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Abstract— Past Decades usage of processors and FPGAs is 

getting more and wider spread in electronic designs. A new 

development has been to implement processors onboard the 

FPGA Mainly processor requires huge area and extra 

circuitry .because of that circuitry becomes complex and it 

requires high power consumption .To solve this problem soft-

core processor is used that is interact with FPGA.A soft-core 

processor is a hardware description language (HDL) model of a 

specific processor (CPU) that can be used for specific application 

and synthesized for FPGA target. From soft-core processor 

mainly picoblaze processor has feature to interact and it is fit in 

Xilinx. So, this paper takes example of two picoblaze processor 

and transferring values to each other and generating small 

application of handshaking which was simulated and 

implemented on FPGA kit. Utilized summary were also discussed 

in paper. 
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I. INTRODUCTION  

onstant advances in semiconductor technology over the 

several decades have resulted in an increasing 

development in the number transistors that can be fabricated 

on a single integrated circuit (IC). As use of embedded 

processor was also exponentially increases which need extra 

circuitry with huge power consumption. So, that FPGA 

generate one HDL language that interacts with the soft core 

processor which fitted on FPGA. These soft processor cores 

can be adopted by the designer for specific applications; 

improved speed and occupation of lower area were compared 

with microprocessor-based designs [1]. The same FPGA logic 

is re-used by the various microcontroller instructions. Using 

this soft core processor FPGA and processor both are easily 

implemented with logical primitives. Each solution has 

exclusive advantages in cost and performance of the system.  

There are mainly three types of processors (see Figure 1) form 

which Discrete processors [1] are very commonly available to 

all vendors and it seems to be the most commonly used 

solution. Choosing a discrete processor that meets the 

application’s cost and functional requirements can be a time 

consuming process. Secondly, Hard core processors have 

dedicated silicon on the FPGA. It does not provide the ability 

to adjust the core for the application, nor does it allow for the 

flexibility of adding a processor to an existing design. 

 

Figure 1. Types of Processors 

Another Processor that is Soft core processor which is 

appropriate for simple use and it is one that is implemented 

entirely in the logic primitives of an FPGA. Soft-core 

processors may be appropriate for a simple system, where the 

only functionalities are the manipulation of General Purpose 

Input/output. Comparison of controller and soft cores in 

FPGA (see Table 1). 

 In this paper Section 2 Contain introduction of Soft-

core Processor and comparison of major three soft-core 

processors. Section 3 described the picoblaze processor and its 

instruction set used for programming. Also, this section gives 

acknowledge about setup steps that link between processor to 

FPGA. In the next section implementation and simulation 

results were illustrates. At, last section summarize with a 

conclusion.    

II. SOFT-CORE PROCESSOR 

Xilinx and Altera symbolize the two corporations which 

currently grip the greatest market share among FPGA 

implementations. Soft-core processors reduce the flexibility of 

(FPGAs) to allow a system designer to customize the 

processor to the needs of a specific application. A soft-core 

can be removed from the design when it is not needed. This 

saves a lot of area compared to embedded processors, which 

can be used for other elements. A soft-core can be customized 

to the demands of the designer. 

Table1 . Difference between Controller and FPGA 

Micro Controller FPGA 

Easy to program, excellent for 

control and state machine 
applications 

Significantly higher performance 

Resource requirements remain 

constant with increasing complexity 

Excellent at parallel operations 

 

Processors 

Discrete 
processor
  

Hardcore 
processor
   

Softcore 
Processor 

C 
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Re-uses logic resources, excellent for 
lower performance functions 

 

Sequential vs. parallel 

implementation tradeoffs 

optimize performance or cost 
 

Executes sequentially 

 

Execute sequentially and parallel 

both 

Performance degrades with 

increasing complexity 
 

Control and state machine 
applications more difficult 

to program 

 

Program memory requirements 

increase with increasing complexity 

 

Logic resources grow with increasing 
complexity 

Slower response to simultaneous 

inputs 

Fast response to multiple, 
simultaneous inputs 

 

Heterogeneous functions like large multipliers can be 

excluded, when not needed. A soft-core can be reconfigured at 

run-time to meet other constraints. There are three major 

FPGA manufacturers provide soft-core processors. One is 

Pico Blaze processor and another known as Micro Blaze and 

NIOS processor. From which Pico blaze is 8-bit and micro 

blaze and NIOS is 32-bit processor.Comparission related to 

CPU core of this three processors are described in (see Table 

2). 

Table 2. Comparison of Soft Core Processors  

CPU core PicoBlaze Nios Micro Blaze 

License Open-source Proprietary Proprietary 

Logic Elements 192 1800 1324 

Cycle per 
instruction 

2 1 1 

MIPS 100 150 166 

III. PICO BLAZE PROCESSOR 

The Pico Blaze was planned to be efficiently mapped to 

available FPGA resources including block and distributed 

memories. The Pico Blaze microcontroller is a compact and 

cost-effective  embedded 8-bit microprocessor core optimized 

for the Xilinx FPGA.It has been designed to be small and 

reduced the hardware usage with lower power consumption 

and running on FPGA easily. Pico Blaze is optimized for 

efficiency and occupies only about 200 logic cells, which 

amount to less than 5% resource of a 3.3200device[9]. While 

not intended as a high-performance processor, it is compact 

and flexible and can be used for simple data processing and 

control. As shown  the Pico Blaze architecture can found in 

(see Figure 2) that processor supports the following features: 

16 byte-wide general-purpose data registers 1K instructions of 

programmable on-chip program store, automatically loaded 

during FPGA configuration Byte-wide Arithmetic Logic Unit 

(ALU) with CARRY and ZERO indicator flags 64-byte 

internal scratchpad RAM 256 input and 256 output ports for 

easy expansion. Pico Blaze is instantiated as three VHDL 

modules. Processors have two internal components: (1) 

KCPSM3 encapsulates the operation of the microprocessor 

and (2) a block memory contains the program to be executed. 

Both components are encapsulated by a third parent 

component. The logical equation or instruction set used to 

generate script is described below (see Figure 3).  

                   Currently released, Pico Blaze is programmed is 

in Assembly language. The instructions are grouped in 

Program control group, Input/output group, Logical Group, 

Arithmetic group, Shift and rotate group and Interrupt group. 

 

Figure 2.  Pico Blaze Embedded Microcontroller Block Diagram[4][9] 

 

Figure 3: Pico Blaze Instruction Set[5] 

The Following steps are required to SETUP Pico Blaze on 

Spartan 3E Fpga. 

1. Download Pico Blaze: 

http://www.xilinx.com/products/ipcenter/PicoBlaze-S3-V2-

Pro.htm 

2. Download the Pico Blaze IDE and use pBlazIDE to 

program (Make assembly programming txt and save with 

(.psm)) a psm file that will run on the picoblaze soft-core 

processor. 

http://www.xilinx.com/products/ipcenter/PicoBlaze-S3-V2-Pro.htm
http://www.xilinx.com/products/ipcenter/PicoBlaze-S3-V2-Pro.htm
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 3. Write assembly program. (See Figure 4) save it with 

extension <filename>.psm 

 

Figure 4: Assemble input and output files [10] 

5. KCPSM3 will generate a VHDL file in which block RAM 

and its initial contents are define using KCPSM3.exe 

assembler .The assembler will generate vhdl, verilog, 

hex ,.mat files etc.. 

 6. Add the new VHDL file to the project in Xilinx. Pico 

Blaze should be used as a component as shown in (see Figure 

5).The KCPSM3.vhd also had to be added in Xilinx project. 

 

Figure 5: VHDL Component Declaration 

7. Same way the ROM file named<filename>.vhd which is 

generated by KCPSM3 assembler is to be added in Xilinx 

Project. 

8. Link or map the new VHDL module created by the 

assembler to your source file as a ROM as shown in (see 

Figure. 6). 

 

Figure. 6. VHDL Component declaration of program ROM 

 9. Assembler writes corresponding VHDL code in source file 

that should map all inputs and outputs.  

10. Wirte an implementation constraint files to map input and 

outputs of FPGA IO with Program IO.  

11. Once mapping is done then Simulate, Synthesis and 

generate bit file to load file on Spartan 3E. 

12. Build and download the VHDL to the FPGA. 

IV. IMPLEMENTATION 

The Implementation of interfacing of two processor and the 

total architecture and interconnection of processors and blocks 

in VHDL that expanded schematic shown in (see Figure 7) 

which generated from two PSM files .Also the waveform 

representation that describe the output with read and write 

strobe implementation as shown in (see Figure 8) Wave form 

represent that the value of 1
st  

processor is transferring to 

another picoblaze processor which is small example 

implemented on FPGA using this soft core processor another 

application can be developed .Its utilizing summary(see Table 

3) gives information about used LUTs and flip flops . 

 

Figure 7 RTL Technical Schematic 

 

Figure 8. Program implementation on FPGA 
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Table 3. Device Utilization Summary 

Logic Utilization Used Available Utilization 

Number of Slice Flip Flops 172 9,312 1% 

Number of 4 input LUTs 354 9,312 3% 

Number of occupied Slices 194 4656 4% 

Numbers ofIO blocks 17 190 8% 

V. CONCLUSION 

From all hard and soft-core processor The Pico Blaze 

processor is small, simple and cost-effective soft-core 

processor that is useful for data processing applications. The 

challenges are to including multiple Pico Blaze processors in a 

design. And Implementation of Pico blaze based Embedded 

System for Monitoring Applications, network interfacing, 

Data Logging System and many other applications. Using this 

processor achieve good result with hardware utilization of less 

area and lower power consumption. 

Figure 8. Simulation Waveform 
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