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Optical fiber network in Japan&Worldwide
Background: activities in Tohoku University
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FTTH Fiber To The Home

No. of contract of FTTH service in Japan

20062005200420032002

104 contracts



DSL 【xDSL】Digital Subscriber Line

NO. of contract of DSL service
104 contracts

20062005200420032002

saturation

decreased
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環境汚染物質

プラズマ分解
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-----frequency-----

NOT USED
THz REGION

ＩＳＩＴ

TUNNETT
RAMAN LASER

FAR INFRAREDLASER

SI THYRISTER
ULTRA FAST ＳＩ DIODE

TARGET DEVICES
TODAY’S ISSUE

ＨＢＴ

，，，

LAB’S TARGET DEVICES

THz SOLID SOURCE

OUTPUT POWER vs FREQUENCY OF SEMICONDUCTOR 
DEVICES

RF-SIT

Ou
tpu

t p
ow

er 
(W

)

Operation Frequency (Hz)

wavelength

NIR DFG

*NIR DFG: Near Infrared laser induced
Differential Frequency Generation
*ISIT: Ideal static induction transistor
*TUNNETT: Tunnel injection transit time effect diode



LASER
Light Amplification by Stimulated Emission of Radiation

light
Spontaneous
Emission
Stimulated
emission

Energy distribution of 
electron
Fermi-Dirac distribution

Equilibrium⇔spontaneous
熱平衡状態 自然放出

Negative temperature
distribution ⇔ stimulated（誘導放出）

（inversion） emission

From MASER (Microwave Amplification by Stimulated Emission of Radiation
Higher energy state
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Lower energy state

light
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Laser is composed with
Laser material, a set of parallel mirror (cavity)
Methods to realize the inversion distribution （反転分布）

Flash lamp (solid laser etc.)
Electron injection（semiconductor laser: LD）

Gas discharge（gas laser）
LD excitation

Characteristic feature of laser
Coherent :interference due to well defined phase
Directional: parallel beam
Monochromatic light due to resonance 
High energy density
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光通信三要素

光源 伝送路
検出器

半導体レーザ

（半導体ﾚｰｻﾞ・ﾒｰｻﾞ：東北大）

発光ダイオード

ｶﾞﾗｽファイバー

（屈折率分布型ファイバー：東北大）

プラスティックファイバー

赤外線無線伝送

Ｐｉｎフォトダイオード

ｱﾊﾞﾗﾝｼｪ（雪崩）フォトダイオード

（東北大）

変調

静電誘導トランジスタ

多重周波数分離・多重周波数検波

静電誘導トランジスタ

半導体ラマンﾚｰｻﾞ

Three principle components for optical 
communication

Light 
source

Propagation 
line Light detector

Semiconductor laser
(semiconductor maser: 
Tohoku univ.)
Light emitting diode

Glass fiber
Graded index fiber, (Tohoku univ.)
Step index fiber
Prastic fiber
IR transmission
RF transmission

pin photo diode (fast response)
Avalanche photo diode (high 
sensitive amplification)
Tohoku Univ.

modulation
Static Induction 
Transistor (Tohoku 
Univ.)

Static Induction Transistor
Semiconductor Raman Laser

demodulation



ＩＳＩＴ実現のための要素技術 極微細構造電子デバイスの基盤技術

バリスティック伝導による走行時間

DS
chtransit qV

mlt 22 *»
Transit time due to ballistic electron 
transport

4nm channel length transistor 
structure

Source/Drain
4nm

S/D 4nm Transistor for THz freq.

≤  0.16 ps



²ISIT(Ideal Static Induction Transistor)
invented in 1979 by J.Nishizawa
(J. Nishizawa, Proc. 1979 IEEE Int. Conf. Solid State Devices, 1979.)Washington DC

Ballistic electron transport
No scattering of electrons with lattices
Operation frequency (estimated)
Up to 800GHz (0.8THz)
Tunnel transport
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dominated condition
GaAs 25nm (RT)

90nm (77K)
Case: 0.855V
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Categories of semiconductor devices
Electron transport devices

Electronic devices

•Power devices
DC(direct current) electric               transmission
Electric vehicle
Super express train (inverter control)
Thyristor, power diode, IGBT(Insulating gate bipolar transistor)

•Low power consumption devices
Mobile phones, pad
MOS(Metal Oxide Semiconductor) device
GaAs FET

•High frequency (RF) devices
Microwave telecommunication
High speed CPU
Satellite broadcast
Short channel MOS
HEMT, HBT device
NRD device
TUNNETT, ISIT
IMPATT, GUNN



光デバイス ・半導体レーザ

光通信（ファイバー通信），

情報メディア ＤＶＤ，ＣＤ，ＭＯ ,printer
溶接

ストライプレーザ

量子井戸レーザ

面発光レーザ

量子カスケードレーザ（光～遠赤外・マイクロ波）

パワーレーザ・ﾏﾙﾁｽﾄﾗｲﾌﾟレーザ（～数 100Ｗ）

・発光ダイオード

ｲﾝﾃﾞｨｹｰﾀｰ，照明用

・光演算

発光デバイス

受光デバイス

波長領域

遠赤外（PbTe，量子カスケードレーザ）

近赤外（InGaAs)
可視光（AlGaAs,InGaAlP)
青色（GaN,SiC,ZnSe）

紫外線（ダイヤモンド）

pin, avalanche diode
Quantum well / dot device

Opto devices
(optoelectronics)

Light emission

Light detection

Semiconductor laser (LD)
(laser diode:LD)

Optical telecommunication
DVD CD writer/pickup
Welding (high power)
Simple edge emitting LD(stripe LD)
Quantum well LD
Surface emitting LD
(vertical cavity LD)
Quantum cascade LD
Multi-stripe LD(high power)

Light emitting diode (LED)
Indicator
Lighting, illumination

Pin, avalanche diode
Quantum well/dot detector

Wavelength
Far IR PbTe, QCLD(quantum cascade LD)
Near IR InGaAs …..
Visible AlGaAs, InGaAlP ……
Blue InGaN, SiC, ZnO
UV GaN, Diamond



半導体デバイスプロセス

設計

（ＣＡＤ

ｼﾐｭﾚｰﾀｰ）

プロセス インプロセスモニター 特性

信頼性

再現性

設計へ

各種TEG(Test Element Group)
In-situ (その場）分析

膜厚ﾓﾆﾀｰ

組成・ﾄﾞｰﾋﾟﾝｸﾞﾓﾆﾀｰ

デバイスの微細化

低温・低損傷

ｾﾙﾌｱﾗｲﾝﾌﾟﾛｾｽ

開発費用・期間の低減

ﾊﾞｰﾝｲﾝ・ﾌｨｰﾙﾄﾞﾃｽﾄ

加速試験

問題点の把握と

克服技術の開発

高速・自動測定

Principle semiconductor device process flow

Device design By
CAD

Circuit/device 
simulation

Device process In-process monitor characterization

Reproducibility 
testDevice design

Reduction of cost/time

Reduction of device size 
requires low temp. low 

damage process
TEG(Test Element Group)
In-situ monitoring of process

Thickness/doping

High speed & 
automated test

Find problems
Develop new 

process

Burn-in & accelerated 
Field testFrom mm to nm



半導体デバイスプロセス要素技術

金属・半導体・絶縁体（セラミックス）

半導体デバイス構造

半導体

ほとんどは単結晶材料

他にｱﾓﾙﾌｧｽ半導体

有機半導体など

Principle device elements of 
semiconductor devices

Device structures

Metal, Semiconductor, Insulator (Ceramics)

Semiconductor
Single crystal material

Others
Amorphous (TFT Tr. LCD driver)

Polycrystalline (solar cells)
Organic semiconductors



半導体デバイスは、「金属・半導体・セラミックス」を総合して形成。

理想型静電誘導トランジスタのプロセス例

METAL

35A

HEAVY DOPING
DOPING EPITAXY 1019-1020cm-3
(SURFACE STOICHIOMETRY CONTROL)

LOW-T& SELECTIVE
MOLECULAR LAYER EPITAXY (MLE)
WITH ATOMIC ACCURACY (AA)

HIGH QUALITY
REGROWN INTERFACE
（SURFACE STOICHIOMETRY CONTROL）

LOW rc CONTACT（METAL/SEMI CONTACT）

NON-ALLOYED
VERY THIN MIXED LAYER

SELECTIVE EPITAXY
（SELF-ALIGN PROCESS）

ULTRA SHALLOW GROVE
LOW-T&DAMAGE ETCHING
（PHOTO-STIMULATED GAS FLOW ETCHING）

LOW-T&DAMAGE SiN CVD
（REMOTE PLASMA CVD)

MISゲート

｛

DETAILED CRITICAL PROCESSES FOR ISIT
METAL/CERAMICS/SEMICONDUCTOR BREAKTHROUGH PROCESSES



S/D=3.5nm


