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Abstract: - Now a days as far as the speed of the processor is concerned, a new trend of design philosophy in the market is the use of
reconfigurable hardware i.e. by using FPGA.(Field Programmable Gate Arrays). This paper deals with the construction of
ALU,Logical unit and rotate unit and implemented using Xilinx 9.2 i. Instructions implimated by the individual module are
simulated and synthesized by using VHDL and SPARTAN 111 FPGA board for design purpose, parallelism approach of designing
is used in which use of minimum number of combinational circuits and maximum use of sequential circuits for avoiding delay. The
instructions implemented are eight by arithmetic unit, logical unit implementsseven instructions. The designed units are
recombined with other modules for construction of a 8- bit microcontroller, using FPGA for the improvement in speed.
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Il. METHODOLOGY
I. INTRODUCTION

For the designing and implementation of the RISC

In today’s word, we see many industrial and domestic
products like remote controllers;telephone bill printing
machines, automobiles, mobile phones, oven,automation is
required [1]. This is required to facilitate the process of
mechanism for its operation and control. Data storage and
processing is an integral part of any automatic control
system. So there is a need to have a device
called,”Microcontroller”, which helps to carry out the
function of automization. While designing, the
improvement in speed and having implementation of
maximum instruction near about 40 instructions, are the
goals of the designing. For the achievement of this goal,
parallelism approach is used. The PIC16F84,RISC CPU
has 35 instructions which are single word and single cycle
except program branching instruction which are two cycle.
The present operating speed is 20MHz and clock input is
DC.Program memory is 1024 words,Data RAM is 68
bytes.Data E2PROM is 64 bytes. Core has 8-bit data size
and 14-bit wide instruction words[5]. The present PIC is
developed module wise at gate level and VHDL code is
developed modulewise.The four states T1,T2,T3 and T4
are developed, which are opcode,fetch,decode,execution
and write back respectively. For implementing purpose
SPARTAN-III is used, because of low cost, high volume
and high performance and consumer oriented applications

2.

processor, the design methodology is discussed below.
2.1Modulewise Development:-

The PIC16F84 Microcontroller is partitioned into number of
modules as instruction decoder,Arithmetic unit,Logic
unit,Rotate/shifter unit,Bit-set clear unit,Generation of T-
states and combination of all above units.The VHDL code is
written for individual module using Xilinx ISE simulator. It
features optimized direct compile for the fastest compile
times and competitive simulation performancel
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Fig.1.The Block Diagram of RISC 16F84
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2.2 Registers and Instruction set:
Total instructions, can be implemented are near about
40.The instructions are

e Byte oriented

e Bitoriented and

e Literal and control oriented.

For bit oriented instruction b is 3-bit address, specifies the
no. of bits affected by the operation. For byte oriented
instruction, f is 7-bit file register address and‘d’ is the
destinator which specifies where the result is to be placed
i.e. if d=0, result is in W (8-bit) and if d=1, result is in fi.e.
file register. for literal and control instruction, k is 8-bit or
11-bit constant or literal value.
Table I.Instruction Set

Muemonics | Operands | Opeode | Description

Single Bit Manipulation

et ] Clear bith of repister £, where b0t

baf il Set bit bof ragisier f where b=l o]

Data Transfer and Clear

el Clear W

elrf f Clear f

movlw k Move literal valuz bo W putting resultinto W
o f Move W b{

Imovt iF MweftoF

movi fd Move ftoW orF depending on d bit

swapt fd Swap nibbles of f putting resiltinfoF or W
Increment / Decrement / Complement

inef fd herementf, putting result in For W res

et td Deprzmznt {, puiting result in For W 2

comf fd Complement f putting rasultin F or Weag
Logical

Andhw k ANDliteral valug into W

Andwi fd ANDW with f potting resultin For W reg
Torlw k Trelusive-OR literal value info W

lorwi fd bielnsiva-OR Wwith  puttive reiltin F

oty k Exclugve-CR literal value into W

orwi fd Exelugve-OR W with f, ptting resultin F
Arithmetic

Addhw k Addikeral value into W

addwt fd Addwand f potting result in F

wblw k Substract W from literal value, putting result in W
sbwi iF Substract W from f, putting resultin F

Ratate

i iF Copyfinio F, rotate F left through earryhit

it iF Copyfinb F, rolate F aght through sarry bit
Conditional Branch

bifsc th Testbit b of rensster £ where b0 to 7; shapif clear
(ot th Teatbit bof ragister fxwhere b=0to 7; skipif sat
[dcer fd Decrementf, putting resultin For W e, dipif zero
lincfez fd berementf, mutting resultin For W eep, dupif =0

2.3 Arithmetic Unit:-

The arithmetic unit implements 8 instructions like
ADDLW,ADDWF,SUBWF etc. are ORed together
andANDed withT3-state to enable 3,16:1 multiplexer. Two
16:1 multiplexer are used, one gives 8-bit value of w i.e. ‘a’
and 2ndmultiplexer gives, 8 bit value of f.3rdmux.is used to
add the carry, if required. Eight bit byte adder is used to add
the values of 8-bit w registerand 8-bit value ofLiteral
i.e.fwith carry if required. O/p of byte adder is also
available in 2’s complement form.OPcode bits 11-8 are used
as select lines of multiplexer and upper 2-bits i.e. 13-12 are
used as select lines of2:1.
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Fig. 2.Block Diagram of arithmetic unit
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2.4 Logic Unit:-

Logic Unit is responsible for implementing
instruction, such as IORLW, COMF, ANDLW,
IORWF, ANDWEF, and XORLW AND XORWEF.AIl the
instructions are ORed together and ANDed with T3-state to
enable the 8:1 multiplexer.10-8 bits of opcode is used as
select lines of the multiplexer,8:1 for COMF and ANDLW
instruction, theopcode bits 10-8 are same value, so higher
2-bits i.e. 13-12 are used as select lines of the 2:1 mux. The
NOR gate is used to generate the zero flag.

Logical unit uses combinational circuts like mux and gates
for its implementation of instructions which finally
impliments 7 instructions.
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Fig.3. Block Diagram of Logic Unit

2.5 Rotate/shifter unit:-
Rotate unit implements six
NOP,CLRW,CLRF etc

instructions such as
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Fig.4 Block diagram of Rotate Unit
Simulation results
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Fig. 5.Simulation Result of Arithmetic Unit

M dectsz
M sudlw
Y asdw

Now:

10200 ns 510 1020ns 1530 2040ns

0ns
O T B
@] 1 @( 19
250 2 @( %
Ak opende(130) 1526 (0 ) a2 04 e s | f4 1m0 153
Yot
M comt
M andw

0
0
0
Moriw 0
0
0
0

Mionst
M andwt
Mot
gm0 3 2 2 A 7 1 10
oz V=5

e 0

M tastate 1

Fig.6.Simulation Result of Logic Unit
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11l. PERFORMANCE MEASURES
Following are the performance measures of the
implementedRISC Processor.

1. The VHDL code for individual mode is downloaded on
SPARTAN-III.SPARTAN-III is selected because, it is
designed for high volume, increasing amount of logic
resources,capacity of internal RAM, low cost.

2. While downloading the VHDL code using Xilinx
simulator, there is improvement in speed .Present speed is
20MHz.But with 8-bit series, proposed microcontroller
gives the speed of 35.6MHz

3. PIC Microcontroller so far designed gives the speed
from 12MHz to 24MHz maximum, but using the FPGA i.e.
SPARTAN-III,Simulation result gives the speed of
execution of instruction as 35.6 MHZ.

4.The Number of instruction, which may be implemented
by using this proposed microcontroller will be 5.By using
data bus width of 8-bit ,and instruction register-14 bit wide,
there is increase in speed, as well as there is increase in
performance to execute the more number of instruction.

IV. APPLICATIONS

As the new concept of implementing the RISC processor
using VHDL coding with the use of FPGAthere is a wide
range for the development of boards, which implements the
more number of instructions. The main advantage of
preferring VLSI design is single chip solution, which is
supporting to create our own processor.VLSI has made
possible to have a digital hardware implementation,which
can be changed as per the requirement and application
based too. The designed core RISC PIC16F84 can be used
as IP core with its own instruction set.As the architecture of
the proposed processor is developed using VHDL,the
architecture is flexible. Modifications are possible through
coding for port change, portenhancement, and addition of
instructions through assigning addresses.

V. CONCLUSIONS

The VHDL code development of individual modules and
VHDL code for the combined module downloading on
FPGA,simulation result gives the improvement in the speed
of execution of instructions. By running one
application,VHDL code verifies the operation of the RISC
processor.
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