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Semiconductor Devices, Liquid Crystal Display Devices, and Crystal Devices
Focusing on Electronic Device Product Groups with Unigue Features

“Energy Saving” is The Key Word

Providing Customers With Products That Are
Power Saving, Space Saving, and Time Saving

Low power consumption CMOS process cellular phone LSIs, D-TFD Liquid Crystal Display panels capable of

acting as a digital interface, and crystal oscillators with two week turnaround

Seiko Epson electronic devices include products with features not available from other companies.
With Energy Saving as a key word, Seiko Epson provides customers with products that are power saving,

Space saving, and time saving.

“Japan’s electronic device business has
entered a big structural reformation in
the past year” says Saburo Kusama,
Seiko Epson’s Vice President.

He also says,”Product development that
merely expands the product area is
insufficient in the already difficult elec-
tronic device business. As a manufactur-
er, we are entering an era when we have
to ask, ‘How can we show our compa-
ny’s unique features in a narrower
range?”

In the background lies a big industrial
structural reformation, which is the shift
to an information age. There is strong
demand for “Features” and “Concepts”
for items like performance, turnaround,
and cost. These become the competitive
force of a product, and surface in the

form of winning, losing, and reorganization.

Energy Savings
That Aim for “Savings™

Within this big reformation, last year,
“Energy Saving” was decided on as the
keyword as a shared feature for both
products and technology for the
Electronic Device Marketing Division.
Specifically, a fusion of power savings,
space savings, and time savings is shown
(Figurel).

This leads to customer cost reduction
and savings in terms of resources, and
this in turn contributes to reduced use of
resources and better ecology for the end
user. Our goal is “Creating Together and
Producing Together” with our customers.
Specifically, Seiko Epson is
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Figurel Energy Saving Concept

offering not just an electronic
device, but energy savings for
the whole system and a total
solution in terms of boards.
Power saving is the realiza-
tion of power saving through
things such as low power
consumption and low voltage
operation. In addition to
power savings for the elec-
tronic device itself, this con-
tributes to power savings at
the board level and at the
customer system level.

Space saving is the realization of small-
er, lighter customer systems through fine
processing, smaller, thinner, and lighter
electronic devices, and using higher den-
sity mounting for the devices.

Time saving is the realization of short-
er development and design time as well
as quicker turnaround. Quicker turn-
around for electronic devices contributes
to shorter time for customer system
design and manufacturing. With informa-
tion equipment and multi-media equip-
ment, faster development, trial produc-
tion, and manufacturing are big issues
for entering a system into the market in
a timely fashion.

Specific examples of recent products
include a cellular phone LSI combining a
low power consumption CMOS process
and a 32-bit RISC processor core, a low
power consumption display drive LSI, a
low power consumption D-TFD (Digital-
Thin Film Diode) liquid crystal display
panel that can act as a digital interface,
and a programmable crystal oscillators
with two week turnaround.

Selling Only Products Wi:
Unique Features

For some time now, Seiko Epson has
been making a strong narrowing of focus
on products. The basic concept is “selec-
tion and focus”. Vice President Kusama
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explains, “No matter how good a tech-
nology or product is, we will not make it
into a product if it does not have some
unique feature or if it is the same as
another company’s product.”

As a result, almost all products they put
on to the market take the top position in
terms of market share, or they aim for
the top position. Mr. Kusama says, “In
our company, employees study technol-
ogy, and there are proposals for prod-
ucts which can be mass produced and
which have high sales potential, but if a
product doesn’t have a ‘unique feature,’
we won't give it the go ahead. We tell
some product managers that we’ll pass
their proposal if they can make the
power consumption 1/10 of the current
level.”

In this way, product groups that have
passed the tough inhouse selection
process have this as a strength, and this
becomes a reason for them to be sup-
ported by many customers. Mr. Kusama
says, “For a final product to be competi-
tive in the market, the performance of
the devices used is important. This is
because the performance of electronic
equipment is affected by the perfor-
mance of the electronic devices it con-
tains. To make good products, you have
to develop good devices. Having both
the device and equipment have compet-
itive ability demonstrates the strength of
each item.” The reason people are focus-
ing on system LSIs is that they are what
determine almost all functions and per-
formance of a piece of equipment.

Figure2 LCD Aiming for Energy Savings

Mr. Kusama says, “Not
only does the device
itself have to have
unique features and
competitive ability, but
now ‘Creating Together
and Producing Together’
(collaboration) is more
important than ever
before.” In this field,
there has been talk for a
long time about partici-
pation from the cus-
tomer development
stage, using joint devel-
opment (design in/co-design). Seiko
Epson has a great deal of experience
doing joint tasks which cover the fields
of software, hardware, mechanical sys-
tems, devices, and systems. Mr. Kusama
says, “With our fast selling inkjet printer,
the LSI design department engineers are
involved in joint development for items
such as color processing circuits.”

Sales for the Electronic Device
Marketing Division this period are sure
to surpass those of last year. It is becom-
ing difficult to achieve planned goals in
the semiconductor field, but they say
that they are meeting plan goals in the
liquid crystal device and crystal device
areas.

Aiming to Be a Company. of ‘
Excellence The SE-21 Concept

Seiko Epson solidified the SE-21 con-
cept at the end of 1995. Sales at that time
were approximately 510 bil-
lion yen (March 1995).
Making this one trillion yen
in the year 2001, the plan is
to make a 10% or greater
increase in ordinary income
from that period for all busi-
ness divisions, with the goal
of being an excellent compa-
ny in the twenty-first century.
At the same time, with
“Selection and Focus” and
“Spiral Up” as keywords,
from the business structure
perspective, Seiko Epson has

Mr. Saburo Kusama

Seiko Epson Corp.

Vice President

Cheif Executive of
Electronic Device Business

“To create good products,
manufacturers have to
develop good devices.”

set out a policy of attempting to realize
an expanded scope and high earnings
character.

Along with this, the company has con-
solidated its policies for each business
division including information equip-
ment, electronic devices, watches, etc.
“Energy Saving” is the key word for the
electronic device business. The Kyoto
Conference of the Global Warming
Prevention Conference was in December
of 1997, so it can be said that, “We're a
step ahead of the era,” (Mr. Kusama).

The entire company has been involved
in environmental issues from long ago.
In 1988, the company declared a “chal-
lenge to make a fluoride-free company,”
and the company has indeed completely
abolished chemicals such as chlorofluo-
rocarbon and trichloroethane. In
response to the policies of the Kyoto
Conference, a policy was set in January
of 1998 to reduce total energy consumed
in the company by 60% (compared to
1997) by the year 2010. Mr. Kusama
says,”Most of our energy is consumed in
device manufacturing processes, and
sales are expanding each year, so this is
a tough goal to achieve for the manufac-
turing division. However, we can
achieve it by using the knowhow we’ve
accumulated so far. We have already
reached the 20% reduction goals we
were aiming for in the year 2000.” Also,
in March of 1998, Seiko Epson received
1SO14001 certification for environmental
control systems for all of its offices in Japan.
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Semiconductor Business Focusing
On the “Portable” and “Display” Fields

“Energy Saving” and
“Interface” Technology

We’re focusing on portable information terminal and display fields based on
low power consumption C-MOS technology developed using quartz watch.
System LSI, processors, memory, etc. are prepared for portable information

terminals.

Drivers, controllers, interfaces, etc. are prepared for display systems.
By focusing on fields that it excels in, Seiko Epson can create no. 1 products.

Mr. Kenji
Kawagai

Seiko Epson Corp.
Semiconductor
Operations Division
IC Product Design
Department
General Manager

“By persistently refining our tech-
nology and knowhow and focusing

on the ‘portable’ and ‘display’ fields,
we create number 1 products.”

Seiko Epson has confidence in its Energy
Saving technology with its focus on low
energy consumption. Of these technolo-
gies, “We've owned from early the dual
gate C-MOS process” that exhibits a low
voltage operation feature, “so this is a
mature level manufacturing technology for
us,” says Mr. Kenji Kawagai, Semiconductor
Operations Division, IC Product Design
Department General Manager.

This technology has been cultivated using
quartz watch, etc. There are many products
and technologies that were jointly devel-
oped with the Watch Operations Division.
This low power consumption technology
has made contributions to portable equip-
ment, including longer life for batteries and
smaller, lighter equipments.

Low Power Consumption
Realized Through Use of
Dual Gate C-MOS Processing

The dual gate C-MOS process uses C-MOS

p-type areas and n-type areas as the same
gate, and is a method which makes it easy
to control threshold voltage Vth. There has
particularly been improvement in p-type
transistor control. When LSI made by fine
process is used at low voltage, operation
with higher speed and lower power con-
sumption is easy.

In addition to this, even lower voltage
operation is possible using SOI (Silicon On
Insulator) technology. “Even battery-less
quartz watch is now possible,” says General
Manager Kawagai. SOl has a structure
where an Si monocrystalline layer is formed
on an insulation layer. As parasitic capacity
is reduced, operating speed can be faster
and power supply voltage lowered. This
technology (SIMOX)was developed by
Nippon Telephone and Telegraph (NTT).

With dual gate C-MOS technology, a
series of products using the 0.6um process
ranging from power supply voltage 0.5 V to
3V has been created (Figure3). “Inquiries
are active even though the LSI price is

slightly high. This is because it is possible
to reduce the cost for the overall system of
the customer, for example to reduse one
battery,” says Mr. Kawagai.

with Built In Processors

Seiko Epson Also Offers System L1

“We are focusing on the ‘portable’ and
‘display’ fields. Our method is to ‘select and
focus’ . Here, we're offering a total solution
that combines low power consumption cir-
cuits and processor technology as well as
interface technology,” says Mr. Kawagai.

Items such as system LSls and processors
as well as memory are being prepared for
portable equipment use. Also drivers, con-
trollers, and interfaces are being prepared
for display devices. Recently, in addition to
the introduction of the SH microprocessor
from Hitachi Ltd., Seiko Epson has also
introduced the RISC processor core from
England’s ARM Ltd. A system has been cre-
ated by which it is possible to offer system
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LSIs for portable information equipment by
combining low power consumption C-
MOS technology and liquid crystal display
driver technology.

Custom LSIs for celluler phones are
already being acclaimed, because the com-
ponent technology including low power
consumption, display technology, and
compact, light-weight technology as well as
the technology and knowhow for combin-
ing these are already in place.

Seiko Epson has also a high market share
for LSIs for pedometers and raising game.
Until now, 4-bit microcomputers were
used. This has changed to 8 bits with
expansion of functions of these equip-
ments, and by adding the SOI/C-MOS
process, Seiko Epson is aiming for reducing
to one tenth with its low power consump-
tion.

Seiko Epson has SED1353/1354 as color
display in drivers and controllers for liquid

crystal displays. The SED1354 has become
the de facto standard (with color STN, a
maximum of 4096 colors are displayed).

Furthermore, recently, low power con-
sumption SRAMs for portable equipment
have been developed. These are 4M bits
and 2M bits models with operating voltage
from 1.8V to 2.7V. The package is a thin
type CSP of height 1 mm (Figure4), which
has been developed making use of our
bare chip assembly technology.

BTN Featuring High Contrast and D-TFD Capable

Digital Interfaces

Liquid Crystal Displays being pursued
High Image Quality, Compact Size,
and Low Powver Consumption

Seiko Epson’s liquid crystal displays are strived to achieve HCL. H means high Image
quality and high density(and high resolution).C means compactness (thin type) and
color solution, and L means low power consumption.

A high market share is held by low power consumption, high resolution poly-Si TFT
and TFD for digital still camera monitors and projectors.

Seiko Epson has developed a D-TFD capable to interface by digital method for
portable information terminals. BTN product will be available soon.

Mr. Shoichi lino

Seiko Epson Corp.
LD Technology De-
velopment Center
General Manager

“We're aiming to be number 1,

with low power consumption.”

Our liquid crystal display(LCD)is current-
ly specializing in, @Wthe portable equip-
ment field (cellular phone, PDA, etc.),
@the compact monitor field(for digital
camera monitors, car navigation systems,
etc.), and ®the LCD projector field.

Seiko Epson also devolops driver and
controller LSIs for displays, so is offering a
total display system that combines com-
pactness and low power consumption with
high density assembly technology.

The concepts of Energy Saving, “selection
and focus,” and “creating together and pro-
ducing together” are at work here as well.

Striving for
HCE

Mr. Shoichi lino, LD Technology
Development Center General Manager,
uses Figure5 to explain, “The basis for lig-
uid crystal technology is ‘HCL'. H repre-
sents High Image Quality and High
Density, C represents Compact Design

and Color Solutions, and L represents
Low Power Consumption.”

A high market share is also held by high
density products,
examples being a 0.5
inches type (diagonal
1.3 cm) 180,000 pixel
full color poly-Si TFT
for view-finders and a
1.3 inches type (diag-
onal 3.4 cm) XGA
poly-Si TFT for LCD
projectors. By incor-
porating a LCD driver,
these products become
light and compact.

With high quality
products, BTN liquid
crystal featuring high
contrast and a wide
angle of view has
been developed, and,
“BTN reached the level
to be put into market ,”

STN-2/3
Low Power D-TFD

Low Power
Consumption

High Image Quality

says Manager lino. Mr. lino adds,”Also, in the
STN field, super passive LCDs realized the
lowest power consumption in industry

High Density

poly-Si TFT
D-TFD

HSR, BTN

H

Le

Reflective color
poly-Si TFT for
LCD projector

Color Solution

Film Technology
COG Technology

Compact Design

Figure5 Epson’s Liquid Crystal Technology
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and display close to white paper.” Like
with paper, it is possible to display black
text on a white background, so there has
been a good response for cellular
phones and PDAs that display text.

As applications for these technologies,
there are uses for things such as fashion-
able watches that display red on a metal-
lic background, etc.

Low Power Consumption of 3

2.6 inches Type LCD with ‘
m

The low power consumption product pas-
sive matrix type monochrome LCD TCM-
A0822 rev.(currently shipping samples) is a
2.6 inches type (diagonal 6.8cm) with
3200200 pixels (pixel pitch is 0.18 mm) and
16 gray level display, and realizes a low
power consumption of 3 MW at full pixel dis-
play. This is about one tenth as it was previ-
ously 25 mW to 30 mW.

Furthermore, display added a partial dis-
play function has been newly developed.
This is a technology that allows only the
area that needs to be displayed (e.g. icons,
clock, calendar display) to be displayed, so
that the average consumption power is a
mere 0.5 mW. Since it is possible to display
only the necessary area, it is possible to
greatly extend the battery life. This is perfect
for cellular phones and PDAs for which dis-
play screens are getting larger.

Seiko Epson is also developing a low
power D-TFD (Digital Thin Film Diode)
that can use a digital interface. It is esti-
mated that passive level low power will
be possible.

The D-TFD reflective type color LCD
LF37SQR (Figure6) (development speci-
fications) is a 3.7 inches type (diagonal
9.4 cm), 230,000 dots (320030240 dots),
260,000 color display with power con-
sumption of 50 mW.

-""_-_
e

Figure6 D-TFD Reflective Type Color LCD

The D-TFD transmissive type color LCD
LB18DC (development specifications) for
digital still camera is a 1.8 inches type
(diagonal 4.4cm), 110,000 dots (4740234
dots), 260,000 color display with power
consumption of 400 mW (digital interface).

Aiming for Market Expansion Through Short Turnaround

and Compound Products

Crystal Oscillators That Feature
Compact Thin Package,

Low Power Consumption,

and Two Week Turnaround

Seiko Epson is aiming to expand the crystal device market. The company
is exploring a new market by adding short turnaround time and compound
products to compact, thin, light products with low power consumption.
Seiko Epson has already developing programmable crystal oscillator with
two week turnaround and functional circuit blocks which have a crystal
device, oscillating circuit and memory incorporated into one package.

The company has also developed a compact package of thickness 0.9 mm

for crystal oscillator.

Mr. Kaname
Miyazawa

Seiko Epson Corp.
Quartz Device
Operations Division
QD Design Engine-
ering Department
General Manager

“We are incorporating circuits which
are not in system LSIs. Smaller prod-

ucts are possible because crystal
devices themselves are now compact.”

The Quartz Device Operations Division
manufactures products such as crystal unit,
crystal oscillators, and RTCs (real time
clock modules). Mr. Kaname Miyazawa,
Quartz Device Operations Division QD
Design Technology Department General
Manager says,”Our goal is to increase the
quartz device operations division’s market
share by pursuing Energy Saving together

with our customers based on power sav-
ing, space saving, and time saving.”

Power saving is the pursuit of low power
consumption. The goal with crystal oscilla-
tors is to go from the current operating
voltage of 2.7 V to 1.8 V, and with RTCs to
go from the current 1.6 V to 0.9 V.

Space saving is the pursuit of compact,
thin, lightweight package. A thin type

package crystal oscillator unit of thickness
0.9 mm has already been developed.

Time saving is the pursuit of quicker turn-
around. This contributes to the design,
development, and manufacturing of cus-
tomer systems. Seiko Epson is already
offering a programmable crystal oscillator
with two week turn around.

Furthermore, “We want to expand the
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Figure6 D-TFD Reflective Type Color LCD

overall market for crystal devices by
making advances with developing new
functions and compound products,” says
Manager Miyazawa. The company is
developing items such as a high fre-
quency circuit block with a crystal
device, oscillation circuit, and memory
all in one package.

Crystal Oscillator Targeti

Turnaround Time of One We
The high frequency programmable crys-
tal oscillator SG-8000 series has a short
turnaround time of two weeks. Recently,
a full product line with packages from
plastic to ceramic was completed.

Until now, for crystal oscillator, after
receiving an order from a customer, the
crystal oscillator was processed, assem-
bled, and tested before shipping. It took
four to five months from order to deliv-
ery. With this situation, it was impossible
for items such as multi-media equipment
to enter the market in a timely fashion.

In response, a crystal oscillator was devel-
oped that can obtain any frequency in a
short time by incorporating a crystal oscil-
lator that generates a reference, a PLL cir-
cuit, and PROM into a package, and by
programming the frequency dividing ratio
from the PROM writer. A desired frequen-
cy can be set from approximately 30,000
frequencies between oscillating frequency
1.0 MHz to 125 MHz, and a significantly

short turnaround time was realized.
As a result, the customer’s flexibility in

designing was enhanced, and a significant
reduction in development and manufac-
turing time is possible. At the beginning,
turnaround time was six weeks, but this
was shortened to two weeks thereafter.
Recently, for issues such as completion of
programming factories in the U.S., “We are
aiming for one week turnaround,” says

Package Persuing
the Limit Size

General Manager Miyazawa.

Mr. Miyazawa says, “With cylinder pack-
age, we are pursuing the ultimate limit.
Ceramic packages can be substituted for
surface mount type plastic package with
the built-in cylinder type package.” For
example, with a crystal unit of oscillating
frequency 32kHz, the company has devel-
oped a compact model with a reduction in
diameter from 1.5 mm to 1.2 mm and fur-
ther to 1.0 mm. This is oval cylinder. The
AT oscillator was also made more compact
with the diameter going 3.0 mm O 2.0 mm
0 15mm 0 1.0 mm.

Seiko Epson is also pushing to make
ceramic packages more compact. With the
crystal unit, what has been 7.0 mmpo5.0
mmuol.5 mm until now has been reduced
to 3.2 mmp2.5 mmo0.7 mm.

Expanding the Market Thro
Compound Products

Seiko Epson is attempting to expand
the crystal device market through sys-

Oscillatio
and timer

RTC98

I »

User system space
-50%

Power
-2% to 3 %

Cost
-30%

Figure6 D-TFD Reflective Type Color LCD

tematizing as folloing : a high frequency
circuit block is made by combining
compound technology used for pro-
grammable crystal oscillator and crystal
device miniaturizing technology. “By
dealing with a part of the system such as
an LSI, “savings” can be realized in terms
of space, power, and cost of a user sys-
tem. This is ‘System in QD’)” says
Manager Miyazawa (QD : Quartz Devise.
It is same as crystal device).

The company has already developed a
product in module form that includes a
32 kHz crystal unit and oscillating circuit,
timer, voltage detector, and memory
(Figure7). This is for printers, and it was
possible to reduce space by 50%, power
by 2~3%, and cost by 30% through mod-
ulization (Figure8). Next, the Seiko
Epson is considering tackling products
such as clock circuits and 1/0 circuits for
processors and ASIC, analog circuits, and
high frequency circuits.

Seiko Epson Corporation
Electronic Devices Marketing Division
ED Sales Promotion Department

421-8 Hino, Hino City,

Tokyo 191-8501, JAPAN

TEL: +81-42-587-0222

E-mail: edevice@epson.co.jp

Home page: http://www.epson.co.jp
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