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Introduction: 

There are still many people in developing nations who lack in-home electricity, and they 
must spend substantial time, energy, and money to charge their electronics, a necessity in 
modern society. In Malawi, this issue leads to threats from wildlife at night, as there is little 
visibility without electric lighting to see the common snake and scorpion home invaders in their 
communities. They often burn wood indoors to cook food and provide light, but the indoor, air 
pollution generated poses health and ailment risks.  

Attempting to address to these issues, our team adapted an existing solar cooking design 
to include charging and eventually energy storage capabilities. The cooking system utilizes a 
solar panel to power a string of diodes, generating heat from the diodes to cook food and helping 
to eliminate the need for indoor fires. Taking advantage of the predictable and consistent voltage 
drop of each diode in the string, our charging extension to the system connects outputs at the 
voltages created in the diode chain, that are necessary to drive a standard USB charging cable. 
This system allows the user to charge their electronics directly from the cooking system during 
the day, while also storing energy to use for lighting at night. 
 
Customer Pains and Needs: 

● Lack of visibility during the night increases risk of wild animal (scorpion and snake) 
attacks 

● Risk of ailment due to indoor smoke pollution 
● Customers use a great amount of time, effort, and cost associated with charging 

phones, obtaining electricity 
○ Walk miles for a single phone charge 

● Need Reliable light at night to detect threats and continue tasks/activities 
● Reliable, healthy method of cooking meals 
● Ability to charge their phone/electronic devices at home 
● Affordable system that is worth the investment 
● High Efficiency/Utilization of Energy Conversion 

 
 
  



 

Design Requirements and Specifications: 

Table 1: Design Requirements and Specifications 

Customer Requirements Design Specification 

● The design must utilize an existing 
solar-powered cooker. 

● The design must be capable of 
charging a cell phone with a USB 
socket provided. 

● Must cost less than $5. 

● The system must use a 100 W, 18 VDC 
(6A max) Solar Cell. 

● The system must provide a 5V output 
(+/- 0.4V) capable of supplying 
0.5-1.5A.  

● The system shall utilize as few 
additional components as possible. 

 
The scope of our design focused on the charging function, while assessing the possibility 

of extending the direct phone charging design to a stack of batteries. As our design was required 
to utilize an existing system, the charger had to be powered from the 100 W, 18 VDC (6A max) 
Solar Cell currently used. The customer also required that any additional components required 
for the charger design must cost $5 or less. The only other requirement was for the system to 
provide at least one USB socket, capable of charging a wide variety of phones under varying 
conditions throughout the day. The specifications of this design result from this last requirement. 
To charge most modern cell phones through USB, a stable 5V output must be provided, with an 
allowable tolerance of +/- 0.4V. It must also supply between 0.5-1.5 A to supply more charge 
than an active phone may use.  
 
Design Process: 

Initially, the customer provided us with a method of supplying a stable voltage output by 
utilizing the heating diodes in the solar cooking system. The solar panel drives a chain of around 
20 diodes with up to 6 A of current, heating them to 150°C and cooking the surrounding food. 
Each diode drops approximately 0.7-0.9V, and the necessary output voltage may be taken from 
one of the nodes in the diode chain. This provided our team with a starting point to consider, but 
we continued to consider other possible implementations before proceeding with any 
prototyping. Weary of the possibility that the output of the diode chain would vary too greatly 
with loading, we considered using a DC-DC converter, which can supply a constant output 
voltage from a wide range of voltage inputs. We also researched premade power supply boards, 
with built in USB outputs that can also operate under variable input conditions. However, the 
cost of these options and any external components they required exceeded our $5 cost target. The 
next idea considered was simply the use of resistors to set the output voltage, however attaching 
a resistor branch in parallel also suffered from variable voltage outputs.It also could divert too 
much current away from the diodes and negatively impact the system’s ability to cook.  



 

Table 1. SCAMPER Design Process. 
Input Signal Input 

source 

Converting 

Signal 

Storing Power Device 

Powered 

5 Vish from 

Diodes 

Diode ----> Power Bank ($1.50 to $5.00) Cell Phone 

5V from regulator 

Needs pcb 

Needs switch? 

Wire Voltage 

Regulator 

Building a rechargeable Battery out of 

discrete components 

2 Light 

Color? Type? 

  

5V from diode 

with current 

regulator 

MicroUSB Current 

Regulator 

Building rechargeable battery out of a 

battery charging board comes with a light 

($2.50 to $5.00) 

5V Fan 

From Gears     Use leaded battery's, and make a recharging 

station for them, with a connector for safely 

charging and discharging them 

  

Or Bike         

DC DC Converter         

Remove diode 

chain, and have a 

hook up for the 

diode chain later 

        

 
 

Knowing that the diode chain had previously been used successfully, we decided to move 
forward with testing a design that directly charged a phone from the diode chain. First, we 
connected a chain of 18 diodes to a power supply to test their voltage drop given different 
current supplies. With currents over 1A, the voltage drop across each diode remained 
consistently around 0.8V. We then testing the circuit when it was loaded by a phone connected to 
a USB socket, attaching the positive terminal of the female USB above the seventh diode in the 
chain, at 5.6V without the phone connected. After connecting the phone, the voltage dropped 
quickly, but settled near 5V, which was ideal for our specification. However, using a Iphone for 
testing, the phone would not draw more than 60mA and it would not charge. We initially thought 
that this was due to the internal impedance of the phone surpassing the minimal resistance of the 
diode chain. We thought of adding a resistor in series with the chain to increase its resistance, but 
this destabilized the output voltage with different current sources.  

We also tried charging different types of phones, finding better success in supplying 
400mA to some Samsung phones, but we still were unable to attain our specification for normal 
charger supply currents. With only two of the four pins of the female USB connected, we 

https://www.dhgate.com/wholesale/power+bank.html


 

investigated the purpose of the two unused data pins, and discovered that they are often used as a 
device handshake for phone charging, allowing the phone to draw the desired current from 
whatever charger is supplying it.  

 
Figure 1: Common Data Pin Biasing 

The data pins may be biased differently depending on the device, but supplying 2V to each data 
pins can allow most devices to charge. Using this information, we were able to correctly bias the 
data pins with a power supply, and successfully charge both Iphones and Android phones with 
nearly 1A of current. To complete our design, we connect the diode string to the solar panel 
during mid day to test the system’s ability to charge a phone completely on its own. The data 
pins were supplied using a voltage from a lower node in the diode chain than the phone, and we 
used current sense resistors in series with each current branch to measure the system and charger 
currents. We verified that the system could supply between 0.5-1.0A to various phones at an 
output of 5V.  
 

 
Figure 2: Final Prototype 

 
  



 

Labview Testing Suite: 

The testing suite created for this design measures the voltage and current outputs of the 
system using the Agilent and Fluke multimeter, as well as the Agilent Oscilloscope. Each 
channel of the oscilloscope is connected across either the solar panel or phone charger outputs to 
measure their voltage at a given time. We chose to use the scope for the larger voltage values at 
the output nodes, because the small voltages across the current sense resistors could not be 
accurately measured by the scope. The two multimeters provide better resolution to measure 
these voltage values, utilizing them to calculate the branch currents. The program also gives the 
user the option to collect data for the future battery charger addition to the system by simply 
moving the the Fluke multimeter probe from the phone charging current sense resistor to the one 
in the battery charging branch. The testing suite connects to these devices using Labview VISA 
sessions and communicates via GPIB commands to initialize the devices and record data. From 
the four voltages measured with these devices, information about the solar panel and phone 
charging systems are recorded in a text document specified by the user. The user has the option 
to choose how many samples are recorded, and the time interval in-between sample, and they 
may stop the test at any time while maintaining all previously recorded values. 

 
 



 

 
Figure 3. Main VI Block Diagram. 

  



 

PCB Schematic 



 

PCB Physical Layout 

Front Side 

Back Side 



 

Solar Charging  
User Manual 

 
 

 

 
Figure 1. Front Panel of VI. 
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Usage 
The purpose of this Virtual Instrument (VI) is to increase the efficiency and ease of 

testing solar powered, immersive diode heaters. This VI comes with the ability to test subcircuits 
attached to the immersive heater; it can test both a cell phone charger and a battery. The VI will 
export all collected data to a txt file; this can be opened by Excel for comparisons and analysis.  

Bill of Materials 

Table 1.  Materials to Bring. 

Item Quantity 

Immersive Diode Heater 1 

Solar Panel 18V, 6A max, 100 W 1 

.005 Ω Current Sense Resistor 2 

 

Table 2.  Materials to Check Out From Building 20 Room 111. 

Item Quantity 

Oscilloscope 10x Probes 2 

Banana To Banana  4 

Banana To Grabber 2 

Alligator Clips 2 

 

Table 3.  Equipment to Use in Building 20 Labs. 

Name 

Agilent Oscilloscope 54622A 

Agilent Digital Multimeter 34401A 

Fluke Multimeter 8840A 

https://www.amazon.com/Current-Through-Resistor-Leaded-Wirewound/dp/B00KHPX8YI/ref=sr_1_1?ie=UTF8&qid=1528896484&sr=8-1&keywords=.005+sense+resistor


 

Setup Procedure 
1. Go to the EE Checkout Window at Building 20, Room 111. 

a. Fill out an equipment checkout form with all items in Table 2. 
b. If this is the first time testing a diode chain, 2 sense resistors will need to be 

soldered to the chain. 20-111 has soldering irons, safety glasses, and solder.  
i. Solder the first sense resistor in series  with the diode chain. 
ii. Solder the second sense resistor in series  with the phone charger or 

battery circuit. 
2. Go to an EE Lab Room with LabVIEW installed and has all of the equipment listed in 

Table 3. Example rooms are 20-148 and 20-147. 
a. Plug both Oscilloscope Probes into the Agilent Oscilloscope. 

i. Be sure to check that the probe sensitivity is set to 10:1 on the 
Oscilloscope. 

ii. Wire Channel 1 across the entire diode chain. 
iii. Wire Channel 2 across the  

b. Plug 2 Banana-to-Grabbers into the Fluke Multimeter and 2 Banana-to-Grabbers 
into the Agilent Digital Multimeter. 

c. Plug both alligator clips onto two different Banana-to-Bananas. 
i. Alligator Clip both sides of the immersive heater. One of the Alligator clips 

will be connected to the sense resistor and the other to a diode.  
ii. The Banana-to-Banana ends of these will connect to the Solar Panel (but 

don’t plug them in yet). 
 

 
Figure 2. Lab Instruments from Table 3. 

 



 

 
Figure 3. Diode Wiring Diagram. 

 
Figure 4. Diode Schematic 

  



 

Testing Procedure 
Never operate lab equipment alone. 

*WARNING* 6 Amps is a relatively high current. Be sure to never let any shorts occur 
while running tests.  
*WARNING* The immersive diode heaters get very hot, very fast at max current. Be sure 
to have something heat resistant beneath the diode chain to ensure that the table does 
not get burned nor melted. 

1. Log into the Lab Computer. 
2. Turn on all instruments in Table 3. 
3. Open the SolarVI.vi  file of the immersive heater VI.  
4. Double check all wiring between the diodes and the lab instruments; use Figure 3. 
5. Hit Start on the VI and then Run with the arrow  in the top left corner. 
6. On the bottom right, change the Type of Information to Testing Procedure .  

 
Figure 5. VI Front Panel.  



 

How The VI Works 

 
Figure 6. VI Block Diagram.  

 
● The Type of Information Block  allows the user to toggle between Background 

Information, Testing Directions,  and Testing Procedure.  
● Hitting Start  turns on the first cast statement which waits for data collections to occur. 

○ Collect Data Now  and Collect Data Over Time  will trigger the next case 
statement; this will initialize the connected instruments and set a final value for 
the embedded for loop.  

● The data will be collected in 10 second intervals for the number of data points chosen in 
Number of Data Samples to Collect .  

● Collected data will be exported into a comma separated values( .csv ) file that can be 
opened up in Excel or Matlab for data analysis and graphing. 

  



 

Troubleshooting 

Measuring Negative Values 
● Check polarity of the leads used for the measurement 
● Check the inputs to the device taking the measurements 

○ Reverse the leads if necessary 

Device Connection Issues 
● All required devices need to be turned on 
● Check that the GPIB connector is attached on the back of the device 
● Other GPIB issues should be handled by the lab technicians 

○ Record the VISA error log and contact ee-helpdesk@calpoly.edu (20-106) or 
pllorens@calpoly.edu  

Measured Values at the Wrong Magnitude 
● If the device is a multimeter  

○ Check the circuit and leads for secure connections 
● If the device is an oscilloscope  

○ Check the probe for its rated attenuation factor 1x or 10x 
■ Newer Probes can be changed between 1x and 10x by a switch 

○ Check the oscilloscope for the attenuation set 
■ Press the Channel Key “1” or “2”, then “Probe” or “Ratio” 
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Sustainability Analysis - Solar Phone Charger and 
Light 

 
People in rural Africa such as Malawi earn incomes that are 100 times lower than the 

income of the average American, however they pay 100 times as much for electricity as we do. 
This results in access to 10,000 times less electricity as us. [2] Our objective, along with 
Professor Pete Schwartz and Robert Van Buskirk, Ph.D. is to get the cheapest solar electricity to 
some of the lowest income individuals in the world. This will allow the African villagers to 
sustainably cook food, power lights for vision at night, and charge cell phones. The current 
system is setup so that a string of 18 diodes (1N5400) [1] are connected in series to the output of 
an 18V, ~6A solar panel (100W). These diodes are rated to 3A however it has been tested and 
determined that 5-6A can safely pass through them when they have a heat sink to store heat. 
Therefore, these diodes are physically and thermally attached to the bottom of a pot, which is 
then filled with water. With proper insulation of the pot, the heating diodes will provide enough 
energy to safely cook food for later consumption. This chain of diodes also provides node 
voltages which can be used to power other devices attached to the system. 
 
Ecology: The solar PV cell manufacturing process uses a number of hazardous materials which 
are used to clean and purify the semiconductor surface. These chemicals include hydrochloric 
acid, sulfuric acid, nitric acid, hydrogen fluoride, 1,1,1-trichloroethane, and acetone.[3] Even 
though these chemicals may be harmful with unsafe handling, U.S. laws ensure that workers are 
not harmed by exposure to the chemicals and manufacturing waste products are disposed of 
properly. [2] Even though the manufacturing process uses a large amount of dangerous 
chemicals, the use of a solar PV system is virtually harmless to the environment. Using this 
method to heat water over traditional wood burning stove releases less carbon dioxide into the 
atmosphere over time. 
 
Energy: The maximum energy consumption from the diodes is 100W when the solar PV cell is 
outputting its maximum power. The energy exclusively comes from a solar cell which is 
renewable. This replaces the standard wood-burning method to heat food which reduces 
pollution. The direct impacts on the community is reduced cases of carbon monoxide poisoning 
and the larger impacts on the world is reduction of CO2 entering the atmosphere. After 
manufacturing, the solar PV cell is safe for handling. 
 
Economy: The overall cost of the solar cell alone is 75$. The human capital required to 
implement out system is proper placement of the solar cell to maximize solar acceptance. The 



 

user also needs to solder wires to the female USB connector, connecting 7 of the 18 diodes 
between the positive and negative terminal and connecting two 100k resistors between the 
positive and negative data pins and the 4th diode in the chain. The cost of the components 
additional to the system can be bought in bulk for pennies.  
Social and Political Equity: The experiment impacts the community in Malawi by providing 
clean cooking energy and charging for mobile devices. The only harm of the current setup is the 
space the solar cell occupies. Also, if the circuit is used without water in the pot, there is a risk of 
burning out the diodes. This is unlikely to start a fire unless one of the diodes combusted and lit 
the insulation on fire. All of the community that currently has access to a solar cell will also have 
access to the phone charging system due to its inexpensive cost and low human capital 
investment. The only inequity the system creates is for people who can not afford to purchase the 
solar cooking setup. This has been remedied by local businesses providing phone charging to 
locals as a service and charging a fee.  
 

 
 
 
 
 
  



 

References 
 
[1] 1N5400 - 1N5408. (2013, January 01). Retrieved June 6, 2018, from 
https://www.diodes.com/assets/Datasheets/ds28007.pdf 
 
[2] National Renewable Energy Laboratory (NREL). 2012. Renewable Electricity Futures Study. 
Hand, M.M.; Baldwin, S.; DeMeo, E.; Reilly, J.M.; Mai, T.; Arent, D.; Porro, G.; Meshek, M.; 
Sandor, D. eds. 4 vols. NREL/TP-6A20-52409. Golden, CO: National Renewable Energy 
Laboratory. 
 
[3] Environmental Impacts of Solar Power. (2013, March 5). Retrieved June 13, 2018, from 
https://www.ucsusa.org/clean_energy/our-energy-choices/renewable-energy/environmental-impa
cts-solar-power.html#.WyFT_adKiUk 
 
 

https://www.diodes.com/assets/Datasheets/ds28007.pdf

