Technology Roadmap for Power Semiconductors
ISPSD'96 Maui, Hawaii

® Attached is a preliminary edition of the first Technology
Roadmap for Power Semiconductor Devices

® At this time, some pages have been converted into computer
graphics, others are still hand sketched

® A corrected version will be mailed to you this summer

® Special thanks to our workshop facilitators
» Phil Hower, Unitrode, workshop chairman
» Dan Kinzer, International Rectifier, discretes group
» Leo Lorenz, Siemens, high power group
» Aymen Shibib, Lucent Bell Labs, power & high voltage ICs

® Thanks for participating

Richard K. Williams, Siliconix / Temic
General Chairman ISPSD'96
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mnovation Nesded

Planar

Trench

Challenges in MOSFETs

Primary Secondary
Breakthroughs Breakthroughs
e Overcome JFET ‘e lower diode trr, no leakage
* Reduce epi resistivity * substrate-thinning
Low Thermal Res Pkg Lower wire /pkg resistance
Lower Cgd
Breakthroughs Breakthroughs

* Reduce epi resistivity
Increase cell density / photo
Lower wire/pkg resistance
Improve gate ox quality
Lower process cost

«lower diode trr, no leakage
* substrate thinning
Self-protection (high gm)

Driver

Thermally Limited

High Voltage

Low Voltage
Lowest R{on)



Trend in MOSFET R (on)* A
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Lateral MOSFET Applications

Multi channel  >500V

Multi channel
Low Cgd 30 - 60V

Base Station RT (linear)

solenoid drivers

Low Cgd 10-30V

High trequen

switching

Low Cgd 3-10V
Low Vit

Portable R (linear)

Power mngmt
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Discrete Breakthrough Opportunities

interconnect + pkg

epi

TR
7///~ mQ>-cm substrate %//

.

no wire / pkg resistance

silicon technology:
density, cost

new materials:
RA=peX epi

wafer / die thinning:
no breakage



IGBT Processes
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Voltage Range of Planar & Trench IGBTs
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Innovation Nesded

IGBT Innovations

Primary Secondary
In fab lifetime control VLSI technology
* Au, Pt implants * self-aligned
eo orH' ¢ w:os_rso.mamwg\
Built-in diode « metallization

+ sidewall spacers
Lateral IGBT = not likely

On-chip control circuits
Reliability

= at high temperatures
*metals/materials

* packaging

*design

Thin wafer processing
* 100 um

*backing wafer
Lower voltage

Driver

Better speed vs
on-state drop

Improved thermal

performance
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fnnovation Needed

‘Breakthrough

- Improvement

Silicon Rectifiers

Primary Secondary
Metal/ Semi Schottky: 1600V Rectifiers:
Reduction in Vf at V<60V Epi
*250 mV at 300 A/cm2 * expensive, poor availability

Low leakage
« Tj = 125°C, Jr=150nA/cm

Non-epi

« cheaper but higher losses
* thin wafers

* FZ 200 mm

Cost pressure

» today's diodes 525 mV at
300 A/cm?2

» synchronous rectifier

600V Rectifiers:
Optimize Vfvs trr

strr = 28 nsec Vf = 2.5V
* new lifetime killers

s P+

* GaAs PIN

Driver

Portables (LV)

Offline (HV)

Logic Supply (LV)

Offline (HV)



Rectifier Materials

High temp,
speed niche

X

AN

Too expensive,
needs new pkg
for high temp




Power Devices of New Materials

development

.3
"

GaAs diode 200V RN

N\

Gas diode (600V) NN

N
0

HBT (switch) 200V

Production ready
indicates
technology, not
economic
performance or
production viability

HBT (switch) 400V

Low freq VFET 20-100V

SiC diode 600V

SiC diode1200V

Preferred Diode Material (ignoring cost)

1600

Driver



nnovalion Nesded

Z ew Materials for Rectifiers-& Switches

Breakthrough

Improvement

Primary

Secondary

GaAs:

Dielectric

Wafer size, quality, defects
Novel structures

Niche application
Packaging

Fab

GaAs:

VFET scaling up vs. Si UMOS
Packaging, VPE vs MOCVD

1 supplier exists

Wafer quality & size (upipes)
Process optimization/fab

GaAs:

2" vpe 10 pm epi $250, 50 pm
$350, 4" 5 um $1100 MOCVD
Numerical modeling

Less vendores than GaAs

Driver

speed &
temperature

Material supply



Preferred Switch Material (ignoring cost)
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Innovation Needed

Breakthrough

Improvement

Package Improvements

Primary

Secondary

Zero resistance and inductance
Wafer level encapsulation
Better TCE matching

Chip on bopard, bump tech

Higher Tg plastics
Robust die attach, better cycling
Improved dicing technology

Reduce pkg / chip footprint
Multiwire configurations for pwr
Exposed heatsink design SMP
Better voltage isolation

High reliability wire bonding
Improved mold lock compounds
High purity low stress compnds

Driver

Surface mount,
automotive

Surface mount



Power Semiconductor Technology Roadmap Workshop

77 77 7 "Sc¢hedule for High Voliage and Power IC Séssion

1:30 Introduction to Workshops

1:45  High Voltage and Power IC Session Begms
1:45-1:50 Introduction - Ayman Shibib, Session Chair
1:50-1:55 Terishima - Junction Isolation

1:55-2:00 Fujishima - Self Isolation

2:00-2:05 Nakagawa- Silicon-on-Insulator (SOI)
2:05-2:10 Korec - Future Technologies

2:10-2:15 Morelli - System Integration

2:15-3:30 Group Discussion

3:30-3:45 Summary

3:45-4:15 Break

4:15-5:15 Workshop Presentations

M.a-Ghibib



ISPDS’36 WORKSHOP

HIGH VOLTAGE & POWER IC’s
Moderator: Ayman Shibib, Lucent Technologies - Bell Labornatonies

INDUSTRY

Allegro

AMKOR Electronics

BCO Technologies Stanford Universily

Boeing

C.P.Clare

Cherry

Daewood Electronics

Daimler - Benz

EPISIL Techologies

Ford

Hitachi

L AAS-CNRS .

Lucent Techologies (Formerly AT&T Microelectronics) University of Toronto

Micrel

Mitsubishi

Motorola

National Semiconductors . FHG - IMS

NTT

Ok Hong Kong University of S & T
Philips Research Swiss Fed inst Integrated Sysiems Lz9
Power Integration University of Liverpool
Rockwell

SGS - Thomson

Siemens

Siliconix

Supertex University of New South Wales
Texas Instrument

Toshiba

Unitrode

Rﬁ;s{trul ‘SESS:W ?xr\-\‘c‘u?am*'s..
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HIGH VOLTAGE AND POWER ICs
7 Technology Trends

Substrate
Standard
Epi
SOI

Process
Bipolar
DMOS
CMOS
BiCMOS

Measure of Process Complexity vs. Cost

Device Structure
Vertical
Quasi-vertical
Lateral

Compare PIC Technologies vs. VLSI
Design Rules
Multi-level Metals
Special Processing Requirements

Status of Silicon Alternatives
CAD Tools/Requirements

Hybrids vs. Monolithic
Where is the boundary?
Moving toward more integration?

Power Packaging
Current Status

Techniques borrowed from non PIC?
Future power handling?
Future pin counts

Reliability of PICs
What improvements needed
Is evolutionary improvement

Mo Sl



HIGH VOLTAGE AND POWER IC s

What is the Technology Driver for High Voltage and Power IC 5 7

MLy s - PrivesH hdu - For Cchip waXers
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HIGH VOLTAGE AND POWER IC s
In}en\‘j eat PICs

Cmper Fswer)
WORLD MARKET SIZE(SPR) in HMilliows

1995 2000 2005
Automotive 300 k:j hest Z, Cmm?w\w
Computer 250 ind hﬁJw* > }\\\1 W\DY\J c
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HIGH VOLTAGE AND POWER ICs
2  __\WIE4PATION)._ ROADMAP . .

General Comments:
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HIGH VOLTAGE AND POWER ICs

ROADMAP

General Comments:
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HIGH VOLTAGE AND POWER ICs

e e | ... ROADMAP
General Comments i
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HIGH VOLTAGE AND POWER ICs

Existing Power Technologies

Now

- Junction Isolated Power IC s 5 vm Bipolar
. 1.2-1.5 um BiCMOS

- Self Isolated Power IC s 3 um CMOS

- DI Power IC s 3 um BiCMOS

- SOI Aualog/Power IC s I - 3pm
M. A~ Shibib
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HIGH VOLTAGE AND POWER ICs
 PROCESS  ROADMAP

General Comments:
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HIGH VOLTAGE AND POWER ICs
METALZATION & WAFER DMMEERRoADMAP

Geperal Comments:
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HIGH VOLTAGE AND POWER ICs
Device. XYPE. . roaDpMAaP

General Comments:
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HIGH

VOLTAGE AND POWER ICs

Polg, FAGHSING  RosDMAP

General Comments:
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HIGH VOLTAGE AND POWER ICs
CAD, RenaBLTY & Silige ATEMATIVES S
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High Power Devices and Power Modules

O Invited Speakers
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. Robb

. Jaecklin

. Ohashi

. Kobayashi
. Shigekane
. Takata

Maui, Hawaii
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