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1. Introduction 

1.1. Overview 
 
This report will look at the seven week long design cycle for a Universal 12V Car 

Battery charger for Design that Matters. It will discuss parts of marketing research and 
customer requirements that were derived from that marketing research. Customer 
requirements were then converted into product requirements and further into product 
specifications which were used to determine the way in which the project will be 
designed. This document will also show a system level functional block diagram, and 
explain each block’s function. 

Implementation of each block could have been done in a number of ways, we 
based our decision on a tool called Value Matrix Analysis, which weights important 
criteria for each implementation option. Further this project discusses in great detail 
process that went into decision why we chose what we chose and for what reasons. 

Each implementation is also laid out in this report, with discussion of inputs, 
outputs, functions and any relative information. Unsuccessful designs are also mentioned 
to make sure that mistakes are not repeated again. 

Finally this document includes cost analysis, critique of what worked and what 
didn’t work, and any further recommendations that our team has for the teams that will be 
taking on the function of continuing the development of a Universal 12V Car Battery 
Charger. 

1.2. Project summary 
  

The project being designed is the Universal 12V Battery Charger, which accepts a 
number of different inputs from solar cells to European sockets’ 220VAC. The box is 
relatively small with heavy-duty light colored casing to prevent internal parts from 
overheating. The final design incorporates a number of heat sinks due to excessive heat 
dissipated in some of the components (and is yet to be designed). On the outside of the 
case there are four LED indicators, which represent the charge level of the battery: very 
low level (trickle charge state), charging (bulk charge), almost charged (overcharging 
state) and fully charged (float stage). The output is connected to the 12V car battery by 
means of alligator clips. There is also an internal reverse hook up protection. The input 
has a socket similar to the ones used by computers’ power supplies, with different kind of 
chords attached to the case. Each cord can be used for different input sources, for 
example European wall plug versus American wall plug. The input takes anything from 
12VDC up to 220VAC (12VDC – 310VDC peak). This sort of a universal input 
eliminates the possibility of plugging in something incorrectly or in reversed polarity. 
The output current and voltage of the charger are dependant on the battery state, due to 
the fact that our charger is a four stage charger, which prolongs the battery life. 
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1.3. Approach 
 
 Our approach to solving the posed problem was the same as all the teams taking 
EE2799. Our team started with market research to determine any relevant information. 
Market research, as well as Design that Matters, provided us with customer requirements, 
which were crucial to this battery charger and which set it apart from the other battery 
chargers available on the market. Customer requirements were then further developed 
into product requirements. And product requirements were then formulated into product 
specifications, which included actual numbers. After that we determined the functional 
flow of our charger and broke down major functions into system level blocks. 
 In the next step our team brainstormed all the possible implementation solutions 
for each block in the system block diagram, and wrote those down. Then we ran the value 
analysis on each possible solution obtaining those solutions which will make most sense 
for our customers – illiterate people of rural Mali. 
 With implementations that make the most sense we then went to design a time 
chart which will keep us in pace while we design those modules. Each module was 
assigned to a member of the team, and members went off to design them. Before the 
design began the entire team decided upon input and output specs to make sure that 
components will work together once they are integrated.  
 Actual design of each module came from either material learned in classes or 
from Application Notes of various components used. After the initial schematics our 
team ordered parts and started prototyping the design, burning out parts one by one, but 
learning from mistakes. The idea was to prototype and test each module separately and 
then connect them together and test. This is the most efficient way of building a 
complicated design.  
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2. Product Specifications 

2.1. Market Research 
2.1.1. Methods 

The market research for this project fell into two categories: research which was 
conducted to determine the requirements of the Kinkajou project, and research which was 
conducted to determine the specific requirements for the charger portion of the project. 
Ideally, market research would have been conducted by traveling to the country and 
interviewing people who will be using the Kinkajou projector, and most notably those 
who will recharge the batteries after lectures.  

Such interviews were carried out in the marketing research for the projector, 
however the time limitations required that research on the charger system make use of 
other sources for research, such as encyclopedias, books, internet resources and the field 
study logbook kept by Design that Matters (DtM) during their trip to Africa. The 
conclusions of the DtM team are presented in the “Background Market Information” 
section, and the conclusions of the research for the charger system appears in the 
“Results” section of this chapter. 
 

2.1.2. Background Market Information 

 
The Kinkajou is a LED based microfilm projector designed with the needs of 

undeveloped countries in mind, specifically countries such as Mali. Illiteracy rates are as 
high as 64%, and this has not changed significantly in past decades. Research into the 
current educational system revealed several areas which might be improved easily and 
cheaply by the Kinkajou Projector. 

Mali, the major market for the Kinkajou project, does not have a well-developed 
electric grid. As a result, lighting during the nighttime is supplied either by flashlight or 
lantern. As many adult education classes are held at night, reading and writing can be 
difficult or straining on the eyes. The electrically powered projector solves this problem 
by providing a large, bright image which can be more easily viewed by many people. 

A major problem encountered by the education system in such poor countries is 
the expenses associated with textbooks. By avoiding textbook expenses education can be 
more readily available. Kinkajou takes on a function of a universal textbook that can 
project microfilm images on a wall.  

Most users of Kinkajou will not have a wall to plug their projector into, so another 
source of power is required. Batteries are a proven and available technology to meet this 
requirement, however to avoid costs of importing new batteries it has been proposed to 
run the projector on car batteries as there is an abundance of those. However, the batteries 
must be recharged, and this is the purpose of the universal 12V battery charger. 
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2.1.3. Results 

The relative scarcity of electrical energy in Mali can be illustrated with a 
comparison to a similarly sized area in side the United States. In 1996 Mali (which is 1 
million square kilometers) produced 288 million kilowatt hours of energy. The state of 
Texas (which is 759,538 square kilometers) consumed 345 megawatt hours of energy in 
1999. For a country 32% larger in area, it only uses about a thousandth of the energy.  

Firewood is the country's principal source of energy: 93 percent of all households 
used it for fuel as of 1987. Electricity is mostly used by industry; very few households 
have access to it (less than one percent in 1987). Electricity in Mali is produced almost 
entirely from hydraulic sources; it comes principally from the Selinguay Dam, built on 
the Sakarni River, one of the tributaries of the Niger. Of a total national electricity 
production of 69 megawatts, 71 percent is from hydraulic sources--63 percent from the 
Selinguay dam alone. Water and electricity are provided by a single company, EDM 
(Mali Energy), in which the government is the majority shareholder. 

From the earlier DtM market research it was concluded that car batteries were the 
most proven and available source of electricity, and from this the 12 volt battery 
requirement specification was written. While the Kinkajou specifies a general class of 12 
volt batteries, the specific chemistry and construction available greatly affect the product 
requirements.  

12 Volt car batteries are a class of batteries known as starting batteries.1 Starting 
batteries are designed to provide a short, high amperage burst of power required to start 
an automobile, at which point the vehicle’s alternator begins recharging the battery. This 
type of battery is not designed to power a load until it is mostly discharged. There are 
several different types of 12 Volt automotive starting batteries available including Wet 
Standard (Sb/Sb), Wet Low Maintenance (Sb/Ca), Wet Maintenance Free (Ca/Ca), 
VRLA Absorbed Glass Mat (AGM), and VRLA Gel Cell, all of which use slightly 
different charging algorithms and voltages.2 These differences should all be accounted for 
in order to maintain the battery and extend its life for as long as possible. 

Starting batteries are different from the type that most consumers interact with, 
which are designed to be completely or partially discharged before recharging (such as 
laptop, camera, or video recorder batteries.)3 These types of batteries, called the deep 
cycle battery, are often relatively similar in size, shape, and general power requirements 
to a starting battery, and are often confused for starting batteries. This type of battery is 
best suited to the needs of the Kinkajou, and therefore should be a battery which the 
charger is capable of charging. 

Several sources of power for the charger were identified, including solar panels, 
human powered generators, and standard AC line voltages. The two former sources are 
important for areas that don’t have any electric grid connectivity, or for times when the 
grid power fails. Chargers are available for charging from any of the three sources 

                                                 
1 Battery Council International. “All About Lead-Acid Batteries: Starting Batteries and Deep-Cycle 
Batteries.” 2003. November 4th, 2003. <http://www.batterycouncil.org/batteries.html> 
2 Darden, William. “CAR AND DEEP CYCLE BATTERY FAQ.” November 4th, 2003.  
<http://uuhome.de/william.darden/carfaq9.htm#stage> 
3 Battery Council International. “All About Lead-Acid Batteries: Starting Batteries and Deep-Cycle 
Batteries.” 
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indicated, though none was found that met the requirement of charging from all three 
sources.  

Standard portable AC line chargers are the most common, and generally range in 
price from roughly $25 to as much as $100 or more.4 Typically the faster, automated 
chargers that meet many of the rate and simplicity requirements are in the higher price 
range. 

 

Figure 2.1: Picture of a simple, high rate battery charger5 

 
The charger shown in Fig. 2.1 addresses all of the battery charging considerations 

mentioned previously including high rate charging, simplicity, and safe use. This unit 
retails for roughly $115.  

Solar Panels can be used as power sources in two different ways – off line backup 
and grid-connected. Grid connected solar panels are used to put power directly onto the 
power grid, and therefore are indistinguishable from standard AC if considering them 
from an interface standpoint. Off-line backup solar panels typically charge a battery pack 
and/or run an inverter, and accordingly off-line backup solar cells are the only ones that 
need to be considered.  

Solar panels are constructed of many smaller solar cells, which use semiconductor 
materials to convert light energy into electrical energy with an efficiency of roughly 15-
20%. Each cell produces about half a volt, which by itself isn’t sufficient to be useful for 
many applications.  

                                                 
4 Automotive-Battery-Chargers.com. “ Portable Automotive Battery Chargers.” November 4th, 2003. 
<http://www.automotive-battery-chargers.com/portable.html> 
5 INeedParts.com. “2/10/20/40 AMP Smart Battery Charger” November 4th, 2003. 
<http://store.ineedparts.com/store/viewitem.asp?idProduct=20030> 



 6 

 

Figure 2.2: Typical V-I Solar Cell Curve6 

Many cells are usually strung together to form a larger panel, which may supply 
as much as several hundred watts of power under ideal lighting conditions. Typical 
panels are able to drive loads in the 10-30 volt range, making them suitable for 12 and 24 
volt applications at several amps.  

Commercial battery chargers which are powered by solar panels are available, but 
most seem to have attached or connected solar panels, and could not be used with larger, 
pre-existing solar panel arrays. Such chargers typically cost between $30-$100 or more, 
and are rarely optimized for large lead-acid car batteries. Larger systems, such as those 
found in homes and businesses in the United States typically use a power inverter to 
increase the voltage of the solar panel to 120VAC, and then use this to power a portable 
car battery charger. This solution incurs the cost of a charger and an inverter, and has a 
lower efficiency due to the numerous conversions, and is therefore undesirable. 

Human powered generators are another possible source of power to charge 
batteries. A typical bike mounted generator can be expected to provide as much as 200 
watts at voltages in the 10-30 volt range. This makes interfacing a bike generator very 
similar to interfacing to a solar panel.  

2.2. Customer Requirements 
 

Based on the inherited product requirements and subsequent market research a list 
of customer requirements was compiled. The charger needs to meet the following 
requirements: 

 
·  Cheap  
·  Efficient - fast charging time 

                                                 
6 NREL, “Current Versus Voltage (I-V) Systems .“ November 4th, 2003. 
<http://www.nrel.gov/measurements/voltage.html > 
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·  Lightweight 
·  Maintain battery 
·  Durable - environment and use 
·  Easy to use & easy to repair 
·  Safe 
·  Concurrent power sources 
·  Short charging period 

 

2.3. Product Requirements 
 

Using the customer requirements we derive the following list of product 
requirements, which will later determine the product specifications. 

 
To keep battery charged – It is crucial that the battery be fully charged before 

each class. This will ensure that there is sufficient power to run the projector, and will 
ensure a long operating life for the battery. 

 
To power the kinkajou – The charger must be able to supply sufficient power to 

concurrently charge the battery and power the projector. 
 
Accept multiple forms of input power – our product must be able to accept pedal 

generated, solar, and standard AC as input power.  
 
To be simple to attach to input power – The charger should be as simple as 

possible to connect to any of the appropriate power sources. 
 
To be able to withstand harsh environments/use – The charger must be able to 

withstand the environment of its target market such as the highest expected temperature 
of Mali (up to 115 degrees F), the lowest expected temperature (as low as 43 degrees F), 
and the rainy season.  

 
Battery status – We would like our product to indicate to the user when the 

battery is in the process of charging and when the battery is completely recharged. 
 
Intelligent charging/battery conditioning – The device should be able to sense 

battery status and recharge it accordingly. There are different stages in car battery 
charging and knowing when one stage is complete and another stage begins is very 
important in efficiency of the charging. 

 
Simple assembly – If the charger is to be manufactured or assembled in Mali, it is 

important that the design acknowledge the level of manufacturing sophistication in Mali, 
and not present an unduly complex design. 
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Reverse polarity protection – In the event that the battery is connected incorrectly, 
the circuitry of the charger should prevent damage to either the battery or the charger 
itself. 

 
Short circuit protection – In the event that the charging terminals are shorted out, 

the charger circuitry should prevent damage to itself. 

2.4. Product Specification 
 

The following list is the list of specifications derived for the charger from the 
customer requirements and product requirements. 

 
·  A line of indicators to show the battery charge level 
·  Input voltage range from 10 VDC to 220VAC 
·  Output voltage range from 12 VDC to 15 VDC (or as required by the selected 

battery charging algorithm) 
·  Two output wires with alligator clips on the end to connect to the car battery 
·  Input wire with a European and American wall plug 
·  Universal input terminals 
·  Not heavier than 10lbs 
·  Not larger than a car battery (10in x 7in x 9in) 
·  Strong light colored plastic casing 
·  All directions and labeling is to be done in French 
·  Product requirements should be implemented using the least complicated 

circuitry which reasonably meets the design criteria 
·  Operating temperature range of 30F – 120F 
·  Operating humidity range of 0% – 94% non-condensing humidity 

 
 

Universal inputs were chosen over multiple special purpose inputs to make the 
interface as simple as possible, and remove as much redundancy from the design. This 
helps to avoid confusion when connecting the input, and makes the device accessible to a 
wider, non-technical, group of potential customers. 

However a European AC plug is included in the design to reduce the likelihood of 
the user accidentally coming in contact with bare wires. It is much better to have a ready 
made plug that one could just plug into the wall and start charging the battery.  

When charging, if the unit senses the connection on the output, it first checks it 
for appropriate polarity, if polarity is correct the charging process can be invoked. If there 
is no battery detected on the output then charger will keep constant 12V on the output 
terminals. This will cover the case of running the Kinkajou in the absence of the car 
battery. 

The color of the charger will be white. In hot temperatures of Mali, dark surface 
will increase the amount of heat absorbed by the device, which will increase the risk of 
failing from overheating. 
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2.5. Product Concept 
 
Below is a mock up sketch of what the universal car battery charger might look 

like. The charger will be relatively small in size, easy to carry, and the interface will be 
simple for non-technical people to understand. The instructions should be in French, 
because this is the accepted language in Mali. Teachers, who will be teaching the 
population, are assumed to have at least some basic knowledge of French. In case of an 
operation by an illiterate person there will be color coding on the wires, to make sure the 
charger is properly connected to the car battery. 

 

 
Figure 2.3: Front view of the charger (note the word “output” in French) 

 
Figure 2.5 shows the user interface and the set of indicators which will shows the 

user what is currently happening in the system. The lights are arranged in the linear 
fashion, starting with red one on the bottom and finishing with the green one on the top. 
As the battery picks up charger the lights will light up sequentially (one at a time). With 
the full battery the top green light will be lit up. With the dead battery only bottom red 
light will be on. In case of a short circuit on the output the bottom red light will stay on to 
indicate a problem.  

 

 
Figure 2.4: Back view of the charger (with French word for “input”) 
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In Figures 2.3 and 2.4 we see the back and the front view of the charger. This is 
where the wiring for inputs and outputs will go. One set of inputs on the back is universal 
input, which can accept any DC voltage or AC voltage. The socket is similar to the power 
plug used on the back of the computer’s power supply. There are different attachments 
that come with it. One attachment can be used to connect the charger to the wall socket, 
and another one has alligator clips which can be used to connect the charger to the pedal 
generator or the solar cell. By using only one input we hope to avoid confusion that might 
arise when people with poor technological background are faced with the decision of 
where to plug their source. 

 
Figure 2.5: Top view of the universal charger, the interface part with indicator lights 
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3. Product Plan 

3.1. Timeline chart 
The following section presents the task specific chart, which breaks major tasks 

into subtasks and their milestones. This was helpful for keeping on track with long tasks 
which had multiple parts and took some time to complete. This forced all members to 
work at a more constant pace, and also indicated that the development may be falling 
behind. 

Our major tasks included designing an incoming voltage adjuster system, a 
charger driver, a charger controller, a display, and an input/output protection circuit. 
Those design tasks occupied the majority of the development time over the three weeks 
of design. All design was to be complete by December 5th so that the integration of these 
modules could take place. First there was a rough design, which was the first cut at the 
circuit. The next stage began to identify part specifications and located suitable part 
numbers. Once parts had been identified, simulations were run on this final design to 
identify any final adjustments that were required. The next stage produced the final 
design, which was the layout of the circuit with all parts assigned to it.  

The major tasks were run in parallel, and each team member had been assigned a 
task. All subtasks for a particular design task were the same. Matthew was the leading 
engineer behind voltage adjuster (later referred to as voltage regulator due to the 
evolution of terminology used by our team). Preston was the leading engineer for I/O 
Protection and Display system. And Stefan was responsible for charger driver and 
charger controller.  

By the end of November, we have had a fairly good schematic of the charger 
worked out in the simulator. Before we went on the Thanksgiving break we will placed 
an order for all the parts used by the controller and the driver. Parts for other modules 
were order on the week after the Thanksgiving. The next subtask was to take the parts 
and to make prototypes for all major modules. Prototypes had to be tested separately and 
checked for any problems. It was very important to make sure that each module works on 
its own. The final phase of the project could not take place until all modules are 
functional. 

We were hoping to be done with all the testing and revising for modules by 
December 5th, but due to unforeseen circumstances such as difficulty of designing a 
complicated circuitry we fell behind our schedule. According to contingency plan the last 
week was set aside to test modules’ functionality as they are getting integrated. There is 
not much time to eliminate major bugs in the system, which will be mentioned in the 
Product Results chapter. 

To give a better understanding of what our task schedule was like, we have 
constructed a Gantt chart which shows our originally proposed schedule, shown in Fig. 
3.1. 
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Figure 3.1: Specific Gantt chart 
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3.2. Budget 
 

The budget for this project was very limited, the cost of the prototype was 
suppose to be under $50.00, anything above must come from our own funds. Our team 
tried to stay within the boundaries of the allocated budget, however costs of components 
added fast, especially for the power components such as large capacitors and large 
inductors. Over all assessment of the budget looks like we were very close to staying 
within the budget. The cost of our prototype came out to be a little bit above $60.00, 
more on this in Section 4.5.1. 
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4. Design Approach 

4.1. Functional Block Diagram 

 
Figure 4.1: System block diagram 

 
The functional flow of our 12V Battery Charger can be described by the System 

Block Diagram shown in Fig. 4.1. (A much larger version of the same diagram is shown 
in Appendix A) Power enters the system through a single input, which accepts anything 
from solar cell DC to regular wall AC. The input immediately goes through an input 
surge and over current protection system, which protects the rest of the circuitry. The 
next stage is the heart of our Universal Input feature. This stage takes any voltage 
whether it’s DC or AC and brings it to a common voltage the DC. The mechanism by 
which this is accomplished is described later in this chapter. The final result of the 
regulation is 35 VDC +/- some ripple voltage. This voltage is applied the charger driver, 
which supplies power to the battery. The charger driver is not an “intelligent” subsystem, 
and relies on the charger controller for its control signals. The charger controller also 
monitors the battery state and regulates power to the battery. The controller also drives a 
display module, and the display shows the charger status.  

The multi-stage charging algorithm could have been implemented by a 
microcontroller, but the drawbacks of such an implementation were far greater than 
advantages. The likelihood of obtaining replacement microcontrollers, having access to a 
computer, programmer, compiler, and source code was deemed sufficiently low that it 
would reduce the maintainability of the product. Therefore our system does not have any 
software involved, most parts of it are analog except for the display, which utilized a 
digital logic decoder, but that part does not even rely on the clock signal. 
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4.2. Design Options 
 
The following sections will talk about options that were available to us when 

deciding which design implementation we should go with. To make a decision we used a 
tool known as value analysis. All the matrices used in the value analysis are preserved in 
this document for review. Each section is organized into production requirements, 
options available (which came directly from the brainstorming session), score rubric and 
value analysis itself. The outcomes of the analysis are discussion is Section 4.3. 

 

4.2.1. Voltage Regulator 

4.2.1.1. Product Requirements 

�  Convert incoming signal from AC to DC 
�  Increase or lower voltage to the specified level 
�  Protect internal circuitry from the outside 

 

4.2.1.2. Options Available 

�  Auto sense with multiple paths: complicated internal circuitry, separate 
circuits for different inputs, comes out to be an addition of all following 
options 

�  Inverter/Transformer: simple to implement, reliable, includes expensive parts 
�  Boost and buck to 300V: works for a wide input range, cheap design, 

somewhat hard to implement 
�  Boost and buck to 35V: works for a very wide input range, cheap design, 

easier to implement than previous design (ironically this option was modified 
at the design time due to unforeseen circumstances, which is discussed in 
greater detail in Section 4.4.2.5.) 

 

4.2.1.3. Value Analysis 

 Cost: Based on the an approximate cost of all components  
 Easy to repair: availability of components and relative difficulty of replacing them 
  Easy   3 
  Medium  2 
  Difficult  1 
 Wide voltage range: voltage range accepted on the input 
  3V – 325V  3 
  10V – 250V  2 
  20V – 220V  1 
 Easy to implement: complexity of the design 
  Easy   3 
  Not so easy  2 
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  Difficult  1 
 

 
Figure 4.2: Cost analysis of voltage regulation stage 

 

4.2.2. Charger Driver 

4.2.2.1. Product Requirements 

�  Supply current to the battery 
�  Output in the range of 12VDC to 15VDC 
�  Ability to change amount supplied to the battery 
 

4.2.2.2. Options Available 

�  Pulse Width Modulation: cheap solution, can supply a lot of current 
�  Transistor: cheap, limited in current, easy to replace 
�  MOSFET: cheap, also limited in current, easy to replace 
 

4.2.2.3. Value Analysis 

 Cost: Based on the an approximate cost of all components  
 Easy to repair: availability of components and relative difficulty of replacing them 
  Easy   3 
  Medium  2 
  Difficult  1 
 Fast charge ability: can supply a lot of current for fast bulk charge 
  6 – 2   3 
  10 – 6   2 
  Above 10 hours 1 
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Figure 4.3: Cost analysis of charger driver 

4.2.3. Charger Controller 

4.2.3.1. Product Requirements 

�  Switch between different charging stages 
�  Reference the voltage sensor 
�  Control display function 
�  Withstand 30F – 120F 
 

4.2.3.2. Options Available 

�  UC3909 from Texas instruments: cheap, all on one single DIP 16 pin package, 
easy to replace given that there is access to spare UC3909 

�  PIC or digital solution: great freedom in functions that can be made, hard to 
replace because needs programmer, requires great care from static, simple to 
design and to implement 

�  Discrete analog (comparators): easy to replace, totally avoids digital solution, 
no need for 0-5V logic, fairly complicated circuitry 

�  Discrete digital (logic gates): hard to build, complex circuitry, avoids the need 
for programmers 

 

4.2.3.3. Value Analysis 

 Cost: Based on the an approximate cost of all components  
 Easy to repair: availability of components and relative difficulty of replacing them 
  Easy   3 
  Medium  2 
  Difficult  1 
 Easy to implement: complexity of the design 
  Easy   3 
  Not so easy  2 
  Difficult  1 
 Maintain battery: complexity of battery maintenance based on stages 
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  4 Stages  4 
  3 Stages  3 
  2 Stages  2 
  1 Stage   1 
 Fast charge ability: can do the bulk charge mode 
  Yes   3 
  No   1 
 

 
Figure 4.4: Cost analysis of charger controller 

4.2.4. Display 

4.2.4.1. Product Requirements 

�  Show different states 
�  Withstand harsh weather conditions 
�  Easy to read 
�  Not consume a lot of power 

 

4.2.4.2. Options Available 

�  LED: simple and quick solution, very cheap, virtually never burns out, not 
readily available in Mali 

�  Light bulbs: readily available, needs to be replaced often, generates heat and 
consumes a lot of power 

�  Mechanical switches: based on solenoids, takes virtually no current once state 
is switched, parts will wear out, might be hard to replace 

 

4.2.4.3. Value Analysis 

 Cost: Based on the an approximate cost of all components  
 Easy to understand: good visibility and presence of colors to differentiate states 
  Easy   3 
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  Medium  2 
  Difficult  1 
 Low current draw: qualitative description of current draw 
  A lot   1 
  Very little  2 
  Almost none  3 
 Reliable: how often is the part expected to break 
  All parts wear out 1 
  Some parts wear out 2 
  No parts wear out 1 
 

 
Figure 4.5: Cost analysis of the display 

 

4.3. Preferred Design Approach 
4.3.1. Value Analysis 

The value analysis for the Universal 12V Battery Charger showed us which 
solution we should go with for each subsystem of the charger. Each figure, Figs 4.2-4.5, 
represent value analysis of each subsystem (look in the heading for identification). The 
numbers on the bottom are relative value, the greater the number the better the selection. 
However these numbers are very rough and approximate, they do not represent absolute 
best design that should be chose which is guaranteed to do all of the requirements and be 
the cheapest one. It gives us a rough idea of what we should definitely consider and what 
we should try to avoid doing. Next chapter looks at what we have selected. 

 

4.3.2. Outcome 

The final system was suppose to have a boost/buck to 50V at the 
regulation/adjustment stage, for the charger driver we were suppose use Pulse Width 
Modulation (by the means of P-Channel MOSFET controlled by the UC3909) for its 
abilities to handle large currents, which are very important for fast charging. The charger 
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controller will be Texas Instruments UC3909 IC, and display will consist of four different 
color LEDs. All sensor circuitry is built into UC3909. 
 

4.4. Functional Blocks 
The following section talk about each functional block, its description as far as 

inputs and outputs go, its function, and its revisions if there were any.  
 

4.4.1. Input Protection 

4.4.1.1. Module function 

The purpose of the input protection module is to prevent damage to our product 
and the battery. The purpose of this module is to be able to attenuate dangerous voltage 
spikes and surges of current so that other modules will not be damaged and can continue 
to operate even under otherwise harmful line conditions. 

 

4.4.1.2. Module inputs 

The input to the protection module is the main power input to the charger. 
Accordingly, this module expects to receive any voltage up to the standard European 
voltage range and down to low voltage DC. 

 

4.4.1.3. Module operation 

 
Figure 4.6: Input protection schematic 

There are two main components that we intend to use for the input protection 
module. The first device is a metal oxide varistor and the second is a polyswitch. The 
metal oxide varistor will pass extra current to ground so that if voltage spikes or surges 
occur our components are not damaged. In the event that there is too much current for our 
circuitry, the polyswitch will disconnect power from the rest of the modules. The 
polyswitch will reconnect when the transient current is below the clamping value. 

 

4.4.1.4. Module outputs 

The input and output of this module should be identical except in the event of a 
voltage spike or a current surge. The exception is that the MOV should clamp at a voltage 
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around 375 volts, and the polyswitch should break the circuit at some over-current value, 
and reset afterwards. We are expecting that the output of this module will be between 0 
and 340 volts. 
 

4.4.1.5. Module revisions 

We are using a metal oxide varistor that clamps voltages higher than four-hundred 
twenty volts to four-hundred twenty volts and a poly switch that is rated for three-
hundred volts. In the original design the first device connected was the poly switch 
followed by the MOV in parallel. The revised design places the MOV in parallel with the 
power first and then connects the polyswitch in series. A problem that still remains is that 
the MOV will clamp voltages to four-hundred twenty but the rated voltage for the 
polyswitch is three-hundred volts. We are hoping that the polyswitch will be able to 
handle that voltage. 
 

4.4.2. Voltage Regulation 

4.4.2.1. Module function 

The first and second voltage regulation stages are connected in series on the main 
power path of the charger unit, directly after the surge and current protection circuits and 
before the charger driver. Together, they function to regulate a wildly variant input 
voltage to a constant level appropriate for running the charger driver and controller at 
high efficiencies. The SCR and high speed switching design of these two stages will be 
implemented without high current step down transformers, keeping the cost low. 
 

4.4.2.2. Module inputs 

Each of the two voltage regulation stages have two inputs: the main power inputs 
and 12 volt dc inputs to supply the control circuitry. The first stage takes its main power 
input directly from the rectifier and power conditioning stage, and the second stage takes 
its main power input from the first regulation stage.  

The complete power path should be able to deliver a nominal 120 watts to the 
driver circuit, so after taking into consideration power losses across the converters, each 
stage should be able to accept roughly 150 watts of power at their inputs, yielding the V/I 
characteristic shown below. 
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V/I Characteristic At P=150 Watts
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Figure 4.7: Power Curve for P = 150 Watts 

 
Accordingly, since the first power stage has a wide voltage input range (nearly the 

entire voltage range of figure 4.7) it must also be able to accommodate the associated 
wide current range. By these calculations, the first stage should be able to accept 
anywhere from about 10 volts to 240 volts and 15 amps down to about 0.5 amps at 
maximum power of 150 watts. The second stage will have a much narrower band of input 
voltages, though at the same maximum power and consequently will follow the curve in 
figure 2. The second stage will accept a range of voltages from about 5 volts to 50 volts 
and a range of currents from about 1 to 4 amps.  
 

4.4.2.3. Module operation 

The first regulation stage will be implemented using a silicon controlled rectifier 
bridge. This bridge will allow incoming AC voltages to be clipped down to a constant 
voltage around 50 volts with a high level of efficiency. A subsequent Buck / Boost 
converter will then output a constant 35 volts to the driver stage. In the case of the Buck / 
Boost converter, the high switching speeds will mean smaller inductors and capacitors, 
and consequently will reduce the overall cost of the unit. The graph below shows the 
transfer function for an ideal buck / boost converter in terms of input to output voltage 
ratio. 
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Duty Cycle Transfer Function (Buck/Boost)
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Figure 4.8: Duty Cycle Transfer Function (Buck/Boost) 

 
A pair of pulse width modulators will control the switching of the two main 

power switching elements, in this case four SCRs and a single power mosfet. 
 

4.4.2.4. Module outputs 

 Each regulator stage has one output to pass power down stream to the next stage. 
The first regulator outputs a voltage range of 10 to 50 volts dc at roughly 150 watts 
maximum. The second stage outputs a constant 35 volts dc at a maximum of 150 watts as 
well. These to outputs will also fall on the V/I power curve shown above. Minimum and 
maximum load resistances can be easily extracted from this graph using Ohm’s law. 
 

4.4.2.5. Module revisions 

The overall function of the combined first and second stage regulators has not 
changed; the power ratings and voltage ranges for overall input and output are the same. 
However, the implementation of the first stage has changed dramatically in response to 
concerns about overall complexity and, most importantly, efficiency. 

The previous implementation of the first stage (rectification and regulation) used 
a diode bridge rectifier and a buck converter in series. The buck converter used high 
voltage parts so that it could withstand standard AC inputs, but also required that these 
parts be high current as well so that they could maintain a constant power rating when 
passing lower voltage DC voltages. This had the disadvantage of requiring that the parts 
be more rugged (and consequently more costly) than needed under certain conditions.  
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The two series DC-DC converters, though individually having efficiencies of over 
80%, would have had a combined efficiency of roughly 65%. Such a low efficiency 
would have resulted in increased cost of use while connected to the power grid, increased 
charge times while running off of solar sources, and increased manpower while being run 
off of pedal generators. 

Both of these issues are addressed by the new first stage regulation circuitry 
which takes advantage of high power silicon controlled rectifiers (thyristors). With this 
implementation two of the four bridge rectifier diodes are replaced with SCRs. These 
SCRs are turned on by a phase control IC which regulates the output voltage based on the 
phase angle at which it turns on the bridge SCRs. This has the advantage of regulating 
AC voltages with fewer parts at a higher efficiency while passing DC voltages almost 
unchanged to the second stage.  
 

 
Figure 4.9: First and second stage regulators schematics (general overview) 

 

In this revised schematic the two lower rectifier diodes in the diode bridge have 
been replaced with power SCRs. The ‘Phase’ IC controls the phase angle at which the 
SCRs are triggered. Under AC conditions this will result in the average voltage after the 
low pass filter being regulated to a constant voltage. With a DC load the SCRs will not 
pass through a zero voltage or current point, and therefore never turn off. In this case, DC 
voltages will not be subjected to diode or capacitor ESR losses associated with SCR 
switching in AC. Also, optocouplers have been added to isolate the control gate of the 
SCRs from the power lines.  

The second stage regulator is a simple buck/boost circuit which remains 
unchanged from the original design. It functions to regulate the output voltage to a tight 
35 volts DC. 
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4.4.3. Charger Controller 

4.4.3.1. Module function 

The charger controller is the heart of the multi-stage charging mechanism. It 
monitors the battery’s voltage, incoming current, and temperature and decides which 
charging state the battery should be at. There are four stages: trickle charge, bulk charge, 
over-charge and float charge. Using all four stages prolongs the life of the battery and 
ensures full charge. The charger controller also controls an LED display by the means of 
the three logic output pins present on the IC.   

 

4.4.3.2. Module inputs 

 
Figure 4.10: Internal structure of UC39097 

 
The actual controller is based around a Texas Instruments integrated circuit which 

implements most of the functionality of our charger. We intend to use all four stages, 
unless one of the problems in question now proves to be unsolvable, but this will be 
discussed later on. This module is not directly in the main power path. The only place 
where it interacts with the battery and the major current flow is at the current sensor and 
battery voltage.  

                                                 
7 Texas Instruments, “Switchmode Lead-Acid Battery Charger” 
<http://focus.ti.com/lit/ds/symlink/uc3909.pdf> 
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The charger IC accepts any voltage from 7.5VDC to 40VDC. If the voltage on the 
input (pin designated as Vcc) drops below 7.5V internal mechanism of UC3909 shuts off 
all the outputs and prevents the IC from operating. The shut off is accomplished by the 
hysterisis comparator right on the input pin, shown in Figure 4.10.  

UC3909 is a relatively low-power chip; in the common room temperature with 
Vcc being 35V input current is around 17mA. For the operating conditions of Mali of 
+40oC and above the chip will consume even less current, as shown on Icc vs. 
Temperature graph in Figure 4.11. The graph was obtained from IC’s datasheet. The 
maximum current that the chip can consume is 19mA.  
 

 
Figure 4.11: Icc vs. Temperature for UC39098 

 
There are a few more inputs on the chip such as current sensor input designated as 

CS- and CS+, and voltage sensor inputs which is accomplished via two inputs OVCTAP 
and CHGENB, over-charge taper and trickle-charger enable respectively. There is also a 
thermistor input pin designated as RTHM. It connects to a 10k thermistor which should 
be located somewhere near or on the battery; it will accommodate a –3.9mV/oC offset 
which is caused by battery heating up or ambient temperature change. Other inputs such 
as OSC and R10 are not explained in the datasheet, therefore a given values for 
capacitors and for resistors will be used on those inputs.  

 

4.4.3.3. Module operation 

 Module operation is not that different from its function. It monitors current and 
voltage and decides which stage to go into next. The resistor network outside of IC sets 
the switching points between stages. The four-stage charging algorithm is shown in 
Figure 4.12. Major points on the graph are ITRICKLE, IBULK, IOCT, VCUTOFF, VOC and 
VFLOAT.  
 When the charger is initially connected to the battery, voltage across the battery’s 
terminals is checked and if it’s below the VCUTOFF point the trickle charge current is 

                                                 
8 Texas Instruments, “Switchmode Lead-Acid Battery Charger” 
<http://focus.ti.com/lit/ds/symlink/uc3909.pdf> 
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applied to the battery until the voltage rises above the cutoff point. As soon as the voltage 
as above the cutoff point, charger is forced into bulk charge mode and current supplied to 
the battery increases to a preprogrammed IBULK.  IBULK is kept steady until battery voltage 
reaches VOC, or the over-charge voltage cutoff point. When VOC is reached the charger 
switches into constant voltage mode and keeps VOC across battery terminals until the 
current decreases to IOCT. When current is at IOCT, or over-charge current cutoff, point 
charger will switch into float mode by keeping the voltage across the battery terminals 
steady at VFLOAT.  
 

 
Figure 4.12: UC3909 four-stage charging algorithm9 

  
The efficiency of this chip is relatively high. At Vcc=35V and 40oC, Icc is near 

17mA, and using the formula P=VI we find that power dissipated in the chip is about 
595mW. This is very small compared to some other modules of the charger, and is 
explained by the fact that IC does not pass all the required current through itself. 
 

4.4.3.4. Module outputs 

 Texas Instruments UC3909 has a single output, which is the OUT pin connected 
to the driver circuit. This pin is an open collector pin meaning that it will swing between 
ground and the top rail that the OUT pin is connected to. This is usually done to 
accommodate a different level of logic voltage. In our case it’s from 0V to Vin.  
 The output pin can safely sink 50mA of current. It can also take a peak of 100mA, 
but the assumption here is that it will not be continuous so the output stage of the IC will 
not get damaged. Also at Vcc=35V there is a leakage current of 25uA.  
 Other outputs on the chip include VLOGIC and STAT1, STAT0 and STATLV 
pints. The later three show the current status of the charger in case it is being connected 
to some sort of display. VLOGIC provides a steady 5V output independent of input 
voltage. If it is short-circuited it will max out at 80mA. STAT1 and STAT0 pins are open 
collector pins as well; they can be tied to 5V logic output to provide standard digital logic 
                                                 
9 Texas Instruments, “U-155 Implementing Multi-State Charge Algorithm with the UC3909 Switchmode” 
<http://www-s.ti.com/sc/psheets/slua098/slua098.pdf> 
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levels of 0V and 5V. They can sink up to 10mA of current (on average). STATLV is used 
less for monitoring the state of the battery as for the voltage feedback loop. It’s used to 
offset the voltage divider ratio when charger is in the float mode. It can sink up to 10mA 
of current, and its voltage can swing between ground and whatever the collector is tied to 
(through a resistor). 
 Note that all these specifications were derived from datasheet provided by Texas 
Instruments for the UC3909. 
 

4.4.3.5. Module revisions 

 While there are no functional changes to this module, there are some updates to 
its design. The circuit diagram of how it will be connected and wired up is shown in Fig. 
4.13. 

 
Figure 4.13: Charger controller circuit 

From the complete circuit diagram we see that the chip is being controlled by the resistor 
and capacitor network outside of it. The values of the resistors determine the cutoff point 
for different stages. Furthermore this circuit has been reconstructed in the lab to test out 
its functionality. The circuit functioned as expected, however the value for the generated 
pulse to drive the MOSFET of the Driver circuit were off due to the incorrect resistor and 
capacitor values used. This problem will be fixed as soon as the correct resistors and 
capacitors are obtained. 
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 There was another change that had to take place. During the prototype testing it 
was discovered that switching frequency of 100kHz for the PWM of the charger driver is 
too fast. The transistors used in the driver were not able to recover that fast. To make up 
for this mistake the switching frequency was lowered to 10kHz, measured at actual 
7.7kHz. This is one of the major drawbacks because this mistake forced us to install a 
larger capacitor in the charger driver to accommodate a lower frequency pulse width 
modulated input to the buck converter. This added to the overall expense of the 
prototype, because high capacity capacitors are very expensive. 
 

4.4.4. Charger Driver 

4.4.4.1. Module function 

 The charger driver has a simple function, to supply or block current flowing to the 
battery. Switching between these two states rapidly will result the in the battery receiving 
the effective average of the output of the driver stage. The switching behavior is 
controlled by the UC3909 as mentioned previously.  
 

4.4.4.2. Module inputs 

 
Figure 4.14: Rough circuit diagram of driver module10 

 
 For the inputs, the charger driver accepts whatever is provided to it by the output 
of the voltage regulation stage. A typical car battery is rated with reserve capacity of 
120min, with reserve capacity as the time in minutes of how long the battery can supply a 
25A current until the voltage drops to 1.75V per cell. This can be converted into Amp-
Hour rating by converting minutes into hours and multiplying the number of amps – 25A.  
 

TIAh ×=  
 
We plug in 25A times 2 hours, and we get typical 50AH rating of the battery, this is 
referred to as C in subsequent equations. 
 Different batteries require different bulk charge rates, and vary from C/10 to 2C, 
however we decided to go with the most conservative rate to prevent battery damage. 
With smaller bulk current (which is the maximum current that the battery charger will 

                                                 
10 Texas Instruments, “Switchmode Lead-Acid Battery Charger” 
<http://focus.ti.com/lit/ds/symlink/uc3909.pdf> 
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ever have to supply) the worst thing that could happen would be that the battery will be 
charged for a longer time, but most of the damaging effects such as overheating plates 
and boiling acid will be avoided, which might otherwise be fatal to the battery.  

Using C/10 we find that bulk current is 5A. This is the maximum current that the 
battery charger will ever have to put out for that particular battery model. We also need 
some current to drive the IC, on the order of milliamps, and some current for the rest of 
the circuitry. Which leads to a conclusion that charger driver will take a little bit more 
than 5A of current. 
 Our team is currently deciding on the idea of putting in some sort of resistor to 
adjust the battery rating to ensure the quickest and the fastest charging time. The 
potentiometer can be used for this purpose, varying it will vary the C setting for the 
battery being charged. However there is a slight problem with that concept, it assumes 
knowledge of Ohm’s Law to adjust that potentiometer accordingly, also some sort of a 
multimeter to measure the resistance would be required. 
 Another important input detail that was omitted is the input voltage. The voltage 
regulator puts out a steady 35V, which is accepted by the charger driver and charger 
controller. The range that is acceptable is 12V – 40V, derived from controller specs. 
 

4.4.4.3. Module operation 

 The module is designed around a single P-Channel MOSFET, which acts as a 
switch (refer to Figure 4.14.) The gate of switch is being pulled either to the positive rail 
or the ground by BJT push-pull pair. There are also two diodes: a zener diode to provide 
regulation of the voltage at BJTs’ bases and a regular diode to prevent the zener from 
acting as a regular diode. This circuit is sold on a single IC chip, and is called a MOSFET 
Driver. After the MOSFET switch there is a low pass LC filter that will average out the 
pulse-width modulated signal. This is also known as a buck converter. The bottom 
resistor RS is the current sensing resistor, which provides the average current going into 
the battery feedback to the UC3909. 
 The efficiency of this circuit will be around 80%, derived from the Buck 
converter efficiency. Application Notes for the 3909 had a different configuration using 
N-Channel MOSFET, which was suppose to increase efficiency, but it also increased the 
number of elements needed. We chose to go with the cheaper approach. 
 

4.4.4.4. Module outputs 

 The output of this module is connected to the battery. There is a diode which 
prevents the discharge of the battery. The output voltage and current is dependent on the 
charging state. For example trickle charge will supply constant current. Bulk-charge will 
also try to provide constant current to the battery, which the voltage across the terminals 
rises. Over-float on the other hand will keep the voltage steady and monitor the current. 
Float-charge is a steady voltage mode. 
 For example, if we use the 50AH battery, the bulk current will be around 5A, the 
trickle current will be at about 0.5A, and overcharge taper current will be at 1A or 
IBULK/5. The cutoff voltage is at 12V, and this is where the bulk charge is possible. The 
overcharge current is 14.4V, and float voltage is 13.2V. All these number are obtained 
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from different batteries’ datasheets, as well as 3909 Application Notes. To demonstrate a 
little bit better what the output might look like a graph shown in Figure 6 has been 
constructed. In basic words the stages are as follows: constant current, constant current, 
constant voltage, constant voltage. 

 
Figure 4.15: Output current and voltage relationship 

 

4.4.4.5. Module revisions 

This module experienced only a minor change. The original circuitry included and 
zener diode with its back turned to a regular diode on the output. This connection 
appeared across R1, shown as D3 and D4 in Fig. 4.16. However due to the fact that the 
MOSFET is not driven at very high switching frequencies there is no need to force to 
switch very hard. Therefore the zener diode that was used to place voltage across 
MOSFET’s gate to source connection was omitted. 

 
Figure 4.16: Latest charger driver circuit 
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 Later on during the prototype testing the circuit as it is shown in Fig. 4.16 was 
tried out to see if that omitted zener would do anything. As it turned out the zener 
decreased the transient from low to high on the output of the UC3909 OUT pin. Even 
with low switching frequencies of 7.7kHz this zener played a major role, therefore for 
high frequencies such as originally intended 100kHz it would be very crucial.  
 

4.4.5. Display 

4.4.5.1. Module function 

The purpose of the display module is to visually alert the consumer of what state 
the battery charger/battery is in. In most modern electrical chargers there is also some 
indication that the battery is connected correctly, and this unit will contain a similar 
indicator. 

 

4.4.5.2. Module inputs 

The first stage to the display is the binary decoder. For inputs the CD4555 takes 
anywhere from negative half a volt to positive twenty volts to power the chip. Maximum 
current at any input of the chip is negative ten milliamps to positive ten milliamps. We 
have not yet decided on the LEDs that are to be used in the display. However, we do 
know that it will take about 5 to 7 milliamps of current to power these LED’s and that 
current will come from the binary decoder. 
 

4.4.5.3. Module operation 

 
Figure 4.17: Charger display schematic 
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The CD4555 will be connected to various output pins of the UC 3909, most likely 
the stat pins (final configuration is shown in Fig. 4.17). The pins dictate what state of 
charging the battery is in. We will connect these logic pins to the CD4555 to get the 
LEDs to come on while the charger is in the corresponding stage. 
 

4.4.5.4. Module outputs 

For outputs of the CD4555 we assume that VDD is going to be fifteen volts. If 
that is true then the minimum output high is 14.95 volts while the maximum output low is 
fifty millivolts. The minimum sink current is 3.5 milliamps and the maximum source 
current is negative 3.5 milliamps, for a VDD of fifteen volts. Finally the output of the 
display should be Illuminating LED’s. There are no numerical values involved. 

 

4.4.5.5. Module revisions 

The original design was using a binary converter with a set of LED’s to display 
what state of charging the device was in. Using the CD4555 binary converter would 
allow for one LED to illuminate one at a time (one for each stage). The revised design 
uses a similar component, the CD4556. The CD4556 is also a binary converter that will 
allows us to light up more than one LED per stage of charging (the corresponding LED 
will light during its state of charging and after its stage has been charged). Electrically 
there is not much difference between the two. The revision was purely added for its 
physically appealing look.  
 

4.5. Cost Analysis 
 

It is a well known fact that designing something costs more than building it later 
on. The expenses that go into ordering multiple numbers of parts to accommodate 
unforeseen burn out and explosions add up really quickly. With all this said, our team 
calculated the total cost that went into building a prototype. 
 

4.5.1. Prototype Cost 

The cost of the prototype is about $60.00. This includes all the expenses for the 
parts, and does not include expenses for the hardware, such as mounting standoff of 
screws. Those are not important, because they will not be used in the unit production.  
 

4.5.2. Unit Cost 

To calculate unit cost we added up the cost of each part if ordered in quantity of 
10,000. This number is somewhat large and random, but it primarily comes from the fact 
that Design that Matters is hoping to produce 18,000 units for distribution world wide. 
However a better approximation would be 800 units, since only 800 are expected to be 
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manufacture each year. The number 10,000 also shows the drastic difference that exists 
between ordering a few items or a huge amount of items. For those parts that didn’t have 
the price for 10,000 items listed, the price was linearly approximated. This is the most 
conservative approximation for these kinds of things. 

 
Parts cost $22.80 

Additional costs (assembly, 
PCB) 

$8.00 

Labor Varies depending on where 
assembled 

Total ~$30.00 
 
This gives us a ballpark figure of $30.00 for the bare price of the unit. Further 

there are costs associated with shipping and storing the unit. If this was a commercial 
product, then there would be additional costs associated with advertising and retailer 
profit. But since this is a design for non-profit organization, we do not have to worry 
about those things. 
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5. Product Results 

5.1. Product Functionality 
 
 Several significant portions of our design were successfully implemented by the 
end of the term. Among the more notable successes are the charger controller, charger 
driver, AC input, and display.  

The charger driver and controller were designed as one unit based around the 
UC3909 IC, and is interfaced to the driver and battery stage via a number of sensing 
resistors. The controller properly senses voltage and current thresholds and switches 
between charging stages when appropriate. The controller properly implements the 4 
stage charging algorithm that we had selected for our project and controls the driver stage 
properly. The driver stage also properly delivers power to the battery using control 
signals from the controller.  

The AC input stage was designed using an SCR dimmer circuit to lower the input 
voltage to a nominal 35V. This stage worked as specified, delivering a constant voltage to 
the next stage, and was able to do so very efficiently and cheaply. The circuit responds 
quickly to changing input and load conditions, providing clean power to its output.  

Unfortunately, several portions of our design were not completely debugged or 
assembled on time. The surge suppression circuit was never assembled due to time 
constraints, though this did not prohibit any other portion of the design from working. 
This portion of the design is very simple but quite important, so relatively little effort 
would be necessary to include this portion of the design in future attempts. Also, the DC 
input (from the pedal generator and solar panel) was not completely debugged, again due 
to time constraints. This is a critical portion of the design, and needs to be properly 
implemented. In this case, more debugging time is necessary to fully implement this 
portion of the design. Also, the components selected for this portion of the design were 
not as efficient as possible, and so future designs might want to look into finding parts 
which are more appropriate for a high efficiency switching circuit. 

5.2. Product Form 
 

For the prototyping stage our team chose to mount the circuit on the vector board, 
and secure it on a wooden board. This provides the best access to the circuits without the 
need to take the casing apart. It also has a certain visual appeal to it. Casing wasn’t an 
extremely important detail in the production of our product. It was certainly thought 
about while the construction of our charger was taking place, yet with device not 
completely working and time running out on our deadline, for having it tested and turned 
in, it was thought that we should focus on the circuitry rather than turn our energy to the 
casing. We do know that our casing will have to be durable because of the terrain in Mali 
but it will also have to handle heat well. There will be heat from the environment and 
from our circuit that the casing must take into account. This seems to be the most 
important design option of the casing – ability to deal with these heat issues. 
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Figure 5.1: Picture of voltage regulation stage 

 
 

 
Figure 5.2: Picture of charger controller (on the right) and display (on the left) 
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Figure 5.3: Picture of a charger driver 

5.3. Product Schematics 
 

The following section shows the detailed schematics of our Battery Charger 
design as well as part list. This will come in useful when our design is being built upon or 
debugged a person outside of our team. 
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5.3.1. Voltage Regulator 

 
Figure 5.4: Schematic of the voltage regulator’s first stage 
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5.3.2. Controller, Driver and Display 

 
Figure 5.7: Schematic of the charger controller, driver and display 
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Below is the list of values used in the schematic above, they were organized in a table 
manner to avoid clutter in the schematic drawing itself. 
 

ID Value  ID Value 
C1 0.1uF  RS1 150k

�

 
C2 1uF  RS2 6k

�

 
C3 30nF  RS3 33k

�

 
C4 0.15uF  RS4 300k

�

 
CT 0.01nF  RG1 2.7k

�

 
RS 70m

�

  RG2 4k
�

 
R1 10k

�

  Rovc1 13k
�

 
R2 11k

�

  Rovc2 100k
�

 
R3 510

�

  RTHM 10k
�

 
R4 3.24k

�

  D1 6Amax 
R5 5k

�

  D2 6Amax 
R6 500

�

  D3 Zener 
R9 1k

�

  D4 Any diode 
R10 1k

�

  Q1 PNP 
R11 1k

�

  Q2 NPN 
R12 1k

�

  M1 Pchan MOSFET 
R13 10k

�

  RG 100
�

 
R14 10k

�

  L 1mH 
   C 2.2mF 
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6. Recommendations 
 

As it is seen from the previous chapter there are few drawbacks in our design. If 
the current implementation is being built upon there should be a few things that are taken 
into account. These things, or in other words recommendations, are listed in the following 
chapter. 

6.1. Voltage Regulator 
 
 The voltage regulator portion of the design had two parts, the AC input and the 
DC/DC converter. Together, these two stages allow the product to have a single power 
connector and form what we feel is a useful feature. Furthermore, by streamlining the 
power through only one path we have come up with a design which uses a minimal 
number of large, expensive components. 
 The first stage which we tested was the AC input, which used an SCR dimmer 
circuit. The circuit met its requirements, and did so very cheaply and efficiently. Even at 
the highest power rating which we could test at (about 150 Watts), the dimmer circuit 
remained cool even without heat sinks. Therefore, we feel that this circuit is very well 
suited to the purpose of AC input stage, and should be further considered for future 
designs.  
 The second stage, the DC input, was not successfully implemented due to time 
constraints. In future designs the components in this stage should be more carefully 
selected to maximize efficiency. Also, more time needs to be spent debugging the circuit. 

6.2. Charger Controller and Driver 
 

The recommendations that we would suggest for the charger controller and driver 
are as follows: 
 

·  Increase switching frequency 
·  Install heat sink 
·  Upgrade component for better current handling 
·  Relocate thermistor 

 
Increase switching frequency – current switching frequency is measured at 

7.7kHz, which is fast enough provide the average voltage and current into the batter from 
35VDC, but it adds the cost to the overall unit because a larger value capacitor and an 
inductor have to be used. With higher switching frequency that capacitor and an inductor 
can be replaced by a smaller value, achieving a lower cost and small rippled at the output 
at the same time. 

 
Install heat sink – the P-Channel MOSFET utilized as the heart of the charger 

driver passes at most 5A of current through itself. While the currently installed MOSFET 
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is rated for 12A max, with a long operation it might get hot and burn out, especially with 
the temperature conditions that are present in Mali. Installing a heat sink would be a good 
idea to prolong MOSFET’s life. 

 
Upgrade component for better current handling – as of right now the inductor 

used in the charger driver is not rated for 5A. The reason for using a smaller current 
inductor is the lack of time to wait for the new inductor order. Originally ordered inductor 
could handle the current, but it was calculated for the 100kHz switching frequency. Also 
two diodes in the charger driver need to be upgraded to handle over 5A of current. 

 
Relocate thermistor – in the present prototype the thermistor which 

accommodates for the voltage change due to ambient temperature change is soldered to 
the board right next to the UC3909 IC. If this goes inside the casing thermistor will show 
an incorrect indication of ambient temperature, thereby incorrectly adjusting the voltage 
going into the battery. This problem can be solved by placing the thermistor outside the 
case, or better yet installing it in the alligator clip that connects to the battery. 

6.3. Display 
 

The recommendations that we would suggest for the charger display module are 
as follows: 
 

·  Lower current diodes 
·  Different LED configuration 

 
Lower current diodes – the currently used diodes are pretty big in size and draw a 

substantial amount of current. While it is not really a problem when powering from the 
wall socket, they start to pose some issues when using a solar cell or a pedal generator. 
The current that could have been going into the battery is now going into LEDs. Using a 
really small diode instead would provide a better solution. 
 
 Different LED configuration – the LEDs are currently connected in a way where 
they will work properly but are not illuminated as much as they could be. When turned 
on their job of notifying the user gets done. However, we feel that these lights can be 
brighter. They are being powered with five volts but with an increase to possibly thirty 
volts a nice glow can be achieved. 
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7. Conclusion 
 

In conclusion our first design cycle of the Universal 12V Battery Charger 
accomplished what we overall planned to do. Our team ran out of time to put the charger 
into the casing, but we feel that the most important part, which is getting the charger to 
operate, was accomplished. There are a number of problems with the current design, and 
those problems must be addressed to make the current charger fully functional. But those 
problems are not critical, therefore we can safely say that the design concept that our 
team has developed over these seven weeks works. 
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Appendix A: Functional Block Diagram 
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Appendix B: Value Analysis 
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