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Abstract - The proposed paper develops and implements
an 8-bit Reduced Instruction Set Computer (RISC). The
processor can execute with simplified design for more number
of instructions and obtained less critical path delay. The
proposed processor will be implemented and synthesized using
Xilinx. The proposed processor consists of the different blocks
mainly 10 Buffer, accumulator, clock generator, decoder,
instruction register, ALU, memory, program counter and
multiplexer. The functional verification takes place in Xilinx
tool suit. RISC processors have a very large range of
applications based on power consumption and speed.
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1. INTRODUCTION

The computer uses less space and simple instruction sets,
mainly to reduce the equipment used to implement the
components. As the processor technology began to
developed, it trend to have a large number of instructions
capacity to the processor. The instruction register became
very complex to design and the control unit occupies most of
the chip area and the instructions that access memory
results in decreasing the speed execution. Thus RISC
processor is developed and a small set of instructions results
in simplifies the design and improves the overall
performance of the processor. These are cost-effective and
compatible systems. The concept of RISC architecture
reduces the execution time of the processor. The RISC
processor will have comparatively less instructions, less
addressing modes, the memory access is confined to load
instructions and store instructions. All operations take place
within processor register. The decoded instruction format
shall be of fixed length and instruction shall be executed in
one cycle. Memory access is only done during the execution
stage, utilizing load-store instructions. All operations except
store and load are stored in the processor to stored with.

2. The ARCHITECTURE OF 8-BIT RISC PROCESSOR

The 8-bit RISC processor architecture is shown in Fig-1. The
building is made of the ALU, 10 Buffer, accumulator, clock
generator, decoder, instruction register, memory, program
counter, and multiplexer.
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Fig-1: Architecture of 8-bit RISC processor

The RISC processor consists of a memory, accumulator, and
ALU. The operands of ALU are drawn from the accumulator
and memory. The ALU output s retained in the accumulator
and/or memory. The result of the ALU is saved in the
accumulator or the memory. The accumulator provides the
address of the next instruction in the memory. Instructions
are obtained from the memory and saved in the instruction
register. The decoder provides the correct sequence of
information, which includes the timing information and
generates the control signal. The processor contains an eight
bit bi-directional data bus and five bit single directional
address bus to address 32 locations of the address. The
processor instructions set is 8 bit by the data bus and 3 bit
contains Opcode and 5-bit has the field of the address and
specified instructions are shown in Table-1.

Opcode Operation
000 Halt
001 Skip zeros
010 ADD
011 AND
100 XOR
101 LOAD
110 STORE
111 JUMP

Table-1: Operation based on opcode
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The decoder contains an Opcode which decodes the control
signals. The decoded instruction based on the opcode
performs the operations. Opcode includes word length
instructions, and timing intervals are the same for all
instructions. Even the fetch cycle is the same for all the
instructions. For instruction to instruction execution cycle
changes, but the execution time is the same. The process of
retrieval for all instructions will be same. This is basic
characteristic of the RISC processors.

The RISC processor design involves design of the each block
and integrate all in the single module. The processor
modules are ALU, memory, clock generator, multiplexer,
instruction register, accumulator, program counter, decoder
and 10 buffer. The Constraints of RISC Processor is shown in
Table-2.

CYCLE INC_PC LOAD_ACC LOAD_PC MEM_WR MEM_RD LOAD_IR
ADDRESS SETUP 0 o 1] o 0 1]
INSTRUCTION FETCH 0 0 0 0 1 0
INSTRUCTION LOAD 0 1} 0 0 1
IDLE 1] 1] 0 0 1
ADDRESS SETUP 1 1] 0 0 0 0
OPERATION FETCH

ADD AND X0R,LOAD 0 1} 0 i} i 0
ALL OTHERS 1] 0 0 0 (1] 0
ALU OPERATION

SKIP AND ZERO 1 o 1] 1) 0 1]
ADDAND XOR LOAD 1] 1 0 i} i 0
JUMP 0 0 1 0 1] 0
ALL OTHERS 1) 1] 0 0 0 0
STORE RESULT

JUMP 1 1] 1 0 (1] 0
STORE 0 1} 0 0 0
SKIP AND ZERO 1 0 0 0 0 0
ADDAND XOR LOAD 0 1 [1] o 1 [1]
ALL OTHERS 0 0 0 0 0 0

Table-2: Constraints of RISC Processor

3.FUNCTIONALITY OF THE MODELS IN PROCESSOR

The functionality of each model is explained below

3.1 Clock Generator

The clock generator contains clk, rstreq as the input, and
generated signal as output. It generates clk1, clk2, and fetch
signal. CIk2 is generated during the negative edge of the clk.
The fetch signal is generated for every positive edge of the
clk2. The generated signals are input to the decoder. These
signals are the control signal to the processor. When fetch is
zero, rstis high during the falling edge of clk2. The structure
of Clock Generator is shown in Fig-2.

— Clk tkl  —»
ck2 =
fetch —»

—® rstreq st —*

Fig-2: Structure of Clock Generator

3.2. Instruction Register

Instruction register is the part of the processor which hold
the currently executed instruction. The IR contains mdat,
clk, 1dir, rst as the input and opcod and adir as the output.
During positive edge of clock, IR performs the operation.
The instruction register gets separated into upper 3-bit as
an opcode and lower 5-bit as an address when the LDIR and
reset both are high. The Illustration and flow chart of
Instruction Register are shown in Fig-3 and Fig-4.

— mdat[7:0] adir[4:0] |—»
—>» clk
—{ Idir
—* st opcod[2:0] —*

Fig-3: [llustration of Instruction Register

Ad IR == 00000
OPCD <= 000

@
AdIR == Mdat (4.0}
OPCD <= Mdat [7.5)

Fig-4: Flow chart of Instruction Register

3.3 Accumulator

The accumulator is a registry type. The output of the ALU is
retained in the accumulator. It contains clk, idac, rst, alout as
input to the accumulator, and acout as the output. During the
positive edge of the clock, the accumulator gets activated.
When both ldac and rst are high, data are stored in the acout
in the accumulator. The Block diagram and flow chart of the
accumulator are shown in Fig-5 and Fig-6.

alout[7:0] acout[7:0] —
clk

Idac

bl

rst

Fig-5: Block diagram of Accumulator
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accout==8 b0

Fig-6: Flow chart of Accumulator

3.4 Arithmetic Logic Unit

ALU performs both logic and arithmetic functions based on
input. During the negative edge of the clock, ALU gets
synchronized with the input of the ALU. ALU contains acout,
mdat, opcod as input and alout, and zr as output. For every
negative edge, data is stored in both zr and alout. The Block
diagram and flow chart of ALU is shown in Fig-7 and Fig-8
respectively.

— | acout[7:0] alout[7:0] —p
—» mdat[7:0]
—» opcod[2:0]
—» aclk r —»

Fig-7: Block diagram of ALU
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011=AND
100=XOR
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Fig-8: Flow chart of ALU

3.5 Memory

In the RISC processor, the length of the memory is 8-bit wide
and 32-bit location. The instruction is received from the
memory which contains opcode and address. The upper 3-
bit sets the opcode and the lower 5-bit sets the address. This
block contains memory read, memory write, and reset as the
input and data as the output of the memory. Memory reads
data from memory to the data register when the mrd is high.
If mwr is high, the data will be written to the memory. The
block diagram and flow chart of memory are shown in Fig-9
and Fig-10.

ead[4:0] mdat[7:0]
edat[7:0]
mad[4:0]

2Wr

mrd

|

mwr

rst

l

Fig-9: Block diagram of Memory

mt (mad) == madr
int (gad) ==ddr

1
mem(ddr) <= edat
mem(madr) <= mdat
1

< Stop
tmp =

oz |,

Fig-10: Flow chart of Memory

3.6 Multiplexer

The multiplexer selects the input based on the control
signal. The location of the program counter is passed to the
bus and instruction is retrieved when the signal is high.
When the signal fetch is low, the IR location is transferred to
the bus. The Block diagram and flow chart of multiplexer is
shown in Fig-11 and Fig-12 respectively.
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—{ adir[4:0]  admen[4:0] —p

|

adpc(4:0]

— fetch

Fig-11: Block diagram of Multiplexer

adr mem <= adr pe

|
(o )

Fig-12: Flow chart of Multiplexer

3.7 Program Counter

Program counter includes the instruction address, which is
executed. Program counter increases by 1, for each
instruction, get it. PC is a general-purpose register of length
5. The program counter tries to use the next information of
the memory to get the information. The program counter
tends to the next instruction from memory to fetch the
information. After fetch signal has been completed it refers
to the next instruction. The Block diagram and flow chart of
the program counter are shown in Fig-13 and Fig-14.

—| adir[4:0] adpc[4:0]
— ldpc
— pclk
—»

ret

Fig-13: Block diagram of Program Counter

Fig-14: Flow chart of Program Counter

3.8 Decoder

A decoder has clk1, clk2, fetch, rst, and 3-bit opcode as input
to the decoder. The output of the decoder are aclk, ldac, 1dir,
ldpc, mrd, mwr and pclk. The decoder gets the timing and
control signal to decodes the signal. An opcode is received
from the IR and decodes the information based on that
opcode then it generates the control signal from the address
bus. The contents of the address bus transfer to the program
counter and then set the new address bus in the first stage.
The fetch instruction gets activated and instructions are
read from memory, then transfer the read signal to the data
bus. When the instruction is loaded ldir becomes high and
sent to the instruction register in the third stage. The Block
diagram of the decoder is shown in Fig-15.

—| opcode[2:0] aclk |—m

Idac |[—»
—» clkl Idir |—m

Idpc |—»
—» clk2 mrd [—»
—w fetch mwr —
—w rst pclk |—

Fig-15: Block diagram of Decoder

During execution, based on control and timing signal opcode
will be sent to the decoder. After receiving the signal,
program counter starts incrementing the increment signal
and sets the address in stage 5. The address field in the
instruction register will be transferred to the address bus. In
the sixth state, the opcode was retrieved, and mrd became
high, and data was moved to the data bus, and then to the
ALU. During state seven, ALU sends to the clock of ALU and is
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synchronized with the negative edge of the clock, the
particular operation being performed. The decoder sends
load signal to save the output inside the accumulator.

3.9 10 Buffer

An 10 buffer is a mechanism for temporarily holding data
until it is ready to be used. The buffer serves as a queue for
holding data until the processor is able to process the piece
of next data for the input. The output buffer allows the
processor to write the data rapidly and the system can read
it. The flow chart of the 10 Buffer is shown in Fig-16.

en <= mrd|fetch|clk2?

enl == notlen)

enl=0 | mdat == alout |

0 l
mdat <=7Z777777. }—@

Fig-6: Block diagram of IO Buffer

4. RESULTS AND DISCUSSION

The RISC processor performs all the operations based on the

Fig-19: Power Summary

opcode and the input. Based on the opcode it selects the Parameter values
module for different operations and performs. The
implementation and synthesis are done using the Xilinx tools Number of Register 296
suit. The synthesis report is generated which includes the
number of LUTSs, flip-flops, the register used and the power Number of LUT 185
report, timing constraints, and the timing report is
generated. The final output of the processor is shown in Fig- Number of 0s 17
17.The timing summary is generated in Xilinx and shown in Delay 2.131ns
Fig-18 and the timing summary is generated in Xilinx and
shown in Fig-19. Table-3 shows the overall summary of the Total Power 14.14mW
RISC processor.

Minimum Period 4.983ns

Table-3: Summary of the Processor

5. CONCLUSION

The RISC processor is implemented and synthesis in Xilinx
tool suits and functional verification is verified. The total
real-time to the last completion is 40secs and the total CPU
time to the last completion in 39.92secs. The minimum
period and maximum frequency of the processor are 4.983ns
and 200.69MHz. The delay of the processor is 2.131ns. The
static power consumption is 13.69mW, the dynamic power

Fig-17: Output of Processor
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consumption is 0.45mW thus the total power consumption is
14.14mW.

6. FUTURE WORK

The further processor can add some more functionality and
modules. Similarly 16-bit, a 32-bit processor can be
implemented in a new version of Xilinx. ALU can contain
some other arithmetic and logical function for an efficient
processor.
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