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Purpose 
 
This experiment shows you how to build an On Demand solar powered battery 
charger.  By On Demand we mean that the battery will only be charged if and 
when it drops below a specified voltage level.   
 
 
You will come to understand that: 
 

1. Batteries that are charged only when necessary do not suffer the effects of 
overcharging or under charging and thus last longer.  

 
2. You can modify the firmware that controls the charging cycle to meet the 

needs of any solar panel and battery combination.  
 
 

 

Background Information 
 
If this is your first experiment or if you just need a refresher on some of the 
details please refer to the following background information guidelines: 
 

·  Parts Assembly and Wiring Guidelines 
·  Coding Guidelines 
·  A/D Converter Chip Operation 
·  Resistor Color Codes 
·  Computing Current with Voltage Drop 
·  REEL Power Software Installation and Operation 
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Equipment 
 
Qty  Description 
1  Solar Panel  
1  Parallax BOE or Homework Board 
1  9-volt battery or +12 volt regulated DC supply  
1  MCP3208 - 12-bit A/D converter chip 
1  1 ohm sense resistor 
2  470 ohm resistor 
1  10 ohm resistor 
1  NPN transistor (2N3904 or 2N2222) 
1  Red T 1 ¾  LED 
1  1.2 volt size AA - NiMH rechargeable battery and holder 
10  Solid hookup wires 
1  USB or RS232 cable 
4  Clip leads 
1  Windows PC computer with REEL Power tm software  
  (MACs must have Parallel’s “Desktop 3.0 for Windows”) 
1  Printer (optional) 
 
 

General Hardware Hookup 
 
Setup the equipment as shown here, and then examine the Jumper Board 
Hookup  (next) for specific details. 
 
 
 
 
 
 
 
 

Solar Panel 
In Series

DC Power 
Source

+- +- +-
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Jumper Board Hookup 
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Schematic 
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Code File 
 
Download the following file to the BASIC Stamp: 
 

Parallax_Solar_Auto_Charger_Exp.bs2   
 
The code file can be found on the REEL Power CDROM that came with this 
lesson or on the LearnOnLine website at www.learnonline.com. 

 
 

Code Algorithm 
Here’s how the code works. For complete details refer to the above code file. 
 
The Main loop looks like this… 
 
'-------------------------------------------------- ---------------- 
'   On Demand Battery Charge Algorithm 
'-------------------------------------------------- ---------------- 
' 
' Test_Battery_Voltage:       'stay in this loop as  long as the battery 
is above min voltage 
'   Disable charging (Q1 = LOW) and extinguish LED 
'   Get voltage reading 
'   if voltage readng is >= fullChargeVolts, loop b ack 
'   else, goto Charge_Battery 
' 
' Charge_Battery:            'stay in this loop unt il a minimum charge 
is delivered into the battery 
'   Enable charging (Q1 = HIGH) and illuminate LED 
'   acquire a minimum battery charge 
'   when minimum battery charge is acquired, branch  to 
Verify_Battery_Charged 
' 
' Verify_Battery_Charged:    'stay in this loop unt il the battery is at 
full voltage 
'   if voltage reading is >= fullChargeVolts, goto Test_Battery_Voltage 
'   else, loop back to Verify_Battery_Charged - cha rging is still 
taking place 
' 
' NOTE:   Current, power or resistance values are N OT displayed when 
the battery 
'         is NOT being charged.  Only voltage is di splayed. 
' 
' 
' NOTE2:   The displayed voltage output is NOT that  of the solar panel.  
Rather it is that of the battery. 
' 
 
This loop is also described by the flowchart and narrative on the following pages. 
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Test_Battery_Voltage: 
 
After initialization the firmware enters the Test_Battery_Voltage  loop where Q1 
is turned OFF by setting its base resistor LOW. The LED is also extinguished. 
The routine does an A/D conversion of the battery voltage.  If the voltage is 
above the full discharge voltage specified by the constant “fullDischargeVolts ” 
in millivolts nothing happens and the firmware loops back to the 
Test_Battery_Voltage  label.  If and when the battery voltage drops to, or below, 
the fullDischargeVolts level, the firmware branches to the Charge_Battery  
label.   
 
Charge_Battery: 
 
At this point Q1 is turned ON and several things are set into motion.  First, the 
LED is illuminated indicating charging is taking place. At the same time an 
“energy loop” is initiated that guarantees a minimum amount of charge, C, going 
into the battery (and maybe also into the load if one is connected).  The energy 
loop consists of a 60 second time sample coupled with measuring the current 
flow into the battery.  With it we want to charge the battery with at least 0.05C 
(1/20 C) before exiting the charge cycle.  
 
A constant called “minEnergy ” is established in the initialization part of the code 
that represents 0.05C of the battery.  For our test battery this is 122.5 mAh (2450 
mAh  x 0.05 = 122.5 mAh).  You can adjust this to any level based on your 
particular battery’s capacity and/or solar panel output. Because we are using a 
60 second sampling loop we need to convert mAh into mAm or milli-Amp-
minutes.  Since there are 60 minutes to an hour we need to multiply the 0.05C 
value by 60.  In our case that would be 122.5 x 60 which makes our minEnergy  
value = 7350 mAm.  So every 60 seconds the code will sample the current, add it 
to the previous current sample and compare this value to minEnergy .  Once the 
minEnergy  value is achieved the next part of the algorithm is engaged. 
 
Verify_Battery_Charged: 
 
Next we look at the battery voltage at the Verify_Battery_Charged  label.  If it is 
at or above the fullChargeVolts then branch back to the Test_Battery_Voltage  
label and the process starts all over again.  However, if the battery is still below 
the fullChargeVolts  level the firmware stays in the Charge_Battery  loop (with 
Q1 ON) until the fullChargeVolts level is reached – if ever, depending on the 
load and the sunlight striking the solar panel.  The LED flashes (toggle 
instruction) to indicate remaining in the Verify_Battery_Charged  loop. 
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Test_Battery_Voltage: 
  LOW Q1                              'disable char ging 
  LOW ChargeLed                       'extinguish c harging LED 
  charging = 0                        'disable curr ent reading 
  GOSUB Solar_Exp                     'get averaged  voltage and current 
 
  IF  (oneOhmDrop < fullDischargeVolts) THEN 'test battery voltage for 
below minimum 
    measuredEnergy = 0                'if so, clear  accumulated energy 
value 
    GOTO  Charge_Battery              'branch to be gin charging 
  ELSE 
    GOTO  Test_Battery_Voltage        'else, keep l ooping 
  ENDIF 
 
 
Charge_Battery: 
  HIGH Q1                             'enable charg ing 
  HIGH ChargeLed                      'illuminate c harging LED 
  charging = 1                        'enable curre nt reading 
 
  FOR energyLoopCtr = 1 TO 80         'loop for 1 m inute and output 
data to PC 
  GOSUB Solar_Exp                     'get averaged  voltage and current 
  NEXT                                'each gosub t o Solar_Exp takes 
0.75 sec x 80 = 60 seconds 
 
  measuredEnergy = measuredEnergy + current  'add l atest current 
reading to measuredEnergy var 
 
  IF (measuredEnergy >= minEnergy) THEN 'test for a ccumulated 
ampMinutes 
    GOTO Verify_Battery_Charged       'branch if mi nimum energy level 
is met 
  ELSE 
    GOTO Charge_Battery                 'loop back 
  ENDIF 
 
 
  Verify_Battery_Charged: 
  TOGGLE  ChargeLed  
  GOSUB Solar_Exp                     'get averaged  voltage and current 
 
  IF (oneOhmDrop >= fullChargeVolts) THEN 'test aga inst fully charged 
voltage 
    GOTO Test_Battery_Voltage          'if there, t hen disable charging 
  ELSE 
    GOTO Verify_Battery_Charged        'else, maint ain charging state 
  ENDIF 
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Procedure 
 

1. Click on the REEL Power tm icon to bring up the software menu.  Then 
click on the Solar Panel Interface  icon. 

 
 
 
 
 
 

 
2. On the graphic display, click on the Connect button at the lower-

left of the screen. Verify that the connected icon appears 
validating the Comm port selection. Make sure to click on the 
arrow and select the highest comm port number.   

 
3. On the computer adjust the voltage (vertical) scale on the REEL Power tm 

software to 2.50 volts. 
 
4. Adjust the time (horizontal) scale to reflect about 1 hour across the entire 

plot – initial charging takes a long time. 
 
5. Position the solar panel so that it can acquire the maximum amount of 

light from either the sun or artificial light source. 
 

6. Clear the plot display by clicking on the Reset Plot icon. 
 
 
Discharging the Battery 
 

7. Apply a 10 ohm resistor across the battery in order to reduce its voltage to 
the fullDischargeVolts level.  Only voltage will be displayed during the 
discharge period. 

 
8. When the battery reaches the fullDischargeVolts level the LED will 

illuminate.  Remove the 10 ohm resistor from the battery. 
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Charging the Battery 
 

9. Allow the battery to charge for the time required to accumulate the 
minEnergy value in the code.  Our value is set to 7350 mAm (milliamp 
minutes) and at the current level displayed in Figure 1 (161 ma) it should 
take approximately 46 minutes to complete (7350 / 161 = 45.65).  From 
time to time monitor the voltage reading.  You should see something like 
Figure 1 as the battery begins to charge.  Note the voltage and other 
readings.  A voltage of about 1.3 to 1.5 volts is normal during charging.   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
Figure 1 – Beginning of Battery Charge Cycle 

 
10. When the minEnergy value is reached the LED extinguishes and the 

firmware enters the Verify_Battery_Charge loop.  Here it tests the battery 
voltage.  If the battery voltage is below fullChargeVolts the LED flashes 
and the circuit continues to charge the battery.  Otherwise, the charging 
stops until the battery’s voltage drops below fullDischargeVolts where the 
procedure repeats. 

 
11.  The battery voltage should revert to its rated level of about 1.2 volts when 

the charging is complete.  
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Analysis 

This experiment embodies the technique of “on demand” battery charging, which 
is done by first sensing if the battery needs a charge.  If so, an energy loop is 
entered that injects current into the battery; the energy or accumulated current is 
relative to the battery’s total specified capacity rating.  
 
When specifying charge current, it is commonly related to a battery’s capacity, or 
simply “C”. The letter “C” is a term used to indicate the manufacturers’ stated 
battery discharge capacity which is measured in milliamp-hours (mAh).  The 
energy loop injects 0.05C or 1/20 the total rated capacity into the battery.  This 
ensures that the battery has sufficient charge to sustain it for its given load for a 
period of time based on the load itself. 
 
You are encouraged to alter the following constants to determine how the 
battery’s charging cycle is affected: 
 

·  fullChargeVolts – currently set at 1.2 volts but could be increased to 1.3 or 
above 

·  fullDischargeVolts – currently set at 0.75 volts but could be increased or 
decreased depending upon your application. 

·  minEnergy – currently set at 0.05C for a 2450 mAh battery.  Use the 
following procedure to determine this value for any NiMH battery. 

 
Example to determine minEnergy: 
 

1. Assume 1C = 2450 mAh (total battery capacity) 
2. 0.05C = 2450 mAh x 0.05 = 122.5 mAh (level of charge) 
3. Convert from milliamp hours to milliamp minutes in the next step 
4. 122.5 mAh = 122.5 x 60 = 7350 mAm 

 
Substitute your 1C battery value and level of charge to determine the minEnergy 
value.  
 

 

 

 

 


