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RISC or Reduced Instruction Set Computer is a popular design which becomes the important part
of Scientific, Engineering and Industrial applications. It gives higher performance with complex
logic circuitry on a single chip. So the main objective of this paper is to design 8 bit RISC
(Reduced Instruction Set Computer) processor by using Spartan 6E tool. This is easy to design
and support Load-Store architecture. To
(Verilog Hardware Descriptive Language) programming and realize by using Spartan 6E tool.
The important features of this controller are Arithmetic Logic Unit (ALU), Serial Peripheral
Interface (SPI), Interrupt controller etc.

important components is designed using VHDL
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INTRODUCTION

FPGA- Field Programmable Gate Array is an integrated circuit
designed and configured by a customer or designer after
manufacturing hence called “Field Programmable”. The
configuration specified is normally done by Hardware
Descriptive Language (HDL). The HDL contains logic
components that components are logic boxes which are
programmable. That logic boxes has the ability that cells or
blocks are wired together. Nowadays FPGA is growing fast
with cost reduction comparative to Application Specific
Integrated Circuit Design (ASIC) (Kulkarni, 2016). The
important features of RISC processor are the instruction set
that is based on hardwired architecture. In that there is no need
of microcode for single cycle execution. In this architecture all
instructions are same in length and size (fixed in bit). That
helps in fetching the instruction from various memory
locations. RISC processor works only on load and store
architecture. Therefore it has less number of addressing
modes. The instructions are operates between only memory
and register. That results in improvement of cycle time for
execution per instruction. Because of all instructions are same
size and length they are easily piped (Uma, 2012). Present
research work is based on the implementation of low cost 8 bit
Reduced Instruction Set Computer (RISC) processor on a
FPGA.
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It gives the benefits to custom Very Large Scale Integration
(VLSI) design to avoid initial cost and time delay.

RISC PROCESSOR ARCHITECTURE

RISC architecture was first developed by IBM in 1970’s and
completed by T. J. Watson at research centre in1980’s. He was
started with frequently used simple instructions. IBM was the
first company to define Reduced Instruction Set Computer
(RISC) and further research was done by Universities of
Berkeley and Stanford to give Basic Architectural models
(Luker, 2001). All the processors are designed around two
techniques; Complex Instruction Set Computer (CISC) and
Reduced Instruction Set Computer (RISC). The CISC is the
concept that approaches to the Instruction Set Architecture
(ISA) which is based on doing more work in one instruction
with variety of addressing modes. Due to instruction has
variable length, they are generally implemented using micro
programmed model (Mishra, 2015), Some characteristics of
CISC are as follows.

It depends on Hardware.

Instructions can execute in many clock cycles.
Instruction set is complex.

Memory to Memory Load and store incorporated in
instructions.

Cycle period per instruction is high.

Pipelining is not possible.
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As compared to CISC; RISC processor works on simple
instructions with fixed length of instructions that results in
faster execution of instructions per clock cycle as compared to
CISC. Therefore nowadays RISC becomes famous and
becomes more important device for computer systems
(Chokkalingam). Some important characteristics of RISC
processor is as fallows.

e It uses hardwired units.

e Instructions are small therefore executes in a single
clock cycle.

e [t has reduced instruction set.

e Instruction length and size is same.

e It has general purpose registers and simple addressing
modes.

e Register to Register Load and Store are independent
instructions.

e Code is large but cycle period is low.

e Pipelining is possible.

Design of Arithmetic Logic Unit (ALU)

The fig 1 and 2 shows block diagram and RTL schematic of
ALU respectively. It contains inputs ports 'a' and 'b' which is 8
bit wide and select line 's' which is 4 bit wide. The output is
obtained at outl line, which is also 8 bit wide. The ALU
performs arithmetic and logical operations such as AND, OR,
NOT, NOP, NAND, NOR, XOR etc. Table 1 shows details of
arithmetic and logical instruction operations The instructions
designed for ALU are 8 bit wide. Furthermore, ALU contains
logic gates, adder, substractor, multiplexers etc for the
intended operation.

out1(7:0)

Fig. 1. Block diagram of ALU

Fig. 2. RTL schematic of ALU

Peripherals of RISC Processor

A Serial Peripheral Interface (SPI)

The Serial Peripheral Interface (SPI) is a serial input or output
port that allows 2 to 16 bit DataStream to be shifted in to the
device or to be shifted out of the device at defined rate. It is
normally used to communication between the device and
external peripherals. To connect external I/O’s or any
peripheral via display drivers, EPROMS, Analog to Digital
converters (ADC) etc. It has two modes master and slave.

Features of SPI [1]

e SPI has 16 bit shift register.

o It has 16 bit receive buffer register (SPIBUF)

16 bit transmit date register (SPIDATO) and 16 bit
format selection register (SPIDATTI)

Baud clock generator (8 bit)

Serial clock I/0 pins.

Slave in and Master out (SPISIMO) I/O pins
Slave out Master in (SPISOMI) I/O pins

SPI clock frequency range will be programmable.
Programmable character length (2 to 16 bit)
Interrupt capability

Simulation Results of SPI

Fig 4. RTL view of SPI
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Fig. 5. Timing diagram of SPI

The timing diagram shows that the testing of SPI. In fig 2 Clk
=1, cheap selection (cs) is 1, external data given to the input
and various conditions are tested for SPI.

B Universal Asynchronous Receiver / Transmitter (UART)
The Universal Asynchronous Receiver / transmitter (UART)
performs serial to parallel conversion on data received from
external peripheral device and on data received from central
processing unit (CPU) does the parallel to serial conversion.
The CPU can read UART status any time. It has the control
capability and processor interrupt system. This system is used
to minimize software management and communication link.
The feature of UART is, it has programmable baud generator
capable of dividing the UART input clock from 1 to 65535.

Simulation Results of UART

Fig. 6. Top view of UART

Fig. 7. RTL view of UART

Fig. 8. Timing diagram of UART
C Pulse Width Modulation (PWM)

Pulse Width Modulation (PWM) is a technique which is used
to vary the pulse width of a output signal instead of varying
the analog signal. By increasing or decreasing the pulse width,
the controller regulates output energy to the load. PWM is
used to obtain variable voltage and frequency supply.PWM is
mainly divides in to two types. 1 Symmetric PWM, 2
Asymmetric PWM

Simulation results of PWM

pwm_out

Fig. 9. Top view of PWM

Fig. 10. RTL View of PWM

The timing diagram (Fig 11) of PWM is shows that by varying
the clock period we can vary the pulse width of output signal.

D Timer/Counter

Every microcontroller comes with one or more
Timer/counters. These timer/counters are very much useful to
programmers. In this, counter are the circuit which counts the



13534

Kulkarni et al. Design of fpga based 8 bit risc processor with peripherals

external clock pulses and the same circuit used as a timer when
external clock pulses comes with same frequency. The
timer/counter circuit consists of 8 bit timer/counter register,
capture register and compare register to monitor the time.

Fig. 11. Timing diagram of PWM

Simulation results of Timer/Counter

COUNTER

Fig. 13. RTL view of Timer/Counter

Fig. 14. Timing diagaram of Timer/Counter

The timing diagram shows that as clock becomes one after
each clock counter counts the value incremented by one.

Interrupt Controller

A signal that gives information to a program or a device
connected to the processor that an event is occurred that signal
is called Interrupt Signal. When a device or processor receives
an interrupt signal, it takes a specified action depending on
priority which is defined by the user. It can cause a program to
stop itself temporarily to service the interrupt by branching in
to another program called Interrupt Service Routine (ISR) for
specified device caused the interrupt. After completing ISR
program the program counter again starts the main program
where it stops after occurring an interrupt. The interrupts are
mainly divides in to two types. The interrupt caused by
Hardware called Hardware Interrupt. The interrupt caused by
Software called Software Interrupt.

Simulation results of Interrupt controller

interrupt

butt_prev

Interrupt

Fig. 15. Top view of Interrupt controller

interrupt:1
y— X
gnd

XST_GND

Fig. 17. Timing diagaram of Interrupt controller

The timing diagram (Fig. 17) shows that whenever an external
interrupt is occur it takes actions based on input and control
signals and the ouput is occured .
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Conclusion

The present paper deals with the design of FPGA based 8 bit
RISC processor with peripherals. The basic modules of this
processor are programmed by using Verilog Hardware
Description Language (VHDL), it is then verified the
simulation result using XILLINX ISE 12.4 tool. The present 8
bit ALU performs arithmetic and logical operations such as
AND, OR, NOT, NOP, NAND, NOR, XOR etc. Furthermore,
ALU contains logic gates, adder, substractor, multiplexers etc
for the intended operation. In the nutshell, the designed ALU
performs its intended operations. It has the peripherals such as
SPI, UART, Timer/Counter, and PWM and interrupt controller
which performs several external operations.
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