
©
 A

BB
 G

ro
up

 -
1

-
23

-J
an

-0
7

Bipolar Super Junction 
Power Devices: 

A Case Study for 
Complex Numerical 

Modelling

Friedhelm Bauer
ABB Switzerland Ltd.

ROBUSPIC workshop
ISPSD’06 Napoli



©
 A

BB
 G

ro
up

 -
2

-
23

-J
an

-0
7
IS THERE LIFE IN SPACE??IS THERE LIFE IN SPACE??

COOLMOSCOOLMOS
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……fromfrom VDMOSFET           VDMOSFET           to                    to                    IGBTIGBT… … 

PAST DEVELOPMENTPAST DEVELOPMENT

n-doped drain

gate

p-doped anode

gate

substitutesubstitute
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……fromfrom SJ MOSFET           SJ MOSFET           to                    to                    SJBTSJBT… … 

FUTURE DEVELOPMENT?FUTURE DEVELOPMENT?

n-doped drain

gate

p-doped anode

gate

addadd p p -- injectorinjector

& n - buffer
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BIPOLAR SUPER JUNCTION CONCEPTSBIPOLAR SUPER JUNCTION CONCEPTS

SJBT SJBT 
implementationimplementation

forfor 1.2 kV1.2 kV

pillarpillar dopingdoping::
1E16 cm1E16 cm--33

investigationinvestigation
variable:variable:
n n –– bufferbuffer

dopingdoping

p-well

cathode gate

N-source

n-pillarp-pillar

n-buffer
p-emitter

anode

x

y
4

0.1

100

10 0.5

1.5 1.5



©
 A

BB
 G

ro
up

 -
6

-
23

-J
an

-0
7
BIPOLAR SUPER JUNCTION CONCEPTSBIPOLAR SUPER JUNCTION CONCEPTS

ExampleExample forfor SJBT SJBT numericalnumerical gridgrid
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SIMULATED SJBT CHARACTERISTICS ( 1 )SIMULATED SJBT CHARACTERISTICS ( 1 )
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SIMULATED SJBT CHARACTERISTICS ( 2 )SIMULATED SJBT CHARACTERISTICS ( 2 )
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SIMULATED SJBT CHARACTERISTICS ( 3 )SIMULATED SJBT CHARACTERISTICS ( 3 )
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SIMULATED SJBT CHARACTERISTICS ( 4 )SIMULATED SJBT CHARACTERISTICS ( 4 )

SJBT SJBT shortshort circuitcircuit capabilitycapability similarsimilar to IGBTto IGBT
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UNDERSTANDING THE SJBT ( 1 )UNDERSTANDING THE SJBT ( 1 )
bufferbuffer dopingdoping variationvariation –– effecteffect on on onon--statestate
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el. potential el. potential alongalong pillarspillars @ @ VceVce = 3 V, T = 400 K= 3 V, T = 400 K

UNDERSTANDING THE SJBT ( 2 )UNDERSTANDING THE SJBT ( 2 )
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UNDERSTANDING THE SJBT ( 3 )UNDERSTANDING THE SJBT ( 3 )
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ELECTRONS IN THE SJBT: ELECTRONS IN THE SJBT: VVcece = 3 V, 400 K= 3 V, 400 K
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HOLES IN THE SJBT: HOLES IN THE SJBT: VVcece = 3 V, 400 K= 3 V, 400 K
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P-pillar

MOS gate

PNP

SJBT EQUIVALENT CIRCUITSJBT EQUIVALENT CIRCUIT
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P-pillar P-emitter 
Cathode 

P-collector 
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Anode 
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ECONOMICALLY VIABLE SJBTECONOMICALLY VIABLE SJBT
1.2 kV hybrid – structure consisting of

-partial SJ zone with moderately high columns
-partial PIN zone with n- -doped base region
-> spin-off: latch-free IGBT

400 K 1.2 kV trade-off curves: SJBT versus SPT IGBT 
100 A vs 600 V, 400 K hard inductive switching; variable column height
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SUPER JUNCTION MCTSUPER JUNCTION MCT
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p p -- emitteremitter

turnturn--ononturnturn--offoff ++

n n -- emitteremitter
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BIPOLAR SUPER JUNCTION CONCEPTSBIPOLAR SUPER JUNCTION CONCEPTS

SJMCT SJMCT 
implementationimplementation

forfor 1.2 kV1.2 kV

pillarpillar dopingdoping::
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WHY SJMCT ( 1 )?WHY SJMCT ( 1 )?
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WHY SJMCT ( 2 )?WHY SJMCT ( 2 )?
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PERFORMANCE COMPARISON ( 1 )PERFORMANCE COMPARISON ( 1 )
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PERFORMANCE COMPARISON ( 2 )PERFORMANCE COMPARISON ( 2 )
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SJBT APPLICATIONSJBT APPLICATION

zerozero voltagevoltage switchingswitching

turnturn--onon at high at high dIdIcc//dtdt

layout layout exampleexample: 1.2 kV: 1.2 kV
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CONCLUSIONSCONCLUSIONS

Bipolar super Bipolar super junctionjunction powerpower devicedevice conceptsconcepts

•• feasibilityfeasibility proofproof ( ( numericalnumerical simulationsimulation ))

diodediode ( ( earlyearly publishedpublished workwork )          )          SJBTSJBT SJMCTSJMCT

•• realizationrealization notnot interestinginteresting to date to date 

technology technology complexitycomplexity
limitedlimited blockingblocking capabilitycapability
competitioncompetition forfor CoolMOSCoolMOS andand IGBTIGBT
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OUTLOOKOUTLOOK

WideWide bandgapbandgap ( WBG ) bipolar super ( WBG ) bipolar super junctionjunction powerpower devicedevice

gat
e

SiSi

SiCSiC

•• lowlow EPI EPI thicknessthickness
•• widewide cellcell pitchpitch
•• highhigh--αα, , saturatedsaturated BJT    BJT    
•• dual unipolar modedual unipolar mode
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