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Introduction 

The BrainPad circuit board is designed as a powerful educational tool that can be used 

to teach everyone from kids, to college students and professionals. Kids will start to 

learn programming using Visual Studio, one of the most widely used professional tools. 

College students and professionals that already know programming can use the 

BrainPad circuit board to learn about digital electronics and the connection between 

computing and the physical world. 

Overview 

Students will learn how Analog Inputs work in a digital design. 

Guidelines 

¶ Prerequisites: EL101 

¶ Ages 12 and up 

¶ PC setup with Visual Studio, .NET Micro Framework and DIL 9ƭŜŎǘǊƻƴƛŎǎΩ 

software. 

¶ Supplies: BrainPad 



BrainPad ς Electronics ς Analog Inputs 

Page 3 of 15 

 

Analog to Digital Converter 

An ADC (Analog to Digital Converter) is an electronic circuit that converts an analog 

voltage to a digital binary number. For this circuit to work, it needs a reference voltage 

that would be the max voltage. In most cases, this reference voltage is the same as the 

source voltage. On the BrainPad, this voltage is the same as the power source, 3.3 V.  

The ADC also has a conversion result field that holds the value that represents the 

voltage. The size of this field can vary from system to system. The larger the field (the 

more bits it has), the more accurate the ADC can be. For a 4-bit ADC, there are 16 steps, 

2 to the power of 4 is 16. This ADC can only provide 16 distinct results, 0 to 15.  

Table 1 ς These are the outputs if the input voltage is 3.3 V (each step is 3.3 / 16 = 0.21). 

STEPS VOLTAGE 

0 0 

1 0.21 

2 0.42 

3 0.63 

4 0.84 

5 1.05 

6 1.26 

7 1.47 

8 1.68 

9 1.89 

10 2.10 

11 2.31 

12 2.52 

13 2.73 

14 2.94 

15 3.15 
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Any voltage from 1.26 to 1.47 will give us the same result, which is 6. This may be okay 

for some applications but 16 steps is not enough for most. Imagine there is a color 

sensor connected to the analog input that measures the color red intensity. The result 

can only be one of 16 colors! The minimal size usually found on microcontrollers is 8-bit 

to 12-bit ADCs. The BrainPad microcontroller has a 12-bit ADC. 2 to the power of 12 is 

4,096. Over four thousands steps will surely be a lot more accurate than 16 steps found 

in the previous example! 

Exercise 

What would the ADC result be on the BrainPad if 1.5 V is applied to it? 
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Analog Pins 

Digital designs need to read the analog voltage on more than one pin. However, the ADC 

circuit is somewhat complex. The micrƻŎƻƴǘǊƻƭƭŜǊΩǎ ƳŀƴǳŦŀŎǘǳǊŜrǎ ǎŀǾŜ ƻƴ ǘƘŜ ŎƘƛǇΩǎ 

cost by using only one ADC that is multiplexed to multiple analog inputs. 

The multiplexer is a set of switches, where only one switch can be on at any time. These 

switches select which of the analog pins will be connected to the ADC. This works well 

for most applications (like the BrainPad). For example, at any given time the BrainPad 

can measure the light sensor or the temperature sensor. A moment later, it can 

measure the other sensor. 

The light sensor is connected to pin PB1, which is ADC channel 9 as shown in Figure 1. 

 

Figure 1 ς The light sensor connects to PB1 and ADC channel 9. 

¢ƛǇΥ LǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǊŜƳŜƳōŜǊ ǘƘŀǘ ǘƘŜ DtLh Ǉƛƴ ƴǳƳōŜǊ ŀƴŘ ŎƘŀƴƴŜƭ ƴǳƳōŜǊ ŀǊŜ ǘǿƻ 

different things on the same pin. 
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[ŜǘΩǎ ŘƛƎ ƛƴǘƻ ǘƘŜ ŎƻŘŜΦ {ǘŀǊǘ ŀ ƴŜǿ b9¢aC όΦb9¢ aƛŎǊƻ CǊŀƳŜǿƻǊƪύ /І /ƻƴǎƻƭŜ 

Application and add these References: 

¶ Microsoft.SPOT.Hardware 

¶ GHI.Pins 

[ŜǘΩǎ ǊŜŀŘ ǘƘŜ ƭƛƎƘǘ ǎŜƴǎƻǊ ŀǎ ǎƘƻǿƴ ƛƴ 9ȄŀƳǇƭŜ мΦ 

using  System.Threading;  
using  Microsof t.SPOT;  
using  Microsoft.SPOT.Hardware;  
 
public  class  Program 
{  
    public  static  void  Main()  
    {  
        AnalogInput  light = new AnalogInput (( Cpu. AnalogChannel )9);  
 
        while  ( true )  
        {  
            Debug.Print( "Light level: "  + light.ReadRaw());  
 
            Thread .Sleep(200);  
        }  
    }  
}  

Example 1 ς This code continually prints the light level in the Output Window. 

After running Example 1 your Output Window should look something like Figure 2. 

 

Figure 2 ς Here we see the different light levels in the Output Window. 
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¢ƻ ƳŀƪŜ ǳǎƛƴƎ Ǉƛƴǎ ŜŀǎƛŜǊΣ ǿŜΩǾŜ ǇǊƻǾƛŘŜŘ ǘǿƻ ŎƭŀǎǎŜǎ ǿƛǘƘƛƴ ǘƘŜ BrainPad  object. The 

BrainPad . Expansion  and BrainPad . Peripherals  objects. To add get access to these objects, in 

the Solution Explorer Window right-ŎƭƛŎƪ .ǊŀƛƴtŀŘψtǊƻƧŜŎǘΣ ǎŜƭŜŎǘ !ŘŘ Ҕ 9ȄƛǎǘƛƴƎ LǘŜƳΧ 

and locate the BrainPad.cs file and click Add. 

The BrainPad . Expansion  object can be used to easily access the labeled pins (E1 through 

E16) on the expansion headers. The BrainPad . Peripherals  object also makes identifying 

pins related to such things as the traffic light faster. These both help reduce the need to 

ƭƻƻƪ ŀǘ ǘƘŜ ǎŎƘŜƳŀǘƛŎΦ CƻǊ ŜȄŀƳǇƭŜΣ ǿŜ ŎƻǳƭŘ ŀŎŎŜǎǎ ǘƘŜ ǘǊŀŦŦƛŎ ƭƛƎƘǘΩǎ ǊŜŘ [95 Ǉƛƴ based 

on the schematic using G30.PwmOutput.PA1 or we could use BrainPad . Peripherals.TrafficLight.Red 

which is more descriptive and easier to remember. 

Going forward all examples will use the BrainPad . Expansion  and BrainPad . Peripherals  

objects when referring to pins. 

Value Scaling 

b9¢aCΩǎ !ƴŀƭƻƎ LƴǇǳǘ ƭƛōǊŀǊȅ ǎƛƳǇƭƛŦƛŜǎ reading by converting the raw input value to a 

double that is scaled to one by default. In other words, zero is the minimum and one is 

the maximum. If the BrainPad reference voltage is 3.3 V, then the reading of 0.5 on the 

ADC will mean that the voltage on the pin is half or 1.56 V. A good scale is 3.3 since our 

reference is 3.3 V as shown in Example 4. 

using  System.Threading;  
using  Microsoft.SPOT;  
using  Microsoft.SPOT.Hardware;  
 
public  class  Program 
{  
    public  static  void  Main()  
    {  
        AnalogInput  lightSensor = new AnalogInput ( BrainPad . Peripherals .LightSensor, 
3.3, 0, 12);  
 
        while  ( true )  
        {  
            Debug.Print( "Light Voltage: "  + lightSensor.Read().ToString( "F2" ));  
 
            Thread .Sleep(200);  
        }  
    }  
}  

Example 2 ς IŜǊŜ ǿŜ ǊŜŀŘ ǘƘŜ ƭƛƎƘǘ ǎŜƴǎƻǊΩǎ ƭƛƎƘǘ ƭŜǾŜƭΦ 
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The ToString()  method is used with the F2 argument to limit the fractions to two digits 

(Figure 3). 

 

Figure 3 ς Here we see the light level is limited to fractions with two digits. 
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Digital Filters 

Digital filters are pieces of code that take in analog values and modifies them. The 

Digital Filters topic can be very complex so ǿŜΩƭƭ ƻƴƭȅ ǎŎǊatch the surface. For starters, 

the temperature sensor will be used. Checking the datasheet of the temperature sensor 

used, we learned that the temperature = (voltage in millivolt ς 450) / 19.5. The 3.3 V is 

3,300 millivolt. ²ŜΩƭƭ use 3,300 in our scaling in the constructor as shown in Example 5. 

using  System.Threading;  
using  Microsoft.SPOT;  
using  Microsoft.SPOT.Hardware;  
 
public  class  Program 
{  
    public  static  void  Main()  
    {  
        AnalogInput  temp = new AnalogInput ( BrainPad . Peripherals .TemperatureSensor , 
3300, 0, 12);  
 
        while  ( true )  
        {  
            double  tempC = (temp.Read() -  450) / 19.5;  
            Debug.Print( "Temperature: "  + tempC.ToString( "F2" ));  
 
            Thread .Sleep(200);  
        }  
    }  
}  

Example 3 ς This code reads the temperature sensor and converts it to Celsius. 

²Ŝ Ŏŀƴ ƴƻǿ ǊŜŀŘ ǘƘŜ ǊƻƻƳΩǎ ŀƳōƛŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜ in Celsius (Figure 4). 

 

Figure 4 ς Here we see the ambient room temperature in Celsius. 
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²ƘƛƭŜ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƘŀǎƴΩǘ ŎƘŀƴƎŜŘΣ ǘƘŜ ǊŜǎǳƭǘǎ ŀǊŜ ŎƘŀƴƎƛƴƎΦ ¢Ƙƛǎ ƛǎ ŘǳŜ ǘƻ ƴƻƛǎŜ 

found in electronic circuits. There are all kind of things that can be done on the 

hardware to make for less noisy analog readings. One of the simplest ways is to average 

readings in software as shown in Example 6. 

using  System.Threading;  
using  Microsoft.SPOT;  
using  Microsoft.SPOT.Hardware;  
 
public  class  Program 
{  
    public  static  void  Main()  
    {  
        AnalogInput  temp = new AnalogInput ( BrainPad . Peripherals .TemperatureSensor , 
3300, 0, 12);  
        double  average = 0;  
 
        while  ( true )  
        {  
            average = 0;  
            for  ( int  i = 0; i < 10; i++)  
                average += temp.Read();  
            average = average / 10;  
 
            double  tempC = (average -  450) / 19.5;  
            Debug.Print( "Temperature: "  + tempC.ToString( "F2" ));  
 
            Thread .Sleep(200);  
        }  
    }  
}  

Example 4 
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Since the noise is small, averaging did not give us good results. We know that the 

temperature is not going to change quickly. We can slow down the change by only 

taking in fractions of the difference in every loop (Example 7). 

using  System.Threading;  
using  Microsoft.SPOT;  
using  Microsoft.SPOT.Hardware;  
 
public  class  Progra m 
{  
    public  static  void  Main()  
    {  
        AnalogInput  temp = new AnalogInput ( BrainPad . Peripherals .TemperatureSensor , 
3300, 0, 12);  
        double  tempC = (temp.Read() -  450) / 19.5;  
        double  lastTempC = tempC;  
 
        while  ( true )  
        {  
            double  d = (temp.Read() -  450) / 19.5;  
            tempC += (d -  lastTempC) / 10;  
            lastTempC = tempC;  
 
            Debug.Print( "Temperature: "  + tempC.ToString( "F2" ) + " -  Raw Temperature: 
"  + d.ToString( "F2" ));  
 
            Thread .S leep(200);  
        }  
    }  
}  
 

Example 5 ς Outputs the average temperature in Celsius by only taking in fractions of the 

difference. 

Exercise 

Measure the voltage on an Analog Input pin on the expansion port. Connect a wire to 

the same analog input pin then record the values shown when the pin is connected to 

ground, and when it is connected to 3.3 V. Get a standard 1.5 V battery (AA or AAA) and 

connect it between the analog pin and the ground. Make sure the (+) side of the battery 

is connected to the analog input and the (ς) side is connected to the ground. 
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hƘƳΩǎ [ŀǿ 

There is a very close relationship between voltages, currents and resistors. Ohm's law 

states that the current through a conductor between two points is directly proportional 

to the potential difference across the two points. 

I = V / R     or     V = I × R 

Where I is the current (measured in amps), V is the voltage and R is the resistance. 

When using LEDs, we added a current limiting rŜǎƛǎǘƻǊΦ ¢Ƙƛǎ ǿƻǊƪǎ ōŜŎŀǳǎŜ ƻŦ hƘƳΩǎ 

LŀǿΦ [ŜǘΩǎ ŀssume the LED is powered from 3.3 V and its internal voltage drop is 1.3 V. 

This leaves us with 2 V to go across the 330 Ҡ (ohm) resistor. According to OhmΩǎ [aw 

the current is 2 V /  330 Ҡ, resulting in 0.006 A (amps) or 6 mA (milliamps). Typical 

microcontrollers can supply that much current on their pins directly. If the current was 

too high, a larger resistor can be used to decrease the current. For example, if we use a 

470 Ҡ resistor then the current will be 4.2 mA. 

Voltage Dividers 

If two resistors are connected in series from power to ground then the current flowing 

through them will be the voltage divided by both resistors. Assuming the resistors are 

10 ƪҠ (kiloohm) each, then the total is 20 ƪҠ. If the voltage running across them is 3.3 V 

then the current is 3.3 V /  20,000 Ҡ = 0.000165 A or 0.165 mA. 

What happens when we measure the voltage across one of the resistors? According to 

hƘƳΩǎ [aw V = I × R ǎƻ ƛǘΩǎ 0.000165 ! Ҏ млΣллл Ҡ = 1.65 V. If we have 1.65 V across each 

resistor, together they equal 3.3 V. The ratio between the resistors equals the ratio of 

the voltage divided between them. Two 10 ƪҠ resistors is 10 ƪҠ /  20 ƪҠ = ½. So the ratio 

is half on each of the resistors. A 10 ƪҠ connected to a 30 ƪҠ will give ¼ the voltage on 

the first resistor and ¾ the voltage on the second resistor.  
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This relationship is beneficial in creating voltage dividers to scale voltages down. How do 

we measure a 6 V battery using the BrainPad? We know that the BrainPad Analog Inputs 

are limited to 3.3 V max. Wiring 6 V directly will damage the microcontroller. This is 

where we can use a voltage divider with ½ ratio to get only half the battery voltage. 

Since 3 V is the maximum we will ever see from the 6 V battery, we are safe to connect 

it to the BrainPad. Here we can use the scaling feature to our advantage. Since we know 

ǿŜΩǊŜ ƻƴƭȅ ǊŜŀŘƛƴƎ half the actual voltage, we can double the scale value from the actual 

voltage. Instead of using 3.3, we use 6.6 as shown in Example 8. 

using  System.Threading;  
using  Microsoft.SPOT;  
using  Microsoft.SPOT.Hardware;  
using  GHI.Pins;  
 
public  class  Program 
{  
    public  static  void  Main()  
    {  
        AnalogInput  Ain = new AnalogInput ( BrainPad . Peripherals .TemperatureSensor , 6.6, 
0, 12);  
         
        while ( true )  
        {  
              Debug.Print( "The 6  V battery is at: "  + Ain.Read().ToString( "F2" ) + 
"V" );  
 
            Thread .Sleep(200);  
        }  
    }  
}  

Example 6 ς ¢Ƙƛǎ ŜȄŀƳǇƭŜ ǇǊƛƴǘǎ ǘƘŜ ōŀǘǘŜǊȅΩǎ ǾƻƭǘŀƎŜΦ 
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Another use for voltage dividers is to measure a resistor. If we know the value of one of 

the resistors and its voltage, and the resistance on the first resistor, we can calculate the 

current across the first resistor. We know the same amount of current is flowing inside 

the second resistor of unknown value. We also know the voltage across it since the 

voltage across it will be the total voltage minus the voltage across the first resistor. 

Finally, we now have the voltage and the current on the second resistor and we can 

easily calculate its resistance as shown in Figure 5. 

 

Figure 5 ς The light sensor uses a photo-resistor, a resistor that changes its value according to 

the light. 

Tip: Connecting the photo-resistor to a 10K resistor is simply a voltage divider. 

Exercise 

Write a program that shows the resistance of the light sensor. 
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