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White Paper: Structured Design of Electronic Medical Devices 

By Tom O’Hanlan and Earle Foster 

 

Electronics are a critical part of today’s medical device landscape 

as bioengineers and other inventors capitalize on technological 

advancements in microcontrollers, sensors and specialized 

integrated circuits to solve problems.  Breakthroughs in 

component miniaturization and wireless communication are 

fueling new work in both implantable devices and wearables for 

information delivery, diagnosis and even treatments. 

The practical application of these advancements into a working, 

safe and marketable device can prove challenging, especially to 

designers who are not experienced electronic engineers.   A 

common mistake is to underestimate the design challenge and 

“jump right in” to a prototyping effort that is poorly conceived 

and likely to fail.  To maximize the potential of success creating a 

new electronic medical device, designers should follow a 

disciplined process through each of the following stages: 

 

Project Specifications and Management 

We like to say that “Successful projects start with clear specifications”.  If you can’t clearly articulate what 

is required in a design, you will inevitably overlook requirements and spend valuable time and money 

backtracking to add or change design features.  A proper Statement of Work (SOW) should be created 

that defines electrical, mechanical, environmental, 

software and compliance requirements in detail. 

Everyone involved with the product design, especially 

vendors or third party contractors, should review and 

sign off in agreement with the SOW before work 

begins in earnest.  It should also be possible during this 

stage to estimate the scope of the project in terms of 

people and financial resources. The SOW should serve 

as a living document that can change as required as the 

project progresses. 
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Electrical Design 

Electrical design can be separated into two phases:  

schematic and layout.  The actual design work is 

done during the schematic phase and encompasses 

overall architecture definition along with 

component selection.  During layout, the circuit 

connections are made using CAD (Computer Aided 

Design) software that will yield an electronic file 

that can be sent to a PCB fabricator to make a bare 

board.  During both phases it is important to keep 

in mind all mechanical requirements (e.g. size and 

shape of the PCB) as well as best practices that will 

assist with compliance testing (e.g. minimizing EMI 

and electrical susceptibility).   

 

Mechanical Design 

Typically the electronics will be part of a larger assembly that 

includes an enclosure and mounting provisions.  Size, weight, and 

material requirements need to be carefully considered during 

this stage.   Today, mechanical work is usually done using 3D 

design software like SolidWorks.  These tools are powerful, but 

require extensive training and experience to be useful.  When 

done properly, 3D designs can verify tolerances, stack-ups, heat 

distribution and other important attributes even before creating 

a prototype.  This means the design is often correct the first time.  

Design files can even be output directly to a 3D printer to create 

plastic samples in less than a day.  

 

Software Design 

Most electronics will require some amount of software or 

firmware (code embedded into an IC).  The scope can 

vary greatly, so it is extremely important to determine 

the requirements before software development begins.  

Is an operating systems required?  If so, is it Windows, 

Linux, or something else?  Is there a user interface 

(display) needed?  What is the sequence of events that 

the user should experience?  What error conditions need 

to be considered?  These are just some of the questions 

to keep in mind.  
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Software development often can begin in parallel with the electrical and mechanical design, but 

hardware will be required for testing.  All but the most experienced project managers usually 

underestimate the time and effort required for thorough testing and debugging of software, so be sure 

to build this into your project plan.  

Prototyping 

Once the design is complete, it is time for implementation.  Prototyping is necessary to prove that the 

design has met electrical and mechanical requirements and is often a necessary component of 

completing software implementations.  This phase can require several iterations to prove out the design 

depending on the complexity of the device.  Quick turn services can be very useful in getting your design 

proved out quickly, but can be very expensive so you need to be careful to properly budget if time to 

market is an overriding factor.  

 

Compliance and Certifications 

Most designers are well aware that the compliance and certification requirements for a new medical 

device are complex.  There are seminars and courses on dealing with the FDA that will help.  However, 

there are many separate, specific requirements associated with electronic design.  Earlier, EMI and 

susceptibility were noted. Compliance to safety regulations is also sure to be involved.   

What is often overlooked, however, is that each of these are general areas of compliance.  It is crucial to 

know exactly which regulations and certifications are applicable to the device you are designing.  Most 

medical devices are subject to the 60601-1 Medical Device Safety standard.  UL has various levels of 

requirements depending on the product and use.  For distribution in Europe, compliance with applicable 

medical directives is required.  Each of these questions require a thorough knowledge of both the 

product and the regulations to answer properly, so you are likely to need help navigating past the 

landmines.  

 

PCB Assembly  

Once the electrical design is complete, the 

board needs to be built.  Most ICs today are in 

surface mount packages, so hand assembly with 

a soldering iron is not possible.  You’ll need to 

find a partner with the right equipment and 

know-how to assemble the parts to the PCB and 

test the circuit.  It can also be difficult to find a 

partner to build boards in smaller volumes.  

Large contract manufacturers, especially those 

off-shore, usually want to build boards in 

quantities of thousands (or tens of thousands) 

at a time.  
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There are many levels of assembly shops that advertise their services.  To select the right partner, make 

sure to consider the equipment and experience of each vendor. Ensure the vendor that you choose is 

compliant to relevant manufacturing and workmanship standards including ISO 9001, RoHS and IPC-A-

610 to name a few.  

System Integration and Final Test 

Once the design is finished and verified 

to meet all design and compliance 

requirements, the product is ready for 

production.  At this stage, there is great 

anticipation and often impatience to roll 

the product out, begin to get feedback, 

and importantly, begin to get sales.   

But you shouldn’t overlook the 

importance of building the correct 

processes to assemble all the pieces and 

test for proper operation.  To 

successfully manufacture a product, 

proper documentation is a key element.  If you are going to have the product built in-house, take the 

time to create instructions that describe in detail how to build the product, step-by-step.  Using 

photography in the build document helps tremendously.   

Having a reproducible manufacturing process is hugely important to the ultimate success of the device.  

This is why ISO certification has become so important to organizations.  ISO doesn’t tell you how to do 

what you do, it makes sure you are doing the same thing every time (even if it is wrong!).  

If you don’t have the facilities or resource, or simply choose not to build the product in-house, you can 

outsource the work.  In this case, just as with the electronic assembly, be sure you select your partner 

wisely since you are trusting your reputation to their competence.  

 

Final Thoughts  

The idea for an innovative new medical device requires knowledge, creativity and vision. If you are a 

startup or a small company, pursuing your idea takes drive, determination and fearlessness.  To be 

successful also takes the right skill sets, resources and processes.  You can save yourself a lot of 

frustration, time and capital by following a disciplined design path.  Depending on your specific 

invention, the methodology described here may need to be tweaked, but it is proven to work and is a 

great place to start.  

If Sealevel Systems can be of assistance in your endeavors, don’t hesitate to give us a call.  We love to 

talk about innovation.  


