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Abstract 
The objective of this paper is to design an 8 bit 
microprocessor using VHDL. The microprocessor will 
be design part by part of the consisting component and 
finally combined together to perform complete 8 bit 
microprocessor. This microprocessor has the several 
basic instructions of 8051 microcontroller.  
Keywords: VHDL, microprocessor, 
microcontroller, FPGA. 
 
1. Introduction  
 
Microprocessors are an important part of the 
field of electronics engineering. It is an 
important topic in computer architectures as it is 
the fundamental part of every computer system. 
Possibility of large Calculations in a small 
amount of time, programming capabilities and 
the potential to communicate with other devices 
has increased the scale of applications the 
microprocessor has been used in. At the present 
time every intelligent 
Electronic device such as a mobile phone or a 
navigation system does contain some kind of 
microprocessor. 
 
Many methods for teaching microprocessors 
have been proposed, one important method is 
simulation. It is defines a 
Simulation as 
 
“A model of a set of problems of events that can 
be used to teach someone how to do something, 
or the process of making such a model” [1] 
 
2. Functional Description 
 
The scope of this paper was to design an 8 bit 
microprocessor using VHDL.  The design was 
implemented by programming it onto an 
FPGA.  The design was first completed and 
simulated.  Once the simulation proved 
successful the VHDL was put onto the  

 
 
 
FPGA.  The Altera UP2 Development Board 
includes the FLEX10K FPGA that was 
used.  The goal was to design a microprocessor 
that is similar to an 8051.The preliminary goal 
was be to get several commands to work such 
as mov and add instructions.  The desired 
instructions to be executed and the data to be 
operated on were given to the  
system as inputs. The result of the executed 
instructions was the output.  After testing the 
individual parts they were then combined to test 
functionality.  The final goal was to program an 
FPGA with the VHDL that was written. 
Simulation is a very important part of research 
and system analysis.  
 
3. Advantages of VHDL 
 
Five important advantages over other design 
techniques. [2] 
 
Simulation Allows Experimentation without 
Disruptions to Existing Systems. Implementing 
new ideas to an existing system may be costly or 
impossible to achieve. For example in car 
manufacture where production is run constantly, 
implementing a new untested feature may cause 
production to. 
 
A Concept Can Be Tested Prior to Installation: 
Simulation testing may reveal unforeseen design 
flaws and allows the designer to improve the 
model. 
 
Speed in Analysis: This is one of the most 
important advantages of simulation. After a 
model has been developed, it is possible to run 
the simulated system at speeds much higher or in 
some cases at lower speeds. 
 
For example, in a microprocessor moving data 
from one register to another is done in a fraction 
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of a microsecond. To animate this process the 
simulation would be run at a much lower speed 
so that the process can be captured by the user. 
In long-term processes such as the Earth 
revolving around the Sun the speed of simulation 
is increased and the simulation can be 
accomplished in a few seconds. 
 
Force System Definitions: The development of 
simulation forces the designers to implement a 
fully defined model including all its expected 
parameters that are required to operate it. If the 
system has incomplete definitions the output of 
the simulation will of course be incorrect and 
such a model should not be used as an analysis 
tool. 
 
Enhances Creativity: Designing a model might 
reveal several possible solutions to a problem, 
one solution might be more expensive but will 
work and the other one may require 
implementing a new technology and is less 
expensive compared to the first solution but is 
somewhat risk 
 
4. Operations 
 
There were several different executable 
instructions available.  The instructions that were 
implemented first were mov and add. Later 
additions included rotate, various logic 
functions, and other arithmetic operations.  The 
instructions that are normally available on an 
8051 that I have implemented are mov, add, 
subb, mul, orl, anl, xrl, rl, rlc, rr, and rrc. 
 
 
5. System Block Diagram 
 
The block diagram in Figure 2 shows how the 
data and instructions are handled in the 
ACC/ALU module.  The Accumulator accepts 
the data that is to be manipulated.  The ALU 
takes the additional data that will be operated on 
and the Instructions for that data from the system 
bus.  The result of the operations is then placed 
back in the Accumulator.  The data can only be 
sent to the system bus from the 
Accumulator.  The ALU can only read the 
additional data and instructions from the bus and 
cannot send any information to the bus.  This 
process is shown in a flowchart in Figure 3. 
 
 

 

 
 

Figure 1 Accumulator and ALU subsystem 
 
 

 
 
Figure 2 Accumulator and ALU flowchart  
 
Control and Timing: 
 
A control unit is a component of CPU that 
manages internal parts of the microprocessor and 
external I/O devices. The main purpose of the 
control unit is to _ read the memory address with 
instruction 
_ decode instruction 
_ execute instruction 
A program counter register is a part of the 
control unit. It stores the memory address that 
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keeps track of the next instruction to be read 
from memory. 
The clock system produces a sequence of clocks 
of specified frequency. These sequences are then 
used to execute instructions. However, one 
instruction can consists of two or more 
microinstructions; the execution may take more 
clocks until the instruction is fully executed. 
CPU timing determines the speed of execution of 
the steps performed by the control unit. It is 
measured in Hertz.  
 
6. 8051 Microcontroller 
 
The synchronous 8051 microcontroller is a 
common processor found in many embedded 
systems. .  It can be found as a component in 
many analog to digital converters, pulse-width 
modulators, and bus interfaces. 
 
7. Types of Memory 
 
The 8051 has three very general types of 
memory. To effectively program the 8051 it is 
necessary to have a basic understanding of these 
memory types. [3] 
 
On-Chip Memory refers to any memory (Code, 
RAM, or other) that physically exists on the 
microcontroller itself. On-chip memory can be of 
several types, but we'll get into that shortly. 
 
External Code Memory is code (or program) 
memory that resides off-chip. This is often 
in the form of an external EPROM. 
 
External RAM is RAM memory that resides off-
chip. This is often in the form of standard static 
RAM or flash RAM. 
 
Code memory is the memory that holds the 
actual 8051 program that is to be run. This 
memory is limited to 64K and comes in many 
shapes and sizes: Code memory may be found 
on-chip, either burned into the microcontroller as 
ROM or EPROM. Code may also be stored 
completely off-chip in an external ROM or, more 
commonly, an external EPROM. Flash RAM is 
also another popular method of storing a 
program. Various combinations of these memory 
types may 
also be used--that is to say, it is possible to have 
4K of code memory  on-chip and 64k of code 
memory off-chip in an EPROM. 

When the program is stored on-chip the 64K 
maximum is often reduced to 4k, 8k, or 16k. 
This varies depending on the version of the chip 
that is being used. Each version offers specific 
capabilities and one of the distinguishing factors 
from chip to chip is how much ROM/EPROM 
space the chip has. However, code memory is 
most commonly implemented as off-chip 
EPROM. This is especially true in low-cost 
development systems and in systems developed 
by students. 
 
Programming Tip: Since code memory is 
restricted to 64K, 8051 programs are limited to 
64K. Some assemblers and compilers offer ways 
to get around this limit when used with specially 
wired hardware. However, without such special 
compilers and hardware, programs are limited to 
64K. 
 
8. Register Banks 

 
The 8051 uses 8 "R" registers which are used in 
many of its instructions. These "R" registers are 
numbered from 0 through 7 (R0, R1, R2, R3, R4, 
R5, R6, and R7). These registers are generally 
used to assist in manipulating values and moving 
data from one memory location to another. For 
example, to add the value of R4 to the 
Accumulator, we would execute the following 
instruction: 

ADD A, R4 
However, as the memory map shows, the "R" 
Register R4 is really part of Internal RAM. 
Specifically, R4 is address 04h. This can be seen 
in the bright green section of the memory map. 
Thus the above instruction accomplishes the 
same thing as the following operation: 

ADD A, 04H 
This instruction adds the value found in Internal 
RAM address 04h to the value of the 
Accumulator, leaving the result in the 
Accumulator. Since R4 is really Internal RAM 
04h, the above instruction effectively 
accomplished the same thing. When the 8051 is 
first booted up, register bank 0 (addresses 00h 
through 07h) is used by default. However, your 
program may instruct the 8051 to4 use one of the 
alternate register banks; i.e., register banks 1, 2, 
or 3. In this case, R4 will no longer be the same 
as Internal RAM address 04H. 
For example, if your program instructs the 8051 
to use register bank 3, "R" register R4 will now 
be synonymous with Internal RAM address 1Ch. 
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The concept of register banks adds a great level 
of flexibility to the 8051, especially when 
dealing with interrupts (we'll talk about 
interrupts later). However, always remember that 
the register banks really reside in the first 32 
bytes of Internal RAM. 
Programming Tip: If you only use the first 
register bank (i.e. bank 0), you may use Internal 
RAM locations 08h through 1Fh for your own 
use. But if you plan to use register banks 1, 2, or 
3, be very careful about using addresses below 
20h as you may end up overwriting the value of 
your "R" registers! 
 
9. Hardware Description Languages 
(HDLs) 

 
Designers use Hardware Description Languages 
(HDLs) to describe the behavior and structure of 
system and circuit designs. Understanding FPGA 
architecture allows you to create HDL code that 
effectively uses FPGA system features. 
 
10. Advantages of Using Hardware 
Description Languages (HDLS) to 
Design FPGA Devices 

 
Using Hardware Description Languages (HDLs) 
to design high-density FPGA devices has the 
following advantages: [4] 
 
Top-Down Approach for Large Projects:  
 Designers use HDLs to create complex designs. 
The top-down approach to system design works 
well for large HDL projects that require many 
designers working together. After the design 
team determines the overall design plan, 
individual designers can work independently on 
separate code sections. 
 
Functional Simulation Early in the Design Flow: 
You can verify design functionality early in the 
design flow by simulating the HDL description. 
Testing your design decisions before the design 
is implemented at the Register Transfer Level 
(RTL) or gate level allows you to make any 
necessary changes early on. 
 
 Synthesis of HDL Code to Gates: 
Synthesizing your hardware description to target 
the FPGA implementation: 

Decreases design time by allowing a higher-level 
design specification, rather than specifying the 
design from the FPGA base elements. 
Reduces the errors that can occur during a 
manual translation of a hardware description to a 
schematic design. 
Allows you to apply the automation techniques 
used by the synthesis tool (such as machine 
encoding styles and automatic I/O insertion) 
during optimization to the original HDL code. 
This results in greater optimization and 
efficiency. 
 
Early Testing of Various Design 
Implementations 
 
HDLs allow you to test different design 
implementations early in the design flow. Use 
the synthesis tool to perform the logic synthesis 
and optimization into gates. 
Additionally, Xilinx FPGA devices allow you to 
implement your design at your computer. Since 
the synthesis time is short, you have more time 
to explore different architectural possibilities at 
the Register Transfer Level (RTL). You can 
reprogram Xilinx FPGA devices to test several 
design implementations.[7] 
 
Reuse of RTL Code 
 
You can retarget RTL code to new FPGA 
devices with minimum recoding.     
  
11. Architecture of Processor 

 
The internal architecture of this processor is 
RISC like. It executes all of its native 
instructions regularly, in just one clock cycle. 
Soon after the rising edge of the clock signal, a 
instruction code is received from the program 
memory; these bits are decoded in order to 
execute all duties involved by the instruction; 
when the following rising edge arrives, all 
Processor parts are prepared to update to newer 
values, and the address of the following 
instruction has been sent to the program memory 
to receive a new instruction code. [5] 
The Verilog code of this processor begins, as 
usual, with a declaration of its ports. It uses a 
‘clk’ signal for synchronization and an active 
high ‘reset’. This processor is connected to a 
private program memory through three signals: it 
sends the address of the following instruction 
using ‘progAddress’; on the rising edge of the 
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next clock cycle it receives the code of the 
current instruction on ‘progData’. This processor 
also sends a ‘progReset’ signal to clear the 
‘progData’ value received from the program 
memory in order to reset or interrupt the 
processor [6]. 
 
12. Simulation 

 

 
 

Figure 3 simulation 
 

 
 

Figure 4 simulation 
 

13.Result 
 
The RTL of our microprocessor is as shown in 
fig.5 
 

 
 

Figure 5 RTL 
 
14. Conclusion 

 
We have successfully simulated an 8-bit 
dedicated processor for 8051 microcontroller 
using the VHDL language. Our processor has six 
main components namely IR, ALU unit, register 
unit. Our System can be implemented on Xilinx 
Spartan 3 using ISE Design Suite 8.1i and 
VHDL language. Our dedicated processor has a 
distinct advantage over a general purpose 
processor, since it repeatedly performs same task 
its design is more efficient and consumes less 
resources and is less time intensive. 
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