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The landscape of wireless communication has undergone a radical transformation with the advent of Bluetooth Low
Energy (BLE), specifically tailored for the burgeoning Internet of Things (IoT) ecosystem. Among the most
innovative implementations of this technology is the SESUB-PAN-D14580, a Bluetooth v4.1 Smart (Low Energy)
module developed by TDK. This module represents a pinnacle of miniaturization and integration, leveraging
proprietary SESUB (Semiconductor Embedded in SUbstrate) technology to deliver a high-performance, single-
mode BLE solution in an unprecedentedly small form factor. This technical analysis explores the architectural
intricacies, protocol enhancements of Bluetooth v4.1, and the engineering considerations for integrating such
modules into modern electronic designs.

The Evolution of Bluetooth v4.1 and the Smart Low Energy Paradigm

Bluetooth v4.1 was a significant milestone in the evolution of the Bluetooth Core Specification. Unlike its
predecessors, v4.1 focused on improving the coexistence with LTE, enhancing the developer's ability to innovate,
and allowing devices to support multiple roles simultaneously. For a module like the SESUB-PAN-D14580, these
improvements mean more efficient data throughput and more robust connectivity in dense RF environments.

The Single Mode Architecture

The term Single Moderefers to devices that only support Bluetooth Low Energy, optimized for ultra-low power
consumption and small data packets. This is in contrast to Dual-Mode devices (such as those found in
smartphones) that support both Classic Bluetooth and BLE. The single-mode nature of the SESUB-PAN-D14580
allows for a simplified hardware stack, significantly lower peak currents, and a reduced footprint, making it ideal for
battery-operated wearables and sensors.

Key Features of Bluetooth v4.1

« L2CAP Dedicated Channels: Facilitates efficient data transfer for sensors and high-frequency data
applications.

¢ Multi-Role Capability: Allows a single device to act as a Bluetooth Smart Hub and a peripheral device
simultaneously.

e Improved Coexistence: Coordination between Bluetooth and LTE signals to reduce interference (Mobile
Wireless Coexistence Filtering).

« Data Continuity: Automated reconnection features that enhance the user experience in mobile environments.

Architecture and Mechanical Design: The SESUB Technology

The hallmark of the SESUB-PAN-D14580 is its construction. SESUB stands for Semiconductor Embedded in
SUbstrate. This is a proprietary TDK technology where the silicon die (in this case, the Dialog Semiconductor
DA14580 SoC) is thinned down and embedded within the layers of the PCB substrate itself. This approach differs
from traditional System-in-Package (SiP) or Surface Mount Device (SMD) methods.

Dimensional Efficiency

By embedding the IC inside the substrate, the module achieves a footprint of just 3.5 x 3.5 mm and a height of 1.0



mm. This ultra-low profile is critical for modern wearables where every cubic millimeter of space is contested.
Furthermore, the embedding process provides superior thermal dissipation and electromagnetic interference (EMI)
shielding, as the IC is encapsulated within the substrate layers.

Internal Component Layout

The module is not just a bare IC; it is a complete system. It integrates:

e The DA14580 SoC: A 32-bit ARM Cortex-MO processor with a radio transceiver.

¢ Passive Components: Decoupling capacitors and inductors required for power management.
e Crystal Oscillators: Precise timing components for frequency stability.

¢ Antenna Matching Circuitry: Optimizing RF performance for the 2.4 GHz ISM band.

Technical Specifications and Performance Metrics

The utility of the SESUB-PAN-D14580 is best understood through its quantitative performance data. The following
table provides a breakdown of the core technical parameters that define its operational envelope.



Parameter Specification Notes

Bluetooth Version v4.1 Smart (Low Energy) Single-Mode operation

Core Processor ARM Cortex-MO (32-bit) Integrated within the DA14580 IC
Supply Voltage 2.35V to 3.3V Ideal for Coin Cell Batteries
Peak TX Current ~5.0 mA At 0 dBm output power

Peak RX Current ~5.4 mA High-sensitivity receiver mode
Sleep Current &lt; 1.0 ;A Deep sleep with RTC active
Dimensions 3.5x3.5x1.0mm Excluding external antenna

requirements

Interface GPIO, UART, SPI, 12C Flexible peripheral connectivity

The Software Stack and Application Development

The software architecture of the SESUB-PAN-D14580 is built around the Dialog Semiconductor SmartBond
framework. The ARM Cortex-MO core handles both the Bluetooth protocol stack and the user application, ensuring
tight integration and low latency.

Protocol Layers

1. Physical Layer (PHY): Operates in the 2.4 GHz ISM band using 40 channels with 2 MHz spacing. It uses
GFSK modulation.

2. Link Layer (LL): Manages the state of the connection, handling advertising, scanning, and data packet
encryption.

3. Host Controller Interface (HCI): The bridge between the controller and the host layers.

4. Generic Access Profile (GAP): Controls connections and advertising, defining roles such as Peripheral,
Central, Broadcaster, or Observer.

5. Generic Attribute Profile (GATT): Defines the data structure using Services and Characteristics, facilitating
data exchange between devices.

Memory Management

With limited on-chip memory (typically 32kB of One-Time Programmable memory and 84kB of ROM for the stack,
plus 42kB of SRAM for the application), developers must use highly optimized C code. The SESUB-PAN-D14580
supports Over-the-Air (OTA)updates if configured with external SPI Flash, which is a critical requirement for long-
term loT deployments.

Hardware Integration and PCB Layout Guidelines

Integrating a module of this size requires precise engineering. While the SESUB-PAN-D14580 simplifies RF design
by internalizing many components, the external PCB layout remains vital for performance.

Antenna Selection and Placement
Since the SESUB-PAN-D14580 does not include an integrated chip antenna (it provides an RF pin), the designer



must select an appropriate antenna (e.g., a ceramic chip antenna or a PCB trace antenna). The transmission line
from the module's RF output to the antenna must be matched to 50 Ohms. Impedance mismatches lead to signal
reflections, reduced range, and increased power consumption.

Power Supply Decoupling

Despite the module's internal filtering, high-frequency noise from digital circuits can interfere with the sensitive RF
radio. Placing a 10;A" and a 100nF capacitor close to the VDD pins is standard practice to maintain a stable voltage
rail during high-current TX/RX bursts.

Thermal and Grounding Considerations

A solid ground plane is essential. For a module as small as the SESUB, the ground plane also acts as a heat sink.
Utilizing a multi-layer PCB with thermal vias under the module's ground pads ensures that the silicon junction
temperature remains within operational limits, even during continuous data transmission.

Comparison: SESUB-PAN-D14580 vs. Standard BLE Modules

When selecting a module for a project, engineers often compare the SESUB series against traditional Bluetooth
modules. The table below highlights the differences.



Feature SESUB-PAN-D14580 Standard PCB Module Discrete IC Design

Size Ultra-Miniature (12.25 mm?) Large (100-200 mma2) Variable (requires external
passives)
Ease of Use Medium (requires RF High (Pre-certified, Low (High RF expertise
layout) Integrated Ant.) needed)
Power Efficiency Excellent (Optimized for Good Depends on design
BLE)
Total Part Count Minimal Very Low High

Practical Field Guide: Implementation and Troubleshooting

Deploying the SESUB-PAN-D14580 involves several stages, from prototyping with an Evaluation Kit (EVK) to mass
production.

Prototyping with the SP14808 EVK

The SESUB-PAN-D14580 EVK (SP14808)is the primary tool for developers. It typically includes the module
mounted on a carrier board with headers for GPIO access and a J-Link debugger interface. This allows developers
to use the Dialog Keil-based SDK to write and test firmware.

Common Failure Modes and Solutions

* Connection Dropping: Often caused by poor clock accuracy. Ensure the 32.768 kHz sleep clock is properly
calibrated or that the internal RC oscillator is accounted for in the software timing windows.

* Low RF Range: Usually a result of poor antenna matching or shielding. Re-evaluate the 50-ohm trace
geometry and ensure no metal components (like battery clips) are obstructing the antenna's keep-out zone.

¢ High Sleep Current: Often due to floating GPIO pins. In BLE applications, all unused GPIOs must be
configured to a high-impedance state or tied to a defined logic level to prevent leakage current.

Engineering Mathematical Models for Power Estimation

To predict battery life, engineers must calculate the Average Current Consumption (I_avg)based on the
advertising interval or connection interval. The formula is generally expressed as:

|_avg = ( (I_active * T_active) + (I_sleep * T_sleep) ) / (T_active + T_sleep)

For the SESUB-PAN-D14580, with an advertising interval of 1000ms and an active window of roughly 3ms, the
average current can be reduced to less than 20;A A allowing a standard CR2032 coin cell to power a sensor for over
two years. This mathematical rigor is essential during the architectural phase of IoT product development.

Future Implications and Market Positioning

While newer Bluetooth standards (v5.0, v5.2, and v5.4) have been released, the v4.1 SESUB-PAN-D14580

remains highly relevant for specific niches. Its primary advantage is not the version number, but the physical
integration technology. There are few modules in the world that can compete with the 3.5 x 3.5 mm footprint
while maintaining a fully programmable 32-bit MCU core.

In applications such as smart medical patches, hidden security tags, and high-end consumer wearables, the ability



to disappear into the product's industrial design is the most valued feature. The SESUB-PAN-D14580 serves as a
bridge between bulky off-the-shelf modules and the extreme complexity of full custom ASIC development. It offers
the benefits of a modular, pre-tested RF solution with the physical dimensions of a bare die, providing a unique
middle ground for senior hardware engineers.

As the industry moves toward even smaller interconnects and higher levels of integration, the lessons learned from
the SESUB embedding process will likely inform the next generation of SiP and Heterogeneous Integration (HI)
designs. The SESUB-PAN-D14580 is more than just a Bluetooth module; it is a masterclass in modern electronic
packaging and low-power system design.
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