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Renewable Energy

Renewable energy, end of 2008 (GW)

12710
0.5
** 5D 50*13 %0.3

67
85
121
145"
2

50"

Total vs. Renewable

860

moil

W Coal

O Matural Gas

@ Muclear Energy
O Hydroelectricity
mBiomass

O Solar

O Biofuel

| Geothermal
OwWind

O Large hydropower
W Eiomass heating®

O Solar collectors for hot
waterfspace heating®
Ovvind powier

W Small hydropower

O Ethanol production™

W Biomass power

O Geothermal heating™

O Solar PY, grid-connected
W Biodiesel production™

W Geothermal power

O Concentrating solar thermal
power (TSP

B Ccean (tidal) power

* GWth
** Billion litersfyear
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Automotive Switching Power Supply

/

Appliance motor

Equip motor

Corisumer Equip motor

Telecom
J\Printer

10 100 1000
i % (V)

hllarvH VT4 T BHEMR



Swilas. 72

\

INIT)—Fr—Dv—
Voiceband CODEC

WCDMA & GSM baseband converters

A—T1A7>T
INI)—RV)ITNNTERILLE
SR Em/INT— AT LLSI

.

2

ET/\7—ICHiER

DA —T1AT7 7

i _ihi.p'l:"‘* I
rl"q iJ r’!'h l.iIJFH"' - .'Aﬂw‘fir__l

":..'-:-'il |

it i #, i 4

u_J_FE"“ sl == ‘1:.5

| | CTI T8

|- | F'.
I:._.L_l. T ol MR TR A1 W R ST e NI

B/IBEINTIVHDD
E—2—K21I\



Low voltage Power ICs (BICD) 2000

Engine Stepping
control motor
driver

ABS
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High Voltage Power ICs

1 Chip Inverter ICs

500V,1A(1994) 500V, 1A(2002) 500V, 3A(1997)

|Fjj’[_E[ [

7 x4.2 6.6 x4.1 7.1Xx5.2

15umSOil, 15umSOil 15umSOl,
Trench Isolation, Trench Isolation, Trench Isolation,
1.5um 5V BiCMOS 2um 30V CMOS Analog 1.5um 5V BiCMOS
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500V/3A 1chip Inverter IC
1999
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Highly Efficient Motor Control

Industry Motors. | fe . |||'
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Y ' 7 .
Sy | N |
;-:-,__T| ili I l!;” . Refrigerators
L o 1 0

1 Chip Inverter

Washing Machine

Air conditioner
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V-groove

SiO- film

Dielectric Isolation (DI)
EPIC

Polysilicon

Lateral device Power device Lateral device
Orive circuit) (Output circuit) (Logic circuit)

AN

Si02 uried layer

heat sink
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Dielectric Isolation
EPIC
Wafer Direct-Bonding (1986)

L_ow cost SOI wafers
L_arge diameter (8 inches)
*Fine lithography

*High Voltage

-
) Bonding

Substrate

l Grinding
Lapping

Substrate
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A BN B power ICDERRE

Ly

pu]]]
S

* 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 Chip
In 1989

100um

>

e DI for HV Devices
e JI for LV Devices
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Fabrication process of 1st generation I1Cs

Buried N*
Epi
Adjust SOI
thickness 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.

IEROF B DR ERICRIDBHDOBERDAG

#MSOX M TISEMLIRIS R FD—F

|

J15um
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1. ROIOSMESOINEEN 1990
A.Nakagawa et al., Proc. of ISPSD, pp.97-101 (1990)
"New 500V output device structure on silicon oxide film”,

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

3. SIRSMESOI 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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Issues for High Voltage I1Cs on SOI

Combination of SOl and trenches

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
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SOI device breakdown voltage vs. SOI thickness
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Breakdown voltage (V)
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Breakdown voltage is limited by MOS Diode
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1] 00
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n- layer thickness (pum)

hllayvHILTA T BHEMR



W1 RTTDOMOSE LA —R DT ETRE

Ay HILTA T BHEMR



Diode Breakdown Voltage on SOL with Very Thick Oxide
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New SOl Diode Structure

proposed in 1991 ISPSD

SIPOS n
P

N+

10

S

Potential Distnibution
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Reverse I Vcurve 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 SOl Power IC

N-Wafer

Substrate

Sio,
sio,
Sio,

Silicon Direct Bonding(SDB)

Adjust SOI thickness

N-

Substrate

Sio,

l Deep Trench Isolation

L[]

N-

Substrate

Sio,

Sio,

l Poly-Silicon Deposition
Poly-Si
| | =
l Etching
- L N T N

N- Layer SiO2 Layer

250V: 7um  250V: 3.0um
500V: 16pm 500V: 3.5um

Poly-Si

(lllll

T
L

SiO

N

Poly-Si
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SOl Process Evolution
From BICMOS to Full CMOS

2nd Gen.Process

(154 m. 5V BiCMOS)

3rd Gen. Process
(30V CMOS)

Tr.NPN Tr. PNP Nch CMOS Pch CMOS LIGBT
EB_C B CE S GD S_G D E G C
[TIT 1 [TIT 11 [ T 11 I - [ ]
LNJP VR Lpl Lp] L L | /u
p p N
N- N- N- N- N- /
_ Substrate Trench Isolation
Poly-Si
32 masking steps
Nch CMOS Pch CMOS LIGBT
S GD S G D E G C
S [ | IS Il ) LI ]
LNJPLNJ 5 |_|N
N- N- N-
Si02 /
Substrate Trench Isolation

23 masking steps
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Low Cost 500V/250V 1A 1 Chip Inverter IC

Yy ¥y

i

Under-

6V
voltage
VREG 5>_ Regulator 9

Protection

L

[ —
Under- Under- Under-
voltage voltage voltage

Protection | | Protection | | Protection

E———

High-side Level ]

3-phase

Distribution Logic

Shift Driver

—| Overheating Protection |

Triangular
Wave
Generator

Low-side i
Driver

~| Overcurrent Protection | *

10)BSU
13)BSV
16)BSW
11)Vgg1
17)Veg2

S500V1A

30V CMOS + DMOQOS + LIGBT

250V1A
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Why Btr's were eliminated?

1. To simplify process.
2. Displacement current !

T

High Side _|
Driver

_| Switch-Off
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How Dbipolar transistor malfunction

o E I|£ # dv/ dtci H L l
llector itter Baze Current Colbctor Emitier Bese

Depletion

i ¥ i layer —
. N sésés : - I
anwr

|
T"‘ SiO ;]:‘7 Si0 -

’ ]

Wrong signal Is created

Off state by dV/dt
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List of SOI Devices

Conventional Processsicvos

New Process ov cmos)

INMOS Vgs=5V BVdss=7V Vgs=15V,BVdss=30V
PMQOS Vgs=5V BVdss=7V = =
NPN Vceo=30V
PNP Vceo=7V
Nch LDMOS Vgs=5V,BVdss=30V
Pch LDPMOS Vgs=5V,BVdss=30V
HV-NMOQS BVdss=500V
IGBT BVdss=500V
EWD BV=500V
BSD BVY=500QV

Other : zener diode, resistor, capacitor
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LIGBT
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SOl power ICO:REE

* High voltage large current devices

— 500V 3A multi-channel Lateral 1IGBT

— CMOS compatible process
* No lifetime control

* High voltage interconnection
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1995 ISPSD

BRIEGT

(c)
220.00 ;
200.00 ff
;) @
_ 180.00 -
Source Drain /¥ @)
N Trench Gate 160.00 !
AR A AR AR KB ., ) '9"'9""";""?’?'""'Q‘Q / LI EGT ‘i': ':r'
: R 140.00 e fe e
: — L
Y | —— & £ 0
' n-buffer éE; 120.00 7 rr' i
n+ n- “: 100.00 JJ_.'II.I" *r;.-
77 0 2% g w000 i
O 000 ,ﬁ-"r b
Substrate 4 /LI GBT
40.00 V
20.00 j
0.00
0.00 1.00 2.00 3,00
Voltage (V)
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ISYAA—T2MOSHARA

MOS Thyristor pn Diode MOSFET
Anode Gatel Emitter Base Drain Gate2? Source

T

Cross sectional-view of a high voltage lateral MOS thyristor cascode switch on SOL

o cu

Q
Cathode

g
I~

Equivalent circuit of the hybrid device.
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Trench

Current (A)

Fig. 3 Schematic layout of the hybrd device.

Current [A)

Current for 1cm Channel Width (A/em)

9.00 T
V=12V Ron = ﬁ,ﬂ'ﬂﬂ/
8.00
MOSFET Ron = 0.00 /
7.00 v ’
, / s
.00 - ,,f‘r
: / ra
5.00 : .
L / /|Ron=0.120
r
4.00 :
77
3.00 | 4
i
2.60 7
o0 L £ o 108T
0.00 £
Q.00 1.00 2.00 3.00 4.00
Voltage (V)
'|_ﬂh-. ..... 250
08 |- f T 's0 §
: : H H H : . H E
[\ 3 E— L ......... ......... T freenees ......... S 100 E
0.2 [ormerennsia . 58
u_ut_____ E v H . : ﬂ
c.g 02 04 o8 0.8 1.0 12

Tirmne {usec)

Fig. 9 Measured turn-off waveform.
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YILFFr2)L 500V LIGBTS

e Large Current Capability
Multiple planar surface channels

e Switching speed is controlled

by p-emitter efficiency
No lifetime control: CMOS compatible

Reduced emitter efficiency

Drain Source
~ ST LTI
ool o 1< ¢ ]
. .
+ 4
P n-buffe r} D
n - J 131m
SiC» | 3um

Current (A)

0.5

04 T

03

02

01

1997 I1SPSD

multi-channel LIGBT
VG=5V
//conv. LIGBT
1 2 3 4 5
Forward Voltage-drop (V)
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Shared source structure of multi-channel
LIGBTs for trade—off improvement

IGBT1 IGBT2
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Calculated current-voltage curves
of conventional and multi-channel LIGBTSs

Current (A)
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~ Finer p-well design
enhancing inner electron channel current

Source

. p channel implant
Drain Gate

NONSONENN NSO = %
'VV"‘?}:;L%%H LR DAV B ”&V‘Q:MMV'
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Improvement in Trade-Off relation

Current Density (Ncmz) @ Vp=3V, Vu=5V
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®.—— Future LIGBT design
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500V3A LIGBT design
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500V 3A LIGBT @1999 ISPSD
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B .08V
New Multi-chanel IGBT Time: 200nsec/Div
V1=3.0V for Drain current of 2.6A(Vg=5.0V) Drain current: 1A/Div

Device area:1.48mm?2
Vertical axis: 0.5A/Div Horizontal axis: 0.5V/Div
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Current(A)
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Uniqgue feature of multi-channel LIGBTs
--- Suppressed drain current for high drain voltage

due to JFET effect.
T \
oA | L1\
// \ \\-q/ Source
/ / / C L Drain Gate  P-channel implant
- ..—4'// - P ,;__Iﬁllg--------_b‘ ‘L\;“ DA% Ve 5
, // // \‘ // p+/p-em'=‘tter _ ’
//77//// n-buffer
Y [ 7777777 s 7777777 77777777
/A //
/a | _ o
/ | This electron injection is suppressed by
/ | formed depletion layer.
" |

+ Forward voltage (V/Div) 0

hllayvY LT« T BHEMR



Short circuit withstanding capability
of 500V 3A LIGBT
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Scroll RFP

High voltage metal
Interconnection
Poly-Sl/
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Resistive Field Plate (RFP)

Scroll

RFP

Concentric rings

Bridge

Multi-Ring RFP
Easy to design key parameters
leakage current etc.
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Breakdown Voltage vs. Drift Length

s0 1 Interlayer oxide thickness
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500V/3A 1chip Inverter IC
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inusoidal wave drive is realized by TB6539

Hall sensor
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PDP scan driver IC

ISPSD’98 (Fuji electric)
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ISPSD’ 2010, J.Sakanofth
Hitachi Research Laboratory
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Releasing new power semiconductor technology:

Gehan A. J. Amaratunga
The start-up company route

ISPSD’ 2009

CamSemi

Enecsys
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