Introductory Project

Sweetly Sings the Microcontroller

This introductory project that uses a microcontroller to produce a sound will:

Introduce the Steps in the Engineering Design Method

Introduce the Arduino programming environment

Introduce Digital Output from a Microcontroller
Introduce Schematic capture

Introduce DC Analysis

Introduce Project Documentation

Introduce Frequency, Period, and Amplitude

Engineering Design Method
General Specification

Design a device to generate a tone using a parallel port on a microcontroller and a speaker 

Block Diagram






Hardware Design Analysis

1. Is a speaker an input or an output device?

2. Is a speaker an analog or digital device?

3. You will use PORTC 0 to drive your speaker. On the Teensy++ what pin is PORTC 0?

4. The speaker that you will be using has a resistance of 8 ohms and it can handle 0.1 W.

a. Assuming a drive voltage of 5 V determine the maximum current that can flow through the speaker using the following formulas. W = V x I, V = I x R

b. Can the AT90USB646 source the current you calculated in step 4a? (use the IOH condition under the VOH symbol in section 30.2 DC Characteristics of the AT90USB646 datasheet)

c. If your answer in step 4b is no, what size resistor is needed to limit the current to the maximum amount?

5. Draw a schematic of the speaker circuit.

(below are schematic symbols for the speaker, the Teensy++ and the Resistor)
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6. Translate this schematic to a protoboard layout
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Software

Program Specification 

This program will drive a speaker with a square wave using bit 0 of PORTC on the AT90USB646. The high and low time of the square wave will be equal and generated with a software loop. Target microcontroller is AVR’s AT90USB646 (a Teensy++).
Program Flowchart

7. Create a flow chart for the Program Specification

Program

8. Enter the C program on the following page into Arduino and click on the Verify button (
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) or press ctrl+R.

Did your program build without any errors?

If not fix any errors before proceeding.

9. If your program was built without any errors connect the Teensy++ to your computer via a USB cable. Open the Teensy loader program, verify your C program again (this causes the Teensy loader to load the program onto your Teensy++), and run your program by pressing the reset pushbutton on the Teensy++.

Design Characterization

During this stage of the design cycle you verify that your design is working properly. Design Characterization is the process of systematically measuring key parameters and signals of the system. Key parameters depend on the system being characterized but may include power consumption, heat output, Electromagnetic Radiation, and sensitivity to static electricity. Key signals in the system are usually discovered and highlighted during the hardware design stage. 

Our sound generator may be designed for use in a battery operated toy so the power consumption of the system is a key parameter as it limits how long the toy will run without battery replacement. Our sound system consists of only one signal, which makes analysis and characterization easy. 

10. Using a multimeter measure the current flowing in your speaker circuit both with and without the speaker making a sound. Is the microcontroller being used outside of its specifications? (Look in the DC Characteristics section (23.2) of the Electrical Characteristics section in the ATtiny261 Datasheet)

Is this measurement giving you an accurate portrayal of the current flow in your circuit?

11. Using a multimeter measure the voltage from ground to the microcontroller pin driving the resistor, to both sides of the resistor, and to both sides of the speaker. Measure these voltages both with and without the speaker making a sound.

12. Using a multimeter measure the current flowing into the Vcc pin on the Teensy++ both with and without the speaker making a sound.

/******************************************************************

 * Single_Tone_10ms.pde

 * 

 * Programmer: Thomas Trickel

 *

 * Creation Date: 1/4/11

 * Last Modification Date: 1/05/011

 *

 * Description: This program will produce a single 10ms square wave tone on a speaker via 

 *                  output on PORTC bit 0

 *

 * Input: No user input. 

 *

 * Output: A 10ms square wave meant to drive a speaker

 ******************************************************************/

// The setup() method runs once, when the sketch starts

void setup()

{                

  pinMode(PIN_C0, OUTPUT);       // initialize the pin C0 as an output

} // end of setup function

/*******************

* loop()

*

* Description: Set pin C0 high, wait 5ms, set pin C0 low, wait 5ms, and repeat

*

* Note: The while(1) loop isn't strictly necessary as the loop function gets repeatedly

*        called by the Arduino overmind

*

* Inputs: None

*

* Outputs: None

*/

void loop()                     

{

    while(1)

    {

      digitalWrite(PIN_C0, HIGH);

      delay(5);

      digitalWrite(PIN_C0, LOW);

      delay(5);

    } // end of while(1) loop

} // end of loop function
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Conditioning Circuitry
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