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STEP 1 AROUND THE 89C5X 
MICROCONTROLLER 

 

The 89C5x is a 40 pin IC. This section contains details 
 of the pins significant for operations. Quite broadly, the 
89C5x has four 8 bit ports: port 0, 1, 2 and 3. Port 0 is a 
dual purpose port on pins 32-39. It is used as a general 
purpose I/O port. For larger designs with external 
memory it becomes a multiplexed address and data 
bus. Port 1 is a dedicated I/O port on pins 1-8. Port 2 is 
dual purpose port serving both as a general purpose I/O 
port and as the high byte of the address bus for designs 
with external code memory or more than 256 bytes of 
external data memory. The port 2 is connected to the 
LCD. Port 3 is a dual purpose port on pins 10-17. These 
pins are multifunctional with each having an alternate 
purpose related to special features of the 89C5x. These 
ports are either byte addressable or bit addressable, i.e. 
the port can be accessed as a byte as shown below: 
 
P0 = 0xff; // set all the pins of the port 0 as high. 
P1= 0x0f; // sets the MSB of the Port 1 as high 
P2=0xf0; //sets the LSB of the Port 2 as high 
 
Or, a specific pin can be addressed individually as shown: 
sbit pin = P0^1; // Declaration of Pin 2 of Port 0 with variable name 
‘pin’ as sbit. 
 
. 
. 
pin = 1; // Set ‘pin’ as high 
pin = 0; // Set ‘pin’ as low 
 
Similarly the 89C5x has RAM spaces which are bit 
addressable or byte addressable. It has special function 
registers for working with timers, serial port and 
interrupts, which are both byte addressable and bit 
addressable. The use of these registers would become 
clear in the following labs. The language we would be 
using to program the microcontroller is C51. 
 
 



 

 

STEP 2 WRITING ON THE LCD 
 

Objective 
To familiarize the student with microcontroller 
programming, uploading and running. 
 
Apparatus  
The Microcontroller based trainer, the Microcontroller 
programmer, the 89C5x microcontroller, a computer with 
KEIL IDE installed. 
 
Procedure 
Open a new project in KEIL IDE and name it Lab_1. 
After selecting the appropriate chip and initializing the 
settings, right click on the source folder and click on Add 
files to project. Go to the lib folder as shown in figure. 
Select the following library file by first selecting file of 
type as .lib files  
Add this file to your project. Now create a new source 
code file enter the following code in it, save it with the 
name Lab_1_code.c and add to your Source Group 
 
#include <lcd4bitx51.h> // To include library functions for LCD 
 
void main() 
{ 
int i,j; 
 
while(1)  // Effectively an embedded program never ends  
{ 
 InitLCD_rimsDEV2763(); // Initialize the LCD Display 
 for(i=0;i<1000;i++) // Cause a delay of 1 seconds 
approximately 
  for(j=0;j<100;j++); 
 PrintLCD("Hello World"); // Display on the LCD Display 
Hello world 
 for(i=0;i<1000;i++) 
 for(j=0;j<100;j++); 
}   } 
 
Compile the program and then upload it into the 
microcontroller. After loading the program in the 
microcontroller place it in the Ziff socket of the 
Microcontroller based trainer and close the knob. You 

 
Adding Files 

 

 
Assigning the Library for 

LCD 



 

 

should see the text “Hello World” written on the LCD 
screen. Now modify the above program as under: 
 
#include <lcd4bitx51.h> 
void main() 
{ 
int i,j,k; 
 
while(1) 
{ 
 InitLCD_rimsDEV2763(); 
 for(i=0;i<200;i++) 
  for(j=0;j<100;j++); 
 LocateLCD(1,k); // Place the cursor at the location indicated 
 PrintLCD("Hello World"); 
  for(i=0;i<200;i++) 
  for(j=0;j<100;j++); 
  
k++; // Increment k so the text scrolls on the display 
 if(k > 16) // The LCD can display up to 16 characters  
 k = 1; 
} } 
 
Once loaded this program would display a message 
“Hello World” on the LCD scrolling from left to right.  
The program is self explanatory for an experienced 
C/C+ programmer. The InitLCD_rims DEV2763 () 
automatically initializes the LCD and clears the display 
of any previous text. The ‘for’ loop next inserts a short 
delay. Locate LCD (1, k) brings the current cursor to 
position 1, k. Where 1 is the row number and k is the 
column number (the LCD has 2 rows and 16 columns). 
There for loop again inserts a short delay. k++ 
increments the column number and the next if statement 
checks to see if the column number has exceeded 16 if 
so it reinitializes it back to 1. The same program runs 
over and over again because of the while loop. 
 
Lab Discussion  
In this lab, you learned how to program the 
microcontroller to display text the LCD. You can 
consider the LCD of the analogous to your monitor; the 
only difference is that the LCD only has 2 rows and 16 
columns as compared to the monitor which has 60 rows 
and 80 columns for text. Secondly, the LCD can only 
display text messages. 



 

 

 

STEP 3 BIT AND BYTE ADDRESSING THE 
PORTS 

 

Objective  
To introduce the concepts of bit and byte address ability 
of the ports. 
 

Apparatus 
Same as in lab 1, circuit patching wire, stripper 
 

Procedure  
Cut 8 pieces of 6” long wire and strip off the ends of the 
wire 1.5cms approximately. Place one end of each wire 
in the connectors of the microcontroller from 32 to 39. 
Connect the other end of the wires to the LEDs on the 
microcontroller based trainer. Open a new project in 
KEIL IDE and name it Lab_2. After initialization enters 
the following program, save it as Lab_2_code.c and add 
it to your source group. Compile it and then load it. 
 
#include <reg51.h> // Necessary for including 89C5x functions 
 
void main() 
{ 
int i; 
P0 = 0x00; // Initialize the port 0 
 
while(1) 
{ 
 P0 += 1; // Increment the value of port 0 by 1 
 for(i=0;i<1000;i++); // a short delay 
 if(P0 == 0xff) //Check to see if Port 0 is equal to 0xff 
 P0 = 0x00; 
} 
} 
This program addresses the port 0 and increments its 
value by using byte addressing. The port is initialized to 
0x00 and subsequently incremented by 1 till it reaches 
0xff where it is again reinitialized to 0x00. The pattern 
can also be seen on the LED panel on the 
Microcontroller based trainer, when it is switched on with 
the IC in the ZIF Socket. Various LEDs will also come 
on as the port value is incremented from 00000000 (all 
LEDs Off) to 11111111 (all LEDs On). 



 

 

In the same way, port 1, port 2 and port 3 can be byte 
addressed as P1, P2 and P3 respectively. 
Remove all the circuit patching wires, expect for the wire 
in pin number 39 and 38. Connect the other end of the 
wires to any two logic switches. Open KEIL IDE once 
again open a new project as Lab_2_1. Do the settings 
as you did in lab 1.and also add the lcdrim-dev2763.lib 
file as explained in lab 1. Now enter the following 
program save, it as Lab_2_1_code.c and add it to your 
source group. Compile it and load it. 
 
#include <lcd4bitx51.h> // Library file needed to include LCD functions 
sbit pin1 = P0^0; // Declare pin 1 of port 0 as sbit pin1 
sbit pin2 = P0^1; // Declare pin 2 of port 0 as sbit pin2 
void main()  { 
int i,j; 
P0 = 0x00; 
while(1) 
{ 
InitLCD_rimsDEV2763(); 
 if(pin1) // Check to see if pin1 is High  
 { LocateLCD(1,1); 
  PrintLCD("pin1 is high");} 
 else 
 { LocateLCD(1,1); 
  PrintLCD("pin1 is low");}  
if(pin2) 
 { LocateLCD(2,1); 
  PrintLCD("pin2 is high");} 
 else 
 { LocateLCD(2,1); 
  PrintLCD("pin2 is low");} 
 for(i=0;i<500;i++) 
 for(j=0;j<100;j++); 
} } 
This is another example of addressing the pins but this 
time it is bit addressing. This program checks to see if 
pin 1 and pin 2 of port 0 named as P0^0 and P0^1 
respectively are high or low and displays the result on 
the LCD. You can toggle the switches and see what 
happens. In the same way ports 1, 2 and 3 can be bit 
addressed by using P1^x, P2^x, P3^x respectively. 
 
Lab Discussion  
In this lab, you did bit and byte addressing of the ports. 
In addition you also verified the concepts of input and 
output on the ports. In this way ports can be used to 
drive an LED on or check to see if a certain input is 
being applied on the port pins. 



 

 

 

STEP 4 SERIAL COMMUNICATION WITH 
THE PC 

 

Objective  
To introduce the concepts of serial communication for 
the 89C5x 
 

Apparatus  
Serial cable, PC with serial COM port and Hyper 
Terminal Software installed, RIMS Micro-controller 
trainer 
 

Procedure 
The 89C5x has a serial port that has four modes of 
operations. We will use the mode, which is referred to 
as 8-bit auto reload mode with variable baud rate. The 
mode of the serial port is set with the Special function 
register, SCON. The baud rate of the serial port is set by 
timer 1 and is set by special function register, TMOD. 
Connect one end of the serial cable to the COM port on 
the PC and the other end to the serial connector of the 
microcontroller based trainer. Open a new project in 
KEIL IDE and name it Lab_3. After initializing the 
settings, open a new text file; enter the code given 
below and save it as Lab_3_code.c 
 
#include <reg51.h> 
#include <studio.h> // Included for printf() function 
void main() 
{ 
int I,j; 
SCON = 0x52; // Initialize the serial port in 8-bit auto reload mode 
TMOD = 0x20; // Initialize the timer 
TH1 = -24; // Reload value of the timer for baud rate 1200 bps 
TR1 = 1; // Start the timer 
TI=1; // Essential settings 
RI=0;// Essential settings 
 
while(1) 
{ 
printf(“RIMS DEV 2763”); // Sends RIMS DEV2763 on the serial port 
 
for(i=0;i<700;i++) 
 for(j=0;j<100;j++); // Inserts a short delay 
} } 



 

 

In the PC open the Hyper Terminal software. Set the 
baud rate to 1200 bps. The text “RIMS DEV2763” 
should start appearing on the screen. 
 
Lab Discussion  
This lab shows how to establish serial communication 
over a serial cable from a microcontroller to a PC. The 
same link can be established between one 
microcontroller and another with one sending and the 
other receiving. The serial port provided with the 
microcontroller is a full duplex communication link with 
variable baud rate. The baud rate is selected by the 
statement TH1 = -24. This value establishes a baud rate 
of 1200 bps. A value of –12 gives a baud rate of 2400 
bps, -6 gives 4800 bps and –3 gives 9600 bps.  In this 
lab the printf () function was used for transmitting data 
from the microcontroller to the PC. In C/C++ printf() 
sends the string passed to the function to the standard 
input /output which, in case of the microcontroller, is the 
serial port. You might be thinking that you can use the 
scanf () function for receiving data from the serial port. 
Yes, you can. However, both printf () and scanf () 
impose very heavy burden on the program size. A better 
method for transmitting and receiving data is given in 
the next lab. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

STEP 5 GENERATING A SQUARE WAVE 
USING A MICROCONTROLLER 

Objective 
To teach the student how to generate square waves of 
different frequencies using the built-in timers of the 
89C5X series microcontrollers 
 
Apparatus 
Microcontroller Trainer, MultiMeter. 
 
Procedure  
In this lab you will generate a square wave on pin 1 of 
port 0 and read its frequency on a multimeter. Open 
KEIL IDE and enter the following program in a new 
project and file: 
 
#include <reg52.h>                   
sbit i0=P1^0;                     //defines the single bit variable 
sbit FreqOut=P0^0;          //defines the single bit variable 
void main (void)  { 
 P1=0xff; //initialize Port 1 for input  
 P0=0x00; //initialize Port 0 for output 
      while(1){ 
  /* 10 KHz square wave generation */ 
     while (!i0){                // loop if Port 1 pin0 is low 
 TMOD=0x02;       // set the timer0 to 8 bit auto reload MODE  
 TH0=-50;                // loads the register TH0 for 50uSec delay 
 TR0=1;                  // starts the timer 
 while(!TF0);            // on timer overflow TF0=1 
 TF0=0;                  // resets the timer flag  
 FreqOut=!FreqOut;       // complements the Port0 pin1  /* 
1 KHz square wave generation */ 
 while (i0){                 // if Port 1 pin0 changes to high 
  TMOD=0x01; // set the timer0 to 16 bit timer MODE  
  TH0=0xFE;               // loads the register TH0 with FE 
  TL0=0x0C;               // loads the register TL0 with 0C 
  TR0=1;                  // starts the timer 
  while(!TF0);        // checks the timer overflow flag bit 
  TR0=0;                  //stops the timer 
  TF0=0;                  // resets the timer flag  
  FreqOut=!FreqOut;    // complements the Port0 pin1 
 } } } 
void Delay1(void){                  //function for delay of 20000uSec 
int I,j,k; 
 for (i=0;i<1;i++){ 
   for (j=0;j<100;j++){ 
    for (k=0;k<100;k++){ 
   } } } } 



 

 

The comments effectively explain what the program 
does in this case. 
 
Lab Discussion  
As mentioned earlier, the 89C5x microcontroller has two 
timers (89C52 has 3). These timers are 16 bit and can 
be used to time various events, perform event counts, or 
cause delays etc. The timers can also be used in 13 bit 
and 8 bit modes as specified by the special function 
register TMOD of the microcontroller. TMOD = 0x02; 
sets the microcontroller’s timer 0 in 16 bit mode. Then 
the THx and TLx (TH0 for timer 0 and TH1 for timer 1) 
bytes set the timer reload value. The timers initially start 
from the value specified by THx and TLx and go to ffff. 
After ffff the timer overflows and the timer flag TFx is set 
(TF0 for timer 0 and TF1 for timer  
1). In this lab you generated a square wave using the 8-
bit auto reload mode and the 16-bit mode. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

STEP 6 MEASURING THE FREQUENCY OF 
A WAVEFORM 

 

Objective  
To measure the frequency of a waveform, using a 
microcontroller and displaying it on the LCD.  
 
Apparatus 
Microcontroller based trainer, Circuit patching wire, 
MultiMeter. 
 
Procedure 
From the previous Lab you learned that the 
microcontroller’s timer can be used to generate delays, 
time events etc. Another very useful application of the 
microcontroller’s timers is event counting. An event, 
quite broadly, is a transition of state. The technique 
employed to measure the frequency is to, use one of the 
timers as an event counter. The other timer simply 
provides the baud rate for the serial port operation. The 
measured frequency is calibrated, displayed on the LCD 
and sent across the serial port. A GUI made in Lab 
Windows/CVI running on the PC end, which captures 
the value of the frequency on the serial port and 
displays it in various formats. Open a new project in the 
KEIL IDE, and name it as Lab_6. Add the settings for 
using the LCD. Open a new text file, enter the following 
code and save it as Lab_6_code.c 
 
#include <stdio.h> 
#include <lcd4bitx51.h> 
 
sbit frequencyPin=P3^2;  // The pin to which the frequency is applied 
sbit low_freq=P0^0; // If this pin is high it indicates low frequency 
sbit high_freq=P0^1; // If this pin is  high it indicates high frequency 
unsigned char k,l; 
float count; 
 
unsigned char buffer[20]; 
void main() 
{ 
 
 TMOD = 0x25; /* Initialize both timers timer 0 as event counter 
timer 1 for baud rate generation */ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 SCON = 0x52; // Select serial port mode 
 TH1=-3; // Serial port baud rate 9600 bps 
 TR1=1; // Start timer 1 
 TI=1;  
 
 P0=0; 
 InitLCD_rimsDEV2763(); // Initialize LCD 
 
 
 LocateLCD(2,1); 
 PrintLCD(“Demo RIMS”); 
 
 while(1) 
 { 
  TH0=0; // Load timer zero high byte with zero 
  TL0=0; // Load timer zero low byte with zero 
  TR1=0; // Ensure timer zero is off 
  TR0=1; // Start timer zero for event counting 
  for(k=0;k<2;k++) // Insert a short delay 
   for(l=0;l<200;l++); 
  TR0=0;  
/* Stop timer zero, The number of events counted are stored in TH0 and 
TL0 */ 
count =(((float)TH0*256.0+ (float)TL0)*0.9505971)* 300.0 /1000.0; 
/* The above statement is a calibration statement for frequency*/ 
 if (count<1.0)  
// Settings to measure high  and low frequency 
  {low_freq=1;high_freq=0;} 
 else if (count>100.0) 
  {low_freq=0;high_freq=1;} 
 else 
  {low_freq=0;high_freq=0;} 
  sprintf(buffer,”f = %7.4fKHz”,count);  
/* Make a string buffer for LCD and serial port*/ 
  LocateLCD(1,1); 
  PrintLCD(buffer); 
    
   TR1=1; 
   TI=1; 
  for(k=0;k<15;k++)  
// Block for transmitting the buffer to port 
  { 
      while(!TI); 
      TI=0; 
   SBUF = buffer[k]; 
  } 
 } 
} 
 
After saving, compiling and loading this program, cut off 
3 5” wires and strip off the ends. Connect the pin 
number 39, 38 of the microcontroller to two LEDs. 
Connect one end of another piece of wire to clock 
generator connector and the other end to pin 12 of the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

microcontroller. Connect the serial port connector of the 
trainer to the serial port of PC using the given cable. Go 
to the folder KEIL C51 EXAMPLES FREQUENCY CVI. 
Click on the application VMS. 
 
The following application should appear on the screen, 
 
 Now insert the programmed microcontroller into the 
trainer. Switch it on, and press the Reset button. Adjust 
the frequency from the Frequency knob. You should see 
a changing frequency on the GUI. Also you would see 
the value of the generated frequency on the LCD. 
 
Lab Discussion 
In this lab we discussed the concepts of measuring 
frequency, and using a timer as an event counter.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Frequency Meter in 
Windows Environment 

 



 

 

STEP 7 INTERFACING EXTERNAL HARDWARE TO 
THE MICROCONTROLLER 

 

Objective 
To teach the student how to interface an external 
device, specifically an analog to digital converter to the 
microcontroller 
 
Apparatus 
Microcontroller based trainer, Programmer, ADC0804 A-
D converter. 
 
Procedure 
To be able to interface any kind of hardware, you will 
have to clearly understand its datasheet, as most of the 
required information is given in it. For this case as well, 
do a thorough study of the datasheet of the ADC0804, 
understand as much as you can as every thing cannot 
be told in this manual. The A-D converter converts, 
analog signals to 8-bit digital format. Before interfacing 
an external IC you have to make sure that it is of TTL 
type, so that it matches the microcontroller inputs and 
outputs. If it is of CMOS type then you would have to 
use a buffer, (a TTL to CMOS converter) the CD4050. 
The ADC-0804 can drive TTL loads, so you don’t need a 
buffer. Patch a circuit as shown below and connect the 
connectors from DB1 to DB8 to the connectors of port 0 
of the microcontroller. Take a circuit patching wire and 
connect the Vin(+) 6pin to Waveform connector on the  
Trainer. 
 
Open a new project in KEIL IDE name it Lab_7. Add the 
settings to run the LCD. Enter the following code, 
 
#include <lcd4bitx51.h> 
#include <stdio.h> // Required for the function sprintf 
void main() 
{ 
unsigned char buffer[17], readValue=0,i; 
float voltage; 
P0 = 0xff; // Initialize port 0 to read external values 
P0 = 0x00; 
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InitLCD_rimsDEV2763(); 
PrintLCD("Value read :"); 
while(1) { 
for(i=0;i<100;i++) // Read 100 values and average them 
 readValue += P0; 
 
readValue = readValue / 100; 
 
// Convert unsigned char value to 5 Volt floating voltage value 
voltage =( readValue*5 )/ 256; 
 
sprintf(buffer,"%3.2f Volts\0"); 
LocateLCD(2,1); 
PrintLCD(buffer); 
}   
} 
 
In the above example, one thing to keep in mind is that 
the A to D converter is running in self-clocking and free 
running mode. It automatically converts any analog 
signal applied to its input into 8-bit digital code at the 
output. So you read 100 values and took their average, 
and then converted it back into the voltage format and 
display it on the LCD. 
 
Lab Discussion 
This lab served as an introduction to interfacing external 
hardware to the microcontroller. As discussed earlier, 
before interfacing any external device to the 
microcontroller, the datasheet of the particular device 
should be first consulted. Besides the A/D, a host of 
devices can be interfaced to the microcontroller.  
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