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Abstract

An intermittent operation technique is used to reduce the power consumption in audio playback. To reduce leakage current, four
power-management mechanisms are utilized: Power-gating, VDD control, VBB control, and VVSS control. The 486 MHz application
processor and 245 MHz baseband processor utilize 280 M transistors and 25 Mbits SRAM (Static Random Access Memory) on an 8.05x
8.18 mm? die in 45 nm CMOS (Complementary Metal Oxide Semiconductor). During audio playback, the application processor uses 9.6

mW, while total power consumption is 15.3 mW.
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ARM1176% 486 MHz
ARM1156% 2% 245 MHz
Dual Core DSP 216 MHz
H.264/\/C-1/MPEG-4
3D/2D Graphics] 7 Mpoly/sO
3D Surround Audio
Audio/Video 10

GPS

On Chip Memory
GSM/GPRS/EDGE
WCDMA/HSPA

DDR I/F 162 MHz
General Purpose Bus I/F
Serial/Parallel Video I/F
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Core 12V/07V
10 1.85 V/25V/285 V
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DSP : Digital Signal Processor 10 : Input-Output

GPS : Global Positioning System GPRS : General Packet Radio Service
EDGE : Enhanced Data rates for Global Evolution

DDR : Double Data Rate I/F : InterFace
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Fig. 1 Die micrograph
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Fig. 2 Power consumption in applications
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Fig. 5 Power system diagram
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Fig. 6 Effect of leakage power reduction
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Fig. 7 Power state diagram
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Fig. 8 Measured power consumption in audio playback

I4. goo

gboooboobooboAvOOOooOooboooooon
gobooboooboboooboboboboobobooo
goooboooboboooboboboobooboboboo
gobooboooboboooboboboboobobooo
gbobooobooboobooboooobooooobaon
goooboooboboooboboboobooboboo
goooboooboboooboboboobooboboo
goooboooboboooboboboobooboboo
goooboooboboooboboboobooboboo
goooboooboboooboboboobooboboo
gbooboboooooooobobobo

gooao

10 M. Sumita, et al. : Mixed body-bias techniques with fixed V; and Iy
generation circuits.  ISSCC Dig. Tech. Papers ,pp.158-159
(2004.2).

20 M. Nakajima, et al. : Instruction Parallel Processor (IPP)
architecture on Panasonic integrated platform for digital CE.
Spring Processor Forum (2005.5).

14

30 T. Luftner, et al. : A 90nm CMOS low-power GSM/EDGE
multimedia-enhanced baseband processor with 380MHz ARM9
and mixed-signal extensions. I1SSCC Dig. Tech. Papers ,pp.252-
253 (2006.2).

400 M. Naruse, et al. : A 65nm single-chip application and dual-node
baseband processor with partial clock activation and IP-MMU.
ISSCC Dig. Tech. Papers ,pp.260-262 (2008.2).

50 G. Gammie, et al. : A 45nm baseband-and-multimedia application
processor using adaptive body-bias and ultra-low-power
techniques. ISSCC Dig. Tech. Papers ,pp.258-259 (2008.2).

600 M. Shirasaki, et al. : A 45nm single-chip application-and-baseband
processor using an intermittent operation technique. ISSCC Dig.
Tech. Papers ,pp.156-157 (2009.2).

gooaod

gooo Motoyasu Shirasaki
goooooooboo
Strategic Semiconductor Development Center

gooo Masahiro Hoshaku
gooooooobon
Strategic Semiconductor Development Center

goooo Sachio Ogawa
ooooooooooo
Strategic Semiconductor Development Center

oooo Hiroo Yamamoto
ooooooooooo
Strategic Semiconductor Development Center

gooo Takuya Arimura
goooooooboo
Strategic Semiconductor Development Center

otk < b

gooo Yusaku Miyazaki
gooooooobon
Strategic Semiconductor Development Center



