
 
My day as an integrated circuit expert. 
 
This event occurred in 1984. 
I was a Senior Principal Electrical Engineer at Medtronic. 
Transistors were developed in the 1950s. 
Transistors caused an incredible proliferation of affordable electronic devices in the 1960s-70s. 
“Integrated Circuits,” (ICs) are based on transistor technology, with extreme miniaturization. 
The integrated circuit shown in the photo contains thousands of transistors and transistor-like 
circuit elements.  
It is hermetically sealed, has fifty-six pins for external connections, 
and is less than one square inch in size. 
The IC is designed for automated assembly into devices like 
phones, computers, and video equipment.  
ICs were built into consumer products starting in the 1970s. 
I was fortunate to design with the first commercially available ICs 
in the late 1960s and early 1970s. 
With the introduction of ICs, the field of electronic design is divided 
into analog or digital. 
The natural world is analog. ICs are digital. 
Analog engineers design electronic interfaces to the natural world. 
Digital engineers design computers or computing elements. 
All modern electronic devices are digital, with an analog interface to natural world. 
Medtronic was at that time primarily a cardiac pacemaker company. 
Pacemakers can be divided into two categories, external or implantable.  
An implantable pacemaker needed to be small, body compatible, with multi-year battery life. 
External means that the device is used outside of the human body.  
An external pacemaker was used in hospitals, ambulances, emergency rooms, and ICU’s, primarily 
for life support and as a test device. 
An external device needs to function over a greater range and 
also needs to easily adjustable. 
In the late-1970s, Medtronic purchased a small but highly 
regarded IC design and fabrication company in Phoenix.  
That company was named MicroRel. 
The Medtronic plan was to market a new implantable-external 
pacemaker pair based on the new integrated circuit technology. 
I was the lead engineer on a multi-year project for a new external 
pacemaker.  
I needed to incorporate the new IC into the external design. 
A second Medtronic engineering team was working on the 
implantable version.  
A third engineering team at MicroRel was developing the IC. 
All three teams had been working smoothly for more than 18 months, but there was a snag. 
MicroRel could not ship the prototype ICs that both Minnesota teams needed. 
They could not get the ICs to pass the Final Qualification Test.  
After several weeks of delay all three Project Managers were frantic. 
For some reason, in their collective wisdom, they decided to send me to Phoenix. 
I was a competent analog engineer, and a passably good digital designer, but I knew little about the 
subtleties of IC design.                        
Besides, MicroRel employed many excellent IC specialists. 
The next day I was on a plane to Phoenix. 
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I picked up a rental car at the airport and drove to MicroRel. 
All the leaders of MicroRel’s IC project were assembled to meet 
me in a conference room. 
This was one of the first design projects that Medtronic had 
tasked MicroRel with after Medtronic’s purchase of MicroRel. 
The leaders were off balance and embarrassed. 
They did not know me. They had to assume I was an Integrated 
Circuit expert, which I absolutely was not.  
They spent much of the afternoon giving me high level 
presentations about MicroRel and this specific project. 
A tour of the MicroRel campus followed. 
The Project Manager offered to take me to dinner. 
I declined.  
It was clear that they did know what to do with me. 
I did not have a clue about tomorrow either. 
I asked for the drawings of the IC, and test setup, and found my 
way to my nearby motel. 
When I was traveling for work, I often skipped meals. I have 
known since grade school that my mind works faster and clearer 
when fasting. 
I familiarized myself with the drawings, but nothing popped out. Of 
course nothing would have. 
Plenty of excellent MicroRel engineers and technicians had already searched these drawings for 
problems. 
When I arrived at MicroRel the next morning I asked to see the test setup which was in different 
building. 
There is a photo attached which shows a sample breadboard from the internet.  
It is not a particularly good example.  
Image a 24-inch by 24-inch, octagon shaped 
breadboard, with the IC in the center.  
It was an unusually large and busy breadboard. 
The breadboard circuitry was largely analog, 
with some common digital circuitry. 
I started with what I could easily understand.  
The Senior Test Technician let me work at his 
bench and use his test instruments. 
I began by checking that the test breadboard 
was built according to the schematic drawing. 
The IC had thirty-six terminals, hence thirty-six 
electrical connection points. 
Starting at terminal #1, it took me about 30 minutes 
to get to pin #6. 
The external test circuitry was correct, but due to an almost invisible wiring gap it was not 
connected to terminal #6.  
Nothing was connected to terminal #6.  
The circuitry test and the IC worked perfectly when I corrected that oversight. 
I located the Technician and showed him what I had found.  
When asked, I never really spelled out the error, I just said there was a problem with the test set-up. 
That allowed the technicians and engineers to make their own excuses. 
The technicians made the mistake, but the engineers should have caught it. 
I left for the airport, changed my flight, and got home two days early.  
Tom.    
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  An example of a "test breadboard". 


