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Abstract

This paper describedow on-resistancdateral trendh
gate superjunction LDMOSFETson SOI. The specific
on-resistancgR,;) of the SOI-LDMOSFET$s effectively
improvedby the superjunction conceptiogetherwith the
lateral trendh gate Thesuperjunction helpsto increase
the dopingconcentation of the n-drift layer, and the lat-
eral trendh gate allow to increasethe channelarea. It
can be achievedto reducethe on-resistanceboth of the
n-drift andchannelregions,respectivelyUsingthethree-
dimensionahumericalsimulatorMINIMOS-NT we con-
firm thatthe R, of theproposedateral trend gatesuper
junction SOI-LDMOSFETSss about60% of corventional
SOI-LDMOSFETsWith the larger n columnwidth than
that of the p columnthe dopingin the drift region canbe
reducedto 70% of the value of standad superjunction
deviceswithout deggrading the on-resistance As a result
the sensitivityof the breakdowrvoltage to the charge im-
balancecanbeimprovedin the proposedievice

1. Introduction

Lateral double diffused MOS transistors(LDMOS-
FETs)on SOI (Silicon on Insulator)are widely usedas
smartpower devicesin automotve andconsumeapplica-
tions. Reducinghe on-resistancehile maintaininga de-
siredbreakdevn voltageratinghasbeenthe mainissuein
thedevelopmenbf thesedevices. Theon-resistancef the
mediumandhigh-wltageSOI-LDMOSFETsstronglyde-
pendsonthe dopingof thedrift layer Corventionallythe
drift layerdopingconcentratiorof the SOI-LDMOSFETs
is restrictedby the RESURF(ReducedsurfaceField) ef-
fect [1]. In orderto increasethe breakdevn voltage of
the RESURFdevicesthe doping of the drift layer must
bereducedandthedrift layerlengthincreasedRecently
new conceptsuchassuperjunction[2] andlateraltrench
gate[3] areproposedo improve thespecificon-resistance
(Rsp) of MOSFETSs. Most of the supefjunction devices
suchas COOLMOS [4] and MDmesh[5] assumecom-
plete chage balance. It can be achieved by introduc-
ing alternatingn and p columnsin the drift region, and
the dopingin this region canbe increasedirastically It
hasthe inverserelationshipwith the width of the n and

p columns[2]. Even the currentconductionareais re-
ducedby additionalp columnswhich do not contritute
towardson-stateconduction.Thisresultsin significantre-
ductionin the specificon-resistancéRs,) of the devices.
This paperpresentdor thefirst time a lateraltrenchgate
supefjunction SOI-LDMOSFETsto obtain the low on-
resistance. Contraryto the corventionalvertical trench
MOSFETsthegateis formedlaterallyon the sidewall of
atrenchandthe channekurrentflows to thelateraldirec-
tion throughthetrenchsidewalls. This allows increasing
the channelarea,andit decreasethe on-stateresistance
of the devices. To increasethe on-stateconductionarea
in the drift region an unbalancedstructureis examined
wherethe width of the n columnis largerthanthat of the
p column. Three-dimensionatumericalsimulationswith
MINIMOS-NT [6] have beenperformedo investigatethe
influenceof device parameter®n R, breakdevn volt-
age,andthe sensitvity of thechageimbalance.

2. Device Structures and Operation

Fig. 1 and Fig. 2 shav the schematicstructuresof a
standardsupefjunction (SJ) LDMOSFET on SOl anda
proposedateraltrenchgate SJ SOI-LDMOSFET which
are usedfor simulation of breakdavn voltage and on-
resistancetespectiely. As showvn in Fig. 1, the standard
SJSOI-LDMOSFETscanbe madeby introducingextrap
columnsin thedrift region. It is assumedhatthe chage
in then andp columnof thedrift layer shouldbe exactly
balancedandthisis trueonly whenthedrift lengthof the
device is large enoughto ignorethe effect of the chage
in thep body The breakdevn voltage(BV) is limited by
the buried oxide thicknessanddrift layerlength. It is de-
signedto achieve the BV of 120V with an SOl thickness
tsoi Of 1.0 um, andwith a buried oxide thicknesst,, of
1.0 pm. With the samen andp columnwidth (Wx and
We) of 0.5 um andthe drift layerlengthof 6.0 um the
doping concentratiorof the n column Np canbe raised
upto 9.9 x 106 cm3. Theextra p columnis dopedto
achieve abalancedhage conditionwhich meanghatthe
netdepletionlayerchageis zero.

As shawn in Fig. 2, the proposedateral trench gate

SJSOI-LDMOSFET hasa similar structureas that of a
standardSJ SOI-LDMOSFET (seeFig. 1) exceptthat it
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Figure 1. SJ LDMOSFET on SOI.

LateralTrenchGate

Figure 2. Proposed 120 V lateral trench gate SJ SOI-
LDMOSFET and current flow iso-lines at Vgg = 12 V
and Vps = 10 V.

has a trench gate on the side wall. Togetherwith the
channelon the top of the SOI this allows obtainingan
increasecchannelareacomparedo that of conventional
SOI-LDMOSFETs.FromFig. 2 it is clearthatonly then

columnof thedrift region contrikutesto the currentcon-
ductionin theon-stateandthechannekurrentflowing on
thesidewall of thetrenchcanbe seen With theincreasec
channelareathe reductionof the channelresistancecan
be achieved. The unbalancedstructurewhich haslarger
Wy than Wp is proposedio examinethe effectson the
on-resistancandthe sensitvity of the BV to the chage
imbalance Becausef theincreased columnwidth Wy

from 0.5um (in thecaseof SISOI-LDMOSFETIn Fig. 1)

to 1.0 um the doping of this region is reducedto 6.0 x

106 cm~3 by the SJconceptd2]. Thewidth, spaceand
depthof thelateraltrenchgateare0.4 yum, 1.1 zm and1.0
pm, respectiely. Simulationsare performedfor the 120
V lateraltrenchgate SJSOI-LDMOSFETswith ann col-

umnwidth Wy = 2 x Wp of 1.0 um anddoping Np of

6.0 x 10'6 cm~3. Theotherstructureparametergrethe
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 the previousworks assumehatthe chage
of the n column @, is equalto thatof the p column@),,.
The BV dependson the critical electricfield E. of the

device andthelengthof then andp columns.In the SOI-

LDMOSFETsa large portion of the voltageis supported
by the buried oxide layerandthe chage of the p body af-

fectsthe RESURFconditionsignificantly Unlike in con-

ventionalRESURFdevices, three-dimensiondRESURF
phenomenaanbeseenin this structure.Qn, Qp, andthe

chage Qg1 of thep body depletionregion shouldbe bal-

anced Assumingthatall columnsarecompletelydepleted
beforebreakdovn, the chagesandBYV aregivenby

SEC
Qn=Qp+de<2Eq @
Qn = NpWn;Qp = NaWp 2
BV = E np )

wherety p is the length of the n and p columns,re-
spectvely. The BV dependsoth on the critical electric
field E. andthecolumnlength.
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Figure 3. P column doping N dependence on the BV
of the SJ SOI-LDMOSFETs and lateral trench gate SJ
SOI-LDMOSFET.

Fig. 3 shavs the p columndoping Na dependencen
the BV of the SISOI-LDMOSFETS. In contrastto pre-
vious results[2, 8] the doping of the p columnis lower
thanthat of the n column. For the SJSOI-LDMOSFET
with ann columndoping Np of 9.9 x 10'¢ cm=3, amax-
imumBYV of 124V is obtainedat Ny = 6.5x 1016 cm—3.
With the N of 6.0 x 10 cm™—2, amaximumBYV of 127
V is obtainedat Ny = 2.5 x 10'® cm—3. Theseresults
demonstrat¢hatthe chage of the p body stronglyaffects
thechagebalanceconditionof the SISOI-LDMOSFETS.
Fig. 4 showvs the Ny dependencen the electric field
strengthnearthe surfaceof the device alongthe n andp
columnjunction. At thegateedgea high electricfield can
beseenwith alow N, of 5.5 x 1016 cm~3, andif the Ns
is increasedo thevalueof 9.0 x 10'® cm~2, ahigh elec-
tric field is moved toward the drain edge. The optimum



electricfield strengthdistribution is obtainedwith the Ny
of 7.0 x 10'¢ cm~3. It provesthatthe optimumRESURF
conditioncanbe obtainedwith Ny muchlowerthanNp.
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Figure 4. Comparison of the electric field strength in SJ
SOI-LDMOSFET for different values of N at the BV
(along the n and p column junction in Fig. 1).

LateralTrenchGate

Figure 5. Potential distribution of a lateral trench gate
SJ SOI-LDMOSFET at the Vpg of 120 V.

Similar resultcanbe seerfor thelateraltrenchgateSJ
SOI-LDMOSFET(dashedine in Fig. 3). With then col-
umndopingNp of 6.0 x 1016 cm~3 andthewidth W =
2 x Wp of 1.0 um, the maximumbreakdavn voltageis
120V at Ny = 6.0 x 106 cm~3. Evenwith the 2 times
larger n columnwidth thanthat of the p columnthe op-
timum doping IV is the sameas Ny, in this case.Fig. 5
shaws the almostuniformly distributed potentiallines of
the lateraltrenchgate SJ SOI-LDMOSFET at the drain
voltageVpgs of 120V. Onecanclearlyseethatmostof the
potentialis supportecby the buried oxide layer Curved
potentiallines at the top surfaceof the device by the lat-
eraldepletionalongthe n andp columnjunctionarealso
visible. TheBV of the SJdevicesstronglydepend®nthe
chage balancecondition. As hasbeenshowvn in Fig. 3,
theBV decreaseabruptlywith decreasingVy . In practi-
cal manufcturingit is difficult to achieve perfectchage

balance Generallyit is assumedhatthe dopingcouldbe
controlledwithin +10% of thenominalchage[7]. Fig. 6
shaws the effect of sensitvity of the chageimbalanceon
theBV. By properchoiceof thep columndopingNa (near
the value of the maximumbreakdavn region in Fig. 3)
the relationsbetweenBV and chage imbalancecan be
seenclearly In this figure Ny of 7.0 x 10 cm™3 (SJ
SOI-LDMOSFETwith Np of 9.9 x 106 cm3), 3.0 x

106 cm~3 (SJSOI-LDMOSFETwith Np of 6.0 x 106

cm~3), and6.0 x 106 cm™3 (lateraltrenchgate SISOI-
LDMOSFET with Np of 6.0 x 10'¢ cm~3) areusedas
referencevalues respectiely.
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Figure 6. Sensitivity of the BV to the charge imbalance
(as a function of Ny) for the different values of Np.
Reference Na: 7.0 x 10'¢ cm=3 (SJ SOI-LDMOSFET
with Np of 9.9 x 10'6 em™3), 3.0 x 10*® cm=3 (SJ
SOI-LDMOSFET with Np of 6.0 x 1016 cm~3), and 6.0
x 10'® cm=3 (lateral trench gate SJ SOI-LDMOSFET
with Np of 6.0 x 106 cm=3).

As shawn in Fig. 6, this sensitvity (slopeof theline)
is reducedif the dopingof the drift region is low. One
canseethe drasticallyreducedsensitvity in the SISOI-
LDMOSFET with the Np = 6.0 x 10'® cm~3 (dotted
line). ThereducedV (110V) with the Ny changefrom
—20%to +20% s over 90% of the referencevalue (120
V at zerochage imbalance).However this resultsin an
increasingon-resistanceThis problemcanbe solved by
increasingthe n column width togetherwith the lateral
trenchgate. Thenit is possibleto lower the doping of
the drift region without degradingthe on-resistanceThe
reducedBV (104 V) of the lateral trench gate SJ SOI-
LDMOSFET with the Ny changefrom 0% to +20% is
about 87% of the referencevalue (120 V). Compared
to the BV reduction (88 V) of the standardSJ SOI-
LDMOSFET with the Np = 9.9 x 106 cm3, the sen-
sitivity of the BV to the chage imbalanceis reducedin
theproposedstructure.
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Figure 7. On-state characteristics of a conventional SOI-
LDMOSFET, a SJ, and a lateral trench gate SJ SOI-
LDMOSFET at the Vgg = 12 V.

Table 1. DC performance comparison between 120 V
SJ and lateral trench gate SJ SOI-LDMOSFETs.

SJ LDMOSFET | Lateraltrench
on SOl gate SJ SOI-
LDMOSFET
Np, cm~3 9.9 x 106 6.0 x 106
Ny, cm™3 7.0x 1016 6.0 x 106
Rsp, mQ cm? 2.03 1.79
BV, V 117 120

Fig. 7 andTable.1show theresultsof theon-statechar
acteristicof a corventional,a SJanda lateraltrenchgate
SJSOI-LDMOSFET From this figureit is clearthatthe
lateraltrenchgate SJISOI-LDMOSFEThassuperiorcur-
renthandlingcapabilitycomparedo others. The Ry, of
thisdeviceis 1.79m cm? at Vgg = 12V andVpg = 0.5
V. It is about60% of the correspondingi,, valueof con-
ventional120V SOI-LDMOSFET (about3.0 mQ cm?).
Eventhe dopingof thedrift regionis reducedoy increas-
ing thewidth of n column, R}, is lower thanthatof the SJ
SOI-LDMOSFETwith a much highern columndoping
upto 9.9 x 106 cm=3.

4. Conclusions

A lateraltrenchgate SJSOI-LDMOSFETtransistoris
proposedA lower specificon-resistances obtainedn the
suggestedtructure Our simulationsconfirmthatthe Ry,
of the lateraltrenchgate SJ SOI-LDMOSFETSsis about
60% lower thanthat of corventional SOI-LDMOSFETSs.
This value is lower thanthat of a SJ SOI-LDMOSFET
which has a much higher n column doping of 9.9 x
1016 cm~3. Unlike the standardvertical SJdevices, the
optimum p columndoping of the SJSOI-LDMOSFETs

is lower than that of the n column. For the SJ SOI-
LDMOSFETwith ann columndoping Np of 9.9 x 1016
cm—3, amaximumBYV of 124V is obtainedat Ny = 6.5
x 1018 cm=3. With Np of 6.0 x 10'® cm~3, a maxi-
mumBY of 127V is obtainedat Ny = 2.5x 106 cm™3.
Similar resultcanbe seenwith the lateraltrenchgate SJ
SOI-LDMOSFET Togethemith thelargerwidth of then
columnthanthat of the p columnin the drift region it is
possibleto lower the doping of the n columnwithout de-
gradingthe on-resistanceAs aresultthesensitvity of the
BV to the chage imbalanceis reducedcomparedo that
of thestandard5JSOI-LDMOSFET
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