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Abstract

A 32-bit RISC core is designed for embedded
applications and DSP. This processor aoffers low
power consumption by fully static operation and
compact code size by efficient instruction set.
Processor performance is improved by using
conditional instruction execution, block data transfer
instruction, instruction,  banked
register file structure. To support compact code
size of embedded applications, It is capable of

multiplication

executing both 16-bit instructions and 32-bit
instructions  through mixed mode instruction
conversion. Furthermore, for fast MAC operation for
DSP applications, the processor has a dedicated
hardware multiplier, which can complete a 32-bit by
32-bit integer multiplication within seven clock
cycles. These result in high instruction throughput
and real-time interrupt response. This chip s
implemented with 035mm, 4- metal CMOS
technology and consists of about 50K gate
equivalents.

I. A%

Ao AU MEYT} AL sutow &= 7n<u
/7t dejuidel Alade AZFH} AZUAA
Aol o B N2d Yy TEHEH Eiul»g
A7t otz Yot xHES B Aage 9¢

&AL HEdH oz SOC (System-On-A-Chip)e] 7}
T CPUZL wt=A "oty ZHE B Alade
Ady 8 opvg nAF AYE a7t Yo
A" HRmeE ol &3y A% 4¢ 2= =], &
¥ A€ wmE 29 Wzl g3y 9% Xz
H golAd, g FuAA dF wHE JHYE W
, AAAE 5 dubHQd melaz T A MY gE
Adoj "Basts, uelA SOCAH A oM ZTIAA
EAL A& 4%5E A E HAol.
2 =FdAL od# 838¢ 224 £ e v
23 Uy 2-HE Z2ANE AANEY O
o] AAEES 18t A9 FEANAN FZE AHYsin
AAs . Top-down HA9l ASIC AAd SlolA
34 7t Y2 HDL 22 S 73S 9 7|5 =8
9] AL AASRozA 39 ANadozs HAR B
19] integration, synthesis, verification® F#3}3}= Al

e 29 ¢ Ao

@74}% Z2AME 035m, AHE 84 CMOS ¥F
grolBE gl g ol &t THHU2H Hto AL
40MHz9) $E2 Fagt

o 4n oo

. vlo]amZol7| A

AAY Tz A AE 328 E Load/Store RISC T&0]
o Z2ANE 28 18 go] Wi QHW=E AH
371 9% dA2E FU7 A4S Fasy] Y3
ALU(Arithmetic and Logical Unit), 324 E $ X ¥, 32
HE FA7], a83a oleid ulolg 29 o=

- 105 -



20019 chstd

A& A&7 A% AMojrlz TAHS Qi
H2g oHWSE Load/Store HEHo ol oJafiAet g
2 7teslith. dzdE H2E "C/CH+x 2L A4
#Hd dojo] AP I, Y AAxzE =AY, ¥
@ PC(Program Counter) oJ=#A R=, 2% ZF7/7
2 ol=8d4 ®E, pre-indexing® post indexing %
TEE o=y BEEE ATFeEN AR TR
aPsrl A= s PP

2E 9Hol: 7oz RUERZ FAH QU
metA FHALE BY =AY e xA9) 7é°]°ll o]
A ZEE F=Yo|E o]8F F JYRE WEE T
g 4 gl 53] 2719 24uE9 gsyi% At
4dozd ZEaYPY QREY 922 B 7
T3k, o & 2=AMo] ¥ag Afde HA2HE
o] &8 4 it}

oy 32uE WY EFH MF & dA
Load/Store RISCFZA ZE =77} S7bete A
ot olo] dE PP BFI} I= AVE FX38
71 s 168 E9 241 HAAE £IV £ Us
EE 71R3 ok o] REME ALY £ e F

Edole FAHHAY Zaade aVlE FY2EHN
dHo] HAE A% APAE Ha3E 4 Yo &
olZggle] ta= gore o] =9 HHE {4
7] 1% 29 29 Zo] =7l o BasEy] o
ol ma AQAAZLLS o= AE FIHEIXT 16WE
2E gyolg A3 gozd Aazxd 4 9o

2719 ol Folxeleld RISC ZRAAM A%
£ GFA AT 53 m=ddA BEHE AR 7
€ Z2aye &£348 gol=gA =Y mto]EZEQl
9 zéﬁ‘x“" +Y& W g Fe £ZE
Sta o] FEE AU HHJER dAFezn A
AHQ Aes FHAH ¢ A dA"E Z2AME

PU.%—"-FI‘)

E 9yolg Aoz F£93lo e XE
b= B0l Fhssint !

E3 oo B4 AAY Zzoagwe] sHEsE
t} vjo]ARZEEYHE JWtoEdE 4 A2dH9
AGanZie ARY AZTEJAS AAFozN 7
Fdd sdEE WEH] £8 FoAY WHo T F
P 29 AolFE Fol7] 9T WwHer 54 o
ool o9& A% I CPI(Cycle Per Instruction)
2 JE2 FJ) fAdE g G 5 ALY 98
B0l 2ZEdo] FHL £YY A4 =g 7
ddE FAL v 2y w FA7L R A6 FHAA

$Ysitt dAE TEHMAE FrHE 3}E$J¥°1a z
2lsle] 32+328E AN FANE FHSRA P 32«8
HEe FA7)s ALUE ol &3td FHd 7Ao|F B¢t
MAC(Multiplication and Accumulation)& °]-&% 64
HE A3E 942 + Y= 9. £ ditse
€8 T2 WA doley =7t 16¥E vl A
£ nYste S50 A9 NEE #9do 00 H$

XEets| spEtEtans] =RE M24d MhE

o] 271 £8" # UEE A o]
2E £ Fo] Y13 2 e & A2dY
fo AH2E ojFo] ©@d EE AF gold g

FY8E 7 UAEF vt 28 39 gojEgal
(FETCH-DECODE-EXECUTION)& H&3tozM 7}
T8 2ZE Bt dd AelFe FYHEE AL
o} CPIE& &A #A% 4 9. $& MIPS(=f / CPI)
4% 89 FR5E AsAVe ARYE CPIE
A e Aol AAYe HEsith & AYiw)
P=CV¥E £ Fo5o b#ss) nﬂf | %& CPI
g fFRFoZN AL SHAME =
g 5 glen Ay AuE &9 Alt’r.

g WFY $42 2ty 7159 o 4=
2 dedRAw 345 T2 AN AEHoAE A
A3 T2 AA P9 djra J=yrE F
ZHAANA AegdozA AeHolre dBHE #
3l3 167 7HA19 X2 AME FFE = Uk

Zejatolx QIEYE AU Mo FAY
T+ @A AaE drd AFsm JHA 29
d 3 8A e &Hdglel Fdy T2y =3
AL AP 5= gl}

A au B2 RELS AX e 2y JH2E
FHaztslr] Y8 € gA2EH AYds URe F R
o] ulgAsich HAY ZTEAHAE 16719 gy Uiy
AA2EHE o] &8 £ U =F JAEPE AH2E w
2A 3798 Z2AMY FRR=d w2} 16719 )
A£~EE #7112 3% W3 FXE Agsia Ada
E 29438 49

A5e #=

R

o oft o

mA3g 44

WdE Z2AA AAd slolA AAY Avle= )
Fag BHP HI Yok AAE ZEAMAME
gated clock® Hol8 ¥ Aoj§ FAAE ] H g3
ALEEHA g gtol AALHE EHasA AAFX
ZaA 3. o3 4 REHoy #YdE o oA
4T @ol HiTAAE ARN FYHY22 To)
Zal FEE 9 T v /e BEYaE B
st rade dAHez 94 "Hrh ES gated
clockel o]z}l 329 A{E o] AHEE & gl
Z gated clock®] HEH 7l EF& FHs7] A%
AT Aol AX2EE ozt HAAHEHR o
48 F Ak Y% E£59 dHde dFe EEF
NAE HEFozy ST2/E oVl Qv E59 4F
of Eol7te= AL Yottt 1Y 32 guarded operation
€ A4d z2aY JHEE Y Txoth

A2AAE 43 A 22 dATeEN Z2A
A mol #F & FIUE £29 09Y AY 2w
PAAYE A8E & Atk =olo) BFol W Wa
R Ao Zold Eorte 8L SAH3] HF=

- 106 -



SOC HAIE

47 2= "o weh 8U¢ %FE Y 5L A

28 BAANL A FEE £ 9o

V. AAHE 715 A4

Z2HME HDLE 2398 o 259 AZ272E
deslatn ARstgoza txde AN AFE
AA #48 5 Uk 29 45 THY TBRANY B
' TXoY. RES dHolZIYEE FERIn 53
28 WAL 4 HolTegl ¥z Xod9gosN
gated clockol 9§t 28 27 FAE A F2AA4
183 HAY 4+ Yot

a9 68 72 AAY Z2AAN HF ¥
2 H<E dHY utgt 24 A Rz
Ak, R WAL direct self-checking 715< g
test vector& A83te] HDL 298 AFdE Holx
F ¥WAE randomdtAl SXE WEHE C2 2dgd
cycle accurate simulator$} HDL ZddAe AF}E
Hl 3l design engineer’} 2 dtA] £33 REo o
¢ 23S FIY = Ao E vixges AF =g
Y real coded HIAE HWEHZ AlLFoE2H Tz
gle] MAL =Y & glop 0

‘%MC} 4

V.42

AAR Z2AME & xolW Fzxo 328]E RISC
B2 Load/Store ol71€Holc}. 16/320E2 &34
Edo] PHE ol-&3ld FY SL&oM EAJ B
€ Z= 9= EAE APk d=golAHd F4
33L& X Ysle] DSPS BL £8 *I”‘@"“E e
F Uk =3} ZZ2ZAA A~ Fi 7% 2
AsE 4A 38 = Aok

Z2 MM Verlog-HDLE ol&3td A 7158
FEoz2 4A ¥ HFHZ Synopsys¥ Design
Compilerg& ol&3led FAHNAY. 0.35um, AIE&
CMOS Z2 Mg o]&3te] MAES I, 3.0V 25 Cd
Al 83MHzY EH4EE 4.

H 1ol HAE ZZAAMY ZEd BEAHE adksy
th. 2¥ 8& Apollo IE ©] &34 automatic P&RE
& #Holofxoltt,

ZaEd

[1] Kenneth Hinz and Daniel Tabak, Microcontrollers
. Architecture, Implementation, and programming.
New York:McGraw-Hill, 1992,

[2) John L. Hennessy and David A. Patternson,
Computer Architecture: A Quantitative Approach.
San Mateo : Morgan Kaufmann, 1990.

[3] Michael J. Flynn, Computer Architecture:
Pipelined and Parallel Processor Design, Jones
and Bartlett Publisers, 1995

fEt MAY 32-H|E RISC Z2AMIM2| XjAIS 758t MA|

[4] Christian Piguet and et al, “Low Power Design
of 8-b Embedded CoolRISC Microcontroller
Cores,” in IEEE Journal of Solid-State Circuits,
Vol.32, NO.7, ppl067-1078, 1997

[5) S. Senars and et al, "Embedded control
problems, thumb and the ARM7TDMIL” IEEE
MICRO, pp.22-30, Oct. 1995

[6] J. Bunda, D. Fussell W. C. Athas, and R.
Jenevein. "16-bit vs. 32-bit Instructions for
Pipelined Microprocessors,” Proc. Intl Symp.
Computer Architecture (ISCA), pp.237-246, May
1993

[7) Pnevmatikatos D. N and Sohi G. S. "Guarded
Execution and Branch Prediction in Dynamic ILP
Processors,” Proc. 21 ISCA, pp.120-129, 1994

(8] =4, atdd, 244, 243, A4S, ARY, =
e, ol%s, FFR, d53F, °o]&7], “CalmRISC
™-32 : A 32-bit low power MCU core,” Proc. of
AP-ASIC'2000, 285-290, August 2000, Cheju,
Korea

9] o1%3, FER, F53, o7, S48, 2449,
“Efficient random vector verification method for
an embedded 32bit RISC Core,” Proc. of
AP-ASIC’2000, pp.291-294, August 2000, Cheju,
Korea

[10] Prasenjit Biswas and Andy Freeman,
"Functional Verification of the Superscalar SH-4
Microprocessor,” Proc. Intl Symp. Computer
Architecture (ISCA), pp.115-120, 1997

1
[ |

[ Decompressor ]

Figure 1. Pipelined Data Path
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Figure 2. Instruction Decompressor
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Figure 3. Low Power Program Counter Using
Guarded Operation
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Figure 4. Top-down Module Hierarchy
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Figure 6. Function Verification Methodology Using
Random Vector
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Figure 5. Localized Clock Distribution
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Figure 7. Systematic Test Vector
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Figure 8. Layout with Functional Overlay

Table 1. Macro Characteristics

Technology 0.35um, 4-metal process
Power Supply 3.0v
Clock Frequency | 40 ~ 83MHz
Power "
Consumption 300mW(Active)
Core Area 3.59mm?(core)
Gate Count About 50,000
Total: 208
input: 38
. Qutput: 86
Pin Intertace Bidirectional: 32
VvDD: 28
VSS: 24
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