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Abstract—In this paper we introduce a 14-core application
processor for multimedia mobile applications, implemented in
40 nm, with a 222 mW H.264 full high-definition (full-HD) video
engine, a 124 mW 40 M-polygons/s 3D/2D graphics engine, and
a video/audio multiprocessor for various Codecs and image
processing. The application processor has 25 power domains to
achieve coarse-grain power gating for adjusting to the required
performance of wide range of multimedia applications. The simple
on-chip power switch circuits perform less than 1 s switching
while reducing rush current. Furthermore, the Stacked Chip SoC
(SCS) technology enables rewiring to the DRAM chip during
assembly/packaging phase using a wire with 10 m minimum
pitch on Re-Distribution Layer (RDL) using electroplating. The
peak memory bandwidth is 10.6 GB/s with an x512b SCS-DRAM
interface, and the power consumption of this interface is 3.9 mW
at 2.4 GB/s workload.

Index Terms—Application processor, full high-definition
(full-HD) video, MICRO bump, multiple power domains, on-chip
LV-PMOS switch, Re-Distribution Layer (RDL), stacked DRAM.

I. INTRODUCTION

T ODAY’s multimedia mobile devices should support a
wide range of multimedia applications in addition to

full high-definition (full-HD, 1920 1080) video processing.
Conventional hardware engine approaches [1]–[4] cannot
handle new applications that might be required once the chips
have been fabricated. In this paper, we introduce an appli-
cation processor with a hybrid architecture that combines a
hardware based solution by special hardware engines for high
performance tasks such as specific full-HD video Codecs and
3-D graphics and a software based solution by a multi-core
processor [5], [6] for flexible applications.

Another important issue faced in multimedia mobile devices
is to achieve high memory bandwidth with low power consump-
tion. A System-in-Package (SiP) memory interface connection
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using wire bonding needs a large number of I/Os or high inter-
face frequency at the expense of high power consumption. On
the other hand, a Chip-on-Chip (CoC) memory interface con-
nection using micro-bumps is a power-efficient technology to
achieve high memory bandwidth and low power consumption
[7]. Nonetheless, in the case of conventional CoC technology,
because wiring between a logic chip and a DRAM chip is im-
plemented on the metal layers in the DRAM chip, customized
DRAM chips are necessary. Furthermore, due to the memory
requirements of high resolution video processing, the memory
chip area may easily become larger than the logic chip, and in
such case, the logic chip should be placed on top of the memory
chip. Nonetheless, in such structure the pads of the logic chip
can not be connected to the base package by direct wire bonding.
Thus, to cope with the above mentioned challenges, we intro-
duce a new Stacked-Chip SoC (SCS) technology that enables
rewiring at the assembly/packaging phase by means of a Re-Dis-
tribution Layer (RDL).

The recent SoCs for mobile applications support power gating
to reduce the power consumption [8], [9]. Our application pro-
cessor has 25 power domains and controls these domains in ac-
cordance to various performance requirements. We also present
new on-chip power switches that can adjust the maximum rush
current and the recovery time.

This paper is organized as follows. Section II gives an
overview of the hybrid application processor for a wide range
of multimedia applications that achieved high memory band-
width with low power consumption. Section III explains the
SCS technology using RDL and micro bumps. The multiple
power domain control to achieve low power consumption in a
wide range of multimedia applications and the measurement
results of the multimedia mobile device power consumption are
described in Section IV and Section V respectively. Section VI
concludes the paper.

II. PROCESSOR OVERVIEW

A. Processor Architecture

We introduce a hybrid architecture that combines a hardware
based solution and a software based solution. The hardware en-
gine achieves high performance with low power consumption
for specific demanding tasks such as full-HD video and 3D/2D
graphics. On the other hand, the software based solution with a
multi-core processor supports various multimedia applications
such as several video Codecs (H.264, MPEG-4, MPEG-2, and
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Fig. 1. Architecture of the hybrid application processor.

VC-1), audio Codecs (MP3, eAAC+ and WMA), image pro-
cessing tools (frame rate converter and image super resolution)
and image recognition tools.

Fig. 1 and Table I show, respectively, the block diagram and
the features of the application processor. The chip includes a
435 MHz ARM Cortex-A9 MPCore module, a 333 MHz video/
audio multiprocessor, a full-HD video H.264 Codec engine, a
3D/2D graphics engine, an image composition engine, DRAM
interfaces, and the I/Os. There are 14 heterogeneous processor
cores in total: two ARM processors, eight Media Processing
Engines (MPEs) in the video/audio Multiprocessor, two CPU
cores in the full-HD video H.264 Codec engine, one CPU core in
the TS interface, and one CPU core used as a general controller.

The video/audio multiprocessor supports a variety of multi-
media processing applications. The video/audio multiprocessor
[5], [6] consists of eight MPEs and a unified 256 KB L2 cache
(L2$). Each of these MPEs is a 3-way VLIW customized pro-
cessor for video/audio/image processing, with a 16 KB L1 in-
struction cache (I$) and a 8 KB L1 data cache (D$) inside. This
symmetrical multiprocessor architecture is introduced because
it allows achieving performance scalability to support multiple
resolutions of video processing such as QVGA, VGA and 720p
by changing the number of active MPEs, and it is also suitable
for the power gating technique. Audio Codecs, video Codecs
up to 720 p, and image signal processing for high quality im-
ages are implemented by software on the video/audio multi-
processor.

The video H.264 Codec engine can process up to full-HD
(1080i/p) H.264 video by using four 128-bit channels bus in-
terface. The 3D/2D graphics engine supports the OpenGL ES
2.0 specification, and its performance is 40 M-polygons/s and
300 M-pixels/s. Its bus interface has three channels of 128-bit
width. The display interface has three types of output paths: to
main LCD panel, sub LCD panel and full-HD TV. The camera
interface can connect two cameras. These camera and display
interfaces have full-HD video input and output capabilities.

The application processor supports two types of external
memories, the SCS-DRAM and the DDR-SDRAM. The
SCS-DRAM has four 128-bit channels interface and achieves
maximum 10.6 GB/s bandwidth at 166 MHz. The SCS-DRAM
is used as a video processing memory that requires high data
bandwidth. On the other hand, the DDR-SDRAM is used as the
main memory of the ARM processors. These separated memory
interfaces can reduce memory access latencies and improve the
total data bandwidth of the system. Furthermore, the internal
data SRAMs in the L2 cache of the video/audio multiprocessor
are used as scratch-pad memory of the full-HD video H.264
Codec engine, because the video/audio multiprocessor and
the full-HD video H.264 Codec engine execute video Codecs
separately and exclusively.

B. Processor Implementation

Fig. 2 shows the micrograph of the application processor. The
application processor is fabricated in 40 nm CMOS, triple-well,
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TABLE I
FEATURES OF THE APPLICATION PROCESSOR

1) SCS: Stacked Chip SoC
2) MPE: Media Processing Engine
3) MIPI: Mobile Industry Processor Interface
4) TLVDS: Toshiba Low Voltage Differential Signalling
OpenGL is a registered trademark of the Silicon Graphics Co..
Coretex and MPCore are trademarks of the ARM Co..

Fig. 2. Micrograph of the application processor.

7-layer metal technology and integrates 18.5 M gates and 9 Mb
SRAM on a mm die. The micro bumps for SCS-
DRAM interface are located in the middle of the die. The micro
bumps are divided into two groups due to limitations in cell
placement and wiring and in order to make wiring space for
signals between the right side blocks and the left side ones. The
analog PLL of the lower right is used for the high speed I/O. The
other analog PLLs generate the base clock signals for the ARM

Fig. 3. SCS technology structure. (a) SCS technology type 1. (b) SCS tech-
nology type 2.

processors, the full-HD video H.264 Codec engine, the display
interface, and for other blocks.

III. STACKED DRAM ARCHITECTURE

A. SCS Technology

The SCS technology connects a logic chip and a memory chip
through micro bumps. There are two types of the SCS tech-
nology as shown in Fig. 3(a). When memory capacity is rela-
tively small and the memory chip is smaller than the logic chip,
the memory chip is placed on top of the logic chip. This struc-
ture is the SCS technology type 1, and it allows connecting the



KIKUCHI et al.: A 40 nm 222 mW H.264 FULL-HD DECODING, 25 POWER DOMAINS, 14-CORE APPLICATION PROCESSOR WITH x512b STACKED DRAM 35

Fig. 4. Advantage of SCS technology using RDL & micro bump.

pads of the logic chip to the base package pin by wire bonding.
When the memory chip is larger than the logic chip, as the 512
Mb DRAM in our system, the application processor should be
placed on top of the memory chip. However, it is not possible
to connect the pads of the application processor to the base
package directly by wire bonding. That’s why, we have intro-
duced a SCS technology that enables to connect the applica-
tion processor to the base package using a RDL wiring on the
memory chip. This structure is the SCS technology type 2 as
shown in Fig. 3(b).

The SCS technology type 2 has an advantage over the type
1 technology because it allows using the same memory chip
with different logic chips. This is achieved through the RDL
and the micro bumps, even if the chip size, the number of I/Os,
and layout are different, as long as the differences in size and
layout of the logic chips are adjustable with the RDL. For in-
stance, in Fig. 4, the logic chip (A) is connected to the memory
chip through the micro bumps and RDL wiring, and in the same
way the logic chip (B) can be connected to the same memory
chip. The RDL wiring and micro bumps are able to absorb the
differences in the I/Os in the logic chip (A) and (B), during the
assembly/packaging phase.

Fig. 5 explains the SCS technology flow. On the memory
wafer, 10 m pitch Cu wiring and 20- m SnCu micro bumps
are formed by electroplating, and then the surface is covered
by the protective film. On the logic wafer, only micro bumps
are formed. These wafers are diced to form the chips, and then,
the memory chip and the logic chip are connected through the
micro bumps. The gap between micro bumps is sealed with
resin. Fig. 6(a) shows a RDL with minimum 5/5- m Line/Space
and 3- m thick wires. Fig. 6(b) shows a 20- m micro bump with
40- m minimum pitch.

B. Chip Packaging

Fig. 7 shows the stacked DRAM structure of the packaged
chip, with two types of memory chips: a SCS-DRAM and a
DDR-SDRAM. The SCS-DRAM chip is connected to the appli-
cation processor with micro bumps. These micro bumps on the
SCS-DRAM chip are connected through the RDL. The DDR-
SDRAM chip is connected to the application processor through
wire bonding, the RDL and the micro bumps. The I/Os of the
package are connected to the RDL by wire bonding.

Fig. 5. SCS technology flow.

Fig. 6. (a) Minimum L/S of RDL wiring. (b) Micro bump minimum pitch.

Fig. 7. Stacked SCS-DRAM and DDR-SDRAM.
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Fig. 8. Schematic diagram of SCS-DRAM interface.

The total power consumption of the packaged chips is up to
660 mW, which causing a maximum temperature rise of 15 de-
grees in the package. This power consumption number is esti-
mated from the maximum processing performance of the video/
audio multiprocessor cores, the ARM processor cores, SCS-
DRAM chip and DDR-SDRAM chip. Based on previous prod-
ucts, it is possible to affirm that a temperature rise of up to 15
degrees does not cause problems in the packaged chips.

C. SCS-DRAM Interface Architecture

Fig. 8 shows a schematic diagram of SCS-DRAM interface.
In the case of this application processor, the total number of
micro bumps connections is 1024 for the 4 channels of 128 bits
IO width. The peak memory bandwidth is 10.6 GB/s at 166
MHz. The FIFO buffers have a burst transfer size of 256 bytes.
The level shifters are inserted on the boundary of the internal 1.1
V domain and the 1.5 V SCS-DRAM interface. The BIST logic
for the SCS-DRAM is included in the application processor.
This BIST writes the data to the SCS-DRAM according to test
patterns, and then compares the data read from the SCS-DRAM
with the expected value. If the comparison fails, an error flag is
asserted. Furthermore, the scan flip-flops can test the interface
between the SCS-DRAM and the application processor.

D. Power Consumption of SCS-DRAM Interface

The SCS-DRAM interface achieves low power consumption
because it uses only 20 m bumps with about tens of fF capacity
and does not require any high drive I/Os nor long wire bonding.

Fig. 9 shows the measured power consumption of one 128-bit
SCS-DRAM channel on 1.5 V. We obtain 1 mW at 600 MB/s
with maximum workload. The power consumption of four
128-bit SCS-DRAM channels at 2.4 GB/s maximum workload
is estimated to be 3.9 mW. Based on the experimental results
shown in this graph, the power consumption Y can be described
by the following equation where X shows the bit rate of the
SCS-DRAM interface:

(1)

Fig. 9. Power consumption of the SCS-DRAM interface.

Fig. 10. Power domains of the application processor.

IV. MULTIPLE POWER DOMAIN CONTROL

A. Chip Power Domain

The application processor has 25 power domains as shown
in the P&R tool GUI image of Fig. 10. The video/audio multi-
processor is divided into 10 power domains that include eight
MPEs, the L2$ and the other logic block. For each task/oper-
ation only the minimum number of MPE that fulfill the per-
formance requirements are activated. For example, to perform
audio playback, it is sufficient with only one MPE and the L2$.
On the other hand, to decode a MPEG-4 720p video and audio,
all of the MPEs are required. Furthermore, the application pro-
cessor can be fabricated with some power domains turned off, by
electrical fuse and disabling the functions that are not required
by a specific usage.

Table II shows the measured leakage power consumption for
stand-by mode, sleep mode and all-power-domain-on mode. In
the stand-by mode, where only the power supply necessary for
the I/Os (domain 25) is active, the leakage power is only 15

W at 1.1 V. In the sleep mode, in addition to the I/O power
domain, the system control registers power domain (domain 24)
is also active, and the leakage power is 1.7 mW at 1.1 V. In the
all-power-domain-on mode, the clock-gating power supply is
activated, but still the minimum leakage power is only 22 mW
This shows that the power-gating is effective to reduce the power
consumption.
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TABLE II
MEASUREMENT RESULTS OF LEAKAGE POWER CONSUMPTION

, ,

Fig. 11. Power supply system.

Fig. 11 explains the power supply system chart at 1.1 V in
the application processor. The power domains of the system
logic circuits use the same source power supply, VDD1D. The
power domain of the I/O logic circuits uses the source power
supply, VDD1P. The 23 power domains of the system logic cir-
cuits can be controlled with the on-chip LV-PMOS switches.
The domains of the control bus and the I/O logic circuits do not
have any switches. That means these power domains are always
active.

B. On-Chip Switch Architecture

Fig. 12 shows the schematic diagram of the on-chip switch
controller. The on-chip power switch scheme utilizes two
types of pMOS transistors, named TP1 and TP2, with different
channel widths. The switch cell named U1 has a coupling
capacitor named C1 between the gate node of the TP1 and a
virtual VDD, VDDV, but the switch cell named U2 does not
have the capacitor. When the number of U1 cells is reduced in
the power domain, the total coupling capacity decreases and
the maximum rush current increases. On the other hand, when
there are many U1 cells in the power domain the total coupling
capacity increases and the maximum rush current decreases,
but the area overhead and the recovery time become large. The
transistors TN1 in the buffer cell B1 adjust the driving force,
and introduce a trade-off between the recovery time and the
maximum rush current. Thus, the on-chip power switch archi-
tecture can adjust the maximum rush current and the recovery
time by the number of U1 switch cells and the structure of the
buffer cell B1.

Fig. 13 shows the switch layout and the power domain con-
trol flow. In some implementation cases, the switch cells can be
placed evenly in all over the power domain, but in our imple-
mentation the switch cells U1 and U2 are placed on the upper
and lower edges of the power domain to make the physical de-
sign easier. The on-chip switch controller in Fig. 13 operates as

Fig. 12. Schematic diagram of the on-chip switch.

Fig. 13. Layout and control of the on-chip switches.

follows. First the power enable signal becomes active from the
B1, and the TP1 switches in U1 and U2 cells are turned on 10%
of the power supply. Then, the TP2 switches in U1 and U2 cells
are turned on completely (100%). The channel width of TP1 is
10 m, and the channel width of TP2 is 90 m.

A rush current might be generated at an instant when the
power switch is turned on to activate a power domain. If a rush
current occurs, a power line voltage of the external power source
varies, and the power supply to another activated power domain
becomes unstable, which might cause the logic circuit in the
power domain to malfunction. This might consequently cause
a problem/multifunction in the application processor. For ex-
ample, supposing that when a user is listening to a song, he
wants to watch the video clip of it, the audio and the video
should be synchronized and the video decoder domain should
be turned on while the audio decoder domain is under operation.
Fig. 14 shows the maximum rush current (up to 20 mA) and the
maximum recovery time (within 1 s) under worst-case condi-
tions. The rush current and recovery time depend on the inclina-
tion and form of PC1, which depends on the number of U1 cell
and TN1 transistor. The required performance for coarse-grain
power gating is achieved at this rush current and recovery time.

The design with multiple power domains requires a large
number of switches, but as the area of the switches increases
it becomes a major overhead. We have developed the on-chip
switches that are simple and small. The total area of this chip’s
on-chip switches is 0.927 mm . This area accounts for 2.5% of
the application processor (37.2 mm ). The total leakage power
consumption of on-chip switches is 10 W. The leakage power
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TABLE III
MEASUREMENT RESULTS OF CHIP POWER CONSUMPTION BY HW SOLUTION

, ,

TABLE IV
MEASUREMENT RESULTS OF CHIP POWER CONSUMPTION BY SW SOLUTION

, ,

Fig. 14. Maximum rush current and recovery time.

consumption accounts for only 0.6% of the application pro-
cessor (1.7 mW).

V. POWER CONSUMPTION RESULTS

Table III shows the measurement results of the chip power
consumption by the hardware based solution. Fig. 15 shows the
comparison with previous work [1], [4]. The power consump-
tion of the H.264 1920 1080 30 fps decoding when using the

Fig. 15. Power consumption comparison with previous work.

full-HD H.264 Cocec engine is 222 mW, and the power con-
sumption of the H.264 1280 720 30 fps encoding when using
the Codec engine is 132 mW. The power consumption is less
than that of the hardware engine in ISSCC2009 [1], because our
Codec engine is simple and only designed for H.264 in addition
to process technology improvement. When comparing our re-
sult with the software multi-core processor implementation in
ISSCC2008 [5], our hardware solution achieves lower power
consumption at high performance such as H.264 1280 720
30 fps encoding.

Table IV shows the measured chip power consumption for
a software based solution. The video/audio multiprocessor
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Fig. 16. Evaluation board to measure power consumption.

achieves the same degree of power consumption as the full-HD
H.264 Codec engine but at a lower video processing perfor-
mance, such as a H.264 VGA 15 fps decoding with only two
active MPEs. The power consumption of the full-HD H.264
Codec engine can not be reduced because the hardware engine
uses many high-speed cells and it is designed to achieve high
performance.

Fig. 16 shows the evaluation board of the application pro-
cessor, which can be used to measure the power consumption in
real time. The evaluation board has an LCD panel, a camera, a
microphone, a speaker and an SD card slot.

VI. CONCLUSIONS

We have developed a hybrid application processor that
combines a hardware based solution and a software based
solution. The hardware based solution achieves H.264 1080p
decoding with 222 mW. The 3D/2D graphics performance
is 40 M-polygons/s and 300 M-pixels/s. The software based
solution achieves the same degree of low power as the hardware
based solution by 25 power domain control at H.264 VGA 15
fps decoding. The peak memory bandwidth of the SCS-DRAM
interface is 10.6 GB/s and RDL minimum L/S is 5/5 m. 23
of the 25 power domains on the chip has controllable. Total
leakage power by multiple power domain control is 1.7 mW at
sleep mode. The maximum rush current of each power domain
is 20 mA and the maximum recovery time is within 1 s under
worst-case conditions.

REFERENCES

[1] K. Iwata et al., “A 342 mW mobile application processor with full-HD
multi-standard video codec,” in IEEE ISSCC Dig. Tech. Papers, Feb.
2009, pp. 158–159.

[2] G. Gammie et al., “A 45 nm baseband-and-multimedia application pro-
cessor using adaptive body-bias and ultra-low-power techniques,” in
IEEE ISSCC Dig. Tech. Papers, Feb. 2008, pp. 258–259.

[3] M. Shirasaki et al., “A 45 nm single-chip application-and-baseband
processor using an intermittent operation technique,” in IEEE ISSCC
Dig. Tech. Papers, Feb. 2009, pp. 156–157.

[4] T. Chuang et al., “A 59.5 mW scalable/multi-view video decoder chip
for quad/3D full HDTV and video streaming applications,” in IEEE
ISSCC Dig. Tech. Papers, Feb. 2010, pp. 330–331.

[5] S. Nomura et al., “A 9.7 mW AAC-decoding, 620 mW H.264 720p 60
fps decoding, 8-core media processor with embedded forward-body-
biasing and power-gating circuit in 65 nm CMOS technology,” in IEEE
ISSCC Dig. Tech. Papers, Feb. 2008, pp. 262–263.

[6] Y. Ueda et al., “A power, performance scalable eight-cores media pro-
cessor for mobile multimedia applications,” in Proc. IEEE Asian Solid-
State Circuits Conf., Nov. 2008, pp. 13–16.

[7] T. Ezaki et al., “A 160 Gb/s interface design configuration for multichip
LSI,” in IEEE ISSCC Dig. Tech. Papers, Feb. 2004, pp. 140–141.

[8] Y. Kanno et al., “Hierarchical power distribution with 20 power do-
mains in 90-nm low-power multi-CPU processor,” in IEEE ISSCC Dig.
Tech. Papers, Feb. 2006, pp. 540–541.

[9] T. Hattori et al., “A power management scheme controlling 20 power
domains for a single-chip mobile processor,” in IEEE ISSCC Dig. Tech.
Papers, Feb. 2006, pp. 542–543.

Yu Kikuchi was born in Tokyo, Japan, in 1977. He
received the B.S. degree in precision machine engi-
neering from Tokyo Denki University, Tokyo, Japan,
in 2000, and the M.S. degree in information network
systems from the University of Electro-Communica-
tions, Tokyo, Japan, in 2002.

In 2002, he joined Toshiba Corporation, Kawasaki,
Japan, where he was engaged in the research and de-
velopment of microprocessors. He is doing the work
of the design development of low power mobile ap-
plication processors and mobile peripheral devices.

Makoto Takahashi received the B.S. and M.S. de-
grees in electrical engineering from Hosei University,
Japan, in 1986 and 1988, respectively.

In 1988, he joined Toshiba Corporation, where he
was engaged in the research and development of em-
bedded system memory for microprocessors. He is
currently a Chief Specialist and working on the de-
velopment of low power 3-D stacked memories with
multimedia SoCs.

Tomohisa Maeda received the B.S. and M.S. degrees
in electric engineering from Chiba University, Japan,
in 1984 and 1986, respectively.

In 1986, he joined the Toshiba Medical Systems
Corporation, Nasu, Japan, where he was engaged in
development of MRI. At present, he is designing low
power mobile application processors in the System
LSI Division.

Masatoshi Fukuda was born in Shizuoka, Japan,
in 1967. He received the B.E. and M.E. degrees in
synthetic chemistry from Chiba University, Chiba,
Japan, in 1991 and 1993, respectively.

In 1993, he joined Toshiba Corporation, and has
been in charge of the research and development
of advanced packaging process. He has engaged
in bonding process, encapsulating process, and
assembly line design over 15 years. His current work
is focusing on assembly process development of
chip-stacking devices.



40 IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 46, NO. 1, JANUARY 2011

Yasuhiro Koshio was born in Kumamoto, Japan, in
1967. He graduated from Ariake National College
of Technology Mechanical Engineering Section in
1987.

In 1987, he joined Toshiba Corporation and has
been in charge of the research and development of
advanced package technology. His current work is
focusing on chip on chip packaging technology and
TSV packaging technology.

Mr. Koshio is a member of Japan Electronics
and Information Technology Industries Association,

Technical Committee on Semiconductor Packaging, Sub-Committee on Inte-
grated Circuits Package, and Sub-Committee on General Rules and Common.

Hiroyuki Hara was born in Tokyo, Japan, in 1960.
He received the B.S. degree in electronic engineering
from Shibaura Institute of Technology, Tokyo, in
1983.

In 1983, he joined Toshiba Corporation, Kawasaki,
Japan, where he was engaged in the development
and design of bipolar and BiCMOS LSIs. In the
Semiconductor Device Engineering Laboratory, he
has designed BiCMOS macro cells, such as TLB
and Adder. He has also designed DCT macro for the
MPEG2 video decompression LSI and Tag RAM

for the Emotion Engine of Playstation2. His current research interests include
low-power circuits design, as well as implementation of these circuits utilizing
EDA tools for mobile applications.

Hideho Arakida received the B.S. and M.S. degrees
in instrumentation engineering from Keio University,
Japan, in 1994 and 1996, respectively.

In 1996, he joined Toshiba Corporation, Kawasaki,
Japan, and has been engaged in development of
firmware for low-power multimedia processor. From
2005 to 2007, he was a Visiting Scholar at Stanford
University, Stanford, CA, where he researched
multiprocessor architecture.

Hideaki Yamamoto received the B.S. and M.S. de-
grees in electronics engineering from Osaka Univer-
sity, Osaka, Japan, in 1995 and 1997, respectively.

In 1997, he joined Toshiba Corporation, Kawasaki,
Japan, where he has been engaged in development of
multimedia SoCs for mobile applications.

Yousuke Hagiwara received the B.S. and M.S.
degrees from the Department of Information and
System Engineering, Faculty of Science and Engi-
neering, Chuo University, Tokyo, Japan, in 2005 and
2007, respectively.

In 2007, he joined Toshiba Corporation, where he
has been engaged in the design of mobile application
processors.

Tetsuya Fujita was born in Tokyo, Japan, on August
30, 1963. He received the B.S. degree in electronic
engineering from Hosei University, Tokyo, Japan, in
1986.

In 1986 he joined Toshiba Corporation, Kawasaki,
Japan, where he was engaged in the establishment
of CMOS and ECL gate array libraries. Since 1996
he has been with the Microelectronics Engineering
Laboratory at Toshiba, where he has been involved
in the research and development of communication
LSIs at the SoC Research & Development Center,

Toshiba Corporation, Kawasaki, Japan. His current interests include low-power
low-voltage techniques in CMOS.

Manabu Watanabe received the B.S. and M.S.
degrees in instrumentation engineering from the
University of Toyama, Japan, in 1993 and 1995,
respectively.

In 1995, he joined Toshiba Corporation, Yoko-
hama, Japan, where he was engaged in development
of LCD. At present, he is designing of low power
mobile application processors in the System LSI
Division.

Hirokazu Ezawa received the B.E. and M.E. degrees
in metal science and engineering from Kyoto Univer-
sity, Kyoto, Japan, in 1983 and 1985, respectively.

In 1985, he joined Toshiba Corporation and has
been in charge of the research and development of
metallization process and multilevel interconnect
technology for ULSI devices, together with wafer
bumping technology over 20 years. His current
work is focusing on advanced packaging technology
associated with TSV fabrication, chip-stacking and
wafer-level packaging.

Mr. Ezawa is a member of the Japan Institute of Metals, Japan Institute of
Electronics Packaging, and IEEE CPMT Society.

Takayoshi Shimazawa was born in Saitama, Japan,
on April 27, 1965. He received the B.S. and M.S. de-
grees in electric engineering from Keio University,
Japan, in 1989 and 1991, respectively.

In 1991 he joined the Semiconductor Device Engi-
neering Laboratory, Toshiba Corporation, Kawasaki,
Japan, where he was engaged in the research and de-
velopment of advanced system LSIs. At present, he is
involved in the design of low power mobile applica-
tion processors and mobile peripheral devices in the
System LSI Division.

Yasuo Ohara was born in Kanagawa, Japan, in 1965.
He received the B.S. degree from Sophia University
in 1989.

In 1989, he joined Toshiba Corporation, Kawasaki,
Japan, where he was engaged in the development of
microprocessors. At present, he is working on devel-
opment of low power mobile application processors
and mobile peripheral devices.



KIKUCHI et al.: A 40 nm 222 mW H.264 FULL-HD DECODING, 25 POWER DOMAINS, 14-CORE APPLICATION PROCESSOR WITH x512b STACKED DRAM 41

Takashi Miyamori received the B.S. and M.S. de-
grees in electrical engineering from Keio University,
Yokohama, Japan, in 1985 and 1987, respectively.

In 1987, he joined Toshiba Corporation, Kawasaki,
Japan, where he was engaged in the research and
development of microprocessors. From 1996 to
1998, he was a Visiting Researcher at Stanford
University, Stanford, CA, where he researched re-
configurable computer architectures. He is currently
a Chief Specialist and working on the development
of configurable processor cores, media processors,

multi-core processors, and multimedia SoCs.

Mototsugu Hamada was born in Nara, Japan, in
1968. He received the B.S., M.S., and Ph.D. degrees
in electronic engineering from the University of
Tokyo, Tokyo, Japan, in 1991, 1993, and 1996,
respectively.

In 1996, he joined Toshiba Corporation and has
been engaged in wireless and low-power electronic
circuits design with Toshiba’s Center for Semicon-
ductor Research and Development, Kawasaki, Japan.
From 2002 to 2004, he was a Visiting Scholar with
Stanford University.

Dr. Hamada has served as a member of the technical program committee of
International Solid-State Circuits Conference (2003–2009, 2011) and Asian
Solid-State Circuits Conference (2005–2010). He is a member of the Japanese
Society of Applied Physics and the Institute of Electrical and Electronic
Engineers.

Masafumi Takahashi received the B.S. and M.S. de-
grees in information engineering from the University
of Tsukuba, Japan, in 1985 and 1987, respectively.

In 1987 he joined the Research and Development
Center, Toshiba Corporation, where he was engaged
in research on microprocessors and a single-chip
multiprocessor architecture. From 1996 to 2005
he was engaged in the research of multimedia
processor architecture in the Center of Semicon-
ductor Research and Development, Semiconductor
Company, Toshiba Corporation. Since 2005 he has

been involved in the development of multimedia SoCs for audiovisual and
3-D graphics applications and currently he is a chief specialist of System LSI
Division, Semiconductor Company, Toshiba Corporation, Kawasaki, Japan.

Mr. Takahashi was a member of ISSCC Signal Processing Subcommittee
from ISSCC2005 to 2007. He served ISSCC as an associated chair for
ISSCC2005 and a tutorial speaker for ISSCC2006.

Yukihito Oowaki (M’99) received the B.S. and
M.S. degrees in applied physics from the University
of Tokyo, Japan, in 1981 and 1983, respectively.

He joined Toshiba Research and Development
Center in 1983. From 1983 to 1991, he worked
on DRAM design. From 1992 to 1994, he was
engaged in design and fabrication of single-electron
devices with the Semiconductor Physics Group,
Cavendish Laboratory, University of Cambridge,
Cambridge, U.K. From 1995 to 1999, he worked
on ultralow-power SOI design, fabrication, and its

application to processors. Currently, he is leading the Multimedia SoC Design
Department, System LSI Division, Toshiba Corporation.


