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Abstract

This paperdescribeslow on-resistancelateral trench
gate super-junction LDMOSFETson SOI. The specific
on-resistance(

�����
) of theSOI-LDMOSFETsis effectively

improvedby thesuper-junctionconcepttogetherwith the
lateral trench gate. Thesuper-junctionhelpsto increase
thedopingconcentration of then-drift layer, and the lat-
eral trench gate allow to increasethe channelarea. It
can be achieved to reducethe on-resistanceboth of the
n-drift andchannelregions,respectively. Usingthethree-
dimensionalnumericalsimulatorMINIMOS-NT, wecon-
firm thatthe

�����
of theproposedlateral trenchgatesuper-

junctionSOI-LDMOSFETsis about60%of conventional
SOI-LDMOSFETs.With the larger n columnwidth than
that of thep columnthedopingin thedrift region canbe
reducedto 70% of the value of standard super-junction
deviceswithout degrading the on-resistance. As a result
thesensitivityof thebreakdownvoltage to thecharge im-
balancecanbeimprovedin theproposeddevice.

1. Introduction

Lateral double diffused MOS transistors(LDMOS-
FETs) on SOI (Silicon on Insulator)arewidely usedas
smartpowerdevicesin automotiveandconsumerapplica-
tions.Reducingtheon-resistancewhile maintainingade-
siredbreakdown voltageratinghasbeenthemainissuein
thedevelopmentof thesedevices.Theon-resistanceof the
mediumandhigh-voltageSOI-LDMOSFETsstronglyde-
pendson thedopingof thedrift layer. Conventionallythe
drift layerdopingconcentrationof theSOI-LDMOSFETs
is restrictedby theRESURF(ReducedSurfaceField) ef-
fect [1]. In order to increasethe breakdown voltageof
the RESURFdevices the doping of the drift layer must
bereducedandthedrift layer lengthincreased.Recently,
new conceptssuchassuper-junction[2] andlateraltrench
gate[3] areproposedto improvethespecificon-resistance
(
�����

) of MOSFETs. Most of the super-junction devices
suchas COOLMOS [4] and MDmesh[5] assumecom-
plete charge balance. It can be achieved by introduc-
ing alternatingn and p columnsin the drift region, and
the dopingin this region canbe increaseddrastically. It
hasthe inverserelationshipwith the width of the n and

p columns[2]. Even the currentconductionareais re-
ducedby additionalp columnswhich do not contribute
towardson-stateconduction.Thisresultsin significantre-
ductionin thespecificon-resistance(

�����
) of thedevices.

This paperpresentsfor thefirst time a lateraltrenchgate
super-junction SOI-LDMOSFETsto obtain the low on-
resistance.Contrary to the conventionalvertical trench
MOSFETs,thegateis formedlaterallyon thesidewall of
a trenchandthechannelcurrentflows to thelateraldirec-
tion throughthetrenchsidewalls. This allows increasing
the channelarea,andit decreasesthe on-stateresistance
of the devices. To increasethe on-stateconductionarea
in the drift region an unbalancedstructureis examined
wherethewidth of then columnis larger thanthatof the
p column.Three-dimensionalnumericalsimulationswith
MINIMOS-NT [6] havebeenperformedto investigatethe
influenceof device parameterson

�����
, breakdown volt-

age,andthesensitivity of thechargeimbalance.

2. Device Structures and Operation

Fig. 1 and Fig. 2 show the schematicstructuresof a
standardsuper-junction (SJ)LDMOSFET on SOI anda
proposedlateral trenchgateSJSOI-LDMOSFETwhich
are usedfor simulation of breakdown voltage and on-
resistance,respectively. As shown in Fig. 1, thestandard
SJSOI-LDMOSFETscanbemadeby introducingextrap
columnsin thedrift region. It is assumedthat thecharge
in then andp columnof thedrift layershouldbeexactly
balanced,andthis is trueonly whenthedrift lengthof the
device is large enoughto ignorethe effect of the charge
in thep body. Thebreakdown voltage(BV) is limited by
theburiedoxidethicknessanddrift layer length. It is de-
signedto achieve theBV of 120V with anSOI thickness� ���
	

of 1.0 � m, andwith a buried oxide thickness
� ��

of
1.0 � m. With the samen andp columnwidth ( ��� and
��� ) of 0.5 � m andthe drift layer lengthof 6.0 � m the
dopingconcentrationof the n column ��� canbe raised
up to 9.9 �������� cm��� . Theextra p columnis dopedto
achieveabalancedchargeconditionwhichmeansthatthe
netdepletionlayerchargeis zero.

As shown in Fig. 2, the proposedlateral trenchgate
SJSOI-LDMOSFEThasa similar structureas that of a
standardSJSOI-LDMOSFET(seeFig. 1) except that it
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has a trench gate on the side wall. Togetherwith the
channelon the top of the SOI this allows obtainingan
increasedchannelareacomparedto that of conventional
SOI-LDMOSFETs.FromFig. 2 it is clearthatonly then
columnof thedrift region contributesto thecurrentcon-
ductionin theon-state,andthechannelcurrentflowing on
thesidewall of thetrenchcanbeseen.With theincreased
channelareathe reductionof the channelresistancecan
be achieved. The unbalancedstructurewhich haslarger
��� than ��� is proposedto examinethe effects on the
on-resistanceandthe sensitivity of the BV to the charge
imbalance.Becauseof theincreasedn columnwidth �l�
from 0.5 � m (in thecaseof SJSOI-LDMOSFETin Fig.1)
to 1.0 � m the dopingof this region is reducedto 6.0 �
���3�m� cm��� by theSJconcepts[2]. Thewidth, space,and
depthof thelateraltrenchgateare0.4 � m, 1.1 � m and1.0
� m, respectively. Simulationsareperformedfor the 120
V lateraltrenchgateSJSOI-LDMOSFETswith ann col-
umnwidth ��� i 2 �n��� of 1.0 � m anddoping ��� of
6.0 �o�L�3�� cm��� . Theotherstructureparametersarethe
sameasthatin theFig. 1.

3. Simulation Results and Discussion

In the standardvertical SJ devices the doping of the
n andp columnof the drift region mustbe balancedex-
actly. Most of thepreviousworksassumethat thecharge
of the n column pAq is equalto thatof the p column p � .
The BV dependson the critical electric field r5s of the

device andthelengthof then andp columns.In theSOI-
LDMOSFETsa large portion of the voltageis supported
by theburiedoxidelayerandthechargeof thep bodyaf-
fectstheRESURFconditionsignificantly. Unlike in con-
ventionalRESURFdevices,three-dimensionalRESURF
phenomenacanbeseenin this structure.pAq , p � , andthe
charge pAtLu of thep bodydepletionregion shouldbebal-
anced.Assumingthatall columnsarecompletelydepleted
beforebreakdown, thechargesandBV aregivenby

p�v i pxwxyzpA{X|`}=~���� rx�� (1)

pAv i ���`�����Xp`w i ������� (2)� e�i rx� � ��� � (3)

where
� ��� � is the lengthof the n andp columns,re-

spectively. The BV dependsboth on the critical electric
field r5s andthecolumnlength.
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Fig. 3 shows thep columndoping ��� dependenceon
the BV of the SJSOI-LDMOSFETs. In contrastto pre-
vious results[2, 8] the dopingof the p column is lower
thanthat of the n column. For the SJSOI-LDMOSFET
with ann columndoping ��� of 9.9 �M���3�� cm��� , amax-
imumBV of 124V is obtainedat ��� i 6.5 ���L�3�� cm�8� .
With the ��� of 6.0 ����� �� cm��� , amaximumBV of 127
V is obtainedat ��� i 2.5 �\�L�3�� cm��� . Theseresults
demonstratethatthechargeof thep bodystronglyaffects
thechargebalanceconditionof theSJSOI-LDMOSFETs.
Fig. 4 shows the ��� dependenceon the electric field
strengthnearthe surfaceof the device alongthe n andp
columnjunction.At thegateedgeahighelectricfield can
beseenwith a low ��� of 5.5 �����3�m� cm��� , andif the ���
is increasedto thevalueof 9.0 �����3�m� cm�8� , ahigh elec-
tric field is moved toward the drain edge. The optimum



electricfield strengthdistribution is obtainedwith the ���
of 7.0 �������� cm�8� . It provesthattheoptimumRESURF
conditioncanbeobtainedwith ��� muchlower than ��� .
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Similar resultcanbeseenfor thelateraltrenchgateSJ
SOI-LDMOSFET(dashedline in Fig. 3). With then col-
umndoping ��� of 6.0 �����3�� cm�8� andthewidth ��� i
2 �o�l� of 1.0 � m, the maximumbreakdown voltageis
120V at ��� i 6.0 �z���3�� cm��� . Evenwith the2 times
larger n columnwidth thanthat of the p columnthe op-
timum doping ��� is thesameas ��� in this case.Fig. 5
shows the almostuniformly distributedpotentiallines of
the lateral trenchgate SJ SOI-LDMOSFETat the drain
voltage

e � g of 120V. Onecanclearlyseethatmostof the
potentialis supportedby the buried oxide layer. Curved
potentiallinesat the top surfaceof the device by the lat-
eraldepletionalongthen andp columnjunctionarealso
visible. TheBV of theSJdevicesstronglydependson the
charge balancecondition. As hasbeenshown in Fig. 3,
theBV decreasesabruptlywith decreasing��� . In practi-
cal manufacturingit is difficult to achieve perfectcharge

balance.Generallyit is assumedthatthedopingcouldbe
controlledwithin ° 10%of thenominalcharge[7]. Fig. 6
shows theeffect of sensitivity of thechargeimbalanceon
theBV. By properchoiceof thepcolumndoping��� (near
the value of the maximumbreakdown region in Fig. 3)
the relationsbetweenBV and charge imbalancecan be
seenclearly. In this figure ��� of 7.0 �\���3�m� cm�8� (SJ
SOI-LDMOSFETwith ��� of 9.9 �\������ cm�8� ), 3.0 �
��� �m� cm��� (SJSOI-LDMOSFETwith ��� of 6.0 �z��� �m�
cm��� ), and6.0 �n���3�m� cm��� (lateraltrenchgateSJSOI-
LDMOSFET with ��� of 6.0 �\������ cm��� ) areusedas
referencevalues,respectively.
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As shown in Fig. 6, this sensitivity (slopeof the line)
is reducedif the doping of the drift region is low. One
canseethe drasticallyreducedsensitivity in the SJSOI-
LDMOSFET with the ��� i

6.0 �S������ cm��� (dotted
line). ThereducedBV (110V) with the ��� changefrom» 20%to y 20%is over 90%of the referencevalue(120
V at zerocharge imbalance).However this resultsin an
increasingon-resistance.This problemcanbe solved by
increasingthe n column width togetherwith the lateral
trenchgate. Then it is possibleto lower the doping of
thedrift region without degradingtheon-resistance.The
reducedBV (104 V) of the lateral trenchgate SJ SOI-
LDMOSFET with the ��� changefrom 0% to y 20% is
about 87% of the referencevalue (120 V). Compared
to the BV reduction (88 V) of the standardSJ SOI-
LDMOSFET with the ��� = 9.9 �¼������ cm��� , the sen-
sitivity of the BV to the charge imbalanceis reducedin
theproposedstructure.
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Fig. 7 andTable.1show theresultsof theon-statechar-
acteristicsof aconventional,aSJanda lateraltrenchgate
SJSOI-LDMOSFET. From this figure it is clearthat the
lateraltrenchgateSJSOI-LDMOSFEThassuperiorcur-
rent handlingcapabilitycomparedto others.The

�����
of

thisdevice is 1.79m¾ cm¿ at
e:fhg`i

12V and
e � gxi 0.5

V. It is about60%of thecorresponding
�����

valueof con-
ventional120 V SOI-LDMOSFET(about3.0 m¾ cm¿ ).
Eventhedopingof thedrift region is reducedby increas-
ing thewidth of n column,

�����
is lower thanthatof theSJ

SOI-LDMOSFETwith a much highern columndoping
up to 9.9 �À������ cm�8� .
4. Conclusions

A lateraltrenchgateSJSOI-LDMOSFETtransistoris
proposed.A lowerspecificon-resistanceis obtainedin the
suggestedstructure.Oursimulationsconfirmthatthe

�����
of the lateral trenchgateSJ SOI-LDMOSFETsis about
60% lower thanthat of conventionalSOI-LDMOSFETs.
This value is lower than that of a SJ SOI-LDMOSFET
which has a much higher n column doping of 9.9 �
���3�m� cm��� . Unlike the standardvertical SJdevices, the
optimum p column doping of the SJ SOI-LDMOSFETs

is lower than that of the n column. For the SJ SOI-
LDMOSFETwith ann columndoping ��� of 9.9 �n���3�m�
cm��� , a maximumBV of 124V is obtainedat ��� i 6.5
�Á�L�3�� cm�8� . With ��� of 6.0 �Á���3�m� cm�8� , a maxi-
mumBV of 127V is obtainedat ��� i 2.5 �������� cm�8� .
Similar resultcanbe seenwith the lateral trenchgateSJ
SOI-LDMOSFET. Togetherwith thelargerwidth of then
columnthanthat of the p columnin the drift region it is
possibleto lower thedopingof then columnwithout de-
gradingtheon-resistance.As aresultthesensitivity of the
BV to the charge imbalanceis reducedcomparedto that
of thestandardSJSOI-LDMOSFET.
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