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BLOOMICE TECHNICAL WHITE PAPER 

Common RF Design Mistakes 
and How to Avoid Them 
Practical controls for preventing avoidable wireless -performance problems 

Most RF failures are not caused by one dramatic engineering error. They result from ordinary product 

decisions such as enclosure material, PCB layout, antenna position, cable choice, mounting or test 

conditions, that interact in ways the project did not verify. The device may connect on the bench, yet 

become unreliable when it reaches production or the field. 

Why RF mistakes remain hidden until late 
Laboratory coverage is normally strong, orientations are controlled and prototypes receive individual attention. Real 

deployments introduce weak networks, obstruction, metal, water, multipath, installer variation and production tolerances. A 

marginal design can therefore appear functional during development while lacking the margin needed for repeatable 

service. 

DESIGN OVERSIGHT 
An RF dependency is missed 

while PCB, enclosure or 

mounting decisions are 

made. 

BENCH SUCCESS 
Strong local coverage masks 

weak efficiency, poor pattern 

or orientation sensitivity. 

FIELD VARIATION 
Sites, networks, structures 

and installers expose the 

missing link margin. 

LIFETIME COST 
Retries, battery drain, 

support effort, site visits and 

redesign appear elsewhere 

in the budget. 

RF performance is a system property.  The antenna, feed, PCB, enclosure, radio, power electronics, software 

behaviour, mounting and surrounding environment all contribute to the final result. Optimising one part in isolation is not 

enough. 

Typical symptoms and what they may be telling you 

SYMPTOM POSSIBLE RF CAUSE LIKELY EFFECT 

Shorter range than expected 
Low efficiency, unsuitable pattern, detuning, cable loss 

or poor mounting. 
Reduced coverage and higher transmit-

power demand. 

Battery drains too quickly 
Retries, reconnects, network searches or weak-link 

transmit-power escalation. 
Shorter service intervals and higher field 

cost. 

Performance changes when 

rotated 
Pattern nulls, polarisation sensitivity, shielding or 

ground dependence. 
Unreliable installation and user 

experience. 

Good VSWR but poor 

connectivity 
Accepted power is being lost, radiated in the wrong 

direction or affected by noise. 
Misdiagnosis and repeated tuning effort. 

MIMO gives little improvement 
Insufficient element isolation, spacing, orientation or 

high correlation. 
Lower throughput and reduced coverage 

robustness. 

Units vary between batches 
Uncontrolled materials, cable routing, connector 

assembly or antenna position. 
Production fallout, returns and support 

demand. 
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PREVENT THE MOST COMMON INTEGRATION FAILURES 

The mistakes and the controls that avoid them 
RF risk is reduced by making a small number of decisions early, measuring the complete assembly and retaining evidence 

through production. The following mistakes recur across cellular, LPWAN, Wi-Fi, Bluetooth, GNSS and multi-radio 

products. 

MISTAKE WHY IT FAILS HOW TO AVOID IT 

1. Treating the antenna as a late 

component 

PCB, enclosure, battery and industrial design 

consume the required RF space and 

clearances. 

Define antenna requirements, format, 

volume, mounting and validation needs 

during architecture. 

2. Selecting by frequency and peak 

gain alone 
The datasheet value hides efficiency, pattern 

nulls, beamwidth and integration dependence. 

Compare efficiency, realised gain and full 

patterns across all required bands and 

orientations. 

3. Ignoring ground and keep-out 

requirements 

Embedded and monopole formats detune or 

lose efficiency when the PCB ground or 

clearance is wrong. 

Follow reference layouts, reserve keep-out 

and measure with the final PCB and 

matching network. 

4. Placing the antenna beside 

metal or noise 

Batteries, shields, displays, cables and 

switching electronics absorb, shield or 

desensitise the system. 

Use placement studies, noise scans and 

controlled spacing before mechanical 

design freeze. 

5. Treating low VSWR as proof of 

performance 
Antenna input power may be accepted but lost 

as heat or radiated in unusable directions. 

Measure efficiency, realised gain and 

pattern in addition to S11, return loss or 

VSWR. 

6. Underestimating cable and 

connector loss 

Long or thin feeds, adapters and poor 

assembly consume link margin, especially at 

high frequency. 

Budget the complete feed path, minimise 

adapters and verify cable/connector 

performance. 

7. Neglecting MIMO and 

coexistence 

Closely coupled elements or noisy radios 

reduce isolation, diversity and receiver 

sensitivity. 

Plan spacing and orientation; measure 

isolation, correlation and simultaneous-

radio operation. 

8. Testing only in ideal conditions 
Free-space or strong-network testing does not 

reproduce enclosure, mounting, orientation or 

weak-site effects. 

Validate the final assembly OTA and in 

representative worst-case field 

environments. 

9. Failing to control production and 

installation 
Material, adhesive, cable route, torque and 

mounting variation reshape RF behaviour. 

Freeze RF-critical details and provide 

measurable production and installer 

acceptance criteria. 

The low VSWR trap deserves special attention.  Matching confirms what happens at the antenna port; it does not 

confirm how much power is radiated, where it goes or whether the receiver is being desensitised. A complete assessment 

combines conducted, radiated and system-level evidence. 

Five lessons to carry into every RF project 
1 Design early. Preserve the freedom to change PCB, enclosure, antenna position and feed route before they 

become expensive. 

2 Measure the system. Test the antenna with the real device rather than relying on component or free-space data 

alone. 

3 Test every band. Matching, efficiency, gain, isolation and pattern vary with frequency and cannot be represented by 

one value. 

4 Challenge the worst case. Use weak coverage, difficult orientation, harsh environments and simultaneous-radio 

operation. 

5 Control repeatability. Production and installation details must preserve the RF conditions that were validated. 
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BUILD RF ASSURANCE INTO THE DEVELOPMENT PROCESS 

A practical RF design-review workflow 
The objective is to find RF weaknesses at the point where they are easiest to correct. Each stage should produce evidence 

that the antenna, device and installation are working as one controlled system. 

STAGE ACTION OUTPUT 

1. Requirements and link 

definition 

Confirm technologies, bands, regions, operators, range, 

data behaviour, duty cycle, battery target and worst-case 

sites. 

Requirements, KPIs and link 

budget. 

2. Architecture and 

placement 

Select the antenna format; reserve ground, keep-out, 

volume, feed route, mounting clearance, orientation and 

isolation. 

Integration concept and design 

rules. 

3. Prototype conducted 

measurements 

Measure S11, return loss or VSWR, cable loss, matching 

and noise behaviour with representative hardware. 
Tuning and conducted RF 

evidence. 

4. OTA and coexistence 

testing 

Measure efficiency, realised gain, patterns, isolation and 

simultaneous-radio performance in the final assembly. 
Radiated and coexistence 

evidence. 

5. Representative field 

validation 

Test network KPIs, packet success, reconnects and 

orientation sensitivity in weak and difficult deployment 

conditions. 
Field acceptance against limits. 

6. Production and rollout 

control 

Freeze RF-critical geometry and materials; define cable, 

connector and installer checks; monitor fleet behaviour. 
Release criteria and monitoring 

plan. 

The RF design-release gate 
Before design freeze or production release, the team should be able to answer yes to each question: 

6 Have the antenna and link requirements been defined for every technology, band and operating region? 

7 Has the antenna been measured in the final or genuinely representative mechanical assembly? 

8 Have match, efficiency, realised gain, patterns, cable loss, noise and isolation all been considered? 

9 Have MIMO, diversity and simultaneous-radio operation been verified where applicable? 

10 Has the design been challenged in representative worst-case sites, orientations and environments? 

11 Are RF-critical production changes, installation variables and fleet behaviour controlled and monitored? 

Avoiding RF mistakes is less expensive than recovering performance later.  Bloomice supports antenna 

selection, RF integration, tuning, conducted and over-the-air testing, field validation and production readiness for connected 

products in demanding real-world environments. 
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