrication Architecture for Security Systems

Low-Noise PCB Design:

¢ 4-10 layer stack-ups to isolate RF, digital and analog domains.
* Controlled impedance traces for Ethernet/USB/PCle.

* Ground-plane optimization for ISP/sensor noise control.

¢ Shielding cans and stitched vias for EMI suppression.

RF & Antenna Requirements:

¢ Wi-Fi/BLE/LTE antennas requiring isolation zones.

» Chip antennas or PCB antennas requiring impedance matching.
* Low-loss PCB materials improve RF consistency.

Thermal & Power:

* IR LED arrays require thermal spreading planes.
¢ PoE circuits require 2-3 oz copper.

* Heat dissipation for Al processors and SoCs.

Environmental Resistance:

* ENIG/OSP finish for corrosion protection.

* Conformal coating for outdoor IP cameras.

¢ UV-resistant materials for long-term sunlight exposure.

4. PCBA Assembly Capability for Security Electronics



Sensor & Processor Assembly:

* Fine-pitch BGA/LGA for ISP/SoC/Al processors.

* Sensitive CMOS sensors require controlled soldering profiles.
¢ Shield cans installed with precise alignment.

RF Module Assembly:

¢ QFN/LGA RF chips assembled with tight coplanarity.

* 0201/01005 passives for RF filters/matching networks.

* Strict solder volume control for RF/antenna matching stability.

PoE & Power-Circuit Assembly:

* High-power PoE transformers and MOSFETSs require reinforced soldering.
¢ Thermal pads must minimize voids for heat transfer.

¢ High-current connector assembly for NVR power stages.

Testing & Calibration:

* RF calibration for Wi-Fi/LTE modules.

* Focus and optical alignment for camera modules.

¢ Full functional testing for NVR logic and video encoding.

» EMI testing for security installations exposed to interference.

5. Reliability & Validation Testing for Security Devices

Environmental:

e Temperature cycling —40°C to +85°C.

¢ Salt spray testing for coastal environments.

* Humidity testing 85°C/85% RH for outdoor cameras.

Electrical:

* Surge tests for PoE-powered devices.

¢ Power fluctuation testing for 5V/12V/24V supplies.

» ESD testing for access-control and alarm interfaces.

Mechanical:

* Drop and vibration testing.

* Connector retention testing.

¢ Fatigue testing for PTZ motors and cable assemblies.

6. Application Segments & Case Study

Security Device Applications:

e [P cameras (Al, PTZ, thermal, IR, low-light).

e Smart door locks, alarms and access control.
¢ NVR/DVR network recorders.

* Radar-based perimeter detection.



* Vehicle ANPR/LPR cameras.

Case Study:

A customer required a low-noise 8-layer camera PCB with PoE, Wi-Fi, ISP and IR LED
driver. LINKPCBA engineered sensor-ground isolation, optimized RF routing, validated
PoE thermal performance and performed full environmental tests. Production achieved
a stable 99.2% vyield for large-scale deployments.

7. Conclusion

Security and surveillance electronics demand imaging stability, RF performance,
environmental resilience and long-life reliability. LINKPCBA delivers optimized PCB
fabrication, low-noise PCBA assembly, RF tuning, environmental hardening and mass
production for global surveillance OEMs.

Contact LINKPCBA for prototyping, validation and scalable production of security
electronics.



