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. Introduction

Smartpower ICs, which monolithicallyintegratelow-losspower devicesandcontrolcircuitry, have
attractedmuch attentionin a wide variety of applicationg[1], [2]. Commonlyusedsmartpower
devicesarethe LDMOS and LIGBT implementedn bulk silicon or SOI (Silicon on Insulator).
Oneof thekey issuedn therealizationof such‘smartpower’ technologyis theisolationof power
devicesandlow-voltagecircuitry. SOl technologyconsistutesn attractie alternatve to thetradi-
tionaljunctionisolation. Whenhigh-wltagedevicesover 100V areintegratedon an SOl wafer, the
isolationareabetweendevicesshrinksandlower leakagecurrentsresultin greatlyimproved high
temperaturgoerformance.ln generalthe breakdavn voltageof an SOI structureis a function of
thethicknessof the silicon andthe buried oxide layer[1]. Theburied oxide helpsto sustaina high
electricfield which resultsin a higherbreakdavn voltage. However, the operationof SOl power
devicesis limited by self-heatingeffectsduring switchingandsomefault conditionssuchasshort
circuit. Sincethe buried oxide underneaththe device is a goodthermalinsulator the temperature
riseinside SOl power devicescanbe muchhigherthanthatof bulk silicon devices. Self-heatingof
SOl power devicescanresultin seriousreliability problemsduringoperationin a hightemperature
environment. To solve this problem,partial-SOI(P-SOl)technologywassuggested3], [4], where
asiliconwindow helpsto reduceself-heatingIn addition,potentiallines spreadnto the substrate.
Thereforeit is possibleto obtain higherbreakdevn voltagesthanthoseof conventional SOI de-
vices,becausehe depletionlayerin the substratesupportssomevoltage. This paperdiscusseshe
dependencef the breakdevn voltage and temperaturalistribution on the location of the silicon
window. We numericallyconfirmthatthe breakdavn voltageof P-SOILDMOSFET with a silicon
window underthe sourceis higherthanthat of P-SOILDMOSFET with a silicon windowv under
thedrain.

Il. Device Structures

The schematicrosssectionsof the simulateddevicesareshawvn in Fig. 1 to Fig. 3. Fig. 1 shavs

acorventionalSOI LDMOSFET designedor breakdavn voltageof 300V with an SOl thickness
tsoi Of 7 um andwith a buried oxide thicknesstox of 2 um. The 20 um drift region of the device

is dopedaccordingo the RESURFprinciple[1] to achiere amaximumbreakdevn voltage.P-SOI

LDMOSFETswith the silicon window underthe drain and underthe sourceare shavn in Fig. 2

andFig. 3, respeciiely. Thetg,; andiy of the P-SOILDMOSFETsarethe sameasthoseof the

corventionalSOI LDMOSFET shavn in Fig. 1.

I11. Simulation Results

The potentialdistribution of the corventional SOl LDMOSFET andthe P-SOILDMOSFETsat
breakdavn areshawvn in Fig. 1, Fig. 2, andFig. 3, respectiely. In the conventionalSOI LDMOS-
FET, the buriedoxide supportdarge voltage,andit preventspotentiallinesfrom spreadingnto the
substrateln the caseof the P-SOILDMOSFET, however, potentiallines spreadnto the substrate.
As shavn in Fig. 2, the potentialdistribution of the P-SOILDMOSFET with the silicon window
underthedrainis similiar to thatof standardunctionisolationdevices. Part of the voltagewill be
supporteday the depletionlayerin the substrataegion. However, the buried oxide layer doesnot
affectthe breakdevn voltagein this structure.ln the P-SOILDMOSFET with the silicon window
underthe source(Fig. 3) the potentialdistribution in the buried oxide layeris similiar to that of
the corventionalSOI LDMOSFET, sothe buried oxide layerhelpsto increasehe breakdavn volt-
age. In addition,the temperatureise dueto self-heatings reducedby the silicon window in the
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P-SOILDMOSFETSs. Two-dimensionahumericalsimulationswith MINIMOS-NT [5] have been
performedo investigateheinfluenceof thewindow onthe breakdavn voltageandon self-heating
effects.

A. Breakdavn Voltageof P-SOILDMOSFETs

The simulatedbreakdavn voltagesof P-SOILDMOSFETsasa function of the substratedoping
concentrationCy,;, areshavn in Fig. 4. The breakdavn voltageincreaseswith increasingCsg,,
for the P-SOIlwith the silicon window underthe drain, becausehe RESURFcondition of the
SOl structureis affectedby Cy,,. Thesolid linesin Fig. 5 shawv the electricfield strengthnearthe
surfacewith differentsubstratelopinglevels. ThefigureshavsthattheRESURFconditionstrongly
depend®n Cy,y, in this structure.Furtherincreased’y,, reduceghe depletionlayerwidth in the
substrateegion which decreasethe breakdavn voltage(solid line in Fig. 4). The buried oxide
layer doesnot affect the voltagein this structure. Breakdevn voltagesversusburied oxide layer
length and n-drift layer length Ly are shavn in Fig. 6 and Fig. 7, respectrely. The maximum
breakdevn voltageof this structureis 355V at Cy,, = 6 x 10 cm™ andLq = 25 um. The
improvementin the voltagehandlingcapabilityis about18%. In the P-SOlwith silicon window
underthe source,the RESURFcondition doesnot dependon the substratedoping concentration
asshavn by the dashedinesin Fig. 5. However, the breakdan voltagedecreaseslownly with
increasingC,, becaus®f thereduceddepletionlayerwidth in the substrateegion. As shavn in
Fig. 7, themaximumbreakden voltageof 397V is obtainedat Cy,, = 3 x 10 cm~3 andLq = 30
pm. Theimprovementn thevoltagehandlingcapabilityis about32%comparedo thecornventional
300V SOI LDMOSFET. Becauseéhe buried oxide andthe depletionlayerin the substrateegion
supportthevoltage,ahigherbreakdan voltageis obtainedn this structurecomparedo thatof the
P-SOlwith the silicon window underthedrain.

B. Temperatur®ependencef the Device CharacteristicandSelf-Heating

Fig. 8 shaws theleakagecurrentsof P-SOILDMOSFETsversusdrainvoltageasa function of the
lattice temperature.The leakagecurrentincreasesearly exponentiallywith increasingtempera-
ture[6], because¢he spacechage generatiomratefollows theintrinsic carrierdensityn;. Theshape
of the leakagecurrentdoesnot changesignificantlywith temperaturebut the breakdavn voltage
increasesTheincreaseof breakdavn voltageis causedy the reductionof the meanfree pathof

the carriersdueto lattice scattering.As shavn in Fig. 9, the breakdan voltageshavs a similar

temperaturelependence corventionalSOI LDMOSFETshut for P-SOILDMOSFETstheslope
is somevhatlarger This meanghatbreakdavn voltagecharacteristicef P-SOILDMOSFETsare
betweenSOl and junctionisolateddevices. The temperaturaistribution inside a device dueto

self-heatings determinedy the heatgeneratiorprofile andthethermalconductioninsidethe SOI

LDMOSFETS[7]. In majority carrierdevicessuchasMOSFETSs thereis very little carrierrecom-
binationandasaresultheatgeneratioris mainly causedy Jouleheating.This effect canbe seen
on SOILDMOSFETandit is proportionalto thelocal resistancesf the n-drift andchanneregion.

Fig. 10 andFig. 11 shaw thetemperaturelistributionsinsidethe P-SOILDMOSFETswith anap-
plied gatevoltageV of 15V andadrain-source/oltageVpg of 10 V. The bottomof the devicesis

assumedo beisothermalat 300K. To reducethe simulationtime, a substratehicknessof 36 pm

is used.In thesestructuresthe silicon window actsasa goodthermalconductor In the P-SOILD-

MOSFETwith thesiliconwindow underthedrain,thetemperatureiseis highestin thegateregion

(310K, whiteregionin thefigure)anddecreasetowardsdrain (308 K) asshavn in Fig. 10. In the
caseof the P-SOILDMOSFET with the silicon window underthe source the temperatureise is

highestin thedrainregion (312K) of thedrift layeranddecreasetwardsgateandsource(307K)

asshawn in Fig. 11. Fig. 12 shavs a comparisorof the temperatureversuslateraldistanceunder
the surfacefor the corventionalSOI LDMOSFET andthe P-SOILDMOSFETSs. This figure shavs
thatthesiliconwindow in the P-SOldrasticallyreduceghe temperatureise dueto self-heating.
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V. Conclusion

We discussedhebreakdavn voltageandtemperaturelependencef partial-SOI(P-SOI)LDMOS-

FETsin termsof differentlocationsof the silicon window. Our simulationsconfirmedthat the
breakdevn voltageandself-heatingeffect of the P-SOlwith the silicon window underthe source
arebetterthanthoseof P-SOlwith the siliconwindow underthedrain. Forthe P-SOILDMOSFET
(tsoi = 7 pm andt,x = 2 pm) with the silicon window underthe drain, a maximumbreakdavn

voltageof 355V is obtainedat Cy,, = 6 x 10'* cm™3 and Ly = 25 um. For the P-SOILDMOS-

FET with thesiliconwindow underthesource amaximumbreakdevn voltageof 397V is obtained
at Cyyp, = 3 x 10 cm~3 and Lg = 30 um. Theimprovementin the voltagehandlingcapability
is about32% comparedo corventional300V SOI LDMOSFET. Sincethe buried oxide andthe
depletionlayerin the substrataegion supportthe voltage,a higherbreakdavn voltageis obtained
in this structurecomparedo thatof a P-SOlwith a silicon window underthedrain.
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Fig. 1. Potentialdistribution of corventionalSOI LDMOSFET. Fig. 2. Potentialdistribution of P-SOILDMOSFET (Silicon win-

dow: Underdrain).
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Fig. 4. Breakdavn voltageversussubstratedoping concentration
of P-SOILDMOSFETS(L 4=20 um).

Fig. 3. Potentialdistribution of P-SOILDMOSFET (Silicon win-
dow: undersource).
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Fig. 5. Surfaceelectricfield strengthfor the two differentsilicon
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Fig. 7. Breakdevn voltageversusn-drift layerlength.
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Fig. 8. Leakagecurrentversuslattice temperatureof P-SOILD-
MOSFETS.
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Fig. 10. Temperaturdlistribution of aP-SOILDMOSFET (Silicon
window: underdrain).

— (1) SOl LDMOSFET
——= (2) P-SOI(Silicon Window: Under Drain)
—-— (3) P-SOI(Silicon Window: Under Source)

(o) 10 20 30

Lateral Distance (um)

T=300K
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the SOl structures.
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