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I. Introduction

Smartpower ICs,whichmonolithicallyintegratelow-losspowerdevicesandcontrolcircuitry, have
attractedmuchattentionin a wide variety of applications[1], [2]. Commonlyusedsmartpower
devices are the LDMOS andLIGBT implementedin bulk silicon or SOI (Silicon on Insulator).
Oneof thekey issuesin therealizationof such‘smartpower’ technologyis theisolationof power
devicesandlow-voltagecircuitry. SOI technologyconsistutesanattractive alternative to thetradi-
tional junctionisolation.Whenhigh-voltagedevicesover100V areintegratedonanSOIwafer, the
isolationareabetweendevicesshrinksandlower leakagecurrentsresultin greatlyimprovedhigh
temperatureperformance.In generalthe breakdown voltageof an SOI structureis a function of
thethicknessof thesilicon andtheburiedoxidelayer[1]. Theburiedoxidehelpsto sustaina high
electricfield which resultsin a higherbreakdown voltage. However, the operationof SOI power
devicesis limited by self-heatingeffectsduringswitchingandsomefault conditionssuchasshort
circuit. Sincetheburiedoxide underneaththedevice is a goodthermalinsulator, the temperature
riseinsideSOI powerdevicescanbemuchhigherthanthatof bulk silicon devices.Self-heatingof
SOIpower devicescanresultin seriousreliability problemsduringoperationin ahigh temperature
environment.To solve thisproblem,partial-SOI(P-SOI)technologywassuggested[3], [4], where
a silicon window helpsto reduceself-heating.In addition,potentiallinesspreadinto thesubstrate.
Thereforeit is possibleto obtainhigherbreakdown voltagesthanthoseof conventionalSOI de-
vices,becausethedepletionlayer in thesubstratesupportssomevoltage.This paperdiscussesthe
dependenceof the breakdown voltageandtemperaturedistribution on the locationof the silicon
window. Wenumericallyconfirmthatthebreakdown voltageof P-SOILDMOSFETwith a silicon
window underthe sourceis higherthanthat of P-SOILDMOSFET with a silicon window under
thedrain.

II. Device Structures

Theschematiccrosssectionsof thesimulateddevicesareshown in Fig. 1 to Fig. 3. Fig. 1 shows
a conventionalSOI LDMOSFETdesignedfor breakdown voltageof 300V with anSOI thickness�������

of 7 � m andwith a buriedoxide thickness
����	

of 2 � m. The20 � m drift region of thedevice
is dopedaccordingto theRESURFprinciple[1] to achieve amaximumbreakdown voltage.P-SOI
LDMOSFETswith the silicon window underthe drain andunderthe sourceareshown in Fig. 2
andFig. 3, respectively. The

���
���
and

����	
of theP-SOILDMOSFETsarethesameasthoseof the

conventionalSOILDMOSFETshown in Fig. 1.

III. Simulation Results

The potentialdistribution of the conventionalSOI LDMOSFET andthe P-SOILDMOSFETsat
breakdown areshown in Fig. 1, Fig. 2, andFig. 3, respectively. In theconventionalSOI LDMOS-
FET, theburiedoxidesupportslargevoltage,andit preventspotentiallinesfrom spreadinginto the
substrate.In thecaseof theP-SOILDMOSFET, however, potentiallinesspreadinto thesubstrate.
As shown in Fig. 2, thepotentialdistribution of theP-SOILDMOSFET with the silicon window
underthedrainis similiar to thatof standardjunctionisolationdevices.Part of thevoltagewill be
supportedby thedepletionlayer in thesubstrateregion. However, theburiedoxidelayerdoesnot
affect thebreakdown voltagein this structure.In theP-SOILDMOSFETwith thesilicon window
underthe source(Fig. 3) the potentialdistribution in the buried oxide layer is similiar to that of
theconventionalSOI LDMOSFET, sotheburiedoxidelayerhelpsto increasethebreakdown volt-
age. In addition,the temperaturerise dueto self-heatingis reducedby thesilicon window in the
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P-SOILDMOSFETs.Two-dimensionalnumericalsimulationswith MINIMOS-NT [5] have been
performedto investigatetheinfluenceof thewindow on thebreakdown voltageandonself-heating
effects.

A. Breakdown Voltageof P-SOILDMOSFETs

The simulatedbreakdown voltagesof P-SOILDMOSFETsasa function of the substratedoping
concentration� ���� areshown in Fig. 4. The breakdown voltageincreaseswith increasing� �
��
for the P-SOI with the silicon window under the drain, becausethe RESURFcondition of the
SOI structureis affectedby � ���� . Thesolid linesin Fig. 5 show theelectricfield strengthnearthe
surfacewith differentsubstratedopinglevels.ThefigureshowsthattheRESURFconditionstrongly
dependson � �
�� in this structure.Furtherincreased� ���� reducesthedepletionlayerwidth in the
substrateregion which decreasesthe breakdown voltage(solid line in Fig. 4). The buried oxide
layer doesnot affect the voltagein this structure.Breakdown voltagesversusburied oxide layer
length and n-drift layer length ��� are shown in Fig. 6 and Fig. 7, respectively. The maximum
breakdown voltageof this structureis 355 V at � ������ 6 ��������� cm�! and ��� � 25 � m. The
improvementin the voltagehandlingcapability is about18%. In the P-SOIwith silicon window
underthe source,the RESURFconditiondoesnot dependon the substratedopingconcentration
asshown by the dashedlines in Fig. 5. However, the breakdown voltagedecreasesslowly with
increasing� ���� becauseof thereduceddepletionlayerwidth in thesubstrateregion. As shown in
Fig.7, themaximumbreakdown voltageof 397V is obtainedat � �
��"� 3 �#������� cm�! and �$� � 30
� m. Theimprovementin thevoltagehandlingcapabilityis about32%comparedto theconventional
300V SOI LDMOSFET. Becausetheburied oxideandthedepletionlayer in thesubstrateregion
supportthevoltage,ahigherbreakdown voltageis obtainedin thisstructurecomparedto thatof the
P-SOIwith thesiliconwindow underthedrain.

B. TemperatureDependenceof theDeviceCharacteristicsandSelf-Heating

Fig. 8 shows theleakagecurrentsof P-SOILDMOSFETsversusdrainvoltageasa functionof the
lattice temperature.The leakagecurrentincreasesnearlyexponentiallywith increasingtempera-
ture[6], becausethespacechargegenerationratefollows theintrinsiccarrierdensity%'& . Theshape
of the leakagecurrentdoesnot changesignificantlywith temperature,but thebreakdown voltage
increases.The increaseof breakdown voltageis causedby the reductionof themeanfreepathof
the carriersdueto lattice scattering.As shown in Fig. 9, the breakdown voltageshows a similar
temperaturedependenceto conventionalSOI LDMOSFETsbut for P-SOILDMOSFETstheslope
is somewhatlarger. This meansthatbreakdown voltagecharacteristicsof P-SOILDMOSFETsare
betweenSOI and junction isolateddevices. The temperaturedistribution insidea device due to
self-heatingis determinedby theheatgenerationprofileandthethermalconductioninsidetheSOI
LDMOSFETs[7]. In majority carrierdevicessuchasMOSFETs,thereis very little carrierrecom-
binationandasa resultheatgenerationis mainly causedby Jouleheating.This effect canbeseen
onSOILDMOSFETandit is proportionalto thelocal resistancesof then-drift andchannelregion.
Fig. 10 andFig. 11 show thetemperaturedistributionsinsidetheP-SOILDMOSFETswith anap-
plied gatevoltage (!) of 15V andadrain-sourcevoltage (+*', of 10V. Thebottomof thedevicesis
assumedto beisothermalat 300K. To reducethesimulationtime, a substratethicknessof 36 � m
is used.In thesestructures,thesiliconwindow actsasagoodthermalconductor. In theP-SOILD-
MOSFETwith thesiliconwindow underthedrain,thetemperatureriseis highestin thegateregion
(310K, white region in thefigure)anddecreasestowardsdrain(308K) asshown in Fig. 10. In the
caseof theP-SOILDMOSFET with thesilicon window underthesource,the temperaturerise is
highestin thedrainregion (312K) of thedrift layeranddecreasestowardsgateandsource(307K)
asshown in Fig. 11. Fig. 12 shows a comparisonof the temperatureversuslateraldistanceunder
thesurfacefor theconventionalSOI LDMOSFETandtheP-SOILDMOSFETs.This figureshows
thatthesilicon window in theP-SOIdrasticallyreducesthetemperaturerisedueto self-heating.
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IV. Conclusion

Wediscussedthebreakdown voltageandtemperaturedependenceof partial-SOI(P-SOI)LDMOS-
FETs in termsof different locationsof the silicon window. Our simulationsconfirmedthat the
breakdown voltageandself-heatingeffect of theP-SOIwith thesilicon window underthesource
arebetterthanthoseof P-SOIwith thesiliconwindow underthedrain.For theP-SOILDMOSFET
(
������� �

7 � m and
����	 �

2 � m) with the silicon window underthe drain, a maximumbreakdown
voltageof 355V is obtainedat � ����-� 6 �.������� cm�! and ��� � 25 � m. For theP-SOILDMOS-
FETwith thesiliconwindow underthesource,amaximumbreakdown voltageof 397V is obtained
at � ����/� 3 �0��� ��� cm�! and ��� � 30 � m. The improvementin thevoltagehandlingcapability
is about32% comparedto conventional300 V SOI LDMOSFET. Sincethe buried oxide andthe
depletionlayer in thesubstrateregion supportthevoltage,a higherbreakdown voltageis obtained
in thisstructurecomparedto thatof aP-SOIwith a siliconwindow underthedrain.
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Fig. 1. Potentialdistribution of conventionalSOILDMOSFET.
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Fig. 2. Potentialdistribution of P-SOILDMOSFET(Silicon win-
dow: Underdrain).

0 5 10 15 20 25 30
x [um]

-

Drain                                                    Gate     Source

Buried oxide Silicon window

p-substrate

Fig. 3. Potentialdistribution of P-SOILDMOSFET(Silicon win-
dow: undersource).
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Fig. 4. Breakdown voltageversussubstratedopingconcentration
of P-SOILDMOSFETs( 4�5 =20 6 m).
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Fig. 5. Surfaceelectricfield strengthfor the two differentsilicon
window positions.
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Fig. 6. Breakdown voltage versus buried oxied layer length
( 4 5 =20 6 m).
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Fig. 7. Breakdown voltageversusn-drift layerlength.
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Fig. 8. Leakagecurrentversuslattice temperatureof P-SOILD-
MOSFETs.
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Fig. 9. Breakdown voltageversuslatticetemperature( 4 5 =20 6 m).
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Fig. 10. Temperaturedistributionof aP-SOILDMOSFET(Silicon
window: underdrain).
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Fig. 11. Temperaturedistributionof aP-SOILDMOSFET(Silicon
window: undersource).
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