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— 1. INTRODUCTION TO ADVANCED PCB
MANUFACTURING

The foundation of modern electronics lies not merely in component assembly, but in the
microscopic precision of the Printed Circuit Board (PCB) itself. At Aditi Electronics And Research
Pvt. Ltd. (AEARPCB), we recognize that advanced PCB fabrication is no longer a standard
mechanical process; it is a highly complex intersection of advanced chemistry, solid-state
physics, and electrical engineering. As component densities increase and form factors shrink, the
bare board acts as a critical dynamic component within the overall system architecture,
demanding unprecedented levels of manufacturing excellence.

To support the next generation of micro-Ball Grid Arrays (micro-BGAs) and ultra-fine-pitch
semiconductor packages, traditional etching and lithography techniques are insufficient. We
utilize state-of-the-art Direct Imaging (DI) and advanced photolithography to achieve sub-50
micron imaging capabilities. This extreme precision ensures that trace geometries are flawlessly
reproduced, eliminating the risks of short circuits or open connections that plague conventional
manufacturing at these microscopic scales.

MANUFACTURING EXCELLENCE

Our facilities utilize sub-50 micron imaging to support the next generation of micro-BGAs and fine-

pitch components, ensuring zero-defect reliability in high-density interconnects.

Furthermore, this level of precision extends beyond mere 2D planar routing. The realization of
High-Density Interconnect (HDI) structures requires meticulous control over laser-drilled
microvias, sequential lamination cycles, and advanced plating chemistries. By mastering these
variables, AEARPCB provides the foundational substrate required for the most demanding
aerospace, medical, and high-performance computing applications.

— 2. HIGH-SPEED PCB TECHNOLOGIES

As digital bus speeds escalate well into the multi-gigahertz realm, PCB traces cease to act as
simple DC connections and instead behave as distributed transmission lines. High-speed digital
designs require strictly controlled environments for signal propagation to maintain edge rates



and minimize jitter. At these elevated frequencies, parasitic elements that are negligible at lower
speeds become dominant performance limiters, necessitating a rigorous approach to layout and
fabrication.

FIGURE 1: SIGNAL LOSS ANALYSIS
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—— 3. MULTI-LAYER PCB STACKUP ENGINEERING

The architectural foundation of any high-performance PCB is its stackup. Stackup design is
arguably the most critical phase for ensuring signal integrity, power delivery, and mechanical
reliability. At AEARPCB, we emphasize the engineering of strictly symmetrical stackups.
Asymmetry in the distribution of copper weights or prepreg layers inevitably leads to differing
coefficients of thermal expansion (CTE) across the Z-axis. During the severe thermal stress of
reflow soldering, this asymmetry manifests as board warping, bowing, or twisting.

Beyond mechanical stability, proper stackup planning is essential for creating controlled
impedance traces and establishing robust power delivery networks (PDN). By strategically
interleaving signal layers with unbroken ground and power reference planes, we manage the
characteristic impedance of microstrips and striplines. This configuration also provides the
shortest possible return paths for high-frequency signals, fundamentally minimizing loop
inductance and reducing radiated emissions.

Dedicated ground planes should be placed adjacent to high-speed signal layers to provide the

shortest return path and minimize loop inductance.

- 4, ADVANCED BASE MATERIALS AND LAMINATES

The operational limits of a PCB are fundamentally dictated by the physiochemical properties of
its base materials. While standard FR4 remains suitable for low-frequency applications, modern

high-performance designs frequently exceed the thermal and electrical capabilities of traditional

epoxy blends.
Material Type Dk (Dielectric Constant) Df (Dissipation Factor) Primary Application
Standard FR4 130-140 43-48 0.015 - 0.020 General Electronics
High-Tg FR4 (Isola) 170-180 4.0-45 0.015 - 0.020 Thermally Demanding

PTFE Base (Rogers) > 280 3.0-35 0.001 - 0.003 RF / High-Speed Digital



AEARPCB maintains deep processing expertise across a wide spectrum of these advanced
laminates. We understand the unique fabrication challenges—from specialized desmear
processes for PTFE to modified pressing cycles for hybrid stackups.
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= 5. THERMAL MANAGEMENT TECHNIQUES

As semiconductor geometries shrink and power densities skyrocket, heat has become the
primary enemy of electronic reliability. AEARPCB implements advanced, integrated cooling

strategies directly within the PCB substrate, moving beyond reliance on bulky external heatsinks.

For high-current applications, we offer heavy copper fabrication (up to 60z or more), which
significantly increases the current-carrying capacity of traces while simultaneously acting as an
efficient lateral heat spreader. In applications like high-power LED lighting or motor controllers,
Insulated Metal Substrates (IMS)—incorporating aluminum or copper base layers—provide
excellent thermal conductivity.

INNOVATION ALERT

Buried copper coins can reduce junction temperatures of high-power LEDs and MOSFETs by up to
40%, significantly extending component lifespan.

—— 6. SIGNAL INTEGRITY AND EMI REDUCTION

In the domain of high-speed electronics, ensuring Signal Integrity (SI) and mitigating
Electromagnetic Interference (EMI) are inseparable challenges. Differential pair routing is a
cornerstone of modern high-speed serial interfaces. Our etching processes are calibrated to
maintain intra-pair length matching to within 5 mils, preventing phase skew and preserving data
integrity.

4 N\

FIGURE 2: ELECTROMAGNETIC FIELD DISTRIBUTION
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= 7. PCB MANUFACTURING INDUSTRY TRENDS

The PCB manufacturing landscape is undergoing a profound transformation driven by Industry
4.0. Central to this trend is the deployment of pervasive Automated Optical Inspection (AQIl) and

advanced 3D X-ray systems. These tools generate massive datasets regarding etch quality, trace
width variances, and registration accuracy.

By analyzing this continuous stream of metrology data, we implement closed-loop feedback
systems. If an AOI station detects a consistent deviation, etching parameters can be
automatically adjusted upstream, ensuring defects are corrected well before assembly.

—— 8. SMART FACTORY AND AUTOMATION TECHNOLOGIES

AEARPCB is aggressively transitioning towards a fully integrated 'Smart Factory' ecosystem. This
involves the deployment of Industrial Internet of Things (lloT) sensors across our facility,

bridging the gap between physical manufacturing hardware and digital analytics platforms.

Automation plays a critical role in eliminating human error and handling the delicate, ultra-thin
substrates required for modern electronics. Advanced robotics manage the seamless transfer of
panels between highly sensitive chemical plating baths and lamination presses, reducing
contamination risks.

lloT integration enables predictive maintenance, using Al to predict mechanical failures in CNC
spindles before they occur, ensuring 99.9% facility uptime.
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— 9. FUTURE OF ELECTRONICS MANUFACTURING

Looking ahead, the relentless drive toward miniaturization will continue to push the boundaries
of physics. Embedded Component Technology (ECT) represents a massive leap forward. By
placing passive components directly inside the inner layers of the PCB substrate, we can

drastically reduce the surface area required on the outer layers.

FIGURE 3: 3D SUBSTRATE INTEGRATION

Microvia Stack

Furthermore, advances in semi-additive processes (SAP) are blurring the lines between standard
PCB fabrication and semiconductor packaging, allowing for trace widths in the low single-digit

micron range.

- 10. CONCLUSION

The landscape of electronics manufacturing is one of continuous evolution. Navigating this
landscape requires more than just modern equipment; it demands a deep, scientific
understanding of material behaviors and electromagnetic principles. At Aditi Electronics And
Research Pvt. Ltd. (AEARPCB), we are unyieldingly committed to staying at the forefront of these

technological shifts.

We do not just manufacture PCBs; we engineer reliable solutions to your most complex
interconnect challenges. Our dedicated engineering team stands ready to partner with you from

the initial design phase through full-scale production.
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Contact our Engineering Team:
Email: sales@aearpcb.com | Website: www.aearpcb.com
Pioneering the Future of PCB Technology
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