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Abstract—We report on anomalousoutput characteristicobsered in hydrody-
namic simulationsof partially depletedSOlI MOSFETSs. The effect thatthe drain
currentreachesa maximumandthendecreasess peculiarto the hydro-dynamic
transportmodel. It is not presentin drift-diffusion simulationsandits occurance
in measurements questionableThe problemis investigatedindervariouscondi-
tionsandanexplanationof the causeof this effectis given.

PSfragreplacements

INTRODUCTION

The small minimum featuresize of todays
devices makes it more and more difficult

to get proper simulation results using the
widely acceptedirift-diffusion (DD) trans-
portmodel.In particularthelack of account-
ing for nonlocaleffectslike carrier heating
and velocity overshootmalkes it desirable

to usemore sophisticatedransport-models "go,m

which are obtainedby consideringthe first
threeor four momentsof the BOLTZMANN

transportequation.However theseso called
hydrodynamidransporimodels(HD) which
are nowadaysquite commonin simulations
of smallbulk MOSFETSs leadto interesting
problemswvhenappliedto SOIMOSFETS.

UsSeD DEVICE

The simulated SOI device is depictedin
Fig. 1. It hasan effective gate-lengthof
130nm, a gate-oxidethicknessof 3nm, and
a silicon-film thicknessof 200nm. With a
p-dopingof Na = 7.5 x 10’ cm~3 the de-
vice is partially depleted. The Gaussiam-
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Figurel: Thegeometryof thesimulatedSOlin-
cludingthe symboliccompactdevices.

dopingundertheelectrodefiasa maximum
of Np = 6 x 102%m 3.

SIMULATION RESULTS

While DD simulationsproduceoutputchar
acteristicsshaving the typical ohmic and
saturationbehaior, HD give a completely
differentpicture(Fig. 2): After amaximum,
the drain currentdecreasesonsiderably It
is not clear whetherthis negative differen-
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Figure 2: Outputcharacteristicef the SOl ob-
tainedby DD anHD simulations.

tial outputcharacteristicanbe obsenedin
measurementsyr if it is just an artifact of
theHD model.An implementatiorerrorcan
be ruled out, asthis phenomenorasbeen
obseredusingboth MINIMOS-NT [1] and
DESSIS[2] (Fig. 3). Measurementse-
portedin [3] indicatethat the decreases a
realeffect.
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Figure 3. Output characteristicsof the SOI
obtained by HD simulations using
MINIMOS-NT andDESSIS.

DD andHD simulationdgs thatwhile thecar

riersstayatlatticetemperaturén theformer
one,they canreachsignificantlyhighertem-
peraturesn the latter one. Carrier heating
occursin thepinch-of regionnearthedrain.
While thevastmajority of electrondrom the
channelflow into the drain, someof them
have enoughenegy dueto carrier heating
to diffuse into the p-dopedbody, where a
certainpercentag®f themrecombinesvith

holes. The restflows into the sourceand
drainregions,andis of no harm. The prob-
lemis, thatpairrecombinatiorcauses lack
of holesandhencea steadydecreas®f the
body potential. The differencebetweenDD

andHD canbeseenin Fig. 4 andFig. 5, re-
spectvely, wherethe distributedpotentialis

shawvn ataverticalpositionof y = 100nm.
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Figure 4. Lateral potential distribution of the
SOl obtainedby DD simulations.

To verify this hypothesissimulations
of bulk MOSFETswith basicallythe same
doping profile have beencarried out. In
bulk MOSFETs wherethe bodypotentialis
fixed, onecanobsenre a very small (belov
1nA) substratecurrentwhich flows into the
body (Fig. 6). Note that the real substrate
currentdueto impactionizationwould have

Our current picture of the responsible theoppositesign. The situationof a positive

effectsin the SOI can be explainedas fol-

substrateurrentshonvsthatevenin this bulk

lows: Oneof the main differencesbetween MOSFET hot electrondiffusioninto the p-
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It is believedthatthemaindifferencebe-
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Figure 5: Lateral potential distribution of the
SOl obtainedby HD simulations.

Due to the high temperaturein the
pinch-of region, the electronsspreadaway
from theinterfaceanddiffuseinto the body;

1le-08¢ 3 wherethey recombine(Fig. 1). Remawing
1e-09L = holestherecauseshebodypotentialto drop
1e-105 _— which decreaseshe drain currentvia the

. 1 bodyeffect.

le-11¢ =

< le-12k i The differencein the carrier concen-
o 1e-13F 1 tration betweenDD and HD can be seen
- / 1 clearlyin Fig. 7 and Fig. 10. In Fig. 10
1e'14f 1 the spreadof electronsinto the body is re-
le-15¢ A/ 7 markable. This differencehasa greatim-
le-16¢ 4 pactonthe SHOCKLEY-READ-HALL gener
1e-17E i ation/recombinatiomate (SRH): Fig. 8 and
O 02 04 06 08 1 Fig.9 representthe DD regime. In the
Vps/V source-bodyjunction the electronsrecom-

binewhereashey aregeneratedh thedrain-
bodyjunction. In the HD casewhich is de-
pictedin Fig. 11 and Fig. 12 the situation
is completelydifferent. The electronsin-

Figure 6: Bulk currentsof the SOI with body
contactobtainedby HD simulations.

bodyoccurs.This only happensvhenusing
theHD transporimodel.In abulk MOSFET
thisvery smallrecombinatiorcurrenthasno
influenceon the output characteristics.In

jectedinto the body recombineand cause
the potential to drop. A steadystateis
reachedvhenbothjunctionsarereversebi-
asedandthermalgenerationsuppliesholes

anSOIMOSFETthesituationis completely atthe samerateat which they recombinen

different: Herethis small currentcauseghe thebody.

bodypotentialto drop,until it is low enough

for the source-bodyunction to becomere- The remainingquestionis whetherthis
verselybiasedandthejunctionleakagecan effectis realor only presentn simulation.If

compensattheelectroncurrentandasteady it werenotreal, it would beinterestinghow

stateis reachedViathebodyeffectthedrop theHD transportmodelshouldbe modified
of thebodypotentialcauseshedraincurrent torepresentherealphysicsmoreaccurately
to decrease. If this cannotbe achieved,theuseof theHD
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Figure 7: Electronconcentrationn the SOlob- Figure 10: Electron concentrationin the SOI
tainedby a DD simulation. obtainedby aHD simulation.
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Figure 8: SRH recombinationin the SOI ob- Figure 11: SRH recombinationin the SOI ob-
tainedby a DD simulation. tainedby a HD simulation.
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Figure 9: SRH generationin the SOI obtained Figure 12: SRHgeneratiornn the SOl obtained
by a DD simulation. by aHD simulation.
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modelis very questionabldor the simula-
tion of SOl MOSFETs,andthe DD model
shouldbe preferred.

In orderto understandhe sensitvity of
the problemwith respectto variousparam-
eters,several simulationshave beenmade,
eachoneconcentratingpn anotheraspect.

Fig. 13 shows the body potential ob-
tainedby a transientsimulation. Due to the
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Figure 13: Body potentialof the SOI obtained
by atransientHD simulation.

very small currentproducedoy the injected
electrons,the decreaseof the body poten-
tial is quite slow. This relatively long time
constantmust be taken into account,when
the decreaseof the drain currentis to be
measured. Resultsof simulationsusing a
ramp-functionasVps canbe seenin Fig. 14
andFig. 15. The sweep-timan this figures
rangedrom 100nsto 100ms.

Thedependencenthebodydopingcan
be seenfrom Fig. 16. The decreasef the
drain currentvanishes,f the dopingis re-
ducedby aboutone orderof magnitude.A
similar resulthasbeenreportedin [3]. The

doping-dependenad thesimulatedcharac-

teristicsis due partly to the changein the
body andthe changein the carrierlifetime,
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Figure 14: Drain currentsof the SOI obtained
by a transientHD simulationshaving dif-
ferentsweeptimes.
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Figure 15: Body potentialsof the SOl obtained
by a transientHD simulationshaving dif-
ferentsweeptimes.

whichis modeledby the SCHARFETTER re-
lation[4] [5]:

Tmax— Tmin

1+ (Ni/Nref)y @

Thisis thedefault modelin DESSIS(which
was usedby [3]) andit is alsousedin our
simulations, becauseit was only possible
with this modelto achiere corvergence.

T<Ni) = Tmin+

Furthermorethe device characteristics
dependsensitvely on impact-ionization.In
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general, the kink-effect [6] causesan in-
creasein the drain currentdue to injected
holesfrom the region nearthe drain where
impact-ionizatiorhappensNeverthelesshe
kink-effect happensat higher drain-source
voltagesthanthosewherethe negative dif-
ferentialoutputcharacteristias obseredso (4
thatthe problemcannotbe solvedby simply

by turningimpact-ionizatioron.

CONCLUSION

[5]
A negative differentialoutputcharacteristic
hasbeenproducedby hydrodynamicsimu-
lations, using two different device simula-
tors. The situationhasbeeninvestigatedn
greatdetail,andanexplanationof the effect
hasbeengiven. Transientsimulationshave
beenmadewhich shav that measurements
have to be performedrelatively slow to take
the big time constantinto accountwhich is
involvedin the body chaging. On the other
handit is desirableto measurehe charac-
teristic as fast as possibleto rule out self-
heating.Furtherinvestigation@renecessary
to clarify the situation.
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