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8-KByte RAME WASLZ Qlck A el e $84AF shil Aladl AESe A E2he 905 3717
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10.7mm*8.4mm ¥} HWH-E& ZTE #Holole =4k

ABSTRACT

This paper proposed embedded application-specific microprocessor(YS-RDSP) whose structure has an additional
DSP processor on chip. The YS-RDSP can execute maximum four instructions in parallel. To make program size
shorter, 16-bit and 32-bit instruction lengths are supported in YS-RDSP. The YS-RDSP provides programmability,
controllability, DSP processing ability, and includes eight-kilobyte on-chip ROM and eight-kilobyte RAM. System
controller on the chip gives three power-down modes for low-power operation, and SLEEP instruction changes
operation statue of CPU core and peripherals. YS-RDSP processor was implemented with Verilog HDL on
top-down methodology, and it was improved and verified by cycle-based simulator written in C-language. The
verified model was synthesized with 0.6um, 3.3V CMOS standard cell library, and the layout size was
10.7mm*8.4mm which was implemented by using automatic P&R software,
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a8 1. YS-RDSPY £F tje)ojzd

2h9E) L tRE AlEAe) SHEY ozt Al
o}5H-E& WA sh= 48 Hokle A%t w8
Aeld AE etk

7l olzlgt £-8-F5<l+ RISCAlRIZ|o] Fobaial
DSPA¢ ez o)l mxzqqz se): DSP
Z2AME FAshe Al digt Hoe) A5
Al PE 7P 2 ohls}l programmability
stz g W ke B d7exE RISC
¢} DSP1R Zzhe] BAF RS ke, ol
3 EAS HUigles 449 5 ol 23 =5
Alajicy

£ =2 AL ot ) 2aelA AA)
Z2AAME] Fzef i, 3dME B Z2Ax9)
T4 HaEsy] 1% AEH0 Y dA vl
i, 4o dAE T2 7Ea Haed o
3 sl 53l HAES Al=rh

I.YS-RDSPY #Z=

YS-RDSP2] BEr)elojngd 13 13} 3}
MEiolE.e ROMoRRE] Halfles 3R|a
tlzesule g wuixlcl RISC ALUSH AGUE 32
H|E A% Q4 SalEln o}2] date] dialat A

MOV R1, R2 [r]m[ex
ADDRIL, R2 1B LEX
ANDRI, R2 F|wlex]

(a) Simple RISC instruction pipeline

MOV @R6, R2 ®| D] BX| MA | w8
MOVX @R4, X0 NOPY TF | | EX | MA|WB

PADD A0,X0,A1 NOPX NOPY | IF.'ID )X | Ma |DSP
MULS.W R1,R2 w [ o T mia | wui]
ADDR1, R2 w1 [ex

{b) Memory accesses, DSP, multiplication pipeline

38 2. YS-RDSPS 3jo]xzjq)

e odub A 2E Hle] AAkEle] glrl AGU
FAAARE 913 ddlz]elr). DSPHiL MAC,
ALU, wi>4|2elg X§sla glok DSP4le] of
Adleleli= DSPHIZ|2E Halefa $EAH 1 A
e vz a3t 7)€k DSPHX|~E v}
o 2709 408|E AR 2E} 6719 328)E R
2B R o]Feia] glch

tize/go]Zele] Ao fuld HHAE M3
I 59 golzelels Aol DSPER e
oAl WA GAA A DSPHE IS k). 7
RISC ALUBZIE2 A s A« FH%),
¥ 2% YS-RDSPS] solzelel whAled B
3 glvk wedit Al £r1HE A7) AlTs]
T AREr] 2L ZEEH9) Fr1EelE 2)HRn:
Heo] Zeol: 160]E His 328]Es|t}) Q7F =
=z vxed Folr] $8 RISCE2ME $4
32u|E HolHE ol8the T 16W|E WlE
Aleglt)l  YS-RDSP:: DSP7 52 3z =
+ A58 7] 8 A 2709 DSPHEE 2714
RISCHE 7} WHz ¢ ¢ s, gl o/
AR Wl 320 E Rele deE e gin
£-¢] DSPYaE]EE o2 Hele] dAbe E{F.

)= glnput(nw DCoeff(1) (0Ln<N—1)

inst: PADD srcl, src2, desl PMUL sre3, srcd, des2
MOVX @Rm, des3 MOYY @Rn, des4

Hle} 2R HEol= qF Ale)F ol FAlAt A
HA), = 24w ghe) A Svhrbas S
g slok A #hie] wEel g doly] Subg ubE
gto g DSPYmeE-S SEAH 4 gloh

FEog BEAHOR $£3PAF)7] HelA] s
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oj&gl FxFal Y& FHpaoloh YS-RDSP:
FXE AYEr] A8 SR 3409 S5 HF
2E1E 7IXa 9lem Zb7k2- RS(Repeat Start),
RE(Repeat End), RC(Repeat Count)z} = =]e] 9]
ol 2ol &R we} PCgle] 2w 48 5
Z¥Eed], o] #le] REQ} A =¥ RSgle] PCe|
71253 RCPe] 3t} E0)5A4 vk RC3ke] 00)
EH Fxasfo] FR¥ L SEAY ol WIHE
Fs) FA Aok F2E sEs] v B2k HH
52 g desdi] H3AA] G FxuH
28 ¢3AA Hrt ole MaE 53 vz A
ol 7laldh 2FS ¥ 5 Qiot FIEHTE 16v]
E RY=E 7 Qi Ze]Ha] HHER AR
gk

Programmability 2} Ale}58-E kA7) 3,
2 gEelge Auldde A sled, ¢l=
2 vgEdeirt o] ¥ A ohdz|E AR
Hek A 2d Feels @A 1 Azl w
Z=|90g 739l o] =, pod I A
o flage] WML doivdA] dech ol el
so|zelel waAM e FH FdeQ] ¥r]e] AR
£ 29 5 gtk FE 271 wEelR witle]
EobsRt w1E 4 g 27 del=elel Fxt
HAdE) g op|3ic) A|AEE AMEE o)’ I
JElx weo] BErh e Ad Wl sy
o] AQALFEE 7T U ALl AR 7}
T3 Wl E 1 &R YeoE AdEE &Y
T ek

YS-RDSP&= =235 dlo]eig 9§ vleelE
UlAska glek o]¥ slEelEd Xv=Eee) YR
g F 7Y mE2 JHejzlc 7 Wre] sEs
4-KByte2] ROM#} 4-KByte®] RAM.2.2 1}¥e]x]
w] 3 8-KByte ROM3} 8-KByte RAMei ¥t}
o2t simel: 78] W2RE AleEed, 247 1
W&, X2, YAl 22 IMas 3208 F4
B2l 328]E do]eMaR Hojglek o]e o
v 2alE AejstudlE AMeXcl RISC ALUS
| 2Eotd-g $13 Wege] &R} dleje] EFL- 1
HAE B o]FeiRIch HEeje} delelrt FAle
a7Ee] A AS$olE ko] FEe] dofd = gl
2t dlole] 840] §& Bt FHAES viE H
23k zEjda] g A3 oledt 3EE
2A 249 4 3lrh YS-RDSPi 27w} ZaAjAo]
3 RISCHj3e] Zoj 16M]Eolch 32word?] 2]
#Hz) o o] FAS AT 5 slvh Xuxe} Y
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RDSPol| 9]+ RISC ALUS} AGUE F 719 32-
H|E QA2 b opzl, wlEe]e] W Ao
E 9% 7B 93E il AESE
7k AFsa, A2 R, HRE, PCAYFLRE
7} A€k @& DSPYTEEalA 83 LER
Frne 3 A%y 19 38 RER Fhve
£ 9% dele]2E+2g Jepdichk RER F4R
7}t A EE Eodds WREE Aolshe o
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L ZMFI7] A FAE AMRET o] FhE SV
7) ¥ g8 F8 F4o vlagicl =l o] i
7F 4% A= R @ o 2EE AR
T} dA=Ee] A o AR} o] REE
A9sl7] Ha REE A FA4e LER F T
g A A% T 9] 1682 #iALEe} F
7l A v EE 273t

RISC do|e]E 8=t ot #x]28 sl
HE Yol Al =g, HZE FAE sl Z
HE aFe Al dukEE] HzAlAE wele:
2-NE Zolo] #A|2E] 167]E olFiH 3ivt
ROGA] R1474A|2] e|x]| 2852 dul T2k 913
#o| 7 RIS AHEe R F3e g 2] ¥
2 oyt dA2el5E DSPEARE 9% FaE
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MAC saturation

163:32)

Drastination
DSP register

38 4. MACHHS) HelH 53%

DSPf-& MACHY, ALU, wiR4]=els 4
o] Qlr}k o)l FE 16H]E TAHAPE dlo|H )
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17H|E ¢J=n 338|2 E3Hg 7Rtk o= § 4}
ol Fo FA& %8AFI7] 96l Radix-4 HE ¥
YaeElEE Mgl O¥ 45 MACHRS] 7Y
ol FEE dehdch MACHHS] Aejilis #4
712 Seolrbe vlolHE Adsta FaEaE A%
sto) 64v]E Ao AAE FHsl]) A% 4
die[eld Aldslan MACHS#} MACLS] ¢7)/227]
2] Ale)g ek FAIs 1TH ES} 1ITH|E
2 FAe Fale AnE MujEE PAshed,
3 vlEs} -HLEJC’HI?MI AlA] FA1719] @J“}"C
3h¢] 33v]E7} g} ol F 9 2m]E 55
3le] shte] e4v|E %HL"L-’ AR A 7}~
g, ol 'ﬂM 178 E -?M__i A 5 9l
t#” o] FAhE 4FE Alolgg Anaw o Az

£+ MACH$ MACL i}]z]/\ﬁicﬂ] 712} s
EE%: tiekgt ofe) AlzEgabg 3 AllE el
7}*-711 3}7] 98 DSPfAel Eeolglc) Aba
d4ke] 79 -32~+324%019] YYRHEE, =2 4
A4k 739 -16~+16 Alolo] ZhbE-g A=

E ¥ 5 9lrk FZE Zlo] ek Aol A
Heke, Sy FSele LBEAES Jepdoh

YS-RDSP2] DSPAke- F3lditneg AU
o} A 293 ik enlEa ) drERss
QA3 &l-ew AFAZ oW 4 Q7] wldel E3

1

Sx = X0 =H'35F1_C201

E
@ 3
% o  OR operation == Sticky bit

bl

0011_0101_1111.0001 . 1100_0010_0000_0001  {LRS) =¥bli1
+ 0000_0000_0000_000: . 0000 _0000_0000_0000 =1+
Dz=> A0 =H'00_35F2_0000
% 5. YS-RDSPH a2y <4t
Alreg Al ofuidt BAE dAs Frh £

wE2$9 29 s} g FA Helel w7}
X HO9 g A "t skA R duE
299 759 A9 e dA YAl #E b
g #40) ghe 7RAA "ok
DSPi4ke- 328|E 34 A9 dlo]elE vieke

2 e oA A9 16W[ERRE wjRe]e] Xi?a}
34 Hok & 318 16| EE w]A ==
7342 DSPYaE|Ee] slelM F2be] Fue 14"%—
22 Qs & AU &AS A "ok ofF
g7] ¢)3] YS-RDSP& 2w w3& |4lsked),
o] Exhe& 17 58} ). YS-RDSPoAe] ehed
wpHe  round-to-nearest-even WhAlF) w3l
ol ¥ ¥ AUEE AL slude] PEe 71
I 2 4 QA gk

YS-RDSP 3] W4l 3788] FHAAE 7=
g, A"l Alelziel QE|gE Alel7], W Ao)7]
74wz azleldk FAte] AE H8 A7 74
e wlxe] gl wigg AA AA2EE 7b
A ga H& Ae7ld] s AlolEe FHAR
HAag B Ade] rhssich Alad Aelrie 7
frdell AFHEE 5 A8E st AR
B gl ok T2 Fuarg AR ol xy
AP reg Agsl] o8 A SR A™As
2 A3k}, SLEFPR == CPUFe{e] HA4%
22 A&E FIA)7) 1 STANDBYRE=: CPUSH
RE FHAX ZEL FIEA7|e, MODULE
STANDBY R =2 78 3o 2gait ¥ 7|
o] FHAA Y] S& ATE FHANG YEYE
A7l SF clujelael FHAA|2) ABGE &
3 S99 8 AAstT CPURSRS] qlejye &
g AN JEREES 16949 e
£ 7}x5), NMI(Non-Maskable Interrupt)= GHA|

169] $4%918 7IAA 2ok WA Aor)e o)
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Wzzjele] qlejsol~g Fe|gchk o] SRAM}
DRAM, pseudo-SRAM, burst ROME- 2}%- wjza]
2 A4E 5 glch #a Aozl Wi AleHR) A
B} 2 *11" o ZEoAs oY Hog ¢
g 7] rlelg2 Allelgich

. AQIE B9] Al=2|0[E2) 2t

A2 W AE Re EHom YS-RDSPY &4}
& F2e PYE T SlEE ClloE Fa AlelF
H2 T2 o AE AT 5 ode AEEe)
E7} A=

2 AgHelele 7jEAoz 59iA sho)xaliele)
7¢ AE ] £ HE olF Al ¥

dje] Az ¥F, ¥ qlejdle]lx REOR ye
Z]u:] =3 EXECUTEIZ}EL} WB_DSPe2- x)2]s)

Z HWEo)EL Ro) F RISCH#e| =EH DSPY
o] Ego) rﬂri EAfsl ol9) 3&E FA
22 3txE FEe glvh o] L A, F
A7), == G4l paR 5o AR glrk 9
¥ QlEjsfela HE2 ALExle] HAE & A
£ BAE F= i ARSAR Hloi dHg who}
Eole F¥HOoRE FAH sled, AlgHelE F
g Aeld 4 gl AeAt chMIOlf: 2E 59
0 AEHelele] g RITE Y 2EH
% i weky AlgHelele] FAE Aojd
T =S s REE TAHC glon Fvkde
2 9% Al sol gle wixeie) A, 53)
ROMdY| 71&Ee] qle 22798 Wi dezlz
gl B9 7 SUES 8 Fe due 2% 2E
52 x3sla ek
o] Follx], Me|zelelg Aojshz F-ie] o] A

2 6. AEHelEe] TER
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Main_Control ( }
Inat 1) & s M
it W Tast_M
Tnst. M = Tust E
Tost.E = Inst_1)
nst .= Inst: ¥
Teist_Fw Tt Pre -] 1
MULTIPLIER ( )
WB_DSF ()

MEMORY ()
EXECUTE ()

DECODE ()

FETCH ()

Inst_Pre = PREFETCH ()

I 7. AgHele] 48] Helzalel EE Ao

Edolele] AR & 4= gled, ol 7k &4
5 &3l Rt 4 “474]94 3 F ANE A
oA EE AMeld T PR P ok

deolxzelgle] FF Aoju AR o)
A e ARl ol o)A Ale]EelA]
F5 Feeld vhd =AY wWHle] vz Ad
Bhe W oE o]Fox|A Hed 1 £4E ¥9
volzelgle] ayiAlels HeoR widslA do)
Bl ol £419 Aeje AzEde] solmale]y
o e fleje] o8 AdEled], ol &kl
Aggel] 23 124 wEjolel o] U] U=
£ & F= 2& 7k gk

e], WEdele] Qo] ¥t A9ef vime] 5
2] z81e] AMgo] FRE HSol deldA =Hie o
olze}ale] STALLS FLUSHS| vigt #AelE <3
Lis=d

24 STALLAje} up& LDCL (load control
register from memory)2] & Eo] AdsE ¥
b3t 3tk LDCLL 5 Alelg#] STALL % t}
+ wE7l PYRHEE Foiglrh °]E THsP)
$lsl DECODE%te] LDC.L®#FHer}l Eo& 74
FETCH&tel §o1Z W#elE T Al|& E3t o}
017 3 o)A HEHeE IdE A 4 s
5 #9 dAY e w@E 22k fu
DECODE®}]| thg- Ale]E7} o o Ale]gel 4
Helz wHols x| RIARE o] oo
DECODE}2] 3o #zo] NOP& i} o]
o] Al 17 83} o] EEiElch

t}g-2 8 FLUSHA|o] HPHS BT(branch if T is
true)®] o}F FolEch BTy o] w#de] chfel
FETCH®ol|A] 2= 5 vi#delE walz ofgo ¥
7) B Tl fel 2 wEelRe A
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72 8. Swll AE i o

3l o] gk DECODER| BTHe]7} S0
+ 735 DECODERel| 5ol WoolE 7 Al
Eob 92 F5%E DECODEWS] =ze] ww
of B F Ale]F 4§k NOPE Jgsl=s 73
o} o9} Abel= gl 99} 7o vhehdh

oF AblE W) Al wle] dee a¥ 10
3} o] AND.B(and byte in memory)E & < 3l
t} AND.B:= o] wg¥jo] vhfell 2= R F A
o[F FoF STALLA7x chd w3e] 7t g 4
g3 FA ol sk ©]F $13) DECODEw]
ANDB ##ei7}  Eeog 7% FETCHw#
DECODER| £°1& wWHolgg F Al]d Hal
4 AFAETE a8jE ANDBE ke
DECODERF2- AND.BE $]3} ~Hlo|EmAlS Sl
o} A Ao|EEel AND.Bihl= 3hg wjeio)d ubi)
5= EXECUTEW|AE o8 Esji 2+ Ado)=
shet mlE® s wgedolel gk ohdA viede] ¢
F& EEde] FYER o) Foh 2 Y &
HolEg pRsiAl & 7A$olls EXECUTER v}z

T2 9. Flush AlE Ae]e] o

37 10, 95 AR "] Aoy 4

ol 4] 2elo]EMALS 218} 3 Frk

B elvellx] AARE AlEHelels Tubo C++
3049014 T8l DOSEAN Ealsles 73
Hez Al Ao slee] RdR= huged, Q4
Alelli= 80287 co-processor BEH-S AMEE gl
ot ol8) HiEr ojAlEe wEHeSE ZA
RIS ZEOGES vlelvE] Ada whEe o)F
ROMs}U 2 ®HEo] AEeHo]e] Alolla] =zaje]
AH83teg Bsich

Tobabhoen M el PR Y Rive it eyt e

i
aaendgun
UROOUBIR ULl psy TN
UORUT 1 gt [OERT]
UK o RODDIHED
NUNBING WS [ATTEHT
unni nan i
B TR ey Ik
[ITRTRAT] [T (1)
g [T RN BN
(LT
[EITNESTH THIZUAND
U TR
P 20
s

72| 11, FIR Z23E& 5847 AlEo|g

V. 84524 ¥ A

YS-RDSPEZ M4 Verilog-HDLIo] 2 18k
AAmba ez dAE o]9] 752 wA| ziz)e)
5% B3] oig jjEalss dre HHE 7]
sk} APEdel =3 Codole F3) YS-RDSPS}
FAE T2 Y ¢ QlEE ARlE e
2 3 wAE "l 5 gl AEGelE A
Hi A4 zZaAMAe] gk 5] $l8 o
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E 1. YS-RDSP A% )i (F4:Ale]F )

Program OakDSP TI C54x | YS-RDSP
Vecmultiply 620 758 488
Lattice Filter 1489 1768 634

Codebook 441 313 323

IIR Filter 1181 1764 729

FIR Filter 3068 5808 2930
FIRnoLoad 5868 13412 3729

JPEGDCT 3821 3787 3086

E 2. YSRDSP B4
Process 3.3V, 0.6um, TLM CMOS

113291 (except memories)
41.66 MHz (typical)
538 mW
121 mm X 9.8 mm
10.7 mm X 84 mm

Total 128
- Input : 9
~ Output : 35
- In-out : 32
- Vdd : 26
- Vss : 26

Gate count

Operation Frequency

Power Dissipation of Core
Chip Size

Core Size

Pin number

A Bgeleiele) 22 24 8 HE 39 wlav) o
Folzck 2 Fudejdl gk A ZeAMe) FAt
& AEF F AARE ZloA 38 2] 5
Aigict A5 S8 Agels g P WA
€ 53 "aEr] olReizla, iR AAE Hal
FEH7L HDLR ") a2 24=4r)
Asdake 93] 2ol FEpiws ZalHx ¥y
2% ol ol VB A% B v ohis} 2L
22 ke mgadd dis A%k 7R
o A WA 2712 Bellr) meh, o= A
£elAl w2 oels) DSPE1E Egh 4285)¢] A
EHelde AH =] A Aeulrt 7 £ FE
w =27)Q] 32702 AAse] Agsladr) Aol
A B4 w3 i 9599 o Al 22a
W3l DSPEZ2el-S F3 olFeizes, # 12
DSP$-§ 27389 45 zas vepia.”
AAAA FFe] Bt F, HDLEE- 2] A
ol2g] wF-A zlo|Hze)E o]gsle] A=
gom &4 B o] FE Al|ES WEZAE
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718 12, YS-RDSP #ole}

g 7l 2 $9=%ck YS-RDSP= SYNOPSYSS}
COMPASSEo4 A|¥sl= 3.3V 0.6um CMOS
BF A glolueElE B $AEUAL el ¥
Mit 7322 COMPASSQSIM-S 3] o|Feizlc})
YS-RDSP+= Zbg wajujdg Fa) dejolx =4l
3. Al wiAdAEE o3 129} 2k

¥ 32 YS-RDSPe} 92 o]z 9= WAk =
2AMES] Aleke Aelgd Aok YS-RDSPA}
Wl DSPrl5-& A|4€sElr] %k WA wirelg
AMESH T, 0.6um A FA AAMRAe] Foial
B A 2 Aok A gk A 2164
Belalr @m AYAR JoME gt g
238 & 4 ok =3 HMAHR=E 2]Ysl|e
HAAHRreg Folrbd IBM2 403GCX2] A3
e} ¥4t ghE Bl

B3 W ZaAMe alEAle

Embedded || Motorola | IBM AMD

Processor | 68EC060 | 403GCX | 20040 | Lo RDSP

Operating

; 50MHz | 66MHz | 50MHz | 42MHz
Frequency

Power
Supply 3.3v 3.3v 3.3V 3.3V
Voltage

Power w | 04w | 17w | 0.78W
Dissipation
Chip Size 103 mrd nfa 119md | 118.58md
Ic 0.42um, || 0.45um, | 0.7um, 0.6um,
Technology M 3M M M
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V.4 E

B 7oA = RISC u}o]aLwlxq-—,Lszr A
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