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 Especially Important with 
Medical Devices!
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Current Landscape
An all too common story...

• Manufacturer does not 
have an EMC Test Plan 
Prepared

• Test Lab advises the need 
for performance criteria, 
modes of operation, etc.

• Manufacturer hastily puts a 
document together that 
lacks key information.
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Before Testing

• Test Lab performs testing 
with minimal knowledge of 
overall Basic Safety and 
Essential Performance 
characteristics from 
Manufacturer.

• Test Lab monitors device to 
best ability and documents 
the configurations tested 
and monitoring method.

During Testing

• Regulatory Body (FDA, 
Notified Body, etc.) 
Questions the:
• Worst-Case 

Configuration/Mode 
Choice

• Performance Criteria
• Essential Performance / 

Intended Use
• Monitoring Conditions

...AND...
• Where was your Test 

Plan?

Regulatory 
Submission

• Additional Testing and Re-
Testing

• New Failures Observed
• Re-Design and Major 

Timeline Delay.

Ramifications



Current Landscape
Reasons for Change
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• Regulatory Bodies are enforcing and requiring test plans more than ever (even though they have been required per 
standard for many years).

• A clear test plan provides the foundation for making an effective argument about the safety and performance of your 
medical device.

• Arguing about test strategy, conditions, and rationale is very difficult to do in the middle of a TD review by a regulatory 
agency.

• Thoroughly documenting a test plan can significantly aid future work on the same device (device changes) or even 
support testing of a similar device in the future.

• Most Importantly: Verification of device reliability and performance in its intended EM environment reduces the 
chance that an unforeseen issue occurs in the field.

• Reduces risk of a costly design change or recall.



Current Landscape
Best Practice
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Draft an effective test plan 
early in the Design Validation 

phase of the device.

Determine pre-
testing/screening based on 
risks identified during test 

plan creation

As final device is developed, 
make small modifications to 

test plan as needed.

Test Plan & Report combo 
adequately addresses all 
EMC considerations for 
regulatory submission.



Current Landscape
Most Common Question to Test Labs
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“I understand that I need to make a 
test plan, but where do I start and what 

should be in it?”
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Elements of an Effective EMC Test Plan
Table of Contents
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1. Administrative Data

2. Description of the Equipment Under Test

3. Operation Mode and Configuration of EUT

4. Performance Criteria and Methods of Observation

5. Requirements for Testing Proximity Magnetic Fields in the 

Frequency Range 9 kHz to 13.56 MHz

6. Electrostatic Discharges – Test Points

7. Compliance Summary (Risk Management, Identification, 

Marking and Documents)

8. Revision History



Elements of an Effective EMC Test Plan
Administrative Data

Y2023-09-21
M-DD
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Indicate any additional standards such 
as:
- Particular Standards (More on that later…)
- Guidance Documents (IEC TR 60601-4-2)
- Other Family Standards (ISO 14708-X, 
IEC 61010, RTCA DO-160G etc.)

Indicating and Documenting where and 
when samples were manufactured helps 
to provide traceability for both the 
Manufacturer and Test Lab.



Elements of an Effective EMC Test Plan
Description of the EUT
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Examples of Terminations:

• Artificial Hand –
• For Conducted Emissions, 

EFT and Conducted 
Immunity.

• Physiological Simulation
• NOTE: Conductive or capacitive 

connection to ground NOT 
allowed.

During Risk Analysis and 
Intended Environment 
definition, manufacturers 
should consider possible EM 
emitters.

More on this in a 
later slide

See Next Slide 



Commonly Missed Considerations
5G, WPT (and Wi-Fi 6E) Risks
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• FDA EMC Guidance Document (June 6, 2022) contains new 

statements about constantly evolving risks from transmitters.

• No current official or recognized standards that cover these 

considerations.

• For “low risk” medical devices: 

• Labelling to mention that EMI from expected emitters should 

be expected.

• For “high risk” medical devices (death or serious injuries):

• Adhoc Testing Needed

• Based on test results, labelling to address any mitigations or 

warnings needed.

Feel free to reach out about Test Protocol suggestion based on TUV 
SUD expert panel.



Elements of an Effective EMC Test Plan
Description of the EUT
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Group 2 is commonly misunderstood!

Any medical equipment that applies RF 
Energy to Patients (non-communication 
function), including:

• HF Surgical Equipment
• MRI
• Diathermy

1. Compile and internally align on an 
intended market list for the next 3-5 
years.

2. Pay particular attention to known 
testing condition requirements for 
those countries (especially for CB 
Scheme!)



Elements of an Effective EMC Test Plan
Operation Mode and Configuration of EUT
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Difference between MODES and CONFIGURATIONS:

Modes: What is the device doing?

Configurations: How is the device set up?

Notes:

• Modes should be chosen such that the failure or malfunction would 
most likely result in an unacceptable risk or loss of intended use.

• Consolidation of modes to reduce amount of testing is acceptable as 
long as it does not significantly effect the test being performed.

In-Situ Testing should be strongly considered for permanently 
installed or Large systems!



Elements of an Effective EMC Test Plan
Operation Mode and Configuration of EUT
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Important to populate and exercise all 
ports of a medical device that can be 
used

 Represents “worst-case” configuration 
from a potential risk perspective.

 E.g. HDMI Displays, USB Connections, 
etc. should be connected to a 
representative setup and active during 
testing.

Dwell Time for Immunity Testing shall be 
based on the time required for the device 
to be exercised and adequately respond 

to the test signal!

2023-09-21



Elements of an Effective EMC Test Plan
Performance Criteria and Methods of Observation
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More on 
Separate Slide
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Freedom from 
unacceptable risk 
directly caused by 

physical hazard when 
ME equipment is used 

under normal 
condition and single 

fault condition

Basic 
Safety

Examples for a Cryo-Ablation Device:

Basic Safety: 
 In the event of performance 

degradation or loss, the device 
fails safely and does not produce 
a hazardous situation.

Commonly Missed Considerations
Basic Safety / Essential Performance / Intended Use

2023-09-21
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Performance of a 
clinical function, other 

than that related to 
Basic Safety, where loss 
or degradation beyond 
the limits specified by 

the manufacturer results 
in an unacceptable risk

Freedom from 
unacceptable risk 
directly caused by 

physical hazard when 
ME equipment is used 
under normal condition 

and single fault 
condition

Basic 
Safety

Essential 
Performance

Examples for a Cryo-Ablation Device:

Essential Performance: 
 If the Cryo-Balloon deflates, the 

console triggers a system notice 
AND does not re-inflate without 
user intervention.

Basic Safety: 
 In the event of performance 

degradation or loss, the device 
fails safely and does not produce 
a hazardous situation.

Commonly Missed Considerations
Basic Safety / Essential Performance / Intended Use
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Performance of a 
clinical function, other 

than that related to 
Basic Safety, where loss 
or degradation beyond 
the limits specified by 

the manufacturer results 
in an unacceptable risk

Use for which a product, process 
or service is intended according 
to the specifications, instructions 
and information provided by the 

manufacturer

Freedom from 
unacceptable risk 
directly caused by 

physical hazard when 
ME equipment is used 
under normal condition 

and single fault 
condition

Basic 
Safety

Essential 
Performance

Intended Use

Examples for a Cryo-Ablation Device:

Intended Use:
During Cryo-Ablation, the 

temperature is monitored in order 
to reach sufficient tissue necrosis.

Essential Performance: 
 If the Cryo-Balloon deflates, the 

console triggers a system notice 
AND does not re-inflate without 
user intervention.

Basic Safety: 
 In the event of performance 

degradation or loss, the device 
fails safely and does not produce 
a hazardous situation.

Commonly Missed Considerations
Basic Safety / Essential Performance / Intended Use

See IEC TR 
60601-4-2
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Elements of an Effective EMC Test Plan
Performance Criteria and Methods of Observation
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More on 
Separate Slide

Monitoring Methods are preferably:

1. Automated (not manually observed)
2. Possibly set up outside a chamber
3. Specific and measurable output to compare to 

pass/fail criteria. 

2023-09-21



Elements of an Effective EMC Test Plan
Performance Criteria and Methods of Observation
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More on 
Separate Slide

Applicable Part 2 
Standards MUST 
be considered!

Monitoring Methods are preferably:

1. Automated (not manually observed)
2. Possibly set up outside a chamber
3. Specific and measurable output to compare to 

pass/fail criteria. 

See Next Slide 
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Commonly Missed Considerations
Particular Standards

• IEC 60601-2-XX and 80601-2-XX Standards.  
• EMC Requirements often Presented in Clause 202.

• Additional or Modified requirements for EMC Testing, often in the forms of (e.g. IEC 60601-2-34 for IBP):

Different Test Setups Specific Monitoring and 
Essential Performance 

Additional Tests

2023-09-21



Elements of an Effective EMC Test Plan
Testing and Identification of Test Points
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• See Subclause 8.11 in IEC 60601-1-2:2014/AMD1:2020 
for flowchart to determine applicability of IEC 61000-
4-39

• When in doubt, it’s safe to perform this testing since 
it’s not destructive and is a very short test

List of Testing in IEC 60601-1-2:

• CISPR 11 (Radiated and Conducted Emissions
• IEC 61000-4-2 (ESD)*
• IEC 61000-4-3 + Table 9 (Radiated Immunity)
• IEC 61000-4-4 (EFT)
• IEC 61000-4-5 (Surge)
• IEC 61000-4-6 (Conducted Immunity)
• IEC 61000-4-8 (Power Freq. Magnetic Fields)
• IEC 61000-4-11 (Voltage Dips and Interruptions)
• IEC 61000-4-39 (Proximity Magnetic Fields)*

*Require Test Points to be identified, as shown to right.

2023-09-21



Elements of an Effective EMC Test Plan
Risk Management, Identification/Marking and Revision History
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Two Important Notes Here:

#1: Risk Management per ISO 14971 is very important 
to have at least “considered” prior to testing 

-> Needed to help determine pass/fail criteria 
during testing.

NOTE: List of RM clauses to the left is NOT 
exhaustive – there are many more clauses that 
would take several slides to share.

#2: Revision History is required to satisfy the 
requirement that a Test Plan should be a controlled 
document with documented revisions.  Test plans are 
frequently revised during testing.

2023-09-21



Agenda
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Radio Functionality
What Changes when Leveraging Wireless Functionality?
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• Must consider method for monitoring “radio link” during Transient 

and Continuous Immunity Tests.

• Validate that radio in “receive only” mode does not unintentionally 

transmit when subjected to immunity test (primarily an EU RED 

requirement).

• Determine to what degree your radio functionality might alter your 

Essential Performance or Intended Use.

-> May need additional Modes/Configurations and 

Monitoring methods to address accordingly.

• For FDA: Evaluate Wireless Co-Existence per ANSI c63.27

• NOTE: Additional Radio Integration or Modular Approval and 

Certification may be required depending on your radio path.
2023-09-21
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Wireless Co-Existence Key Takeaways
Evaluating to ANSI/USEMCSC C63.27:2021
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Co-Existence Goal: Device is able to perform a task in a given shared 
space where other wireless systems are also performing their own 
tasks.

Test Plan Should follow a similar pattern for EMC, but should also:

1. Define Intended EM Environment

2. Define Your Risk Tier per AAMI TIR 69.

• When in doubt – select a higher tier to evaluate to (can 

always be “relaxed” later)!

3. Define Your KPI Thresholds (Key Performance Indicators) 

4. Define FWP (Functional Wireless Performance)

5. Define Monitoring Method during Testing

2023-09-21



Final Note
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Microbiological
Testing

Biocompatibility
Testing

Environmental
& Packaging

Testing

Cyber Security
Testing

Chemical
Characterization

Electrical
Safety Testing

Certification
and

Global Market
Access

Radio
Equipment –
Testing and

Global Market
Access

Electromagnetic 
Compatibility 

Testing

Functional
Safety Testing

MRI Safety
& MRI

Compatibility
Testing 

Rehabilitation, 
Medical Care
and Physical

Therapy 

Battery
Testing

For all major testing disciplines, 
the process of making a test plan is 
the same:

1. Define Requirements for 
Device.

2. Perform Hazard Analysis and 
Summarize Risks (Probability 
and Severity).

3. Plan a Test Strategy that will 
Evaluate the Effectiveness of 
your Risk Control Measures.
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Thank You
Tom Brumbaugh
Medical Device Testing & Certification

Email: Tom.Brumbaugh@tuvsud.com
Phone: +1 651-295-0940
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Contact Information:

tuvsud.com  
info@tuvsud.com

Follow us on:


