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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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¥ 1. HEERPY| External Command
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Technology TSMC 130nm LV CMOS
Synthesis Tool DC Ultra
Clock Period 6ns analysis
Total Cell Area 30,378,296 unit
Operation Mode SIMD/MIMD
Total Power 169mW
Energy Efficiency 126MOPS/mW

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

P LITHERT R
ET TR et

[ MO )~ GO | RO, SO
B 1 i | et Troleel
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AND (ac) oA Xrem [~ qensteq) |, ewtoun {x RO L GO (= RO, €O
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(a) Binary format of PU instructions

1. (enen. =
B eI e

NOOP/RST

MOVI[ACC]imValue[>Dest) (, ExtReg [>RO | >CO | >RO, CO]]

ADD[CND]SrcA, SrcB[>Dest] [, ExtReg [>RO | >CO | RO, COJ]

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

12 5. PUS} Instruction Set Architecture

1120

Aol 9le] Critical Path |43} AAZ o] R &
$o) AEEZ sl9ick & 29 HEERPS] Verilogs
ARE FAAAAATE Holed 0.13mER7IES
2 43led 1 oREfo] 126MOPS/mW7 & &
T slth olFA oM 3T MY EAS
e HE Z2AAME AFE 4 A =Hidok F
130nm = 0.13;m 712 100MOPS/mW -l si=-st
E ATAY Z2AA7E AAENA o] E mald 2
gln] tjojdolel] HEF 4 QIEF 1 BjAS vk}
et $j9} o] AR F AAA 2 AL ARt
€4 TSMC® A FAele|Belz]E AH-sisich
A2kE A Ale]lZE Smm x Smmeld] ol TSMCAH
£S5 o]43lglr] wlEelch AlEHe)A AR 3] Alo]
2= PADE A3t 3.4mm x 3.2mmZ Hoh
(Teraform AlE&#e]Ad A7), 3|72 144 pin QFP
7} =9l 23 60l A= HEERPS] A ARlE
Byt

4.2 HEERP2| HAE

HEERP®] 3 HAEZ {13 Quartet3H]E AHE-
s=d Hd 23 W97} 100MHz(10ns Clock)7}
Ao]2Z 6ns Clock(166MHz) &3 o]F¢] A
Zalgdch ok X 32 100MHz(Z 10ns) &% Z
Folu] AP FEAHL FAY 5 = H2E
HeE HEg A3l Quartetolld] T o]

E 3. HEERP?| # ®|l~E ZH=}

Technology TSMC 130nm LV CMOS

Test Apparatus Quartet (made by Quartet)
operation voltage(core) 945mV~1.4V
operation voltage(l/O) 1.8V~34V

10ns(AE#H o] A4 6ns 52
Smm x Smm
Operation Mode SIMD/MIMD
Total Power 52.8mW
121.2MOPS/mW

clock period

chip size

Energy Efficiency
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Technology TSMC 90nm CMOS
Synthesis Tool DC Ultra
Clock Period 8ns analysis(125MHz)

Total Cell Area 4,677,580 unit

Total Area 6.5.mP(Teraform 743}

Operation Mode SIMD/MIMD
Total Power 119mW
Energy Efficiency 539MOPS/mW
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5.1 MP32| inverse MDCTof M=

HEERPE MP3¢] $83l=8] IMDCT(Inverse
Modified Discrete Cosine Transform)&18|3&-&
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ch0: x[0]=>0xFFFFFFB
chO: x[1]=>0xFFFFFBA
39Bit c:g: xS}=>2xFFFFF§?

chQ: x[3]=>0xFFFFEI »
576Data FaeAdE
chO: x[574]=>0x00000001
chO: x[575]=>0x00000000

Stream Data

IMDCT* FTABLE

TABLE
TBL: IMDCTBLOCKO
v TBL: IMDCTBLOCK 1
Inverse MDCT [« { TBL: IMDCTBLOCK3
TBL: IMDCT_OTHERS

‘—————l——ql TBL: IMDCT_SHORT

Stream Data i .
A E ' '

A 4 \ 4
ch0: x[0]=>OxFFFFFFB ch0: Fx[0]=>0xFFFFFFB
chO: x[}]=>0xFFFFFEA ch0: Fx{1]=>0xFFFFFEA
ch0: x[2]=>0xFFFFFCO chQ: Fx[2]=>0xFFFFFF0
chO: x{3]=>0xFFFFE01 chO: Fx[3]=>0x0000000B
ch0: x[574]->0x001200FB ch0: Fx[574]=>0x0000000B
ch0: x{575]=>0x0011010C chQ: Fx[575]=>0x0000000C

[ IMDCT_BUF_CHO !

RS )
[ Fraction_ BUF_CHO

T8 7. Inverse MDCT Flow
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Motorola Morpho-s

MRC6011 || ys M2 HEERP

Raw [ Imagine

Paralle- SIMD/
lism MIMD | SIMD SIMD SIMD MIMD
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Perfor 3.6 23.7 24 28.8 68

© GOPS || GOPS GOPS GOPS GOPS
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Clock 225 296 250 450 100

Speed | MHz MH:z MHz MH:z MHz
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Power 25W 4w 3w 4w 53mW
Energy 0.1 124 8 72 121

Effici- [MOPS/m|| MOPS/ | MOPS/ | MOPS/ | MOPS/
ency w mW mW mW mW
Tech- | 15um | 0.15m | 0.13m | 0.13um | 0.13m
nology
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