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Abstract - In this paper, we have implemented 8 bit soft-core using VHDL, which is compatible with Intel 8051.Design consists of the control 

block and a memory block communicating through a bi-directional data bus, an address bus, and a few control lines. The control unit fetches 

instructions from the external memory and executes these instructions to run a program. These instructions are stored in the ROM and decoded 

by the decoder. The control unit generates the appropriate signal to execute the instruction. With this soft-core we can perform 8 bit data 

transfer, simple arithmetic & logical operation, branching operation. Also this design support immediate, direct, register, indirect, register 

indirect addressing modes.  

       In this design part, the codes for the 8051 components like ALU (Arithmetic and Logic Unit), shift register, comparator, etc. have been 

written in VHDL (VHSIC Hardware Description Language) where VHSIC stands for Very High Speed Integrated Circuit. These individual 

components together form 8051. In the simulation part, the codes have been tested and verified using Xilinx ISE 8.2i synthesis tool. The 

waveforms of some of the components are also been verified. In the implementation part, the codes have been downloaded as a single 8051 unit 

on the SPARTAN 3 FPGA Kit using Xilinx. The components of 8051 like ALU, RAM and ROM have also been downloaded into the FPGA 

and tested and verified successfully on the kit itself.  

       Today the best way to synthesize ASIC and FPGA devices is VHDL. Synthesis is a process of automatic conversion of a 

higher level of abstraction to lower level of abstraction. There are several tools available currently. In our project, we have used the 

commercially available Xilinx ISE 8.2i synthesis tool. It converts Register Transfer Level (RTL) description into gate level netlists. Since the 

FPGA consists of thousands of AND-OR gates, these netlists can be downloaded successfully into the FPGA.  

a) Keyword - VHDL, FPGA, Microcontroller, Soft-core. 

  

II. INTRODUCTION 

         A core which is implemented by using logic synthesis 

called as soft processor. Many design styles can be considered 

for chip implementation of specified algorithms or logic 

functions.  This can be implemented using three different 

approaches, Field- Programmable Gate-Arrays (FPGAs), 

Application Specific Integrated Circuits (ASICs), Computer 

Aided Design (CAD) tools.[1] 

       There are several soft cores available in the market, e.g. 

PicoBlaze, MicroBlaze, Openfire, Nios, Nios II, Cortex-M1, 

Mico8, Mico32 and AEMB. Out of which PicoBlaze and 

mico8 are the 8-bit open source soft-cores available in the 

market. Authors have chosen an 8 bit microcontroller core 

because in few years we saw the continuous growth of 

embedded systems design and it’s application which are 

mostly based on microcontrollers which have full computer 

system on a small single chip with different peripheral 

interfaces to handle complex system in industries [2]. 

          The technological advances in PLD such as Field 

Programmable Gate Array (FPGA), allowed to design and 

develop high-performance complex digital systems and 

capable of reconfiguring the hardware in order to optimize the 

features required to systems [3]. 

       Paper is organized in five different section as follows. 

Section II tells the selection between FPGA and Application 

Specific Integrated Circuits (ASIC) for implementation of 

soft-core and section III speaks about proposed methodology. 

Section IV tells about results and simulation and section V 

tells conclusion of paper.       

                                                                                             

  

II. REASON FOR CHOOSING SOFT-CORE 

IMPLEMENTATION ON FPGA 
 

       Microprocessor going out of use is a major concern for 

many companies. PLD’s can provide a viable solution to this 

problem. By using soft-core, the design can be both flexible 

and scalable to suit different platforms because 

microprocessors embedded within a programmable logic 

device, so by changing small codes in available processor core 

can be use in any future devices and platforms. 

 

 
Fig.1. Impact on product cost during manufacturing 

 

         As shown in Fig.1 the total cost of product is decided 

during the different manufacturing process. A Ford Motor 

company studies shows that 70% of the total cost of a product 

is decided in the design process also a PRTM study shows 

near 80% of the total cost of a product is decided in the design 

process. So it is necessary to reduce the time of product 

manufacturing as shown in Fig.2 by using FPGA technology. 
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Fig.2. Comparison between ASIC and FPGA implementation 

 

       As shown in above figure if we go with FPGA 

implementation we can save a 55% average development time.    

 

III.  PROPOSED METHODOLOGY 

 

       Implement an ALU, Control Unit, RAM, ROM and 

Decoder unit on the Spartan 3 FPGA which is compatible with 

8-bit core of 8051 microcontroller family. In this 

implementation all the pins act as simple I/O. 

 

ALU : 
       An Arithmetic Logical Unit (ALU) combines a variety of 

mathematical and logical operations into a single unit. For 

example, a typical ALU might perform addition, subtraction, 

magnitude comparison, AND, and OR operations. The ALU is 

a combinational circuit. 

      We had designed ALU to perform following operation:  

  

  

  

  

  

  

  

 

Decoder:  
       According to the instruction, opcode decide the length of 

the instruction, is main function of decoder unit. Output of the 

decode unit is eight bit wide. It’s first two its indicates length 

of the instruction and remaining indicates what action to be 

performed by control unit.  

 

 
Fig.3. Block Diagram of soft-core 

 

         Instructions lengths are fully compatible with Intel 8051. 

That’s why hex code written for 8051 able to run on our soft-

core. Also these instructions length provide guidelines to 

control unit about how much bytes to be read from ROM for 

respective instruction [4].  

 

Control Unit:  
       The control module generates required signal for 

interactions of data flow properly through the CPU and 

perform the expected functions. Architecture contains a state 

machine that causes the changes in all appropriate signal 

depending on the current state and input signals and produce a 

next state for the state machine.  

       Our control unit have design as a Finite State Machine 

(FSM). In the control states it performs core operations like 

copying the contents of ROM according to the length of 

instructions, incrementing contents of PC, after reset 

initializing the contents of CPU SFR’s to their initial value. 

Control states are common for all instructions. But execution 

states changes according to the operation to be performed as 

per opcode [5][6]. 

 

RAM:  
       It will be array of std_logic_vector (7 down to 0) of length 

128. That is the RAM will be of size 128 bytes (128*8 bits). 

 

ROM: 

       The structure of ROM memory will be similar to that of 

RAM, but it will differ in size, as of now we will implement 

(4k*8 bits) 4k of ROM as per the specified in built ROM of 

the microcontroller 8051. 

 

IV.  RESULTS 

 

Controller :  
As the name implies, the controller act as a master, who 

controls the sequence of all activities in the 8051. It manages  

the data to the proper destination, according to the instruction 

being executed. It also monitors the stage of the instruction 
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processing and determines the value of the control signals. The 

controller module manages the data path for the 8051 

instruction set. 

     Figure 4 shows the input and output signals for the 

controller. 

 

 
 

Fig. 4. Controller Module 
 

The controller module designed as a FSM. The controller 

module design as four control states as shown in fig.5. The 

functions of the controller and corresponding CPU_STATES 

are: Reset (CS_0), CS_1 is reserved for future development of 

interrupt handling, instruction fetch & decode (CS_2), and 

instruction execute (CS_3).  

 
 

 
Fig. 5. FSM of Control States 

 

 

 

Simulation : 

      For simulation purpose we uses the commercially available 

Xilinx ISE 8.2i synthesis tool. Simulation results of control module is 

as follows :  
 

 

 

 
 

Fig.6.Simulation waveform for byte read/write RAM  

 
 

 
Fig.7.Simulation waveform for byte read ROM 

 

 

 
 

 
 

Fig.8. Simulation waveform for ROM module 

 

 

V.  CONCLUSION 

 
       In this paper, author decide to implement Arithmetic and 

Logic Unit (ALU), a Decoder unit, a Control unit, a Random 

Access Memory (RAM) and a Read Only Memory (ROM) 
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specific for 8051 Microcontroller on Field Programmable Gate 

Array (FPGA) using VHDL as the hardware description 

language.  

       The Spartan 3 DSP Proto Board (XC3S400-4PQ208C) 

has been used as target FPGA. FPGA implementation can save 

development time of chip. 

       Author chooses soft-core implementation because by 

using soft-core, microprocessor embedded within PLD. Due to 

this, design can be flexible and scalable to suit  different 

platform.  
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