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As technology joins the dots, the future emerges

Technology's goals are to provide everyone with a safe, secure, comfortable life. But technology must also work in
harmony with our world, to make society sustainable. At the Toshiba Corporate Research & Development Center, a

wealth of innovation draws a brighter future for humanity and our planet.
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Through advances in wireless, network, security, and computing technologies,
we are realizing a safe and comfortable society built on a high-speed, large-capacity,
high-efficiency, and secure information and communication infrastructure.
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By pursuing the development of media processing technologies for images, video, speech, text,
and knowledge, we are creating a safe and secure information-intensive society filled
with delight and surprise.
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Taking a lead in higher capacity and downscaling with innovative LSI
and storage technologies, our ultra-compact devices support the creation of
an energy-efficient society.
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Using nanotechnology to realize materials and devices with novel properties and functions,
we are helping to promote a highly energy-efficient,
recycling-based sustainable society.
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With cutting-edge data analysis and mechatronics technologies,
we create highly reliable, highly efficient systems offering high added value for a safe,
secure and comfortable society.
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En route to the auto design atelier. It's been a hard few days, but I finished the new design last night and sent it over to the office. The concept for the new model
is sensational, and it is, of course, top secret. I used quantum cryptography to keep its secrets secure. Then, my car speaks up. "Why not take a break?" it says.
The wearable sensor on my arm has told it I am tired. When I say, "OK," it switches automatically into expressway driving mode. No need to worry about traffic
jams. The networked sensors embedded in the highway control speed and maintain optimum distance between cars. Suddenly I realize I am famished. Pressed
for time, I had skipped breakfast. My car is hungry, too. It's an EV, and I forgot to charge its battery. We stop at a rest area, and my car is automatically charged

while I head for the cafe. A safe, comfortable society with reliable social infrastructure and networks; we all benefit. As I finish my sandwich, my car is ready to go.
We're almost there.
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IoT (Internet of Things) / Wireless Sensor Networks
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We have developed wireless communication, network protocol, and security
technologies for realizing reliable, robust and tolerant network systems. These
technologies produce a valuable communication platform for massive information
generated by sensors and devices everywhere.
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Wireless Power Transfer
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Wireless power transfer can be achieved by magnetic resonance between two
resonant coils. Because our technology can transfer power efficiently even when the

coils are misaligned, it is ideal for charging electric vehicles and other wide-ranging
applications.
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Automatic Tunable Antenna System
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In this compact, power-saving, autonomous tunable antenna system, a probe near the

antenna tip detects radio waves accurately by automatic matching to changes in the
environment. This results in high communication quality.
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We are developing a vulnerability testing technology for industrial control
systems to keep controllers and other devices secure over the long term. Devices
are tested to determine whether they continue working normally when receiving
a large amount of incorrect packet data.
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Quantum Cryptography
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We have developed a quantum key distribution system capable of detecting any eavesdropping
based on the quantum theory that performing a measurement on a quantum system changes
the quantum state. Demonstration in a practical environment confirmed continuous operation
at the highest secure bit rate and over the longest distance reported so far in the world.

06


http://www.toshiba.co.jp/rdc/detail/14_p02.htm#relateinfo
http://www.toshiba.co.jp/rdc/detail/14_p03.htm#relateinfo
http://www.toshiba.co.jp/rdc/detail/14_p04.htm#relateinfo
http://www.toshiba.co.jp/rdc/detail/14_p05.htm#relateinfo

- e o o o
— - — — - E —
- - - - - -
— - - —-— i — E - -
SE — - — - - - E -
B & AR i 5 R R Bl | - - - - - - —
D2 292757 viok] IR =l === =

W BR (G BB AR B A

CELLT IS |

/ B R A 5 & s B il
I [ERHFEIDT+ AT LA]

07

BN DIRIETORKUEEDLMOEDR WV HTHDNSAD FRS T FARHE DI R > TE I bR ALBHELTE5A5E55
Do DIV EWTIZ Y IV AZABE  ZTRREHD K RO K WM 572 ATERIANRDBICRRENH SN TS, DE—
TINESTANDFTANAY NI TECTMBICHDETU D EEENTV S, SR 2D AD VRV DE ARG,
L ADI TGRS AT LK S DB Z Wy TN ZR->TNB LD L BHEETR ., ARERI AT LOBNT T F
IR I IRZ NIEICEE S TENTE 28, 3DDiBZE RGNS ORI ES, FI/Z2—1Z . DT TORIREZMD ZD5
Tl 0 72 WL e, TRUE SLOBHEIEDN RO DN E I, S IHE K LR DN S BRI TLED . | B7Z—I3, ZTOMREBHICIL
HENZROMET — 22 DS THICEHiZL TN, DR EE ST X572,

Falling sick while traveling abroad is one of my nightmares, and here I am, overseas, feeling feverish. My temperature is high. I'd better see a doctor. I needn't have
worried. Entering the hospital, I find myself in a nicely landscaped space with plenty of greenery to put me at ease. The people strolling in the garden all look happy
and relaxed. I pass someone in the lobby with an amazingly compact cast that fits his leg perfectly. But where are all the people waiting to see the doctors? Hospitals
used to mean painfully long waits. Not at this one. The image recognition system at the entrance recognizes a patient's face and completes the check-in automatically.
In the outpatient clinic, the simultaneous translation system makes it easy to tell the doctor what is bothering me. The doctor quickly scans 3D images of what is
going on inside me, touching his glasses now and then to read the data that the system is showing him. "Don't worry," he says, "You've had bronchitis in the past, but
this fever is just from travel fatigue. Take it easy for a bit." My worries are over.
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MVideo-based Human Recognition MAugmented Reality M Object Recognition M3D Reconstruction — M3D Display M Video Coding MVideo Quality Enhancement BMedical Image Analysis
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Image Recognition Technologies
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We have developed high-performance human or vehicle detection technologies and
hardware by using novel image feature extraction technologies and pattern
recognition methods. Applications will include security, disaster prevention, medical
equipment and home appliances.
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Simultaneous Interpretation
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Our simultaneous interpretation system recognizes spontaneous and continuous
speech, and then incrementally interprets every part identified as a translatable unit.

This allows smoother communication among speakers of different languages than is
attainable with a conventional consecutive translation system.
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Next-generation Display Technologies
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Toshiba’s next-generation display technologies revolutionize work flow in a variety
of fields/professions. Our glasses-like Toshiba Glass™ superimposes operational
procedures and technical plans on the wearer’s vision, allowing field engineers to keep
both hands free while performing service tasks. In medicine, our glasses-free 3D medical
displays allow physicians to intuitively locate blood vessels and other regions of interest.
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We are developing a technology for non-contact easy measuring of three-dimensional
shapes using cameras and distance sensors. Wide-ranging potential applications
include measurement of infrastructure for more efficient maintenance and body
measurement for virtual fitting of clothing.
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Medical Image Processing
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Our 3D image recognition and analysis technology is used to measure cardiac
information such as heart position, orientation, and scale based on images taken by
medical diagnostic systems, and also to extract myocardial contours and motion-track
cardiac walls. These technologies simplify on-the-scanner image handling during
cardiac examinations and support doctors in the accurate diagnosis of cardiac diseases.

MNatural Language Processing MIntention Understanding & Dialogue Management MMachine Translation MText Mining
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We live in a flood of digital data, already more than 50 zettabytes (50 trillion gigabytes) worldwide: truly astronomical amounts. By profession, I am a
meteorologist, but I can do my job while sipping a cappuccino on the terrace of my favorite cafe, checking data on crustal movements or the weather
sent moment by moment from satellites. The data is stored in an up-to-date storage center nearby. More real-time data is pouring in all the time, from
sensors in cities, on mountaintops, on the ocean floor, or deep in space. But this coffee is superb. As I enjoy its aroma, I relax and check the data. Then
I see some startling satellite data. What's going on? Whenever I see a big change, I refresh my memory with my wearable expert system.
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Combining an original magnetic memory device with a new fast memory circuit, we
have developed the world’s first fast MRAM that could replace SRAM for cache
memories. We aim to greatly reduce power consumption.
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Simulation Technology for Advanced Semiconductor Devices
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Behaviors of transistors in aggressively scaled LSIs are simulated at the atomic level,
and their performance and reliability are calculated. We accelerate the designing and

the optimization of novel devices by using first-principles calculations and
Technology CAD simulations.
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HDD Device Technology
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HDD device technology is improved by merging technologies covering magnetic
materials, spin simulation, magnetic recording, and HDD mechanics. This leads to
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[HDDF /514 2 D W k] huge-capacity HDDs for the big data era.
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Spin-based MOSFET
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We are developing scalable spin-based MOSFET devices with nonvolatile memory and
logic functions, simply by attaching ferromagnetic materials on the sources and
drains of transistors. Our aim is to realize nonvolatile low-power-consumption
semiconductor devices with infinite fast read/write cycle performances.

PA=PAZZ AT RE S S

///

71 R AT/ 73 2=
[DSA GiA 35 1 CLALRRAR) il 0 521 0 L 1 ]

BDSAGHEHA D H kL) Bl 8 £ iy

Directed Self-assembly Technology
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Our new fine patterning technology combines nanoimprint lithography and directed
self-assembly. It enables nanometer-scale patterning over a large area, leading to
semiconductor and storage devices that cannot be fabricated by conventional methods.
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It is my first visit to this city, and I am impressed. I have come for testing at a world-renowned medical center. Its genetic screening technology allows incredibly
early diagnoses from otherwise undetectable pathological changes in tissue or blood cells. “What a pleasant city,” I think as I head towards the medical center.
Since all vehicles are whisper-quiet, emission-free EVs, the air is clean and fresh. The rivers running through the city are pristine. The street lighting is easy
on my eyes. I hear that part of energy powering the city is generated by a process that modeled on photosynthesis to capture solar energy. Thinking about all
these fascinating developments, I suddenly realize that I am lost. Where am I? My mobile navigation system can tell me, and the lighting in the sidewalk guides
me to the medical center. This city isn't just smart. It's brilliant.
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Next-generation Power Semiconductor Devices
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Use of wide bandgap materials, such as silicon carbide (SiC) and gallium nitride (GaN), instead of silicon, realizes ultra-low-loss
power semiconductor devices. They will accelerate development of compact, high-efficiency inverters and power supplies for
diverse application fields, including IT equipment power supplies, hybrid vehicles and photovoltaic power generation.
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Solar to Fuel
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Solar to fuel: An artificial photosynthesis technology, utilizing solar energy to convert water and COz into a storable,
transportable form of chemical energy. With highly functional catalysts, developed by making full use of technologies
for structural control at the nanometric level as well as for molecular design, solar to fuel will become feasible.
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Iron-rich Samarium-Cobalt Magnet
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We have developed a high-performance samarium-cobalt magnet free of dysprosium, a rare earth mineral. At high temperature,
this magnet’s performance is comparable to that of neodymium magnets, which are the most powerful magnets at present. Targeted
applications are motors requiring high heat resistance, such as drive motors for automobiles and rolling stock, and industrial motors.

[SCiB™]

B ¢ [ S Ci B4 i b4 ) B e S

Next-generation SCiB™ Rechargeable Battery

SUHFEEE, BN, R 3OV — O R M2 TR i TR D fE R AV T
g ette@EnciA - FFm bR T PR AT I MR ED R “ REMELT
OFMZHRELET,

Among the many advantages of SCiB™ rechargeable batteries are rapid charging, long life, high power output and high
energy density. Because they also offer excellent durability and safety with very little risk of rupture or ignition,
automotive and social infrastructure system applications are expected.

[AY TV METIERLT
BRI A5 7]

Ak ¥ AL BB e

Water Purification Material Technology

3 F- R BT & A ik S R At 2 T D T ORI AR e 2 (N 5 LI A R/ SR N T
U RS SICHOK D DA EWZBR AU A2 B &9 7K O I A Al O 11 2 5
{LICHEBRLE S,

Selective recognition functions are added to organic/inorganic hybrid adsorbents by applying molecular design and
crystal structure control technologies. The adsorbents remove toxic substances and collect items of value from
wastewater. This technology will contribute to recycling and reuse of water and other resources contained in wastewater.

[LAR—%—DNAD L 7% il L
FEELTAMIN]

B Al T 32 Wi L AR — 2 —DN A £l

Reporter DNA Technology for Cell Diagnosis

il D AR FIE P2 ) 770V 2 A LT e RS WG AL 9 % Bl 72 BH 76 o i W FEYEPERB IC &K
D Pk N ORI M H D9 D 7 28 % M LR O FUIRZ I Sk L X 9

This technology achieves highly sensitive and real-time imaging of gene activity. High luminescence allows detection
of small pathologic change within the cells of tissues or blood for early diagnosis.
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Healthcare Data Mining

LR T — 2GS B A =27 el SR DI THiE -
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/ NOEDDHRTTR LG STttt PHiOFBE FHIELE T,
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Mining technology suitable for diverse data formats is applied to treatment and
prevention of diseases. By promoting R&D in collaboration with universities etc., in
Japan and around the world, we aim to realize treatment and prevention tailored to
[NIVAT T F—=R2IA =T 07 a— kX ] individuals’ constitutions and lifestyles.
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% For community energy management, buildings are managed as a group. With remote

monitoring and control, our energy management systems support demand response
planning for leveling and saving power consumption.
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Health Monitoring Technology for Digital Equipment

T IRV DR ATIRDLZ B BLL  MIBLBIRICHEE D E AATOIE I E
WEZHILE T MO P2 IELSRAIT B8 - 2 Wi - PllET
W RH BT =22V T =2 A =07 X BT ISET
—sy Py ——copn
D 3 = - BEESE  wmms wwn O AVBEROFREMER LICHRULE T
4 Lo - 3 . e HREI— o This technology monitors the operating status of digital equipment and diagnoses load and
== - : _ - . rs— trs— — fatigue based on physical phenomena. A model for monitoring, diagnosis, and prediction
- L 24 that accurately detects failure signs is constructed. Failure prediction by data mining based
ML P on operational data enhances the reliability of digital equipment.

Rl
BF Y2V BBRDODANNVAE=2Y V5

4+ Iy N R L AN S ) 5 R
A Method to Predict Wind Pressure Distribution

&5 H U EEHE ) 75 Bl i D 78 3 VIS DWW T i b IR AR AT 247 0
T —=ZN=Z{ELTH WA HRE7Z R LT KRBT O K
K5 78 1 S VS I B JELOD F) D 53 A 72 FE R R T L £ 9

We have developed a method to predict wind pressure distribution, which contributes
to the construction of reliable large-scale photovoltaic (PV) power generation plants

BN D712 B AMITNTEME L CHEDN M E T I IE AL EH > Te D A TR TTOES LICTHE LTV S, COEHDES L2 L AS T 1
IWWF=RIXIAY P AT NSRBI R BRI T O TRV F — 2R R KD 9T T AT T O T A2 I BRI TR -
TN2, CTHBHMMTHZTLZ DV ENTLERIIZETE MERIZD UL 1o SO H R DB HELTR, COf DML SIS 2T

o e e R N s YRERa o e \ Windforcs couicient onash pane hat can withstand strong wind. This method can be applied to variously arranged PV
LA OBIRARVAA IV TRILTNS DB, B2 2—hBI3, <WERIE . DA MBBE TLIR> LESZLBRF 2o I ATV 5, 15 ey M arrays to realizs scest ehortive doslor I
1, I ORFERIZHISE TNB DR, ET AN A—NVEF 297§ S0 2T Ly M FIC U I Uz WERGE L LT LE T2 072, K | &

LI BB BB IBE R DL <TIN AF- 2 T B BB L > DFR. RO, COER, BT ZORHEF v 7 ETR->TN S, mrse HERMVIEEE—H CEEEE >

Motor with High Torque Density

INETE VI ZFBITES HLWRARAE—2ZFFELEL
Tzo 3DDERAA VD B7R5H T E—2MHEIC KD, ThE TITEW
INEVE T DR B VIR O FEA %2 nTREIC U UTe, R pE
WNDEBMIRFEN T,

We have developed a space-saving permanent-magnet-based motor with high torque
density. The new motor structure with three ring-shaped coils enables efficient magnetic

HATAR MR ARKO A=Y TT . 4 [ b LY 8T — 2 D] flux generation with smaller current than a conventional motor structure. This motor is
f,‘ expected to be applied for industrial equipment.

Vi

It's been a half year since I was transferred to this city in the tropics. I was concerned at first about the heat, but I've come to love this place. Wherever
I'am, at home or at work, the urban energy management system works efficiently, even in this harsh environment, to keep the city so comfortable I forget
IT'am in the tropics. I went to bed late last night, but this morning I am feeling on top of the world. The health management system the city provides has
analyzed my sleep patterns and wakes me at just the right moment. The monitor says, "You drank too much last night." Operating in real time, it has a
snapshot of my condition ready every morning. I need to check my email before getting to work. Picking up my tablet reminds me that I dropped it last
night. "Don't worry," it reassures me. "I've run my diagnostics. I'm working just fine." The city also does health checks on our electronic devices!
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Major R&D Results and Products

18754
LS T A3

Tanaka Seizo-sho (Established)
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Shibaura Engineering Works Co., Ltd.
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Tsurumi Research Laboratory

19064
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Laboratory

19394
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Tokyo Shibaura Electric Co., Ltd.
(Toshiba)
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Automatic Zip Code Reader
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Research and
Development Center
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RIS

Central Research
Laboratory

19774
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Varistor (Non-linear Resistance) for Lightning Arresters
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SAW Device
19734
5

Uranium Gas Centrifuge

INERT D 2OVREN S HEEPBX

Small Capacity Digital PBX (Private Branch eXchange)
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GTO Inverter

19834 19894
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ety L—i
1 9 8 5 Transverse Mode Stabilized
1M¥w  DRAM Red Laser Diode

1Mbit DRAM
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Color Display Tubes with Invar Shadow Mask
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19784F
HAGET—R 7ty

Japanese Word Processer

P&tk S (S

Toshiba Corporation (Renamed)
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19474F

18994F
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B EEm MRI (Magnetic Resonance Imaging) System N LY
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Tokyo Electric Company
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Adaptive Array Antenna
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5 bszJI;[FBH Ii’ Compact Cal?qera wit.h CMOS (Complementary ’f\gﬂ/*—ﬁ‘lﬁjbj’ﬁ{éﬂﬂ 20 1 355'5
Ef%*]ﬁﬁﬁ L/fj Metal Oxide Semiconductor) Image Sensor ﬁ%§7/f 11/71:‘7 ]‘
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Nonmagnetic Development
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Corporate Research &
Development Center

GMRA\w Rf5#KHDD
HDD (Hard Disc Drive) Equipped with
GMR (Giant Magneto Resistive) Head

EB~ A7 fifi i

EB (Electron Beam) Lithography System
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DNA Chip for HPV (Human Papillomavirus) Genotyping
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Noise Reduction Television
for Emerging Nations
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Glasses-free 3D Medical Display
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— BTV Quantum Cryptography ecochip™: Standby Power —YIEHLEWy — A R R
Speech Synthesis for 20 O 755'5 Minimization Chip T—R— }ﬂ Eﬁa Object Recognition Technology
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NAND-type EEPROM (Flash Memory)

Automotive Navigation System
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Glasses-free 3D Television

—RAHSCIB™

SCiB™ (Super Charge ion Battery)

Dysprosium-free Magnet for Motors for POS Scanners

20124

L— MPEG-4 Bi# it = o
DVD leD/Pla):r’ MPEG-4 International Hﬂ%{%%ﬁﬂ{@ﬁ*l \ I_EJ UZO)
Standardization IN—RY 7 dENE T Y
NPEngine™
1 9 9 8 !IE':‘: NPEngine™ : Hardware Enggine for
Streaming Servers
KUV aVTFT-LCD t ’
Polysilicon TFT-LCD
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Corporate Research & Development Center Group
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At g2

PR o R — Imagine the Future, Create the Future.
A2 L DEFEHTEE 22— | TOSHIBA CORPORATION 2T AV A RS . . o
Toshiba China Co.,Ltd. Corporate Research & Toshiba Imagine a future worthy of our brightest aspirations.

Research & Development Center Development Center America Research, Inc.
. Then realize new products, services, and systems to bring it to life.

Innovation means creating new value for individuals
and communities by transforming scientific

knowledge into creative technological solutions.

Rm 1401, Tower D1, Liangmagiao Diplomatic Office Building, T212-8582 JIIMiifi= XN s 2T 1 7 1l We shall continue to prOduce innovations that delight

Building 5, No.19, Dongfandonglu, Chaoyang District, 1. Komukai Toshiba-cho, Saiwai-ku
Beijing 100600,China Kawasaki, 212-8582, Japan

TEL.+86(0) 10-8531-6888 hittp/ww toshiba.co jp/rdc/ and surprise, and ensure a safe and secure society.

1251 Avenue of the Americas, Suite 4110
New York, NY 10020, U.S.A.
http://www.toshiba.com/tari/

HEZ PR WEFE Pt
Toshiba Research Europe Limited =

WEZEB 3 2> 2 —
it ke

Director
Corporate Research & Development Center

i &

VA R
San Jose Branch Office Osamu Hori
2590 Orchard Parkway, San Jose, CA 95131, U.S.A.

o7y VS WS WEZERT

Cambridge Research Laboratory Telecommunications Research Laboratory

208 Cambridge Science Park, 32 Queen Square, Bristol BS1 4ND, UK

Milton Road, Cambridge CB4 0GZ, UK TEL.+44-117-906-0700

TEL.+44-1223-436900 http://www.toshiba.eu/eu/Telecommunications-

http://www.toshiba.eu/eu/Cambridge-Research-Laboratory/ Research-Laboratory/
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