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Design of an 8051 Microcontroller With Application—Specific
Instructions and I/O Ports for Data Transmission

Jihye Kim', Seongsoo Lee™™

Abstract

In this paper, an 8051 microcontroller with application—specific instructions and I/O ports for data transmission is
designed. The designed microcontoller includes two UART ports and one SMBus port to control external devices
and to transmit data with them. Application-specific instruction is developed and added to the instruction set to
exploit these I/O ports. So the designed microcontroller can perform multi-device control and multi-byte
transmission. Also, it can reduce the code size of the application program. Especially, the designed microcontroller
does not stall and can execute other programs during data transmission, which significantly increases its efficiency.
Synthesized in 0.18 um technology, the area overhead due to application—specific instructions was negligible.
Operations of all instructions and I/O ports were verified to run correctly on a FPGA board.
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Table 1. Example of data transmission
conventional 8051 microcontrollers

E 1. 7| 8051 olo|Z=22EERQ 0| XNM&
233 o

program

in

|k

Serial

Interface Hex Code

Assembly Code

30 99 FD
8F 99
C2 99

JNB
MOV
CLR

TI, tx_data
SBUF, R7
TI

Tx
UA

RT
30 98 FD

C2 98

JNB
CLR

RI, 02C8H

Rx RI

E5 CA
60 FC
8F CO
75 CA 00

MOV
JZ

MOV
MOV

A, SMB_INT
0507H
SMBODAT, R7

SM SMB_INT, #00H

Bus
E5 CA

60 FC
75 CA 00

MOV
JZ
MOV

A, SMB_INT
0525H
SMB_INT, #00H

Rx

Table 2. Proposed
instructions
X otst Hlo]E

application—specific

Ha Mg HH

of
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transmission

Hex
Code

Instruction
(opcode+operand)

Serial
Interface

Tx | 10100101 00000xxx” | A5 07"

UARTO

Rx | 10100101 00001xxx | A5 OF

Tx | 10100101 00010xxx | A5 17

UART1

Rx | 10100101 00011xxx | A5 1F

Tx | 10100101 00100xxx | A5 27
SMBus

Rx | 10100101 00101xxx | A5 2F

a) xxx denodes register number (0007111).
b) Hex code is shown when R7 is assumed.
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Table 3. Byte counts of instructions for data transmission
¥ 3 HolH M&o Zest HHo HIO|E

Proposed
application—specific
instruction in Table 2

Conventional multiple
instructions in Table 1

Tx | 7 bytes Tx | 2 bytes
UART UART

Rx | 5 bytes Rx | 2 bytes

Tx |9 bytes Tx | 2 bytes
SMBus SMBus

Rx | 7 bytes Rx | 2 bytes

Table 4. Cycle counts of instructions for data transmission
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Table 5. Gate count

X5 HolE #
Conventional 8051 | Proposed 8051
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