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BLOOMICE TECHNICAL WHITE PAPER   

Design the Antenna In 
from Day One 
Why early antenna integration is essential to every RF solution  

The antenna is the point at which an electronic design meets the real radio environment. If it is 

considered only after the enclosure, PCB, battery, mounting system and industrial design are fixed, 

the project may already have surrendered the space and conditions required for reliable wireless 

performance. 

RF performance is shaped long before final testing 
An antenna does not operate independently. Its impedance, efficiency and radiation pattern are affected by the PCB 

ground structure, enclosure materials, batteries, displays, cables, nearby metal, liquids, people and other radios. 

Mechanical decisions can therefore become RF decisions, often without being recognised as such. Early design-in brings 

those dependencies into the product architecture while there is still freedom to respond. 

EARLY DECISION RF CONSEQUENCE DESIGN-IN RESPONSE 

Enclosure and materials 
May detune the antenna or absorb 

radiated energy. 
Reserve volume, spacing and material options before 

tooling. 

PCB and ground structure 
Changes match, efficiency and current 

distribution. 
Define keep-out, feed and ground requirements during 

layout. 

Mounting and orientation 
Can create shielding, pattern nulls or 

polarisation loss. 
Design around real installation positions and site 

variation. 

Cable and connector route 
Adds loss and can introduce coupling or 

assembly variation. 
Set feed length, cable grade and mechanical strain 

relief early. 

Radio coexistence 
Poor isolation can raise the noise floor or 

desensitise receivers. 
Plan antenna separation and simultaneous-operation 

testing. 

Early design-in does not mean premature component lock-in.  It means defining the RF requirements, installation 

envelope, antenna volume, ground behaviour, cable route, isolation needs and validation plan before other design choices 

make them difficult or expensive to change. 

The commercial effect 

OUTCOME VALUE 

LOWER DEVELOPMENT RISK RF issues are found while PCB, enclosure and tooling changes remain manageable. 

FASTER VALIDATION 
Prototype measurements confirm a planned architecture instead of diagnosing a constrained 

one. 

MORE CONSISTENT ROLLOUT Installation variables are understood, tested and controlled before volume deployment. 

BETTER LIFETIME ECONOMICS 
Reliable links reduce the risk of retries, network searching, support calls and field 

intervention. 
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UNDERSTAND WHAT LATE INTEGRATION PUTS AT RISK 

Why late antenna decisions become expensive 
Late-stage RF problems rarely have a single cause. They are normally interactions between the antenna and decisions 

already embedded in the product. The available fixes then become compromises: a longer cable, a less convenient 

mounting position, a new enclosure, additional tuning, reduced band performance or another prototype cycle. 

1 Detuning and low efficiency. The chosen antenna may meet its datasheet specification in free space but lose 

match or efficiency when installed beside the real PCB, battery or housing. 

2 Shielding and pattern distortion. Metalwork, coated glass, chambers, cabinets and machinery can block energy or 

redirect it away from the serving network. 

3 Insufficient ground or clearance. Many embedded and monopole formats depend on a defined ground structure 

and keep-out area that cannot be recovered after layout is frozen. 

4 Feed-line loss and connector compromise. Thin or extended coax, multiple adapters and poorly controlled 

connectors consume link margin, especially at higher frequencies. 

5 Noise and coexistence. Processors, displays, DC-DC converters and neighbouring cellular, Wi-Fi, Bluetooth or 

GNSS antennas may create coupling and receiver desensitisation. 

6 Unplanned compliance and production rework. A late change to antenna, cable, enclosure or mounting can 

invalidate earlier assumptions and trigger new verification, certification or tooling work. 

A strong signal reading is not enough.  Design reviews should consider impedance match, total efficiency, radiation 

pattern, isolation, TRP/TIS where applicable, network KPIs and performance across realistic orientations and installations. 

Every antenna format has early design needs 

ANTENNA FORMAT DECISIONS TO MAKE EARLY 

Embedded PCB / chip / FPC 
PCB ground, keep-out, enclosure spacing, tuning access and manufacturing 

tolerance. 

Connector-mounted / terminal Local ground, connector position, orientation, user handling and nearby metalwork. 

External body / whip / panel Mounting surface, pattern, polarisation, feed loss, sealing and impact protection. 

Directional / high-gain 
Coverage direction, survey evidence, alignment, cable loss and installation 

stability. 

Diversity / MIMO / combination Spacing, orientation, correlation, isolation and coexistence across all active radios. 

Custom / enclosure-integrated 
RF and mechanical co-design, simulation, tuning, tooling tolerance and production 

validation. 
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MAKE ANTENNA DESIGN IN A NORMAL DEVELOPMENT DISCIPLINE 

A practical early RF integration workflow 
The objective is not to add bureaucracy. It is to make a small number of RF decisions at the point where they have the 

greatest influence and the lowest cost of change. Each stage should create evidence for the next. 

STAGE ACTION EVIDENCE 

1. Requirements and link 

definition 

Confirm technologies, countries, operators, frequency 

bands, data behaviour, duty cycle, target service life and 

worst-case deployment conditions. 

Approved RF requirements and 

link budget. 

2. Architecture and 

feasibility 

Select likely antenna formats; reserve volume, keep-out, 

ground structure, cable route, mounting and isolation 

before mechanical and PCB architecture are locked. 

Feasible antenna concept and 

integration rules. 

3. Prototype and tune 

Build representative assemblies and measure impedance, 

return loss, efficiency, pattern and isolation with the real 

enclosure, battery, cables and materials. 

Measured prototype and tuning 

record. 

4. OTA and coexistence 

validation 

Verify radiated performance and simultaneous-radio 

operation. Compare alternatives against a controlled 

reference rather than relying on RSSI alone. 

OTA, isolation and coexistence 

evidence. 

5. Field and environmental 

trials 

Test representative sites, orientations, covers, cabinets, 

temperatures and moisture states, including weak-

coverage and difficult installation conditions. 

Field results against agreed 

KPIs. 

6. Production and 

deployment control 

Freeze RF-critical geometry and materials, define 

cable/connector checks, provide installation guidance and 

monitor fleet telemetry for abnormal behaviour. 

Release criteria, work 

instructions and monitoring 

plan. 

The release gate 
Before design freeze, the project team should be able to answer yes to each question: 

7 Have the antenna requirements and integration rules been documented for the real deployment environment? 

8 Has performance been measured in the final or genuinely representative mechanical assembly? 

9 Have cable loss, connector quality, antenna spacing, noise sources and coexistence been included? 

10 Have representative worst-case sites, orientations and environmental states been tested? 

11 Are production changes and installation variables controlled by clear RF acceptance criteria? 

Design RF performance in - do not try to recover it later.  Bloomice supports antenna selection, custom design, 

RF integration, tuning, cable assemblies, testing and validation from concept through to production readiness. 
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