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CHAPTER 01

Ultra-Narrow Batteries for Al
Glasses: Technical Case Study

Executive Summary

Meta's vision for Al-powered smart glasses necessitates unprecedented
miniaturization of core components, none more critical than the power source.
Traditional battery technologies, primarily pouch cells, proved inadequate for the
extreme form factor and demanding power profiles of devices like the Ray-Ban
Meta. This case study details Meta's innovative engineering journey to develop
ultra-narrow, steel can battery technology. It explores the fundamental design
shift, the specific challenges in achieving a battery narrower than an adult's pinky
finger, and how these advancements enabled the sustained, high-performance
operation of integrated Al workloads, cameras, and displays in compact wearable
hardware.

Background and Constraints: The Wearable Power
Dilemma

Smart glasses represent a unique intersection of miniaturized computing,
continuous interaction, and fashion. Devices such as the Ray-Ban Meta and
Oakley Meta Vanguards require persistent power for a suite of features including
high-resolution cameras, integrated speakers, always-on Al processing, and
potentially micro-displays. The primary design constraint is the temple arm of the
glasses - a space so narrow it immediately disqualifies conventional battery
designs.

Traditional lithium-ion pouch cells, ubiquitous in smartphones and laptops,
present several critical drawbacks for this application:

* Form Factor Inflexibility: Pouch cells are difficult to reshape into the
extremely narrow, elongated forms required without significant volume
waste. Their inherent folds consume precious millimeters.

* Tolerance Limitations: Manufacturing tolerances in pouch cells, while
acceptable for larger devices, become a substantial impediment when
working with sub-millimeter clearances.
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* Peak Power Delivery: At smaller sizes, pouch cells struggle to provide the
burst power necessary for multitasking, such as simultaneously recording
video while running an on-device Al model for real-time assistance.

The challenge was clear: invent a battery technology that could deliver all-day
power within a form factor narrower than a pinky finger, capable of supporting
intermittent high-power demands.

Engineering Challenges: Beyond Pouch Cells

The engineering team, led by Karthik and Myuran, faced a multi-faceted challenge
that spanned material science, manufacturing precision, and power delivery
optimization. The core issues were:

1. Extreme Miniaturization: Fitting sufficient energy density into a cross-
section narrower than 8-10mm (the typical width of a pinky finger) while
maintaining structural integrity.

2. Volume Efficiency: Eliminating wasted space inherent in traditional battery
construction. Folds and air gaps, negligible in larger batteries, became
critical inefficiencies at this scale.

3. Structural Robustness: Ensuring the battery could withstand the stresses
of daily wear and tear, including temperature fluctuations and accidental
impacts, without compromising safety or performance.

4. Sustained Peak Power: Designing for efficient current delivery to handle
concurrent, power-intensive operations like video recording, audio
processing, and Al inference.

5. Thermal Management: Packaging a power source this dense into a
confined space required careful thermal design to prevent overheating and
maintain user comfort.

Innovative Solution: Steel Can Battery Technology

Meta's solution involved a fundamental departure from the flexible pouch cell
design: the development of steel can battery technology. This approach
reimagined the battery's outer casing and internal structure to maximize
volumetric energy density and improve mechanical robustness.

Ultra-Narrow Batteries for AI Glasses: Technical Case Study



Instead of a flexible polymer pouch, the battery cells are encased in rigid, ultra-
thin steel cans. This design provides several advantages:

* Precise Form Factor: Steel cans can be manufactured with extremely
tight tolerances, allowing for precise, elongated shapes that perfectly fit the
temple arm of the glasses. This minimizes wasted volume.

* Structural Integrity: The rigid steel casing offers superior protection
against physical stress, reducing the risk of damage and improving overall
product longevity.

* Optimized Internal Stacking: The rigid structure allows for a more
compact and consistent stacking of internal battery components (anode,
cathode, separator), further increasing energy density per unit volume.

« Enhanced Thermal Dissipation: Steel provides better thermal
conductivity compared to polymer pouches, aiding in the dissipation of heat
generated during operation and charging.

Architecture Decisions: Design for Miniaturization
and Performance

The decision to pivot to steel can technology was an architectural one, prioritizing
form factor and robustness over the manufacturing familiarity of pouch cells.

Key Architectural Shifts:

1. Rigid Casing Adoption: Moving from flexible polymer to rigid steel for the
outer shell. This enabled precise, ultra-narrow geometries and improved
structural stability.

2. Internal Component Optimization: The rigid casing allowed for a tighter
packing density of active materials, minimizing internal air gaps and
maximizing energy storage within the constrained volume.

3. Integrated Power Management: The battery system was designed in
conjunction with a sophisticated power management unit (PMU) optimized
for the specific, fluctuating power demands of Al glasses. This PMU
dynamically manages power draw to ensure both sustained operation and
peak power delivery for Al workloads.
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Diagram: Simplified Power Flow in Meta Al Glasses

This architectural shift directly addressed the limitations of pouch cells, allowing
Meta to achieve the required energy density and power output within the extreme
physical constraints.

Key Implementation Areas: Manufacturing
Precision and Material Science

Bringing the steel can battery from concept to mass production required
significant advancements in several areas:

* Micro-Welding Techniques: Developing precision welding processes to
seal the ultra-thin steel cans without compromising the internal cell
chemistry or introducing structural weaknesses.

* Electrolyte Formulation: Optimizing electrolyte composition for stability
and performance within the new cell geometry and thermal characteristics
of the steel can.

 Advanced Cathode/Anode Materials: Researching and implementing
higher energy density materials suitable for rapid charging and discharging
cycles typical of wearable devices.
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 Automated Assembly Lines: Creating highly automated manufacturing
processes capable of assembling these extremely small and delicate battery
components with sub-millimeter precision at scale. This involved custom
tooling and robotics.

Results and Impact: Powering Next-Gen Al
Experiences

The successful engineering and deployment of ultra-narrow steel can batteries
have had a transformative impact on Meta's Al glasses product line:

* All-Day Power: Users can operate their smart glasses throughout the day,
supporting continuous use of features like audio, photography, and Al
interactions.

* Enabled Al Workloads: The battery provides the necessary peak power to
run complex, real-time Al models on the device, enabling features like live
translation, smart assistance, and contextual awareness without significant
latency or performance degradation.

* Sleek Form Factor: The narrow battery allows for the elegant and discreet
design of the glasses, maintaining a fashionable aesthetic that is crucial for
user adoption.

* Enhanced Durability: The steel casing significantly improves the battery's
resilience to everyday knocks and stresses, contributing to the overall
reliability and longevity of the device.

This innovation is not just about a battery; it's about enabling a new generation of
compact, powerful Al hardware that seamlessly integrates into daily life.

Lessons Learned: Rethinking Battery Design for
Wearables

The development of Meta's steel can battery technology offers crucial insights for
future compact hardware engineering:

* Form Follows Function, but also Form Defines Power: Extreme form
factor constraints often necessitate rethinking fundamental component
architectures rather than simply miniaturizing existing ones.

* Interdisciplinary Innovation: Solving such complex problems requires
deep collaboration between material scientists, electrical engineers,
mechanical engineers, and manufacturing experts.
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* Precision at Scale: Achieving sub-millimeter precision in both design and
mass production is paramount for next-generation compact devices.

* Power Management is Key: The battery is only one part of the equation;
sophisticated power management hardware and software are essential to
optimize energy usage and deliver required performance bursts.

» Safety and Reliability are Non-Negotiable: Introducing novel battery
technologies demands rigorous testing and validation to ensure user safety
and product reliability.

This case study demonstrates Meta's commitment to pushing the boundaries of
hardware engineering to realize the full potential of Al-powered wearables.
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Transparency Note: This case study is based on publicly available information
and engineering insights provided by Meta regarding their ultra-narrow battery
technology for Al glasses. It aims to reconstruct the technical challenges,
solutions, and architectural decisions involved in this innovation.
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