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Design and Fabrication of High Energy Efficient Reconfigurable
Processor for Mobile Multimedia Applications
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ABSTRACT

Applications for mobile multimedia are testing the performance limits of present day CPUs with variety.
However, hardwired solutions are inflexible and expensive to develop. CPUs with flexibity have limitation of
performance. So, the requirement for both ASIC-like performance and CPU-like flexibility has led to reconfigurable
processor. Mobile systems require low power and high performance concurrently. In this paper, we propose
reconfigurable processor for mobile multimedia with high energy efficiency. Reconfigurable processor with
12IMOPS/mW is developed by 130nm CMOS technology. And the processor was simulated for energy efficiency
with 539MOPS/mW by 90nm CMOS technology and effective use of instructions. And we tested its applications for
multimedia field. We tested the case of inverse MDCT for MP3 and DF for MPEG4 and ME for H.264.
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AT W2 U 5 olsd] o] AS AlEA vzt
Z2A frlel] gk 1% 2 el PP g
H, o i woUA| £4-S A= T2
B AEA AEsE slole

3.2 HEERP2| 7l

el Hejulr]ole] §-8317] 913k AT =
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oick =3k PUZES] d72E 918l #=3h= PUE A
g ZEoAR o] HA S FE(1739] Left,
Right, Top, Bottom2] #2}31-81%] PU2| $]#]o|| u}
B)E Ao zan] RP AAF Q] A4 A} F
7hE Z3AaEE Bt gk o]FA sk sl wEe]
7} 1 Cycle Woll o4 PUSS 3xslo] 2] slma
s A= 71 ¢ oAl =k gk, 2RI3F) 7o)
Arbite] FEE 7R} Sl dlgledl o7A=
MAC(Multiply and Accumulation)<14tel| 4 838k =7}
Adders AHEHA] g2 B = ik oA T
A MACe] A& 5= Q= A7)} Y-S Fo|=s
sl o7 FdA A2loll MACIARS 1 ¥l=r}
Homz 919} 7to] F71 AdderS $NEE g 7o)
t} 3k T92¢] Hol= tulE& HEERP TXt&
Controller#-ol] Z2 72 wnele}l dole] wna]s
217} QN ES ] XgFo 24 Set] S E3}o] ZA] He]
2 o] AREA H1, Set0E Edle] 1 vl
AeE Ulgo] AA=A =HxE oM (2Set T-E
Aoh A AZEE Al sl musile) 2 =
ellA] Alekske = ohE 22 SIMD/MIMD 3-8 W
Alolek 3 5ol HE fARE v AAE ZeA
=< SIMDY MIMD 5= 3}e] upAlRE Ajelsla
=S B 5 ot B o] A ZeAA

3

30 2 4

1119

www.dbpia.co.kr



g2 A18}3] 3= %-4] "08-11 Vol. 33 No. 11
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t}. o}22], HEERP?| 54| 3t
2139] ¢l4hie]l RBUSE 3} 1 2E
7} 50191, CBUSE 53} o]&
Instruction)7} 501 2A] =+=d| “é} Jol= vlE] oA
W 22| E-Z{(Configuration memory)el] #33}= 1+
o Abgslel AT Ete] olRolAE dk
5212 %13l External Command®} PU InstructionS 7
o3I 3£ 1, 2™ 504 Belck I3 28] =27
v 22](Progmem)2}  d|o|E{H| 2] (Datamem)+=
AMBA¢} <17 =]l AMBA®] Hlo]elE ““’P—E‘ﬂti
ol ol oA ol EodAl Hle|e e 1729
Control Unit > 2 Xz PU Array(8x8)oﬂ At
Al H=dl 2o 2339 CBUSE E3le] <14k
ILol] Aedo] EA| H Hlo]El= 1332 RBUSE &
3| dabiol] A=l & A4 AibsEhs kA Flck
o17]o| A *2]=]+= Datax= -2 Stream Datagltl] ©]
£ Bit Stream>.2 W= 43R ARMZEAAE
o) S shw alek w o714 A A A
%13l Configuration Memory+ 167119 M&e]7} 2]
sl A HAY 2|2 3 AAE Sdrkass). 2
A mwjed Weleitio] Aeld 913 Hae] 3
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E 1. HEERPY] External Command

E 2. HEERPY] A ZAx}

Technology TSMC 130nm LV CMOS

Synthesis Tool DC Ultra

Clock Period 6ns analysis

Total Cell Area 30,378,296 unit

Command Description
CFGSET Set Config. Data to Config. Memory
PROGSET Set Program to Program Memory
PROGEXEC Execute Program
PROGSTATE Retrieve Process State
DMSET Set Operand Data to Data Memory
DMGET Retrieve Data from Data Memory
DMSETS8 |[Set 8bit Operand Data to Data Memory
DMGETS8 ([ Retrieve 8 bit Data from Data Memory

(B I ;15{13\17]15[15|14|13[12\11J1u] s[el7lelslalal=z[]o]

[ extowur [~ RO | > SO | > RO, O]
3 0 W3 3 A 23 2 0 0 W 3 R 0 0 2 0 I 0 0 0 2 = 3

[ 0 0 I A 0 0 0 0 0 e D A K = = e )

ca_srce (- desirteg) [ extour - RO |~ oo | - RO, cOl)
forTalolotacial cnd T ca | | destReg | extour |rolco)

AND [AC] [cnd)] srea srcB [~ destReg) [. extOur
[el7lol 7]aclm] ecna | srcA |

> RO | > CO | > RO, CO1]
[ destreg | exzour [rolce]

(a) Binary format of PU instructions

NOOP/RST

MOVI[ACClimValue[>Dest] [, ExtReg [>RO | >CO | R0, CO]]

ADD[CND]SrcA, SreB[>Dest] [, ExtReg [>RO | =CO | >R0O, CO]]

SUB/AND/OR/XOR/NOT/MUL/MUX/MIN/MID/SLL/SRL/SRA
(b) Instructions of PU

2| 5. PUY] Instruction Set Architecture

1120

Operation Mode SIMD/MIMD
Total Power 169mW
Energy Efficiency 126MOPS/mW
Alell gJo] Critical Path A3} AAE s} oU=]&
Ho] A= = 3tk & 2] HEERPS] Verilogs
AgR PAAANE wolid] 013mTAY|ES

Zg3led 1 ovA|EEo] 126MOPS/mW7| &
T otk olFAl eem wAdeI AdY SA
7R e A AF o = S
130nm = 0.13um 7|42 100MOPS/mW gl 3=3}
= AT ZeAM7E AAENAL o] E Eald |d
Eln] tjoj ool &&= 215% 2 HAE vkdE
Ak 99} o] AAIRE T AAF o7 2L Azksls]
=dl TSMC2] #14¥ %—@EMEEM% ARg-stAe.
AR A Afo]Z3= 5mm x Smm<ld] o= TSMCAH

rulo e

55 o]831l7] Wil AlEHe|A A 2] Ale]
Z+= PADE A¢3} 3.4mm x 32mm=z Ec}h

(Teraform A]E#|o]Ad A3P. |7])#|= 144 pin QFP
7} ARgESlar 13 60l A=kl HEERPS] & AP#lS-
Helrk

4.2 HEERPQ| HAE

HEERP2] % H|~EE 2]3)] QuartetdH]E AR
sloled v =4 WH9l7F 100MHz(10ns Clock)7}
o] & 6ns Clock(166MHz) &3 o]Fo] 27|
Z3loick ol & 3& 100MHz(Z 10ns) 24 72
Foln] HHL FFAHS =2AFT 5 9t HiE
WEl s MR AAse] Quarteteld] =

45 Aol

¥ 3. HEERPS] # H~E Z3}

Technology TSMC 130nm LV CMOS

Test Apparatus Quartet (made by Quartet)
operation voltage(core) 945mV~1.4V
operation voltage(I/O) 1.8V~3.4V

clock period 10ns(A|E#lo]Adell4] 6ns £2h)

chip size Smm x Smm

Operation Mode SIMD/MIMD

Total Power 52.8mW

Energy Efficiency 121.2MOPS/mW
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i ekl dEvivie] $-8-5 13 AellUAEE ATAAY =AM A g A

T2l 6. A2kl HEERP 3 ARl

t}. od7)4] 121.2MOPS/mW<e] A= ejomz
Ex2 39w 100MOPS/mWE2] A7A3 =24
A7b el #}3® STARC  2=wielA]
130nmel] 3l ¢ll&-S 100MOPS/mW 2 3} gl

4.3 HEERP2| o4x|gg S&S I8 90nm
HEMA

STARC =Z=rlell  2J3bd 90nm  7]&olA=
30GOPS <] A5l 100mW <, 300MOPS/mWZ
Zo] glen g o] g3z AFAY ZRAAME
7sledd HEERPE 7HAISIY] oz &8s =¢
of gt} o] & #ldl, 94 HEERPE HE|H|t]o] o}
% Video tofel] 53FAIA AMSBIESE gho®s] PU
= U9 320 FAelA 1M E FEkew £
T A =Ho] 1F A Ale|=FE EY 5 gle] Hr)
AREE 7L 4 A sdchk =3 130nm
HEERPZ 7H&3 uf AR8-815iw] w=do] AlES 7iAd
slo] A BR8-S AR OR Foli= WkkE AMEgH
t}. &, Conditionald4Hs 1 Cycle el 7}53l=%
sk wEo] AEE sk e 24 Conditional 4Hd
e PAATIES stk olE £, vt dlolE]
2ol WxEr} =& MIN, MAX 2| Conditiond -
ofste] Aelehs 795 WEo] SR A2HA
o248 Ak As o] FHES g H-5ARMAA
8 Cycle A2-8%|W 718 1 Cycleol| *]2])2} Divide<}
Round Operationol|4] Shift after ALU Opertation2-
#8310 1 Cycledl| 7Fs3l=s govy] 71E9 W
AI(ALU after Shift Operation< 2 cycle A=8)°l| H]
3 atags FoiATIA =k oA 3] RTL
AAE AegE A= ol & 49 Zrh & ofuH]
B8] 539MOPS/mW = YepdS- & 4= glth

E 4. 90nm =e]B{=]E A4 YA A

Technology

TSMC 90nm CMOS

Synthesis Tool

DC Ultra

Clock Period

8ns analysis(125MHz)

Total Cell Area

4,677,580 unit

Total Area

6.5/m?(Teraform Z3})

Operation Mode SIMD/MIMD
Total Power 119mW
Energy Efficiency 539MOPS/mW

V. HEERPS| X

5.1 MP32| Inverse MDCTo]| &

HEERPES MP3¢] 2-83}l=d] IMDCT(nverse
Modified Discrete Cosine Transform)d12|&S
MP3 t]Ftel] A-&3 HSkr} o]7l2 MP3r]zr
4] IMDCT <d4te] R|gh= vlge] AA] 30%
o ddgithiz el 2k Zlelth 5, IMDCTA
4k HEERP7} Zhdstar vzl vl Z2A A o
oz IMDCTREE wlQlZ2Alxe] s
47 ZAE B ¢ otk okl 2 76l
IMDCT Flowell w2} <diks $=8)3HA] 3lsich
IMDCT <34+ HEERP7} =3j3l=d] Z 23 At
B74e A7) glsle] 27 8} o] MP3 vl
o RS Al 1 sAkE Elsislel o]
oAli= AMBASIE|Fo| 27k F2beS Elslsich

ch0: x[0]=>0xFFFFFFB
¢ch0: x[1]=>0xFFFFFBA
30Bit ch0: x[2]=>0xFFFFFCO Stream Data
ch0: x[3]=>0xEFFFE01 =
576Data FIAAE
ch0: x[574]=>0x00000001
ch0: x[575]=>0x00000000
IMDCTHZITABLE
TABLE
TBL: IMDCTBLOCKO
v TBL: IMDCTBLOCK1
Inverse MDCT |€— TBL: IMDCTBLOCK3
TBL: IMDCT_OTHERS
[ TBL: IMDCT_SHORT
Stream Data

ARV

ch0: x[0]=>0xFFFFFFB ch0: Fx[0]=>0xFFFFFFB
ch0: x[1]=>0xFFFFFEA ch0: Fx[1]=>0xFFFFFEA
ch0: x[2]=>0xFFFFFCO ch0: Fx[2]=>0xFFFFFFOQ
ch0: x[3]=>0xFFFFEO1 ch0: Fx[3]=>0x0000000B
ch0: x[574]=>0x001200FB ch0: Fx[574]=>0x0000000B
ch0: x[575]=>0x0011010C ch0: Fx[575]=>0x0000000C

| IMDCT_BUF_CHO | ‘ Fraction_BUF_CHO ‘

12! 7. Inverse MDCT Flow
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T2l 8. HEERP-&-8-2 ¢l3fl A=k MP3 t]3d] X=
Inverse Deblocking Output
Transform m E Inter-
face
Frame
Memory

O 9. MPEG4U]ZHe] FAE ZEAA tHA

Input | Entropy

Stream| Decoder

Motion
- Compensation

Prediction

AxMe Y8 23 79 YdaEES e alsle]
AR PUSe] P cdile] pAEER @
a8 % S A7) wPEE ARk

T3z AAHl 912 MP3 of|of|x]9} o] o] T
27 Jel=)(2% 9)2 HEERPS £3) S3)s}A
o2 Wl ZRARX ] Fuks FFAaAA T o
&S sHAl stk o] 5 iPROVERR:= ol EdHolE &
ARgsle]  7EsiedEdl ARR¥l FPGAE  Xilink
Virtexd2hH 1 888kl 23]  PU Arays
4x4) ey Hg3sldel o A7, ARMREICRE o
AkelolE 7d-9-oF wlasle] HEERPS] ofE#HlA
Sz oF 708 AE whE ZoR FlEick 1
o= ARMRISR 4kt 7= ARMe| %841
A7) Bke 2 AR ot m R (e3]E vgl AE
Bol| 8= HlErt o] @org) odikgge] P
1675 ARS8 ks "olAle s &
itk of7lelx = MP32] IMDCTLE]Z A2
o} zro] PUC|®| wis& FErl oz )

%
AR olNe) B2r Wde LA 4B
H
=
ka1

N
2 o

c

5.3 H.2642| MEE&0f2| 2=
H.264°2] ME(Motion Estimation)&=-> H.264¢]]
A Wz sdshe BEld] o] £33 <A

1122

2ol 3lo] W2 dAibpe] S7EE E5elck 1
B2 HEERPE 7| H&-3lo] ®Wgkc}l PU Array
4x8°] ozt ME°l®] A8-5 3 mojAls Axe o}
£33} Zr) Full Search[-16 +15] 23S 3 DI
& 30 Framex2|(125MHz52bell 22,295,347,200
Cycle®] 49% 3 A7k <F 103727} 2L
grolslgltt. 22|22 D1F 30Frame #2]E $J3}
oJ4] HEERP7} E8A4o2 wmeld A A 3}
Ao E=2 FHoA] T2 F EE e 59

TE7F NAE S slok & Aok

Vi.d B

AR EES 7= ATFREE Z2AXE A
uksled 130nm FHellA 121MOPS/mWE] ollUx]| &4
< <9l 90nmeEle]Beie]E AMEE AlEHHO]
A Az}ol|A] 539MOPS/mWE] o= &8-S i3}
t} o] ZA3l= STARCeOA] oA|&3 A3}=S Ak3]s)
AR AT Z2AAY AA A8 Aol
vlEEckal & ek sl o]&& MP3t]Er
(2] 2toh e} MPEG4, H.264(R|v]&tephel] A&
gozn 1 AH47eAE st ajee
vl Helm|t]e] 2o 7lest oA EE AT
Ay Z2AA7E A= dek & Aoloh $1¢] K
WA= o8 AFEE Z2A49) vlaEisls o
o] gl B3] duR| &g ek $==3F Axf
2 W3l &5 grkE 50N olnlm clE )
T ZRAMEE YA Z& SHolAMe]
RS ool ZoE Zzte] FrhESolAM i

ot

fr
N

E b, AT Z2ARK AE v

. Motorola (|Morpho-s
Raw || Imagine MRC6011 || ys M2 HEERP
Paralle- SIMD/
lism MIMD | SIMD SIMD SIMD MIMD
Max
Perfor 3.6 23.7 24 28.8 68
GOPS | GOPS GOPS GOPS GOPS
mance
Clock 225 296 250 450 100
Speed | MHz MHz MHz MHz MHz
(S:flzlg 18x18mm || 12x12mm | 31x31mm || 16x16mn | SxSmn
Power | 25W 4w 3w 4w 53mW
Energy 0.1 12.4 8 72 121
Effici- [MOPS/m| MOPS/ || MOPS/ | MOPS/ | MOPS/
ency w mW mW mW mW
Tech 1 1sum | 0.15m | 0.13um || 0.13m | 0.13m
nology
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