
From Prototype to Product

A Practical Guide for Electronic Engineers

1st Edition

Seggy T Segaran

This book is for Nick, Ryan, Luke and all the other young and budding engineers out there. Hope this helps you launch hundreds of products over the next 30 years.

D2D Edition

© 2015 Seggy T Segaran

While the author, publisher and contributors believe that the information and guidance given in this handbook is correct, all parties must rely upon their own skill and judgement when making use of it. Neither the author, the publisher nor any contributor assume any liability to anyone for any loss or damage caused by any error or omission in the work, whether such error or omission is the result of negligence or any other cause. Where reference is made to legislation it is not to be considered as legal advice. Any and all such liability is disclaimed.

Cover design by Laura Murray of Peanut Designs.

​

CONTENTS

Introduction

Design Issues
Power Supplies
Rechargeable Batteries
Tolerance
Embedded Software
Testing
Design for manufacture
Enclosures
PCB Technology
Compliance
Electrical Safety
Electromagnetic Compatibility
Environmental Compliance
Declaration of Conformity
Project management
Project Control
Production Documentation
Pricing
Appendix 1
Managing Quality - ISO9001
Appendix 2
Prototyping Circuits
Appendix 3
Pareto Analysis
Appendix 4
Harmonised Standards
Appendix 5
Further Reading
	[image: ]
	 	[image: ]


[image: ]

​

[image: ]


Introduction

Electronic product development is a specialist field. It requires not only a good understanding of the technology - it demands a thorough knowledge of the whole process of taking an electronic design through the various stages and making it available for sale. 

This includes the design of the enclosure, making sure that the product can be manufactured economically and that component tolerances have been taken into account.  A good product designer also has to take into account regulatory requirements such as emissions and safety, make sure that the product is documented accurately for production and be confident that it can be easily supported in the field.

Universities and colleges are very good at giving their students a solid grounding in the technology such as circuit design and analysis, embedded software and using the latest design tools. Graduates are very capable of producing prototype designs that work. What they learn when they start in industry is how to turn those prototypes into commercial products that sell at a price that generates a profit for their companies.

In other professions like medicine, accountancy and law, this gap is filled formally during the training phase. Practitioners have to work in a hospital, in an accountancy or law firm before they can qualify and start to practice. However in engineering, this is not normally part of the requirements. Graduates often are put to work designing products without any grounding in the many aspects of product design that will help them to produce winning products.

What I have attempted to do in this book is to try and prepare the new graduate for the world of engineering. Throughout the book I have taken examples from products that I have worked on. In over 35 years in engineering I have been fortunate to be involved in the design and launch of more than 30 different products. I have also worked on a number of other products as a consultant. Many were successful but some did not quite live up to expectations. I am keen to pass on the lessons learnt from all these experiences to a new generation of engineers.

Seggy T Segaran
Technical Director, Tele-Products Ltd
Director, SF Innovations Ltd
Summer 2013
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This section covers a number of topics that will be useful to the electronic engineer. They are all based on my experience of designing numerous analogue products with embedded software.
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During the course of their degree most electronic engineers take the power supply as a given. Concentrating mainly on their own electronic designs, they tend to use bench top supplies to power their circuits. When taking a design from the prototype stage to getting it ready as a commercial product, designing the power supply is a critical design process. Many projects have fallen by the wayside due to too little attention being paid to what most engineers think of as a trivial task. In this chapter we will look at power supply design using a few case studies.

Linear Power Supplies
Case study: Piper Lifeline
I was involved with this project during my time at Tunstall Telecom. This was an alarm telephone for the elderly with a radio trigger. When alerted, it would dial a control centre and after a handshake would transmit a sequence of digits to identify the caller. The receptionist at the control centre could use this to alert a mobile warden to assist the caller.

The unit was powered from the mains, using a linear power supply. During the design of this I made a mistake that resulted in a number of these telephones not performing in the field.

There are many books and guides to good linear power supply design.  I made sure that the transformer supplied when used in a circuit with a diode bridge rectifier, smoothing capacitor and regulator, gave 12V DC when loaded at 0.5A. This was what we had worked out as the required performance from the power supply. It was fairly straightforward to make sure that the regulator had enough head room and had the right sized heat sink for the expected heat dissipation. The smoothing capacitor was sized appropriately to keep the ripple to a few millivolts.

[image: ]
Block diagram of linear power supply
The mistake I made was not to allow for variation in mains voltage.  I had worked out all the above calculations for a voltage of around 230 to 240V. The first field trial units were placed in remote Lincolnshire and started misbehaving. Detailed investigation highlighted the fact that the mains voltage was down to around 210 to 220V at these sites. The resulting ripple in the supply rails affected the performance of the signalling circuits resulting in the telephones not being able to complete the handshake.
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Variac
In practice, the mains voltage in the UK can vary from 190V up to 250V. This makes the design of linear power supplies quite a tricky task. There is a risk of the power supply not delivering enough voltage and having too much ripple at the lower end of this range. If the voltage were to be at the higher end, then there is a risk of too much heat dissipation which can be a fire risk.

The best tool to test the performance of a linear power supply is a Variac. This allows the mains voltage to be varied over the desired range. No good design lab should be without one.

Switching Power Supplies
Case study: Testel Telephone Exchange Simulator
The Testel was one of the telecom test instruments that we designed and manufactured at Tele-Products back in 1992. The unit had to generate a number of power rails at 12V, 5V and 48V. We also wanted it to be battery powered for field use. We chose to use a 12V sealed lead acid battery as this had the required capacity.

After considering various options we settled on a linear power supply to provide the 12V. The 5V was produced from this using a linear 5V regulator. Both the 12V and 5V regulators used hefty heat sinks. The 48V was produced using a switching regulator from the 12V. The circuit for this is shown below.
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Diagram of a 12V to 48V switching circuit
The free running 555 timer switches the mosfet transistor (TR3) on and off. When the current through the inductor is switched off, the voltage rises to above 48V, due the back EMF. At this point, the 555 drive is turned off due to the 48V zener diode (ZD2) conducting and switching the transistor (TR4) on. When the load on the 48V rail is high, the 555 is on for longer. This regulates the output voltage to 48V. 

This way the 12V battery could provide all 3 power rails and keep the Testel powered for more than 1 hour of use. The disadvantage of the 12V to 48V switching circuit is that it does produce a fair bit of circuit noise.

The Testel is an example of the use of a linear and switching power supplies to allow the unit to work from a 12V battery. The type of design used here is referred to as a DC to DC converter as it steps up the 12V to 48V.

Switching versus Linear supplies

Switching power supplies work by ‘chopping’ the mains voltage and then using a high frequency transformer to step down the voltage. The transistor that does the ‘chopping’ is controlled through a feedback loop and is only kept on for as long as is required. This way, only the amount of current required by the circuit is taken from the mains. 
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Block diagram of a switching supply
Switching power supplies have a number of benefits over linear power supplies. They are more efficient as they only draw as much power as is required and because of this there is less heat dissipated in the components. They can work over a wider range of input voltages, typically 90V to 250V rms so that the same circuit can be used around the world irrespective of whether the mains supply is 230V or 110V. Finally, as the switching is at a much higher frequency the transformer can be much smaller resulting in a compact unit.
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Switching PSU (12V/500mA) and linear PSU (12V/300mA)
Switching power supplies generate a lot of circuit noise both at the output and at the input. They need careful PCB layout and screening to minimise this noise. This is necessary to prevent it from affecting circuit performance and meet the emission requirements for the product.

Innovative power supply design
Case study: Meteor
During the design phase of a project careful consideration of power requirements can often result in an elegant and innovative solution. This happened during the design of the Meteor which was a Caller ID device for a PC. This product originally was intended to have three connections. One was to the PC serial port, another to the telephone line and lastly an external plug-top power supply. The circuit needed 5V to operate and - 10V for the RS232 signals.

When designing the RS232 interface we realised that this was capable of supplying 10V with a current capability of a few milliamps. Luckily we only needed the unit to work when the PC was switched on. Close investigation also showed that we could derive the - 10V from the RS232 port of the PC itself.

A detailed power budget analysis resulted in the whole Meteor circuit being powered from the serial RS232 port of the PC. We even had spare current to drive a couple of LEDs.
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Circuit of the Meteor power supply & RS232 interface
Diodes D7 and D11 supply +10V to the simple 5V regulator design, consisting of transistor (TR2) and the 6V2 zener. 

The PC keeps the Rx line at -10V. A capacitor (C5) is charged to this voltage through a diode (D6). When the transistor (TR1) is switched off, the voltage at the Tx line
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