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ABSTRACT

This paper describes RISC core that has been designed for embedded and portable applications such as PDA or
PCS. This RISC processor offers low power consumption and fast context switching. Processor performance is
improved by using conditional instruction execution, block data transfer instruction, and multiplication instruction.
This architecture is based on RISC principles. The processor adopts 3-stage instruction execution pipeline and has
achieved single cycle execution using a 2-phase 40MHz clock. This results in a high instruction throughput and
real-time interrupt response. This chip is implemented with 0.6um triple metal CMOS technology and consists of

about 88K transistors. The estimated power dissipation is 179mW.
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Table 1. Summary of 32-bit embedded processors

processor V810 | SH7032 |ATT92010|ARM610 El
V;)cveloper NEC | Hitachi | AT&T | ARM |Hyperstone
Elock(MHz) 12 20 30 25 7 40
MIPSMIPS) 17 16 203 5] 3

Power Consump-

tion(mW) 500 500 900 500 500
-

Total Transistors {240,000 593,000 | 419,000 | 359,000 | 85,000
Technology(um) | 0.8 08 0.9 0.8 1.0

Chip Size(mm?) {7.7x7.7108X10.1{11.1x8.49| 8.4X8.4 | 67X 7.4
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DATA PROCESSING

[conDJo o i[oOPCODES| Rn [ Rd | OPERAND2 R
MULTIPLY

[COND[0 0000 0JA[S] Rd | Rn | Rs [1 001 Rm |
SINGLE DATA SWAP

[COND[00010[B0O] Rn [ Rd [00001001 Rm ]
SINGLE DATA TRANSFER

[conDJo 1 1[P[U[B[W[L] Rn [ Rd | OFFSET |
UNDEFINED

[CONDTO 4+ 1I[X XX X X X XX XX XX XX XXX XXX1 XXX X
BLOCK DATA TRANSFER

[conD]1 0 o]P[U[S[W[L] Rn REGISTERLIST ]
BRANCH

[conD 1 0 ]L] OFFSET i
SOFTWARE INTERRUPT

[CONDT1 11 1] IGNORED BY PROCESSOR !
COP. DATA TRANSFER

[CONDT1 1 o[ P[UIN[W[L] Rn | CRd [ CP# | OFFSET |

COP. REG. TRANSFER _
[CONDTT 11 0[CPOpc | CRn | CRd [ CP¥ | CP [0] CRm |
COP. DATA OPERATION

[COND[1 1 1 0[CPOpc[L] CRn | CRd [ CP# | CP [1] CRm |

Tz 1 g

Fig. 1 Instruction set
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Common Program code Traditional RISC Code Code of Designed Porsessor
Multiply by 3 SHL R1, RO, 1 RSB R1,R1, R1LSL#2
ADD R1 R1,RO
Logical OR CMP RO. #p CMP RO. #p
if(r0==p || r1==q) BEQ label CMPNE R1.#q
then goto label CMP R1 #q BEQ label
BEQ label
if statement CMP Rt O TEQ R1 #0
f(ptr'=0) ptr = ptr *next BEQ skip LDRNE R1, [R1], #next
NOP
LOAD R1, R1, #next
skip

O3 2. 8% o] AHE o
Fig. 2 The examples of instructions
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Fig. 3(a) Pipelining example
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Fig. 3(b) Instruction pipeline in multi-cyle instruction
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Fig. 3 3-stage pipeline
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Table 2. The operation at each pipeline stage

¢ | Calculate an instruction address
o
@2 | Address bus <~ A calculated instruction address
¢ | Off-chip memory access
F . T —
@2 | Instruction register «— An instruction from off-chip memory
@1 | Decode-stage instruction register « Instruction register
D
@2 | Decode an instruction
Operand fetch and Shifter operation
@1 | * A bus < Rsl
* B bus < Rs2 or the output of Field extractor
E . SR —
ALU operation and Result write operation
@2 | * Result bus « ALU
- Destination register < Result bus

V. dlojg]| mjAo] M|

HAE ZEANE N3 S8 A%HEE )
R W3k 1Y 2v 52 Testd BEIRAE
Aol N5 e 2ES volH Wx 2L A
o 7 dole WaE AAE W] Fol A e

2139

www.dbpia.co.kr



BB LS 97— 10 Vol.22 No. 10

AN MR R &7 wf ol 32 Ul w2t le
o e e} ALU §3H2 d4 4 02 whalsho)] ¥t
2% 45 AAE ZaAAe] A4 e ielv)

DATA BUS DATA BUS
READ DATA WRITE DATA
REGISTER REGISTER
Y F _ALusus
INSTRUCTION
PIPELINE ALU &
Booth's Multiplier
A i B BUS ‘t A
FIELD BARREL
EXTRACTOR SHIFTER
] T ABUS
> ]
INSTRUCTION REGISTER BANK
| ,| DECODER& (37 X 32bits) *
CONTROL LOGIC
ADDRESS

v v v v INC BUS

Controt signals

INCREMENTER] PC BUS

A

*

TRAP ADDRESS
ADDRESS REGISTER

A

A 4

ADDRESS BUS

T8 4. CPU A A e
Fig. 4 CPU Block Diagram
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Fig. 6 8-bit mask generator
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Fig. 7 Shifter block
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Early termination

multiplication count is 15.
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Fig. 8 Multiplication using 3-bit Booth’s algorithm
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R14 RI4 fiy Ri4_svc Rl4_abt R14_irq R14 und
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Early Termination MulOne MulTwo MulNeg Program Stats Registers
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Fig. 9 Multiplier register
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Fig. 10 The register bank structure for 6 operation modes
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|
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