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The landscape of the Internet of Things (IoT) is undergoing a fundamental transformation, driven by the demand for 

higher throughput, lower latency, and multifaceted connectivity options. At the heart of this evolution are wireless 

communication modules that bridge the gap between physical sensors and the digital cloud. Among the leaders in 

this space, u-blox has consistently pioneered the integration of multi-radio technologies, including Wi-Fi, Bluetooth, 

and Near Field Communication (NFC). This article provides an exhaustive technical exploration of the u-blox 

product ecosystem, ranging from the high-performance EMMY-W1 series to the cutting-edge ALMA-B1Bluetooth

5.4 modules, and examines how these components are shaping the next generation of industrial and consumer

electronics.

1. The Paradigm Shift in Wireless Integration: Multi-Radio Ecosystems

Historically, hardware engineers were forced to select a single communication protocol, often leading to 

performance trade-offs. The introduction of combined modules, such as the u-blox EMMY-W1 series, signaled a 

shift toward "Smart Ready" environments. These modules combine high-speed Wi-Fi 802.11ac/a/b/g/n with dual-

mode Bluetooth v4.1 and integrated NFC capabilities.

The technical significance of such integration cannot be overstated. By co-locating Wi-Fi and Bluetooth on a single

silicon die or within a compact module, developers can manage coexistence challenges more effectively. In

traditional discrete designs, Wi-Fi and Bluetooth often interfere with one another because they operate on the same

2.4 GHz ISM band. u-blox modules utilize advanced hardware arbitration mechanisms to ensure that high-speed

Wi-Fi data transfers do not disrupt critical Bluetooth Low Energy (BLE) advertisements.

Key Advantages of Integrated NFC

NFC integration within modules like the NINA-B1 and EMMY-W1 serves more than just simple data transfer. It acts 

as a bootstrap mechanism for more complex protocols. Known as NFC Handover, this process allows a user to tap

a smartphone against a device to instantly pair Bluetooth or Wi-Fi credentials without manual password entry. This

significantly enhances the User Experience (UX) and security of IoT deployments.

2. Technical Deep Dive: The NINA-B1 Series and u-connect Framework

The NINA-B1 series represents a cornerstone of the u-blox stand-alone Bluetooth portfolio. These modules are 

built around a powerful ARM Cortex-M4 microcontroller with an integrated 2.4 GHz transceiver. One of the most 

critical aspects of the NINA-B1 is its support for the u-connectXpress software.

The u-connectXpress Advantage

For many industrial applications, the complexity of managing a full Bluetooth stack—including GATT services, 

security managers, and link layers—can lead to significant development delays. The u-connectsoftware provides

a high-level AT command interface. This allows developers to control complex wireless operations via simple serial

commands, effectively treating the NINA-B1 as a "black box" connectivity provider. This architecture is particularly



beneficial for: 

•  Rapid Prototyping: Reducing firmware development time by months.

•  Stability: Leveraging u-blox's pre-certified and extensively tested radio stacks.

•  Security: Utilizing built-in secure boot and encrypted storage features.

3. Evolution toward Bluetooth 5.4: The ALMA-B1 Series

As of April 2024, the introduction of the u-blox ALMA-B1 marks a significant leap in the Bluetooth Low Energy 

(LE) standard. Built on the 4th generation Nordic Semiconductor SoC, the ALMA-B1 supports Bluetooth 5.4.

This standard introduces Periodic Advertising with Response (PAwR) and Encrypted Advertising Data, which are

game-changers for large-scale sensor networks and electronic shelf labels (ESL).

Hardware Specifications and Performance Metrics

The ALMA-B1 is not just a radio; it is a high-performance quad-core wireless MCU. This allows for: 

•  Multi-Protocol Support: Concurrent operation of Bluetooth 5.4, Thread, and Matter.

•  Matter Protocol Integration: Matter provides a unified application layer that allows devices from different 

manufacturers to work together seamlessly, primarily over Thread or Wi-Fi.

•  NFC Support: Continuing the trend of simplified pairing and configuration.

4. Comparative Analysis: Module Feature Matrices

Selecting the correct module requires a detailed understanding of the trade-offs between size, power, and protocol

support. The following table provides a comparative overview of key u-blox series mentioned in recent technical

literature.



Feature NINA-B1 Series EMMY-W1 Series ALMA-B1 Series ANNA-B112

Bluetooth Version Bluetooth 5.0 LE Bluetooth 4.1 (Dual 
Mode)

Bluetooth 5.4 LE Bluetooth 5.0 LE

Wi-Fi Support None 802.11ac/a/b/g/n None None

NFC Capability Integrated (u-
connect)

Integrated Integrated External Antenna 
Support

Form Factor Module (10 x 10.6 
mm)

Module (13.7 x 15 
mm)

High-Performance 
MCU

SiP (6.5 x 6.5 mm)

Primary Use Case General Industrial 
IoT

Automotive/High-
Speed Data

Smart Home/Matter/
Mesh

Ultra-compact 
Wearables

5. Miniaturization and the SiP Revolution: ANNA-B112

In the realm of wearable technology and medical implants, space is the most valuable commodity. The u-blox 

ANNA-B112 addresses this through System-in-Package (SiP)technology. Measuring only 6.5 x 6.5 x 1.2 mm, this

module encapsulates the entire radio, MCU, and passive components into a single package.

The Engineering of ANNA-B112

Designing with a SiP requires a different approach than standard modules. The ANNA-B112 features: 

1.  Internal Antenna vs. External: While compact, the ANNA-B112 offers an internal antenna option that is pre-

tuned, reducing the need for complex RF design on the host PCB.

2.  Bluetooth Mesh: It supports standardized Bluetooth Mesh networking, allowing for many-to-many 

communication patterns essential for building automation.

3.  Open CPU Option: For advanced users, the Open CPU architecture allows developers to run their own code 

directly on the module's internal MCU, eliminating the need for an external host processor and further reducing the 

device's footprint.

6. Case Study: The Arduino Nano RP2040 Connect

A practical application of u-blox technology is found in the Arduino Nano RP2040 Connect. This board utilizes the 

u-blox NINA-W102 module to provide both Wi-Fi and Bluetooth connectivity to the Raspberry Pi RP2040 silicon. 

Technical Integration Workflow

The integration on the Nano RP2040 demonstrates how u-blox modules interface with host controllers: 

•  SPI Interface: The RP2040 communicates with the NINA module via a high-speed SPI bus for data transfer.

•  AT Command Logic: The Arduino firmware translates high-level networking libraries (like WiFiNINA) into AT 

commands that the u-blox module understands.

•  Onboard Sensors: By combining the NINA module with a 6-axis IMU and microphone, the platform becomes 

a powerful edge-computing device capable of transmitting processed sensor data over secure Wi-Fi channels.

7. Theoretical Framework: RF Performance and Global Certifications

One of the primary reasons engineers choose u-blox over discrete chip-down designs is certification. A wireless



product cannot be sold without regulatory approval (FCC, IC, CE, TELEC, etc.).

The Cost of RF Design

Designing a custom 2.4 GHz radio circuit involves significant risks: 

•  Impedance Matching: Even a 1mm deviation in trace length can cause signal reflection and power loss.

•  Harmonic Emissions: Without proper shielding, a radio can emit noise that violates regulatory limits.

•  Testing Costs: Full regulatory testing for a new design can cost tens of thousands of dollars.

u-blox modules come pre-certified. By following the recommended PCB layout guidelines (such as keeping a clear

ground plane under the antenna area), manufacturers can inherit the module's certifications, drastically reducing

the "Time to Market" (TTM).

8. Troubleshooting and Operational Challenges in IoT Deployments

Even with high-quality modules like the OBS421 or ODIN-W2, real-world deployments face challenges. Below are

common failure modes and their technical solutions.

Common Issue: Power Supply Noise

Radio modules are sensitive to voltage ripples. If the power supply unit (PSU) is noisy, it can lead to frequency

instability or "brown-out" resets during high-current TX (transmit) bursts. 

Common Issue: Interference in Dense Environments

In industrial settings with hundreds of BLE beacons, advertising channels (37, 38, and 39) can become congested.

9. Advanced Implementation: Building an IoT Gateway with ODIN-W2

The ODIN-W2series is specifically designed for gateway applications. Unlike a standard sensor node, a gateway

must handle multiple concurrent connections. The ODIN-W2 can operate as a Wi-Fi Access Point and a Bluetooth

Central device simultaneously.

Step-by-Step Integration Logic

1.  Initialization: The host MCU sends AT commands to configure the Wi-Fi station mode and connect to the 

local corporate network.

2.  Bluetooth Scanning: The module is put into "Central" mode to scan for nearby NINA-B1 or ANNA-B112 

sensor nodes.

3.  Data Aggregation: Once connections are established, data is pulled from BLE GATT characteristics and 

buffered in the module's memory.

4.  Uplink: The aggregated data is then sent via an MQTT client running on the module (or host) to a cloud 

provider like AWS or Azure.

10. Summary and Future Implications for the Wireless Landscape

The progression from the EMMY-W1 to the ALMA-B1 illustrates a clear trajectory toward more intelligent, power-

efficient, and interoperable wireless communication. For technical architects, the choice of a u-blox module is not 

merely a hardware decision but a strategic one. The integration of Matter and Threadin the latest modules

ensures that devices developed today will remain relevant in the unified smart home and industrial ecosystems of

tomorrow.

As we move toward a world of "Ambient Intelligence," the role of ultra-compact SiPs like the ANNA-B112 will 



become paramount. These modules allow for the invisible integration of connectivity into everyday objects, while 

the robust software frameworks like u-connectensure that this connectivity is secure and reliable. In conclusion,

the synergy between hardware miniaturization, protocol evolution (Bluetooth 5.4), and simplified software interfaces

remains the catalyst for the next wave of global IoT adoption.
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