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MICROCONTROLLER PROJECT LABORATORY 
EDUCATIONAL STUDIES PROGRAM – HIGH SCHOOL STUDIES PROGRAM – SUMMER 2001 

 MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
 

LABORATORY I 
THE HUMAN-MICROCONTROLLER INTERFACE 

 
 

GOALS 
In this lab, students will: 
1. Construct the microcontroller kit 
2. Learn how to program the microcontroller 
3. Study current, frequency, and low-pass filters 

 
SUPPLIES 

Hardware: 
1) Breadboard 
2) Power adapter 
3) Serial cable & plug 
4) Speaker 
 
Tools: 
5) Wire stripper 
6) Digital multimeter 

 
Chips: 
7) Microcontroller: P89C51RD2 
8) Serial transceiver: DS14C232 
 
Discrete components:     
9) (6) 1 µF capacitors    
10) (4) 0.1 µF capacitors    
11) (2) 33 pF capacitors    
12) (1) 11.0592 MHz crystal 
13) (1) 2N3904 transistor 
14) (1) Green LED (light-emitting diode) 
15) (1) Yellow LED 
16) (1) 330Ω resistor   Code: Orange (3), Orange (3), Brown (x10), Gold (±5%) 
17) (1) 470Ω resistor   Code: Yellow (4), Violet (7),   Brown (x10), Gold (±5%) 
18) (2) push button switches 
 
Software: (available at http://web.mit.edu/dricket/microcontroller/) 
19) Philips WinISP 
20) R.exe (Rasm51E) 
21) Counter.asm 

VERSION 2
Corrections are 

highlighted 
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1.0 BUILDING THE LAB KIT 
 
1.1 POWER 

This section sets up a power grid on the breadboard.  It is detailed because it must be done right. 
 
A. Screw on the binding posts of your breadboard.   

From left to right, the colors should be: yellow, green, red, black.  
B. Cut the round end off of the power adapter.  Strip off the black cord insulation so that the red, 

black, and white wires inside stick out a few inches. 
C. Strip about ½” insulation off the red and black wires.  Cut off the white wire entirely. 
D. Use the red binding post on the breadboard to connect the short red wire to the red wire from the 

power supply.  The top part of the bind post unscrews (not the entire post), allowing you to insert 
both wires into the hole and then clamp them together. 

E. Use the black binding post to connect a short black wire to the black wire from the power supply. 
F. Connect the red wire to the very top row of the breadboard.  This wire is the positive power 

supply.  All wires connected to the positive supply should be red. 
G. Connect the black wire to the second row on the breadboard.  This wire is the neutral power 

supply, also called ground.  All ground wires should be black. 
 
Checkpoint: Plug in the power adapter, and use your voltmeter to verify that the top row is positive.  
  You should measure a voltage of about 5 volts. Record your voltage in section 4. 
 
Now we will power the rest of the board. 
 
H. Use a small red write to connect the upper row of the horizontal bus strip to the left column of 

the leftmost vertical bus strip.  (Red-to-red). 
I. Use a small black wire to connect the lower row of the horizontal bus strip to the right column of 

the leftmost vertical bus strip. (Black to black). 
J. Place a 0.1 µF capacitor connecting the top of two columns of the leftmost vertical bus strip.  Cut 

the leads (the end wires) so it doesn’t stick out too high.  This capacitor acts as a noise filter by 
letting high frequencies pass through, but maintaining the constant 5 volts. 

K. Repeat the last three steps for the other three vertical bus strips.   
 
Checkpoint: Now your have 5-volt power all over the breadboard!  Check with your voltmeter. 
 
Now we will provide a visual power indicator. 
 
L. Connect the green LED from position 3B1 to the top ground line, with the flat edge facing away. 
M. Connect the 330-Ω resistor from position 3D1 to the top +5V line.  
N. Measure the voltage at row 1, where the LED connects to the resistor, and record it in section 4.   

It should be near 2V. 
 
Checkpoint: The LED should be lit.  If this LED ever goes out, watch out!  You may have just 

connected the positive supply to ground, which can damage the power supply.  If this 
happens, turn off the power immediately and look for the short circuit. 

 
Congratulations!  Your power supply is complete!  When you connect the resistor, electricity flows 
through a complete loop, and as it passes through the LED, some power is converted to light.  Let’s find 
out how much. 



 
Microcontroller Project Laboratory Handout 3: Laboratory I          Version 2 Page – 3 – 

 
O. Calculate the current through the resistor, given by I = V/R.  I is the current in amps, V is the 

voltage difference across the resistor, and R is the resistance in ohms (Ω).  Record this current in 
section 4.  Your units should be milliamps, mA, 1/1000ths of an Amp. 

P. Now find the power that the LED converts to light, given by P = IV.  P is the power in watts, I is 
the current in Amps (from Q), and V is the voltage difference across the LED (different from the 
voltage across the resistor!).  Record this power in section 4.  Roughly how many times more 
powerful is a 60W light bulb in your ceiling? How many LEDs can the power supply light 
completely? (It provides 5 volts at up to 750 mA.)  Record these too. 

 
1.3 MICROCONTROLLER 

Microcontrollers are complete computers on a single chip, found in millions of electronic appliances that 
use computer technology without a complete PC.  This class uses the P89C51RD2 microcontroller from 
Philips.  It is part of the popular 8051 family of microcontrollers created by Intel.  Other 
microcontrollers include the 68- series from Motorola and the PIC series from Microchip.  They can cost 
as little as $1-2, but ours has special features that brings it up to $10.  
 

CAUTION: These expensive chips are out of stock from our supplier.   
Please do not break them carelessly.  

 
A. Insert the microcontroller into the top of the middle column of the breadboard, carefully 

straightening the pins against a flat surface if necessary.  Be sure that the dot is in the top left.  
This dot indicates pin 1.  The pin numbers increase counterclockwise up to 40 in the top right. 

B. Unplug the power. 
C. Connect pin 40 to +5 V and pin 20 to ground.  This is power supply for the chip. 
D. Connect pin 31 to +5 V.  This tells the microcontroller to run the code stored on the chip. 
E. Connect a 33 pF capacitor from pin 19 to ground, and the same from pin 18 to ground.  Connect 

the 11.0592 MHz crystal between pins 18 and 19.  This provides a clock for the chip. 
F. Connect a 1 µF capacitor from pin 9 to +5V.  When the power first comes on, this capacitor will 

let a brief reset signal through to restart the chip. 
G. Connect a white wire from pin 9 to position 1J17. 
H. Connect a red white from position 1J19 to +5V power. 
I. Place a push button switch connecting these two wires. (The gray kind we will use should have a 

little white hole facing you.)  This is the manual reset button. 
J. Similarly, connect a white wire from pin 29 to a switch, and connect a black wire from the 

switch to ground.  If this switch is closed when the microcontroller starts, it will run the program 
loader. 

 
Checkpoint: Turn on the power.  Make sure the LED light goes on, or you may have a short circuit.  

Measure the voltage at pin 1, and record it.  It should be slightly less than 5 V. 
Make sure that the button on the left causes pin 9 to go from 0 to 5 volts, and that the 
button on the right causes pin 29 to go from 5 to 0 volts. 

 
1.4 SERIAL CONVERTER 

The DS14C232 chip provides an interface between the microcontroller’s 0-5-volt signal and the ±12-
volt signal from a personal computer’s serial port. 
 
A. Turn off the power. 
B. Insert the DS14C232 chip into the left column of the breadboard, with the top left pin (with the 

dot) at row 6. 
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C. Place 1 µF capacitors between the following.  Be sure not reverse capacitors with a + and - sign! 
- Pin 6 (-) and ground (+) 
- Pin 2 (+) and +5 V (-) 
- Pin 1 (+) and pin 3 (-) 
- Pin 4 (+) and pin 5 (-)  
These capacitors are used for voltage conversion. 

D. Connect pin 16 to +5 V and pin 15 to ground.  This powers the chip. 
E. Connect pin 11 on the DS14C232 to pin 11 on the P89C51RD2 using blue wire.   

This is a straight horizontal connection on row 11.  This is the data transmit line. 
 F. Connect pin 12 on the DS14C232 to pin 10 on the P89C51RD2 using purple wire. 
  This is a straight horizontal connection on row 10.  This is the data receive line. 
 

Checkpoint: Turn on the power.  Measure and record the voltage at pin 14.  
You should see the results of the DS14C232 chip’s voltage converter. (Close to 10 volts) 

 
G. Connect the serial plug to the board: 

- Blue wire to pin 13 on the DS14C232 (row 9) 
- Purple wire to pin 14 (row 8) 
- Black wire to ground 

 
J. To test the serial port, open the Philips In System Programmer (From WinISP.exe). 
 For “Chip” choose P89C51RD2. 
 For “Port” choose whatever is available 
 For “Osc” enter 11. 
 
Checkpoint: Turn on the “Read” button in the middle.  (Not “Read Part.”) 
  The status display at the bottom should read “Boot Vector Read OK.” 
 
Congratulations!  You have successfully communicated between the personal computer and the 
microcontroller.  This is the complete hardware for lab 1. 
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2.0 PROGRAMMING THE MICROCONTROLLER 
 
2.1 CODING 
 Find the file “counter.asm”: (available from http://web.mit.edu/dricket/microcontroller/lab1.html) 

mov a, #0h ; Stores the value 0 into the variable A

count:
inc p3 ; Add one to p3
cjne a, p3, count ; If P3 is zero, continue to P2

inc p2
cjne a, p2, count ; If P2 is zero, continue to P1

inc p1
cjne a, p1, count ; If P1 is zero, continue to P0

inc p0
sjmp count 

 
This code repeatedly increments Port 3 (p3).  Each time p3 wraps around from 255 to zero, p2 is 
incremented (256 times slower).  Next slower is p1, then p0.  The net effect is that the microcontroller 
counts in binary on each of its 32 I/O pins. 

 
2.2 COMPILING 

A. Open a DOS prompt (for example, by running “cmd”) and change into the directory containing 
counter.asm.   

B. Type “r counter.asm –o –d”.   (You will need R.EXE from the resources web page.) 
The end of the response should be: 

6 0000 7400 mov a, #0h ; Stores the value 0 into the variable A
7
8 count:
9 0002 05B0 inc p3 ; Add one to p3

10 0004 B5B0FB cjne a, p3, count ; If P3 is zero, continue to P2
11
12 0007 05A0 inc p2
13 0009 B5A0F6 cjne a, p2, count ; If P2 is zero, continue to P1
14
15 000C 0590 inc p1
16 000E B590F1 cjne a, p1, count ; If P1 is zero, continue to P0
17
18 0011 0580 inc p0
19 0013 80ED sjmp count

no errors found...Rasm51E terminates... 
 

Look at some of the output from the command.  The first number on the left is the line number; then 
comes the address in code memory space; then comes the binary instruction code; and last is the original 
text.  For example, the line in bold above says that line 9 of the original file is at byte 0002 in the output 
file, the binary code for it is 05B0, which corresponds to inc p3. 
 
Find the binary instruction for “inc” and record it in section 4.  Also record the binary code for “p1” and 
“cjne”.  Each binary code is one byte, or two digits expressed in hexadecimal (0-9,A-F). 

  

http://web.mit.edu/dricket/microcontroller/lab1.html
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2.3 UPLOADING 
A. In the Philips In System Programmer, click on the “Load File” button.  Choose “counter.obj” in 

the same directory where you saved “counter.asm”. 
B. Click “Program Part”.  The response should be “Flash Programming Successful.” 
C. In the middle “Status” textbox, enter “0” instead of “FF”.  Hit “Write” and choose yes. 

The response should be “Boot Vector Programmed OK.” 
 
 Now we will run the code: 
 D. Reset the chip by momentarily pressing the clicking pushbutton.   

If you ever need to run the program loader again you will need to hold down the right pushbutton 
while clicking the left pushbutton. 

 
Checkpoint: Measure the voltage at microcontroller pin 5.  It should alternate between low of 0 volts 

and a high of 5 volts. 
 Congratulations!  You have successfully programmed the microcontroller! 
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3.0 EXPERIMENTS 
 
3.1 CURRENT 

A. Connect a yellow wire (yellow for experimental) from pin 5 on the P89C51 to 2F25. 
B. Connect the round side lead of the yellow LED to the yellow wire’s row, with the flat side facing 

towards you. 
C. Connect a 470 Ω resistor from the flat side of the LED to ground. 
 
Checkpoint: If you look closely, you should see the LED blinking very faintly.  Measure the 

maximum voltage from pin 5 of the microcontroller, and record it. 
 

The LED is dim because the microcontroller operates using very small currents.  In the water analogy 
for electricity, current is the quantity of water flow (10 gallons/minute), whereas voltage is water 
pressure (50 pounds/square inch).  A transistor can convert small currents into large currents.   

 
D. Insert the 2N3904 transistor with the flat side facing to the right and the bottom pin at 2H25. 
E. Move the yellow wire from 2F25 to 2F24. 
F. Connect the top lead (row 23) of the transistor to +5 V. 

 
Checkpoint: The LED should now light brightly.  The small current from the microcontroller controls 

a larger current flowing into the center of the transistor.  However, this control is not 
without a price.  Measure and record the maximum voltage at pin 5 of the 
microcontroller, and the voltage coming out the bottom of the transistor. 

 
 
3.2 FREQUENCY AND LOW-PASS FILTERS 
 

A. Move the end of the yellow wire from pin 5 on the microcontroller up to pin 4, then 3, 2, and 1.  
Leave the voltmeter connected to the other end of the wire, and observe readings on the 
voltmeter as the frequency increases.  Record the minimum and maximum voltage at pin 1. 

B. Move the yellow wire from pin 1 to pin 28, at row 13 on the right.  Then move down one row to 
pin 27, row 14.  Observe the LED and the display on the voltmeter.  Record the minimum and 
maximum voltage shown on the meter. 

C. Keep moving the wire down until you reach pin 23 at row 18.  What do you see from the LED?  
What does the voltmeter show? 

 D. Move the wire back up to row 13.   
E. Place a 1 µF capacitor between ground and position 2A25. 
F. Connect the speaker between the capacitor and the bottom lead of the transistor (on opposite 

sides of row 25 in the second column). 
G. Move the yellow wire back down one by one to pin 23 and beyond. 

The next faster pin after 25 is 17, on the left side, and its frequency increases going up to pin 12. 
 
Checkpoint: You should observe different cutoff frequencies for each of the three measuring tools: the 

meter, your eyes, and your ears.  Record the pin with the fastest frequency that each of 
these tools can detect.  These are all examples of low-pass filters, which reject high 
frequencies but accept low ones.   

 
Congratulations!  You have finished lab 1!   
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4.0 DATA 
 
Record your data here: 
 
NAME: ___________________________ 
DATE: ___________________________ 
 
 
 
1.2 POWER 
 Voltage from power adapter:        __________V 
 Voltage at junction of LED and resistor:      __________V 
 Current through resistor:        __________mA 
 Power consumption of LED:        __________mW 
 Number of times more power in a 60W light bulb:     __________ 
 Number of LEDs the power supply can light in this way:    __________ 
 
1.3 MICROCONTROLLER 
 Voltage on pin 1 at power up:        __________V 
 
1.4 SERIAL CONVERTER 
 Output of serial voltage converter:       __________V 
  
2.2 COMPILING 
 Code for INC:          ___ ___ 
 Code for P1:          ___ ___ 
 Code for CJNE:         ___ ___ 
 
3.1 CURRENT 
 Maximum voltage from pin 5 with LED connected     __________V 
 Maximum voltage from pin 5, feeding into transistor:    __________V 
 Maximum voltage out of transistor, feeding into LED:    __________V 
 
3.2 FREQUENCY AND FILTERS 
 Minimum and maximum voltage on multimeter for pin 1:  _______V   to   ______V 
 Minimum and maximum voltage on multimeter for pin 27:  _______V   to   ______V 
 Pin 23 LED description:        __________ 
 Pin 23 voltmeter display:        __________V 
 Fastest pin # detect by voltmeter:       __________ 
 Fastest pin # detect by eyes:        __________ 
 Fastest pin # detect by ears:        __________ 
  
 
Please hand in this sheet when completed. 


