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INTRODUCTION

OVERVIEW: With the increasing number of functions performed by cell
phones, processors are faced with demand for advanced multimedia
processing capabilities. Coping with services that are offered by third-
generation cell phones, such as videophone and video distribution, is difficult
for the CPUs of the base band LSI chips of conventional cell phones. That
points to the need for an application processor to strengthen multimedia
processing. Furthermore, the increased software development work needed
to cope with this multifunctionality is also becoming a problem for system
development. Hitachi has developed the SH-Mobile Series RISC
microprocessors to strengthen multimedia processing performance and the
power conservation function for cell phones with advanced functions. The
SH-Mobile Series answers the needs for advanced system functionality and
shorter development time by providing basic cell-phone middleware and an
application development platform together with the LSI. Furthermore, we
are expanding the product line-up to cope with diversification of
specifications.

communication. The first and second generation cell

THERE has been steady progress in diversification gfhones mainly featured voice services, e-mail and web
cell phone services over time, beginning with the firstbrowsing services and incoming call melodies. At the
generation analog systems, passing through tretage of transition to the third generation, however,
second-generation digital systems, and on to thieinctions for color liquid crystal display (LCD)

inception of true third-generation services in 2001screens, reception of still and moving pictures, audio
with international roaming and high-speed datalayback, and application programs written in Java or

R Videophone
o Video mail (MPEG-4 CODEC)
g Video download (MPEG-4 encoding)
(MPEG-4 decoding) Data communication
JPEG Location " fg“e';tc’i'tljst) y
Javarl information 1on-speccliiel)
graphics
Opg;t;on Incomingcall /4 4= J 48 Aol ih
melody (32 chords) Data cqmmunication
Web browser (144 Kbit/s)
Incoming call melody Wireless (Bluetooth*?)
(16 chords) Music distribution
Data communication (MP3’AAC) Fig. 1—Applications Required for
Small (64 kbit/s) Character conversion Cell Phones
Incoming call melody . ' .
o (8 chords) This shows the change in
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MPEG-4: Moving Pictures Experts Group-4

JPEG: Joint Photographic Experts Group
MP3: MPEG-1 audio layer 3

AAC: adaptive audio coding

CODEC: coder-decoder

generation. Beginning with
generation 2.5 cell phones, an
application processor that has
advanced functions is required for
multimedia processing, such as
audio, still images and video.

*1: Javaand all Javarelated trademarks and logos are
registered trademarks of Sun Microsystems, Inc.
in the United States and other countries.

*2: Bluetooth is atrademark of Bluetooth SIG, Inc. of
the United States. Hitachi, Ltd. uses this under a
license contract.
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the SH-Mobile Series of LSI chips, which are designed
[Microphone] [ Speaker | [ Key | as application processors for cell phones.
Here, we describe the performance, features and
future development of the SH-Mobile Series.

Base band

oo SH-MOBILE SERIES APPLICATION
<=, |l PROCESSORS FOR CELL PHONES
¢ i ¢ ¢ An example of the system configuration of cell
ROM || SRAM ;Iéﬁory LCD phone systems up to the second generation is presented

in Fig. 2 (a); an example of later system configurations
is shown in (b) of the same figure. In systems up to
the second generation, all of the processing for audio,
Memory | — LCD control, key control, RF (radio frequency) control
| h h eak . .
° uelm card | s °ne| |Sp < | | il | and other such functions is done by the base band LSI.
Although the application processing is beginning to

(a) An example of cell phone system configuration
for up to the second generation

| Power supply control IC | be dealt with by increasing the speed and expanding

1 py— o Y the functionality of the base band LSI, the difficulty

ool oo | [l RF of improving the performance of the base band LSl in
I a single step and the increase in application software
Flash |ep <—¢ ¢ ¢_> Qevelopment WOI‘.k thaf[WiII come with future advances
memory, in system functionality have been pointed out as

LCD ‘ ROM | [SRAM ﬂgﬁ':ory problems.

- On the other hand, the second generation and
o S e subsequent cell phone systems of Fig. 2 (b) comprise

' _ two CPUs, a base band LS| and an application
e o ) processor (AP). The base band LS| handles the
telephone functions and the AP handles other

Fig. 2—Examples of Cell Phone System Configuration. applications, including e-mail, Java, MPEG-4, music

The configuration for up to the second generation, shown in (a)Playback, key control and LCD control. With that
assigns all of the processing for the various applications as welconfiguration, the application processing that would
as the telephone functions to the base band LSI. The system be a large burden on the base band LSl is assigned to
configuration shown in (b) adds a second processor, an the AP. Furthermore, by introducing a configuration
applipation processor, which makes various kinds of processingm which power to the AP can be cut off when an
possible. L. . . .. .

application is not being used, it is possible to avert

both the increase in load on the base band LSI required
other such languages are being added as what cotitd normal operation and the increase in overall system
be called generation 2.5. For the third-generatiorpower consumption.
video distribution by means of MPEG-4 (Moving The system configuration for the SH-Mobilel
Pictures Experts Group-4), high performance Jav&gH7290, a representative product of the SH-Mobile
videophone, and other such new services that malgeries that was developed to serve as application
use of the high-speed data communication feature apeocessors for cell phones, is shown in Fig. 3. The
being introduced (see Fig. 1). SH-Mobilel is an LSI chip that integrates, on a single

These new applications require the processinghip, an SH3-DSP CPU core that has a maximum

performance of advanced processors, so it is difficutiperating frequency of 133 MHz, a 16-kbyte X/Y
to perform all of the processing with the CPUs (centrahemory (XY-RAM) for the DSP (digital signal
processing unit) that conventional base bangrocessor), a 32-kbyte cache memory, a 128-kbyte user
processors have. That has prompted a conspicuomemory (URAM) and the various peripheral functions
movement to reconsider the configuration of the cellequired by a cell phone system. The performance of
phone system and supplement the base band procesthis processor is equivalent to the processors that are
with a new CPU for performing application processingalready in use in hand-held computers and other such
In response to that call, Hitachi is bringing to fruitiondevices, and can fully cope with the ever increasing
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MFI: multi-function interface DMAC: direct memory access controller .
I/F: interface USB: universal serial bus SH-Mobilel SH7290 an(:! an
XY-RAM: X/Y random access memory ADC: analog-to-digital converter example of the construction of a cell
URAM: user RAM WDT: watchdog timer .
BSC: bus state controller UBC: user break controller phone system. The CP_U and intemal
12C bus: inter IC bus PNG: portable network graphics memory, as well as various

UART: universal asynchronous receiver-transmitter PCM: programmable control module p eriph eral functions are integ rated

on one chip.

types of multimedia processing. Furthermore, théo be made of the software assets that were developed
burden of software development is reduced byor systems in which the conventional base band LS|
providing abundant middleware and a developmerig the master processor, with the aim of introducing
environment all together. The special features of then AP.

SH-Mobile Series are described in the following

section. Power Conservation and the LCD Through Path

In the system shown in Fig. 3, the color LCD, which
BASIC SUPPORT TECHNOLOGY FOR THE requires the transfer of large quantities of data, is
SH-MOBILE SERIES connected to the system bus of the SH-Mobile, which
Method of Connection with the Base Band LSI has superior data transfer capability. That allows the

Existing cell phones use a wide variety of base bangisplay of video and other high-speed images. On the
LSIs; the choice depends on the terminal manufacturether hand, for the reduction in power consumption,
and the communication system. The SH-Mobile Seriethe SH-Mobile Series introduces a power conservation
introduces a multi-function interface (MFI) function mode called the “U-standby mode.” In that mode, most
that ensures connectivity to various base band LSlef the power to the LSl is cut off at times when AP
The MFI has a parallel interface that can be switchegperation is not required, such as when the phone is in
between 8- and 16-bit widths and between 68 serigsandby mode. However, it was anticipated that display
and 80 series formats, making it possible to conne@b the LCD would not be possible during U-standby
directly to the SRAM ports of nearly all base bandvhen the LCD was connected to the system bus. To
LSIs (Fig. 3). SH-Mobile contains a dual-port (two-solve that problem, an LCD through path that allows
port) RAM that is called a “communication RAM” direct connection of the MFI and the system bus during
and is connected to the MFI and BSC (bus statg-standby was incorporated. The LCD can be
controller). With the communication RAM as controlled directly from the base band LSI during U-
intermediary, data can be exchanged with both the basgandby by using the LCD through path. During
band LSI and SH-Mobile by the same procedure as igandby, only the base band LSI operates, just as in a
used when accessing ordinary SRAM. Also, the SHeonventional system, thus making it possible to realize
Mobile, which is an AP, can operate in completea system in which the AP is invoked to do application
subordination to the base band LSI. That allows ussrocessing only when it is necessary.
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supplemented to strengthe
multimedia processing performanct

Visual Engine

One new service for cell phones that is graduall
increasing is the terminal that is equipped with ¢
camera. The SH-Mobile Series introduced a “visua
engine,” which connects directly to a camera modul
that combines a camera DSP with a sensing devic
such as a CMOS (complementary metal-oxid«
semiconductor) sensor. The visual engine provide
hardware processing for reading the captured imag
data and for format conversion. It has &3 bus
interface for accessing an 8-bit data bus and th
registers in the camera module. The SH-Mobilel i
capable of still and motion image processing up t
CIF (common intermediate format) size. The imagt
size for which processing is possible will probably
increase with the development of new products for th
line-up (see Fig. 4).

APPLICATION DEVELOPMENT ENVIRONMENT
AND SOFTWARE SOLUTIONS
Solution Engine

VGA: video graphic array

1 Customer application software
i Music playback, incoming call melody, video (M PEG)
playback, phone directory, games, encryption, etc.
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I 5 5 53 5 I S
camera

SH-Mobile hardwaredrivers
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AMR: audio/modem riser

UITRON: Micro Industrial The Real-time Operating system Nucleus
GPIO: genera-purpose input-output port

SIO: serial input and output

VI10: video input and output

SIM: smart card interface module

Fig. 5—Example of SH-Mobile Series Software Platform
Configuration.

For the SH-Mobile Series, a software platform thatlitachi and partner manufacturers provide customers with
has the kind of configuration shown in Fig. 5 ishardware (the Solution Engine), drivers, QBTRON), and

provided. The core is the “solution engine,” a"h
development board for concentrating all of the SH!
Mobile chip and peripheral devices that are required

arious types of middleware in a single package, thus allowing

e customer to concentrate on application development.

for a cell phones system, such as the LCD panedperating system (OS) such as “uITRON*” image
CMOS camera module, key switch and various typegrocessing such as for MPEG-4 and JPEG images,

of memory (see Fig. 6).

audio processing such as for MP3 and AAC formats,

*

Middleware Support
The SH-Mobile development environment
provides, in addition to the hardware drivers, an

: WITRON is the abbreviation for “Micro Industrial TRON.” TRON is

the abbreviation for “The Real-time Operating system Nucleus,” real-
time operating system specifications proposed by Professor Ken
Sakamura of the University of Tokyo.



Fig. 6—External Appearance of the SH-Mobilel SH7290
Solution Engine.

This development board concentrates various peripheral
devices that are required for a cell phone system, such as an
LCD panel, CMOS camera module, key switch and various
types of memory devices.

and other middleware deemed essential for cell phones§soyT THE AUTHORS
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multimedia processing performance by increasing the
resolution of the camera interface, introducing
hardware acceleration for MPEG-4 and 3-D graphics,
and so on. In particular, we will continue to introduce
various kinds of new technology with the SH-Mobile
3 chip, which is in development targeting 2004, such
as 0.13-um process technology and the SH-X, a newly
designed core for mobile devices.
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Furthermore, with the cooperation of many partner

manufacturers, it will be possible to implement evel
faster functions by means of a third-generation engin a

embedded Java and other such improvements. We al
plan to expand compatibility with other operating
systems.

Embedded Java

To allow the implementation of diverse
applications, the introduction of embedded Java fc
cell phones is also becoming common. Whel

executing Java in cell phones, where it is difficult tc =

increase the speed of access to external mem
because of constraints in the mounting board design,
the large capacity cache memory of the SH-Mobile
processor (32 kbytes) is useful. Hitachi, in
collaboration with partner manufacturers, is
developing a Java engine that makes full use of th
cache memory to achieve a processing speed that
20 times that of conventional cell phones.

CONCLUSIONS

We have described the SH-Mobile Series
application processors developed by Hitachi for us
in cell phones.

The SH-Mobile Series first shipped in April of 2002
and has been in use by a number of cell phone termir
makers since that time.

In future development, we plan to further improve
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