
 
  
  
 

Architecture and Programming of 8051 
 
 
 
Microcontroller  manufacturers  have  been  competing  for  a  long  time  for  attracting  choosy 
customers and every couple of days a new chip with a higher operating frequency, more memory 
and upgraded A/D converters appeared on the market. 

 
However, most of them had the same or at least very similar architecture known in the world of 
microcontrollers  as  “8051  compatible”.  What  is  all  this  about?  The  whole  story  has  its 
beginnings in the far 80s when Intel launched the first series of microcontrollers called the MCS 
051. Even though these microcontrollers had quite modest features in comparison to the new 
ones, they conquered the world very soon and became a standard for what nowadays is called the 
microcontroller. 

 
The main reason for their great success and popularity is a skillfully chosen configuration which 
satisfies different needs of a large number of users allowing at the same time constant expansions 
(refers to the new types of microcontrollers). Besides, the software has been developed in great 
extend  in  the  meantime,  and  it  simply   was  not  profitable  to  change  anything  in  the 
microcontroller‟s  basic  core.  This  is  the  reason  for   having  a  great  number  of  various 
microcontrollers which basically are solely upgraded versions of the 8051 family. What makes 
this microcontroller so special and universal so that almost all manufacturers all over the world 
ma name? 

 
As seen in figure above, the 8051 microcontroller has nothing impressive in appearance: 

 
4 Kb of ROM is not much at all. 
128b of RAM (including SFRs) satisfies the user's basic needs. 
4 ports having in total of 32 input/output lines are in most cases sufficient to make all 
necessary connections to peripheral environment. 

 
The whole configuration is obviously thought of as to satisfy the needs of most programmers 
working on development of automation devices. One of its advantages is that nothing is missing 
and nothing is too much. In other words, it is created exactly in accordance to the average user„s 
taste and needs. Another advantages are RAM organization, the operation of Central Processor 
Unit (CPU) and ports which completely use all recourses and enable further upgrade. 



 
 
 
 
 
 
 
 
 
5.2 Pinout Description 

 
Pins 1-8: Port 1 Each of these pins can be configured as an input or an output. 

 
Pin 9: RS A logic one on this pin disables the microcontroller and clears the contents of most 
registers. In other words, the positive voltage on this pin resets the microcontroller. By applying 
logic zero to this pin, the program starts execution from the beginning. 

 
Pins10-17: Port 3 Similar to port 1, each of these pins can serve as general input or output. 
Besides, all of them have alternative functions: 

 
Pin 10: RXD Serial asynchronous communication input or Serial synchronous communication 
output. 

 
Pin 11: TXD Serial asynchronous communication output or Serial synchronous communication 
clock output. 

 
Pin 12: INT0 Interrupt 0 input. 

 
Pin 13: INT1 Interrupt 1 input. 

 
Pin 14: T0 Counter 0 clock input. 

 
Pin 15: T1 Counter 1 clock input. 



Pin 16: WR Write to external (additional) RAM. 
 
Pin 17: RD Read from external RAM. 

 
Pin  18,  19:  X2,  X1  Internal  oscillator  input  and  output.  A  quartz  crystal  which  specifies 
operating  frequency  is  usually  connected  to  these  pins.  Instead  of  it,  miniature  ceramics 
resonators can also be used for frequency stability. Later versions of microcontrollers operate at 
a frequency of 0 Hz up to over 50 Hz. 

 
Pin 20: GND Ground. 

 
Pin 21-28: Port 2  If there is no intention to use external memory then these port pins are 
configured as general inputs/outputs. In case external memory is used, the higher address byte, 
i.e. addresses A8-A15 will appear on this port. Even though memory with capacity of 64Kb is 
not used, which means that not all eight port bits are used for its addressing, the rest of them are 
not available as inputs/outputs. 

 
Pin 29: PSEN If external ROM is used for storing program then a logic zero (0) appears on it 
every time the microcontroller reads a byte from memory. 

 
Pin 30: ALE Prior to reading from external memory, the microcontroller puts the lower address 
byte (A0-A7) on P0 and activates the ALE output. After receiving signal from the ALE pin, the 
external register (usually 74HCT373 or 74HCT375 add-on chip) memorizes the state of P0 and 
uses it as a memory chip address. Immediately after that, the ALU pin is returned its previous 
logic state and P0 is now used as a Data Bus. As seen, port data multiplexing is performed by 
means of only one additional (and cheap) integrated circuit. In other words, this port is used for 
both data and address transmission. 

 
Pin 31: EA  By applying logic zero to this pin, P2 and  P3 are used for data and  address 
transmission with no regard to whether there is internal memory or not. It means that even there 
is a program written to the microcontroller, it will not be executed. Instead, the program written 
to external ROM will be executed. By applying logic one to the EA pin, the microcontroller will 
use both memories, first internal then external (if exists). 

 
Pin 32-39: Port 0 Similar to P2, if external memory is not used, these pins can be used as general 
inputs/outputs.  Otherwise, P0 is configured as address output (A0-A7) when the ALE pin is 
driven high (1) or as data output (Data Bus) when the ALE pin is driven low (0). 

 
Pin 40: VCC +5V power supply. 
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