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Current Conversion

\ Frequency Conversion

Power Rectifiers

. Semiconductor .
Semiconductor i mmmmg— " . Power Switches

Power ICs

SoC+PMU
Power Management

I Power
System If Integration

Power System on
Chip (PSoC)



Traditional power semiconductor devices

Power Rectifier

Power Bipolar Transistor

Thyristor

Industry Application



Modern power semiconductor devices

. Power MOSFET

IGBT

IGCT

. Power IC



Applications
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2.1 FFHRBERZERHEE

(1) More Moore
(2) More than Moore



2.1 FFHRBEARALEREE

The New Landscape of Nanoelectronics Tech:
Moore’s Law & More than Moore

More than Moore: Enrichment >
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The Moore’s Law

“... the number of
transistors on a chip
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More than Moore: Diversification >
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2.1 FFHRBEARALEREE

A
@°’
Beyond 22nm =
b n - -
CMOS = Baseline CMOS:
32nm g “PTT -
@ CPU, Memory, Logic
45nm E
=]
=
65nm 2
=
=

90nm

Information
Processing
Digital content

System-on-Chip

More than Moore :
Functional Diversification

Interacting with people
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More Than Moore

More Than Moore
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Power Rectifier

rNew material

New Structure

. New Mechanism



Power Rectifier Based on New Material

- GaAs SBD

{ SiC Rectifier

\ GaN SBD



Power Rectifier Based on New Structure

~ JBS. MPS. TMBS. TMPS

% Merge the advantages of PiN diode
and schottky barrier junction.

~ SSD. SPEED. SFD. ESD. BJD

% Optimize the exceeding carriers and
their extracting path.
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Synchronous Rectifier

Si1 DMOS Synchronous rectifier (SR)
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Power Bipolar Transistor
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Thyristor

Thyristors
SCR GTO GCT
1960s 1980s 1998-2000s

Uncontrollable Current control Voltage control



Power MOSFET

N P N P
N+
N N* N
40 um 20um 6 um
VVMOS VDMOS Trench MOSFET Super Junction
1975 1980 1990 1997
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10 u m to VDSM design rule: 120M Cells/inch?(Gen—8) HEXFET )
*60 V device: 7 mQ-cm? to 0.75 mQ-cm?(normal structure)




IGBT

Trend of Fuji’s IGBT chips

1985 1990 1995 2000 2005

2 nd Gen. ~"5 th Gen.

3 rd Gen.

New device

L, F- series J, WN-series S, T-series

PT(Epi-Wafer, Lifetime Control) >> Thinner Wafer >
-

ine Pattern Technology —
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/ Trench Technology >
5th Gen. U-series
FZ wafer NPT (FZ Wafer) >

-Thinner wafer
-Trench Technology ES (PZ Wafer ) >
-5AS Technology (FWD)

Quality is our message o

June 18, 2004
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ApRhcatmns of Power Devices

Modified from an Application Mote of Powerex, Inc. Youngwood, PA.

““*-,\ . *Some devices are pushing
S : .
NS conventional Si boundary
b

N6 *Superjunction devices
“‘“.? overcome 1D Si device

"R limits
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ISPSD0S5 Short Course Superjunction Power Devices May 22, 2005 TB. Chow
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(1) TEREHFHEE
(2) BCDLE £ RHIA
(3) Power SoC
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Double-Resurf



Double RESURF with Non-Uniform P-top

I\If‘tﬂl o Dlrﬂi‘“. Sourc Gale Dira
sSource e - | : P T ppe—
_|_..|""r — _L-}#J \i&fy"-/ \..___‘_rL
{IF+]]_]_+ \h..‘__ n+ : - Las - r-buffer
; pt ] pz ] pot
Phﬂ{l} m-drift
Nwell
P substrate
P-substrate
|  NTetal S—
Metal
Metal Drain
Source ey -
print) N
Phody D - ev e
Nwell

P-substrate




LDMOS with dual conduction paths
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High-voltage transistor with multi-layer conduction region
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3D RESURF

N-type epi layer
mﬂpi}

P-substrate(Ng,,)

Bo Zhang, et. al., High-Voltage LDMOS With Charge-Balanced Surface Low On-
Resistance Path Layer, IEEE ELECTRON DEVICE LETTERS, VOL. 30, NO. 8, 2009



Optimizing Technology of Bulk Electric Field for Lateral High-Voltage Devices

REBULF for bulk silicon lateral high-voltage devices

ENDIF for SOI lateral high-voltage devices

 REBULF Reduced Bulk Field

« ENDIF ENhanced Dlelectric layer Field

Bo Zhang, et. al., “Field Enhancement for Dielectric Layer of High-Voltage Devices
on Silicon on Insulator”, to be published in IEEE on Trans. Electron Devices.
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Power CMOS
BCDO05 Cross-Sections

30V NMOS

5V PMOS 5V NMOS
1V PMOS 7V NMOS 13.2V NMOS LAB

oV NPN 16V PP Dcap

16V Sym NMOS 16V PMOS 30V PMOS

SiZ
BCD Process

CONFIDENTIAL & PROPRIETARY




Toshiba’s 5th generation 60V 0.13um BCD Process

source Drain

N+BL

DT P-Substrate

— | OShiba, ISPSD’2009



Toshiba’s 5th generation 18V 0.13um CD Process

Drain Source

P -Substrate

— | OShiba, ISPSD’2009
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LBCD Process
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Wessels P, Swanenberg M, Claes J, et
al. Advanced 100V, 0.131 m BCD
process for next generation automotive
applications. 2006 International
Symposium on Power Semiconductor
Devices and I1Cs, Vol.18: 197-120

Philips Corporation
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