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Abstract---in this paper includes the designing of low power 

16-Bit MIPS RISC processor and modeling of its 

components using Verilog HDL. The implementation 

strategies have been borrowed from most popular  MIPS 

architecture up to certain extent. The instruction set adopted 

here is extremely complex  that gives an insight into the 

kind of hardware which should be able to execute the set of 

instructions properly. Along with sequential and 

combinational and sequential building blocks of NON- 

pipelined processor such as adders and registers more 

complex logics i.e. ALU, Datapath and Memories had been 

designed and simulated in Xilinx and modelsim. The 

modeling of ALU which has been done in this project is 

fully structural starting from adders and basic gates. 

Complex blocks have been modeled using behavioral 

approach i.e. Memories, datapath, whereas simple blocks i.e. 

Adders and subtract had been done through structural and 

mixed approach. The tools which had been used throughout 

the project work are Xilinx and active HDL (Digital 

Simulation), for synthesis purpose the targeted FPGA device 

technology was ALTERA, Cyclone, and EP1C6Q240C. A 

simple sequential block’s performance and figure of merits 

were observed under the constraints clock frequency: 50 

MHz and DRT: 5ns. 
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I. INTRODUCTION:  

The million instruction per seconds reduced instruction set 

computer(MIPS RISC), CPU  design philosophy that favors 

a smaller and simpler set of instructions that all take about 

the same amount of time to execute. The most common 

MIPS RISC microprocessors are SPARC, MIPS, ARM, 

DEC Alpha, PA-RISC, and IBM's PowerPC etc. The idea 

was inspired by the discovery that many of the features that 

were included in traditional Control processing unit designs 

to facilitate coding were being ignored by the programs that 

was running on them. Also these more complex logic 

features took several microprocessor cycles to be performed. 

Additionally, the performance gap between the processor 

and main memory was increasing. This led to a number of 

techniques to streamline processing within the CPU, while 

at the same time attempting to reduce the total number of 

memory accesses. 

One improvement on CPI was to keep the 

instruction set very simple. That’s why we have very few 

instructions in any typical low power MIPS RISC 

architecture where processor asks data from memory 

probably not other than Store. We avoid keeping such 

addressing modes in circuits. The complexity of controller 

design has been overcome with the help of operands and 

Opcode bits fixed in instruction registers. At the end the 

pipelining added a new dimension in the speed just with the 

help of some additional registers. Now what pipeline does is 

it increases throughput by reducing CPI. The instruction can 

be executed effectively in one clock cycle. The pipelining in 

any kind of architecture took birth from the inherent 

parallelism and the idle states of components.  

FPGA IMPLEMENTATION OF THE MIPS RISC 

PROCESSOR 

The main task to implement a single-cycle 

pipelined representation of the MIPS RISC processor onto 

an FPGA .The Altera UP2 Development Board was chosen 

to implement the HDL design. The development board 

features one EPM7128S PLD and one FLEX10K70 FPGA. 

Each device has the following resources: a JTAG chain 

connection for the Byte Blaster II cable (used to program the 

device), two push-button switches, dual-digit seven-segment 

displays, and on-board oscillator (25.175 MHz). The 

EPM7128S device also has the following resources 

available to it: a socket-mounted 84-pin PLCC package, 

signal pins that are accessible via female headers, two octal 

dual inline package (DIP) switches, 16 LEDs, expansion 

port with 42 input/output pins and the dedicated global 

CLR, OE1, and OE2/GCLK2 pins. The FLEX10K70 device 

has the additional resources available to it: a socket for an 

EPC1 configuration device, one octal DIP switch, VGA 

video output display port, PS/2 mouse/keyboard port, three 

expansion ports each with 42 I/O pins and the sum of the 

offset value in the address/immediate field and the base 

register in the $rs field to address the memory.  

 
Table. 1:  MIPS Instruction Fields MIPS Instruction Fields 

II. MICRO-ARCHITECTURE 

The micro-architecture refers to a view of the machine that 

exposes the registers, buses and all other important 

functional units such as ALUs and counters. The principle 

subsystems of a processor are the CPU, main memory and 

the input/output. The data path and the control unit interact 

to do the actual processing task. The control unit receives 

signals from the data path and sends control signals to the 

data oath. These signal s control the data flow within the 

CPU and between the CPU and the main memory and 

Input/Output. 

 
Fig. 1:  Modularized MIPS Single Cycle excluding Control 

Unit and signals. 
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Fig. 2:  MIPS Pipelined Final Data path and Control 

A. Risc: 

Top Level Description and Guidelines: We implemented a 

16-bit low power RISC microprocessor based on a 

simplified version of the MIPS architecture. The processor 

has 16-bit instruction words and 16 general purpose 

registers. Every instruction is completed in four cycles. An 

external clock is used as the timing mechanism for the 

control and data path units. This section includes a summary 

of the main features of the processor, a description of the 

pins, a high level diagram of the external interface of the 

chip, and the instruction word formats. 

 16 instructions in the instruction set architecture. 

 External Clock is used. 

 Instruction completion in 4 clock cycles 

 16 general purpose registers. 

 14 external address lines. 

 
Fig. 3:  Risc Processor Data Path 

III. SIMULATION RESULT 

 

Fig. 4: Datapath Simulation Result 

IV. CONCLUSION  

In conclusion, the FPGA implementation of the MIPS RISC 

Microprocessor and tools involved presented in this paper 

represent my goal of introducing FPGAs implementation to 

design computer architecture. In this paper we  simulate  is a 

good effective data path system , it cannot model the 

excitement felt when ones own processor design boots up 

for the first time and operates in real hardware. The 

development board and tools introduced could easily be 

integrated into the computer architecture. For the next 

process I will try to design low power hardware MIPS RISC 

in cadence software   
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