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エコ社会を支えるパワーＩＣ技術エコ社会を支えるパワーＩＣ技術

－高耐圧ＳＯＩと低耐圧ＢＣＤ－－高耐圧ＳＯＩと低耐圧ＢＣＤ－
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１．地球温暖化 CO2削減

２．ＩＴ化によるエネルギー消費増大

３．エネルギー効率向上

---インバータ、電源効率、ＬＥＤ、ＨＥＶ

４．再生可能エネルギー開発

---太陽光、風力発電

ＬＥＤ電球
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ＩＴ化でエネルギー消費増大
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インバータの効率推移
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Loss
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Renewable EnergyRenewable Energy
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ドイツ、EU25カ国および全世界の需要と等しい電力を太陽エネルギーで発電するのに必要な面積

サハラ砂漠の６％の太陽光発電で全世界がまかなえる!!
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Ｓｉデバイス性能限界 → システムの変革

照明 蛍光灯 → LED

車 ガソリン → HEV, EV

発電 石油 → 太陽光、風力

送電 従来 → スマートグリッド
直流給電
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システム変革・回路変革の時代

東芝電力社会システム技術開発センター
http://www3.toshiba.co.jp/power/pic/secret/inverter.htm
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システム変革・回路変革の時代
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ワイドバンドギャップ半導体による低損失化ワイドバンドギャップ半導体による低損失化
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多種の電源電圧→電源の効率向上多種の電源電圧→電源の効率向上!!!!

F. Lee PWRSoC’08
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パワー IC

MEMS

パワーＩＣの守備領域パワーＩＣの守備領域

デジタルデジタル

パワー素子
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無線

入力

電源

デジタル家電

ＭＥＭＳ(L，C)

デジタルコア

ＭＥＭＳ

センサー

ＰＳｏＣＰＳｏＣDiscrete
の領域

ITIT化電子化で化電子化で拡大するＰ拡大するＰowerower ＩＣの役割ＩＣの役割

モータ

アクチュエータ

自動車
ＲＦＭＥＭＳ



中川コンサルティング事務所
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パワーＩＣの応用
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バッテリーチャージャーバッテリーチャージャー
Voiceband CODECVoiceband CODEC

WCDMA & GSM baseband convertersWCDMA & GSM baseband converters
オーディオアンプオーディオアンプ

パワー周りをすべて集積化したパワー周りをすべて集積化した

携帯電話パワーシステム携帯電話パワーシステムLSILSI

Ｄ級オーディオアンプ

超小型モバイルHDD
モータードライバ

携帯機器、デジタル家電でパワーＩＣが活躍
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Stepping Stepping 
motor motor 
driverdriver

ABSABS

Engine Engine 
controlcontrol

Low voltage Power ICs (BiCD) 2000

40W 40W AudioAudio amplifieramplifier
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High Voltage Power ICs

500V, 1A(2002)

6.6 x 4.1
15μmSOI

Trench Isolation, 
2μm 30V CMOS Analog

500V, 3A(1997)500V,1A(1994)

7 x 4.2
15μmSOI,

Trench Isolation, 
1.5μm 5V BiCMOS

7.1 x 5.2
15μmSOI,

Trench Isolation, 
1.5μm 5V BiCMOS

1 Chip Inverter ICs1 Chip Inverter ICs
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500V/3A 1chip Inverter IC
19991999
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Air conditioner

Washing Machine

Refrigerators

Industry Motors

Highly Efficient Motor Control

1 Chip Inverter
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高耐圧高耐圧SOISOIパワーＩＣ技術パワーＩＣ技術
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•Dielectric Isolation (DI)
EPIC
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Dielectric Isolation
EPIC
Wafer Direct-Bonding (1986)

•Low cost SOI wafers
•Large diameter (8 inches)
•Fine lithography
•High Voltage

Substrate

Substrate

Bonding

Grinding
Lapping
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ターゲット：インバータの１チップ集積化

第一Step： EPICの置き換え

第二Step: 薄膜SOI

Bipolar： 穴を掘ってエピで埋める

研究開発方針策定 @1986年12月

今後はパワーICが伸びる!!
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誘電体分離 power ICの課題

• High voltage large current devices 
– 500V 5-10A 
– CMOS compatible process
– No lifetime control

• High voltage interconnection 
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Cross Section of First Generation ChipCross Section of First Generation Chip
in 1989in 1989

100um

• DI for HV Devices
• JI for LV Devices
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Fabrication process of 1st generation ICsFabrication process of 1st generation ICs

Adjust SOI
thickness

Buried N+

Epi

V-groove
Therm. Ox
Poly-Si
Planarization
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High Voltage SOI Technology
, proposed in 1990

Trench Isolation & Thick buried Oxide

• High density device integration by trenches
• High voltage device is realized by thick buried oxide.
• Small wafer warpage & large diameter bonded wafers

allows fine lithography.

15μm

従来の誘電体分離は酸化膜は分離の目的のみ
新SOI技術では酸化膜は素子の一部
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2020μμmmのシリコン層でのシリコン層で500V500V →→ トレンチ分離可能トレンチ分離可能

A. Nakagawa ISPSD’90
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高耐圧ＳＯＩ技術の歴史

１．最初の高耐圧ＳＯＩの論文 1990
A.Nakagawa et al., Proc. of ISPSD, pp.97-101(1990) 
"New 500V output device structure on silicon oxide film", 

２．SOI Resurf 1991
Y.S.Huang & B.J.Baliga
“Extention of Resurf Principle to Dielectrically Isolated Power Devices”

３．薄膜高耐圧ＳＯＩ 1991
S.Merchant et al., Proc. of ISPSD’91, p.31
“Realization of High Breakdown Voltage(>700V) in Thin SOI Devices”
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1. How to realize a high voltage by applying 
a large share of the voltage across the buried oxide 

2. How to realize a large current device on a thin SOI    

Issues for High Voltage ICs on SOI
Combination of SOI and trenches
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埋め込み酸化膜に電圧を負担させる埋め込み酸化膜に電圧を負担させる

A. Nakagawa ISPSD’90
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SOI device breakdown voltage vs. SOI thickness

Substrate

1D MOS diode

anode cathode
n+p+

Breakdown voltage is limited by MOS Diode
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耐圧は耐圧は11次元の次元のMOSMOSダイオードの耐圧で決定ダイオードの耐圧で決定
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10μm
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BoxBox膜上にｎ型不純物拡散層膜上にｎ型不純物拡散層
を設けて高耐圧化を設けて高耐圧化
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Box界面電荷で耐圧向上
1-d MOSダイオードの耐圧を計算
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超薄膜ＳＯＩで高耐圧が可能超薄膜ＳＯＩで高耐圧が可能

S.Merchant et al., ISPSD’91
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New SOI Diode StructureNew SOI Diode Structure
proposed in 1991 ISPSDproposed in 1991 ISPSD

p+ n+n-

SiO2

SIPOS

A.Nakagawa et al, ISPSD’91 & IEDM’96
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n

n+
n-p

p+

Anode Cathod
e

SIPOS

New Diode Structure

Reverse I-V curve for the diode on SOI
with SIPOS layer
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Diode breakdown voltage vs. SOI layer thickness
with buried oxide thickness as a parameter
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Process Flow of SOI Power IC

N-

SiO2

Substrate

Deep Trench Isolation

Substrate

N- N- N-

SiO2

SiO2

N- Layer       SiO2 Layer
250V: 7μm    250V: 3.0μm
500V: 16μm   500V: 3.5μm

ＰN

SiO
2

NP
N-

N

Poly-Si

P

N-

PN N

SiO2
N-Wafer

SiO2

SiO2

Substrate

Silicon Direct Bonding(SDB)

Adjust SOI thickness

Poly-Silicon Deposition

N- N- N-

Poly-Si

N- N- N-

Etching

Poly-Si
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Nch CMOS Pch CMOS LIGBT

2nd Gen.Process
(1.5μm、5V BiCMOS)

Ｓ Ｇ Ｄ Ｓ Ｇ Ｄ Ｅ Ｇ Ｃ

絶縁体（SiO2）

SiO2

Substrate

NP

N-

N

N-

N

Trench Isolation

ＮＰ Ｐ
ＰＰ N

N-

N

23 masking steps

Tr.NPN Tr.PNP     Nch CMOS  Pch CMOS LIGBT
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絶縁体（SiO2）

N

SiO2

Substrate

NP

N-

N

Poly-Si

N-

N

Trench Isolation

ＮＰＰ Ｐ
Ｐ

N-

ＰＰ N

N-

Ｐ N

N-

N

32 masking steps

SOI Process Evolution
From BiCMOS to Full CMOS

33rdrd Gen. ProcessGen. Process
( 30V  CMOS )( 30V  CMOS )
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Low Cost 500V/250V 1A 1 Chip Inverter IC
30V30V CMOS + DMOS + LIGBTCMOS + DMOS + LIGBT

500V1A 250V1A

VCC

VREG
6 V 

Regulator
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VBB2Under-
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1.1. To simplify process.To simplify process.
2.2. Displacement current !Displacement current !

Why Why BtrBtr’’ss were eliminated?were eliminated?

High Side 
Driver

Switch-Off

High dV/dt
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How bipolar transistor malfunctionHow bipolar transistor malfunction

Off state Wrong signal is created
by dV/dt
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List of SOI Devices

Other : zener diode, resistor, capacitor

Conventional Process New Process

NMOS Vgs=5V,BVdss=7V
PMOS Vgs=5V,BVdss=7V
NPN Vceo=30V

PNP Vceo=7V

Nch LDMOS Vgs=5V,BVdss=30V

Vgs=15V,BVdss=30V

Pch LDPMOS Vgs=5V,BVdss=30V

Vgs=15V,BVdss=30V

HV-NMOS
IGBT
FWD
BSD

BV=500V
BV=500V

BVdss=500V
BVdss=500V

(BｉCMOS) (30V CMOS)
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ＬＩＧＢＴ
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SOI power ICの課題

• High voltage large current devices 
– 500V 3A multi-channel Lateral IGBT
– CMOS compatible process

• No lifetime control

• High voltage interconnection 
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薄いSOIと厚いSOI
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薄いSOIの方がスイッチングスピードが速い!!
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1995 ISPSD

横型IEGT
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エミッタオープンＭＯＳサイリスタ
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1996 ISPSD
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•• Large Current CapabilityLarge Current Capability
Multiple planar surface channelsMultiple planar surface channels

•• Switching speed is controlled Switching speed is controlled 
by pby p--emitter efficiencyemitter efficiency

No lifetime control: CMOS compatibleNo lifetime control: CMOS compatible

マルチチャネル 500V LIGBTs

n-n-buffer
p+

SiO2

15μm

3μm

SourceDrain

p+ p+n+

Reduced emitter efficiencyReduced emitter efficiency
1st Ch.1st Ch. Added Ch.Added Ch.

1997 ISPSD
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Shared source structure of multiShared source structure of multi--channel channel 
LIGBTs for tradeLIGBTs for trade--off improvementoff improvement

n-

SiO2

IGBT1 IGBT2

p+

p-well

Wp1

p+

n-

n+
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Calculated current-voltage curves 
of conventional and multi-channel LIGBTs
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Finer p-well design 
enhancing inner electron channel current

n-
n-buffer

Gate

SiO2

p+
n+

p-well

p+/p-emitter nn

p channel implantDrain
Source

p +

n +

P o l y  G a t e

5μm

0.5μm

1.5μm
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Improvement in Trade-Off relation

1.

500V3A LIGBT design

Future LIGBT design
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New Multi-chanel IGBT                  
Vf=3.0V for Drain current of 2.6A(Vg=5.0V)

Device area:1.48mm2

Vertical axis: 0.5A/Div  Horizontal axis: 0.5V/Div 

Time: 200nsec/Div 
Drain current: 1A/Div 

500V 3A LIGBT @1999 ISPSD
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Unique feature of multi-channel LIGBTs
--- Suppressed drain current for high drain voltage 

due to JFET effect.

This electron injection is suppressed by
formed depletion layer.

Forward voltage (V/Div)
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Short circuit withstanding capabilityShort circuit withstanding capability
of 500V 3A LIGBTof 500V 3A LIGBT

300V DC

Drain current 5A/Div

Time (2μs/Div)  
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横型IGBTの特性改善
CS-LIGBT

n-
n-buffer

Gate

SiO2

p+
n+

p-well

p+/p-emitter
n-well

Drain
Source
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横型素子の改善

横型ＳＪ素子 111V,138mΩmm2
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GaN

VIGBTLIGBT



中川コンサルティング事務所

High voltage metal 
interconnection

Poly-Si

Scroll RFP
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Scroll RFP Multi-Ring RFP
Easy to design key parameters

leakage current etc.

Bridge

Resistive Field Plate (RFP)Resistive Field Plate (RFP)
Concentric rings
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500V/3A 1chip Inverter IC
19991999
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Current limitter

Hall sensor

Drive signal

RES
FG
CW
RV

MCUMCU
1 chip

Inverter IC
1 chip

Inverter IC

M

TB6539TB6539

Sinusoidal wave drive is realized by TB6539Sinusoidal wave drive is realized by TB6539
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PDP scan driver IC
ISPSD’98 (Fuji electric)
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ISPSD’2010, J.Sakano他
Hitachi Research Laboratory
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CamSemi

Enecsys

ISPSD’2009




