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A Study on 16 bit EISC Microprocessor

Gyeong-Yeon Cho'

ABSTRACT

8 bit and 16 bit microprocessors are widely used in the small sized control machine. The embedded
microprocessor which is integrated on a single chip with the memory and I/O circuit must have simple
hardware circuit and high code density.

This paper proposes a 16 bit high code density EISC(Extendable Instruction Set Computer) micro-
processor. SE1608 has 8 general purpose registers and 16 bit fixed length instruction set which has the
short length offset and small immediate operand. By using an extend register and extend flag, the offset
and immediate operand in instruction could be extended.

SE1608 1s implemented with 12,000 gate FPGA and all of its functions have been tested and verified
at 8 MHz. And the cross assembler, the cross C/C++ compiler and the instruction simulator of the SE1608
have bheen designed and verified.

This paper also proves that the code density of SE1608 shows 140% and 1159 higher code density
than 16 bit microprocessor H-8300 and MNI10200 respectively, which is much higher than traditional
microprocessors. As a consequence, the SE1608 is suitable for the embedded microprocessor since it
requires less program memory to any other ones, and simple hardware circuit.
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22 10051 28.34% 22.27% sh, sb, lh, Ib, lhy, lbu 1.77%
20 100.56 28.38% 22.24% bnez, bne, beqz, beq, bltz, ... 5.95%
18 100.97 28.85% 21.93% i, jal 9.31%
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Instruction Mnemonics : LERI
LERI constant
Instruction Representation :

bit 15-12 = 0101

bit 11-0 = Constant data bit 11-0
Operation :

Instruction Format :

Load %ER with sign extend constant
Set E flag

g4 eI+ ‘LERI B8 ol & $dsld ‘1o 5
o, SHAEE FA3= FH oM ‘00] Hoh
22 2Eo wWyoley by} o] Holgr)

Load/Store
Instruction Representation :
bit 15 = 0
bit 14-12 = Operation
000 @ Sign extend 8 bit load.
LDB (index, offset), dst
001 : 16 bit load.
D (index, offset), dst

Instruction Function :
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010 : 8 bit store.
STB src, (index, offset)
011 : 16 bit store.
ST src, (index, offset)
100.: Zero extend 8 bit load.
LDBU (index, offset), dst
Offset bit 5 if 8 bit load/store
Offset bit 6 if 16 bit load/store
bit 10-8 = Source/Destination register. %R0
thru %R7.
bit 7-5 = Index register. %R0 thru %R7.
bit 4-0 = Offset bit 4~0 if 8 bit load/store
Offset bit 5-1 if 16 bit load/store
Effective operand address : EA
If (E flag is 0 )
EA = Zero extend offset + Index register
If (E flagis 1)
EA = %ER << 4 + Offset + Index register

bit 11 =
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Register name Description

RO - R7
PC 16 bit program counter

16 bit general purpose register

16 bit stack pointer

16 bit break point register

BK bit 15-1 = Break address
bit 0 = Break enable
ER 16 hit extension register

16 bit status register
bit 15 = Reserved
bit 14 = Enable NMI
bit 13 = Enable maskable interrupt
bit 12 = Auto vectored if 0

SR bit 11 = Extend flag (E)
bit 10-8 = Reserved
bit 7 = Carry flag (CY)
bit 6 = Zero flag (Z)
bit 5 = Sign flag (S)

bit 4 = Overflow flag V)
bit 3-0 = Reserved
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ize
SE1608 1.00 8 |Fixed 16 bit{ Simple
H-8300 1.40 7 Variable | Complex
MN10200 1.15 3/4 | Variable | Complex
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SE1608 12,000 |16 bit H/W |Barrel| Efficient
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Type 0 : Load/store
bit 15 = 0
bit 14-12 = Operation
bit 11 = Offset
bit 10-8 = Source/Destination register
bit 7-5 = Index register
bit 4-0 = Offset

Type 5 : Load extension register and set E
bit 15-12 = 0101
bit 11-0 = Immediate data bit 11-0

=

Type 8 : Stack area 16 bit load/store
bit 15-12 = 1000
bit 11 = Operation
bit 10-8 = Source/Destination register
bit 7-0 = Offset bit 8-1

Type 9 : Push/Pop register list
bit 15-12 = 1001
hit 11 = Operation
bit 10-0 = Register

Type 10 : Arithmetic/Logic immediate operation
bit 15-13 = 101
bit 12-9 = Immediate data

bit 8-6 = Operation
bit 5-3 = Source register
bit 2-0 = Destination register

Type 12 : Arithmetic/Logic register operation
bit 15-12 = 1100
bit 11-9 = Source 2 register
bit 8-6 = Operation
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bit 5-3 = Source 1 register Type 14-8 : Load immediate data
bit 2-0 = Destination register : bit 15-12 = 1110
bit 11 = 1

Type 13 : Conditional branch and CALL
bit 15-12 = 1101
bit 11-8 = Operation

bit 10-8 = Destination register
bit 7-0 = Immediate data

bit 7-0 = Offset bit 8-1 Type 15-0 : Static shift
bit 15-12 = 1111
Type 14-0 : Misc instructions bit 11-9 = 000
b%t 15-12 = 1110 bit 8-5 = Immediate count
bit 11-8 = 0000 bit 4-3 = Operation

bit 7-4 = Operation
0000 : 8 bit sign extend

bit 2-0 = Destination register

0010 : Load BK Type 15-2 : Dynamic shift
1000 : Register indirect JMP bit 15-12 = 1111

1001 : Register indirect CALL bit 11-8 = 0010

1010 : Set status flag 15 to 0 bit 7-5 = Count register
1011 : Clear status flag 15 to 0 bit 4-3 = Operation

1100 : Software Interrupt bit 2-0 = Destination register
1101 : Halt

1111 : Break point for debugger
bit 3-0 = Operand

= 4 o
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Type 14-2 : Add stack pointer with offset
bit 15-12 = 1110
bit 11-8 = 0010
bit 7-0 = Offset bit 8-1

Type 14-4 : Signed integer muitiply

bit 15-12 = 1110 2
bit 11-9 = 010 1991~ HEAFEH 7E&9FL Y ZEiE
1998~ A ofAlo} TIRIQI(F) HIGY Ve E

bit 8-6 = Source 2 register
bit 5-3 = Source 1 register
bit 2-0 = Destination register



