PONER LDMOS TRANSI STOR FI ELD OF THE | NVENTI ON [ 0001]
The present invention relates to sem conduct or
structures and nore particularly to laterally

di ffused MOS transi stors (LDMOS), and still nore
particularly to LDMOS transistors designed for |ow
vol tage power nanagenent applications. BACKGROUND OF
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current conditions) and limits the current handling capability of the transistor. Further,

the shield gate introduced in the U.S. Patent 6,831,332 to D’Anna et al. is laterally



1 constrained to the space between the gate and the
drain electrodes and is applicable only to a stripe
| ayout of the drain electrode. [0004] There renmins a
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invention that is provided in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] The accompanying drawings illustrate preferred embodiments of the
invention, as well as other information pertinent to the disclosure, in which:
FIG. 1 is an illustration of a LDMOS transistor according to the present invention;
FIG. 2 is an illustration of an embodiment of a LDMOS transistor of the present

invention having improved field plate effect;



i nvention having inproved field plate effect; 2 FIG 3
is an illustration of an enbodi nent of a LDMOS

transi stor of the present invention having a buffer

| ayer for suppressing short channel effects; FIG 4 is
a an illustration of an enbodi nent of a LDMOS
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i mprovi-ng the breakdown characteristics -of the

[ . rransistor. Fl I S j ation of a
oot Bisoh MEHE ok o eibodapl G LOMES bRt orosent
inventiet haiig disuffen tayehfor supipiavieg shdaMBanid] affsitgt or f or med

th n; .and FJ] GS. .6-10 show el ectri cal )
ChaLat if & g dlusgation 6f EhGmoeHBbAh LS trasisios of FIG. 4

haf[aig%ais&%ﬁd BUfFEYRRE s iﬁbfﬂ%@th@?ﬁeal%%l %ﬁ%c%ﬁ@b%‘e%med

)008] As used herein, the follow ng dopant .
frapp#eent rati ons are di stingui shed using the follow ng

not at - -+ P+t nt_concentration > .

en 018 B bl BF o plion PR RERSRE SHEL 0T smigopductor
sulsstratehb@ihg theompxd@d QDM ORBaasi8or foffigd ﬂie&?n;%hdd 0 pgnt "

con rafiqn of 5x1016 to 1x1018 at ons/cnB; i

o " EECS G310 SHowCerdiit Flarirristis dhtag woprpysensr 6DMOS device
obRlRABY aieric fitlulddon, Or P--: dopant concentration <

1x1015 atons/cnB. [0009] FIG 1 is an illustration of

an enbodi nent of an inproved power transistor, nore

specifically and igjpf #Eﬁﬁ;ﬁ fstor 10. In

exenpl ary applicati olsrzlisi?ﬂ? @ transistor 10 is used as
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transistor, more specifically and improved LDMOS fransistor 10. In exemplary

applications, the transistor 10 is used as a switch in a voltage regulator of a power supply
for, for example, a server or desktop computer or in a DC/DC converter for general use.

[0010] Specifically, FIG. 1 illustrates an improved n-channel LDMOS device.
The transistor structure 10 includes a semiconductor substrate 12, which, in the illustrated
embodiment, is preferably a highly doped (N+) silicon wafer doped with arsenic or
phosphorous, for example. Highly doped (N+) substrates have lower resistances than P+
substrates, although in alternative embodiments, the substrate 12 may be P+ doped. A
drain electrode (not shown) is coupled to the bottom surface of substrate 12 when the
transistor structure 10 is packaged. In an exemplary embodiment, substrate 12 has a
thickness of less than or equal to about 3 mils (76.2 pm), thereby providing a very low

resistance contact to the drain electrode and minimizing the contribution of the substrate



transi stor structure 10 is packaged. In an exenplary
enbodi nent, substrate 12 has a thickness of |ess than
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pm, 0.35 pm. or 0.25, etc. The conductive gate is formed over a gate dielectric 36,
which preferably comprises SiO, formed to a thickness between about 150 to 500 A.

[0014] Region 20 is formed completely within epitaxial layer 14 and forms an
enhanced drain drift region. The enhanced drain drift region is formed abutting or at least
proximate to the upper surface 15 of layer 14 and has a dopant concentration N in the
illustrated embodiment. The enhanced drain drift region 20 increases the drain-to-source

breakdown voltage of the LDMOS structure 10. Drain drift region 20 has a lateral



whi ch preferably conprises SiQ2 fornmed to a thickness
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betlve@s thef conbiRt RAEMnt 6 and the doping gradient from the substrate 12. The
reduced width of the depletion layer results in a lower source-drain breakdown voltage,
localizing the place where the breakdown occurs beneath the contact implant. This, in
turn, defines the path for the current generated during the avalanche condition, i.e., when
the electric field at the body-to-drain PN-junction is so high that it leads to a generation
of minority carriers by impact ionization.

[0017] A deep trench region 25 (shown filled with a plug 24) is formed adjacent
enhanced drain drift region 20 and spaced from the conductive gate. The trench 25 is



drain PN-junction, the depletion |layer or region is
"squeezed" in the vertical direction between the
contact inplant 26 and the doping gradient fromthe
substrate 12. The reduced width of the depletion

| ayer results in a | ower source-drain breakdown

vol tage, localizing the place where the breakdown
occur s-beneath the contact implant. This, i.n tam

def.i ath f urr ener,ateqd durin he
forg S AR Roch U e pisiee 15 e B ghial IR RS Merbber Byt the
subisaateboly - The- &era:hnexﬁb}es um@tfdnﬁranbﬁ FOoveptic@h dididtcohfact RBEM 22
fo a gener ation of mi.nori t carriers by [ act
adjagait ficrsidsvallp Gf)?}."?@hA@g}%%Sat"i’lE%WOW’é’@i? 61110‘72 ?S(S%%Pﬁth between

thd edHafcbdMrhin @ifPlestbr?d) ahd sﬁ&&%ﬁl?@h& e Cgﬁ%ﬁ‘%&%gode (not

drain drift region 20 and space uctive
shcgfm)b Irritke nfcémmq:l 2BbpdinEnf shovedinbEltel rthe dezimippugtact 22 has a

doé é}gcgn% i0 N+ 0 gl?e%r allf Ia (r:)lotwr %@%ft@iﬂ‘gﬁ@ \»{IH]ée trench

25 fls)bpimlt | Trendhf 25/$rth¢rcﬁllledjwalh B condiictied maRgiaD(®.g%Aungsten or doped
sidewal.l.s of frepnch region 25, whic

t the
POQFJH?%& igsy fawerle%trv‘%%léﬁxse %&yﬂ tp £ BIE %hehbﬂmf'aﬁe%ﬂlment
drefi SdritactlDd his 4 E&iz%ﬂta?@nﬁ:ﬁﬁo§ H@@ E}ﬁ%&%l Lred @f‘iﬂ tﬁ@é&ﬁoﬁlﬁ Bf about

drain el ectrode (not shown) he " n- channel
0.4eliotfb’i e i athrsembodingngs, the, epeth:elaldlamrns vontthint(e.22 1fagm) and

ﬂlegér)]fgﬁlqlgtﬁegcpf&an : t&l@'ﬁjeg% N;E thi'a}H &ﬂ%t é%prgateés %%9 dﬁ%%(g Pé 1051@) of

atron
first sonduetivifyi tlyp@, dreatctitbyandtipid irapliants andibaendig frémghe surface to the

ngst.en ar po Qon sul ative materi
sobel {4 55k o BBSF 5 e B gtoedn i ieSiBi 6 e Apep tonch 25 s
forfedl N contact 22 has a horizontal dinmension into
epltaX|aI layer 14 in the anmount of about 0.4 to 0.8
OY$ hi oThredeviseiOulsreineludestdncnahitinglayer 3I459medloyen/@pyource

imp hhehSn 135 o 308 PPl S BB LR Lo A e ot o
overetrpis oamh&)ced)fdralﬁl drﬁ’c rggmd QOtdndi ¢qnftatcy @mgh 04. eaI‘l?dni@ylatmg Iayer
e S BIPL 5, SEE Pt ehlag pam Lhe eurlace o

laybhiza edibeeinpBad ase%lnBF%W ‘ir[sﬁﬁlﬁﬁg ZRatedals f @NBRAely forming
[00181 The device 10 al so includes an insulating [rayer

lnsshtm%kaﬁ%rcﬁ‘*o\l@ulqtmé laysu4 s profappblrformesgp grihigkneshotat lean0.03
H@fdle%?llsg(ﬁttﬁ §dn‘aﬁﬁw uE% é:a%g t I3 Jwg}.m%lﬁrtfl@&)géuﬁg%? of the

we over the en aln region
comi(gcm\@cgatpl ulgl 2 exaihplanynsmb@dlmng limspéating riam‘re%lahﬁ ft)rrned to a

iR SR 3L Wy e S BT St e
insalate iRl drduﬁmn Satofegions lﬂoﬁi he goud @intat Ry6alg @&tHNA Below.

[0({1%5 ng As is shown in FIG. 1, device 10 also includes a source contact layer 28,
which preferably comprises conductive material selected from the group consisting of Al,
Ti/Al, Ti/TiN/Al or W blanket deposited over the device such as by CVD (chemical
vapor deposition) or sputtering. The source contact layer 28 is deposited to fill shallow
trench 19 to provide a contact between a source electrode (not shown) and the source

implant 18 as well as provide a short between the source and body regions 18, 16.

Source layer 28 extends over insulation layer 34, over the conductive gate and over the



insulating layer 34. Insulating layer 34 is preferably
formed to a thickness of at |least 0.03 gmon the
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concentration. Epitaxial layer 14 having dopant concentration of N-or P- is next formed
over the upper surface of the substrate 12. A first trench is etched through the epitaxial
layer after depositing and patterning of a thin oxide layer used as a dedicated drain
contact mask. The side walls of the trench are N+ doped with a 7 degree implant of a
suitable dopant, preferably Phosphorous or Arsenic, to form the drain contact regions.

The first trench is filled with a material to form the drain plug. In one embodiment, the



source el ectrode at ground potential at the bottom of
the die. Although n-channel devices may be preferred
for their | ower channel resistance conpared to

p- charmel devices, the p- doped substrates of the
prior art provide nmuch higher resistances than
n-substrates, often 2 to 3 tines higher. The present
device 10, however, provides an n-channel device on a
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layer 28A is modified only in so much as it is deposited over modified insulation layer
34A. In the regions proximate to the drain implant region 20 and drain plug 24, modified
insulation layer 34A has two thicknesses. More specifically, modified insulation layer
34A has a thicker region designated generally at 35 formed over drain plug 24 and parts
of drain region 20 and a thinner portion 37 formed over drain region 20 and between the
thicker portion 35 and the gate. In one embodiment, the length of the thin oxide region
37 amounts to about % to % of the distance between the gate 30 and the drain plug 24. In




[ 00251 Next, shallow trench 19 is patterned and etched
to the desired depth, followed by formation of

i npl ant region 26. An oxide |layer 34 is deposited over
the upper surface 15 and conductive gate to the
desired thickness. Finally, a netal l|ayer is

deposited over the entire structure to form source
cont act 28 The ori gi nal substrate is -then thinned to

desj hj.ck ksi d t al t
on Ra SR oo BT P Fieknds o B Roc norioro e o Reou el 0.05-
0.15ant AeNtheakikReRS of itk ﬁmctneﬁlembﬁ% 64 bEMéen Zbdil! (}@b I5akeS The

a second enbodi nrent 10A of the inproved LDMOS device.
impexed) évsntadon daver $4ideant b Armied %nstl by etpbingt & thickarhexide layer

dqgfs}’céc? QftdrOtHf ffoﬁhsﬁionlo @ddréuhég C% éﬂj MG 3&% Jgg&y 1i'tj:gfitgne %7 is

ke re erence nu ers
depm‘»gerl atar (gntelfalyration Bdditathibkresd i achid te thierfimel tiizkadss bAgheregion
34§ cult sh g be understood that source netal |[ayer
gﬂ g“ﬁga - only in so nuch as it is deposited

[06vBr rmodidf ihednibdaihedt bPPId:. a:y §fot oﬁ%oe!; rﬂlet tb%rae%ﬁ&tgﬁﬁyer 28A
proximate to the drain inpl ant glon 0 and drain
ay

prcmctj:ga sontackqy thejsedrce japd bpdx regiens gpd e sBighl beiweenibe gate and the
dragrm:&h&@gﬁgr%wdlgp bt bRRESS é:ftlhﬁ%nox 'of dﬂié‘l& g?xté elé a’ﬁl oﬁun oxide

[ ayer a thrck reglion S|gn génera
regian 36 nfabesvihe feld platlr efifevt peaygefRétiend: thargas co@:ﬁerd:ymmhmg the

n 20 and a fhijnner ortlon 37 med. oy r.ai
aof Gl RS ol o Bt R RER ten stedfe hEhRGRR 15 gl dhain 20.
If tgatren okide KRee REXGAH naeﬂauy tdovee Al bhth@fdrdif €egidil 20 & 1€ drain
plug tgl ogH 37 ampunts to about V2 to Y4of the distance

gh rlectgatiiclbpeatntionld dedpertod 1 the Noli drain @nigat corner.
MARKRITRE 8fide ﬁﬁ@k@t%t@%%hev%@ﬁetelycﬁ'{ﬁ%‘f@b@%eé ngﬁ{r ‘ﬁﬂé’tgj 41 the
e t n

37°1s between about O ess
dragrf corfiast régiok 2. gbe tdpptng 36d itle loagthed iheaboirt regiod-whdbmeath the

ﬁelggﬁat? tﬁpﬁgs ﬁcgr{ % E ox1de g%pldag rfié)#c/l_}e ﬁ'récgcggﬁs c]é.lg rbgf)gté]];uztea éor a

gnfém rbmﬂcdmn Ofolthémtaﬁlga?ﬂ.l NAPlatgexaBpled the Hogigh FNhi@Xpdi€on of the
|on gﬂgde osited after gateforrratlon and its

@Kﬁ% §a§ He Loredangridreakdarn valtagené2eVor the region
34A, m%mlgﬁgt@mlmésémekp@ﬂlz df; the enbodi ment

of FIG 2, not only does the source netal | ayer 28A
provi de langhef thetthin oxidneegion®.8e Ghpmbody regi ons and a

Shiel d DRGSR debs. ML Gids b8 0sd 5} fggontact, i

provi des etter o Ion of He field plate
ef fect. ﬂﬁtckmtshnﬁthethlleomdegigmm (BY- 08kas; dnde field

Dushi ng Ehgoseaaf pesrey a) e TRByRPRBHFEE s o ctoryen’
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[0028] FIG. 3 illustrates another alternative embodiment 10B of the LDMOS
device of either FIG. 1 or FIG. 2. The device 10B of FIG. 3 is identical to the devices 10,
10A except in the following respects: the depth of body implant region 16B is reduced
and first buffer region 38 is provided between body region 16B and substrate 12. In an
exemplary embodiment, first buffer region 38 comprises a layer of silicon doped with p-
dopants at a concentration equal to or greater than the dopant concentration of the body

region 16B. The buffer layer 38 abuts the sidewalls of vertical drain contact 22, and is




If the thin oxide were to extend laterally to cover
all of the drain region 20 and the drain plug 24, a
high electric field peak woul d be | ocated at the N N+
drain contact coner. Making the oxide thicker at 35
relieves the electric field between the source netal
and the drain contact region 22. The doping and the
| engt h of the drain regi on underneath the field
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to or greater than the dopant
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14FI G 3 this deep inplantation is performed after the

terning. of the thick oxide 34A, before the
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thel#knastdr(@mrédﬂ@l hjomweg 160 ishoiid bk nbderstbod thet a single die can have a

plurality of identical fransistor cells as described above fabricated in parallel and

operating as a single transistor in, for example, a power switch. The source metal 28A
extends beyond the P-well 16 and acts as a field plate (which affects the breakdown
voltage in this region of the device), as described above in connection with FIG. 2. The
insulation layer underneath the field plate portion of layer 28A (again illustrated by
reference number 35) has a thickness between about 0.2-0.5 pm like thicker oxide portion
35 of insulation layer 34A shown in FIGS. 2-4. The drain plug 24 is formed at, or
proximate to, the edge of the singulated die having the transistor formed therein, i.e., the

die is singulated from adjacent dies on a wafer at or proximate to the drain plug 24. The
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substrate 12. Turning to the enbodinment 10C of FIG 4,
the buffer layer 38 is replaced w th thinner p-buffer
| ayer 38C and second buffer |ayer 40 havi ng dopant
concentration N. In this double deep inplant buffer
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voltage of more than 2.2V to keep the device free of short channel effects.

[0036] FIG. 9 shows the capacitances Ciss, Coss and Crss as a function of the
drain voltage, where Ciss is the input capacitance (Cgs + Cgd), Coss is the output
capacitance (Cds + Cdg) and Crss is the feedback capacitance (Cdg). Cdg is very close
to Cgd, depending on to what terminals the source signals are applied and at what
terminals the response signals are measured. Generally speaking, the proposed device has

smaller capacitances than the commercially available products. Particularly, the feedback
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i npl antations and the di stance between the P-well and
the drain plug is 1.5 Rm This edge term nation can
support breakdown vol tages hi gher than 35V. 100321 In
an exenplary application, the inproved power LDMOS
device is fabricated in parallel with a plurality of
other simlarly structured devices and packaged for
use as a power transistor in, for exanple, a DC/ DC
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IveRiiPRei t ance (Cdg). Cdg is very close to Cgd,
depending on to what termnals the source signals are
applied and at what termnals the response signals
are measured. GCenerally speaking, the proposed device
has smaller capacitances than the conmercially
avai | abl e products. Particularly, the feedback 11
capacitance Crss (approximately equal to Cgd) is
smaller by a factor of 5 than simlar existing power
MOSFETS.
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100371 Finally, FIG 10 shows a gate charge curve. It
can be seen fromthe curve that that a gate voltage
of 5V can be reached by charging the gate with only
2.2nC/mv . This is a very |ow charge providing an
accepted figure of nmerit of Rds(Vgs=lOV)*Q(VS=5V) of
22 mQ*nC, whereas the simlar devices in the art
result in values higher than 50 rn. Q*nC. 10038] As
a[\?t.s(}‘lort .above, an inproved power LDMOS device is
W}Sréw%@g Maving an n-channel transistor formed over a
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drain region to said substrate and, 6 spaced fromsaid

ch aﬁHé‘F“li‘té@ layer fgmsAibeiwegn said conductive gate and said source contact.

2. The device of claim 1, further comprising a second trench formed adjacent said
source and channel regions and extending into said channel region,

wherein said insulating layer extends along sidewalls of said conductive gate,
over said conductive gate and over said drain region, and

wherein said source contact comprises a layer of conductive material deposited in

said second trench and over said insulating layer.

3. The device of claim 2, wherein said layer of conductive material has a generally

planar upper surface and covers said conductive gate and drain region.
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a first trench fornmed fromthe upper surface of said
epitaxial layer to said substrate and having a side
wal | along said epitaxial |ayer; a highly doped region
of said first conductivity type formed al ong said
side wall of the first trench; and a drain plug in
said first trench adjacent said highly doped region; a
source cont act electrically connected to said source
hort between the

;gg:ﬁlg d?egge She olaﬁlal ?g\gﬁ%ﬁgel 7 }qgélé&rl&gq ?aygﬁi}asaﬁ thickness between

abbutubRtd 0.95 LAy oker @Ed’fﬂﬁnbﬁigme RvheRby sean@ufde ni@alddifds said
d.said source caontact. The device of claim 1,
CO?‘S’FFYFegat%gﬂ‘BrSF‘@lqﬁ@ﬂ éo@é“éond trench forned adjacent
said source and channel regions and extending into
sai d channel region, wherein said insulating |ayer
5. ext éhel de\a¢emfg:l@mdhmtem wid pailetingilaykrcbinpdsey atf&st pom/cﬁrover

s3SI ST B, B T L B oS
ﬂndamdmn@mﬂéhnqbﬂkhal deposited in said second trench

and over said insulating |ayer. 3. The device of claim
2, wherein said |ayer of conductive material has a

6. 9enghakibvice f ARR 5URR&GEInSHIS RSEp élﬁgn %Q.é’ Eﬁiela%bsdbemmf about

conductive gate and drain reglon evice O
0.081te P 2m giieleseist secend ngrtianchas aﬂhlﬂlglessawemom ¢hicckhess
between about 0.05 to 0.15 gmover said drain region,
wher eby said source netal shields said conductive
7. gat €hdé wevics aif celaimai2n wherdimGhid Eisulﬁ'ﬂiltg thyei bes Qf thidkaesd along

insul atin a ris first
Sldﬁ%?‘rh"grﬁa‘éxfé’flgmg%{F &a‘ar%?ﬂ\’ierq%@ g (185 3 Bach higksrss ayr 2 top
suraeof Saad ebridteive ga{et@eat&%& ABEANGS pAIL L1 on bei ng
thicker than said first portion. 6. The device of

claimb5, wherein said first portion has a thickness

8. e YRERAROYE clafln 45 \Aﬁlgerglr?paéélgpl @E% @%{ g @&Crggg po? i dP8cond

has a t hi ckness bet
Comﬂgw‘cbf tgppe @hacdrb@wemc’aubstsaae and sasdittahngl gediory g4id s baffer

T e T WERSIE N TR

surface of said conductive gate greater than about
gm .8. The deV|ce of claim1, further conprising
9. a fﬂ‘%fle‘ﬁ‘i?f ploflaimp G Suther cqRpEsiag @cyggond buffer region of said first

conductivity type formed between said first buffer region and said substrate.

10.  The device of claim 9, wherein said first and second buffer regions are implant

regions formed in said epitaxial layer.
11.  The device of claim 2 further comprising a highly doped region of said second
conductivity type formed in said channel region proximate a bottom of said second

trench.

12. The device of claim 1, wherein said drain plug comprises a conductive material.
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conductivity type fornmed between said substrate and
sai d channel region, said first buffer having a
conductivity greater than or equal to the conductivity
of said channel region. 9. The device of claimS8,
further conprising a second buffer region of said
first conductivity type fornmed between said first
bufter region and said substrate. 10. The device of
%rr sa'd firsg. and. second. buffenﬂre i ons
v o TR AT O i o RSt i P e pirsnn i Eapateral.
11 The devi ce of cIain12 further conprising a highly
doped regi on of said second, _conductivity type forned
4in dB¢ detrefiréain e GrBir poraising & B Srabiptien regigngsurrounding
theS 848 Gred 61355‘}‘(!‘ tradédstor] R gs%!faﬁﬁ% g&d%ﬁhﬂo} *ﬁo%%l‘i %ng of a die
said drain plug conprises a conductive nateria 4
havigg saiH drageivior dorofed dhereon, Saidwhiee démmisatiod rdgian womppriging a well

e RS oot R PRk St se e BBk on e on

s ur whereth swid latyhﬁoﬁﬁdnd\éetlw Ratefil S&adrds befdl GidweRRekion and
ra&&g&g?ald transi stor froman edge of a die
OVW' 538 st or forned thereon, said edge
ter gihBRld QR drSdliphik is MPR1el 3 Si%roxiald to s&if %gbfqﬂe &ibe
second conductivity type formed in said epitaxial
| ayer, wherein said | ayer of conductive naterlm
ext [ '
151 nsﬁﬁgtﬁ?‘}ggﬁyﬁwmﬁq g/hgfé V%Sea;tg&lbgtgag?g% Oar ?mes og Pelssé than or about
T6fwr.med at or proximte to said edge of the die. 15.
The device of claim1l, wherein said substrate has a
thickness of I|ess than or about 76 gm 16. The device

160f Thaisnide, of\MIE@ﬁlell vheRirtlsdid fifst caRINeGE typd ¥ N M(Bﬁlubt%nN type
conductivity ty and said substrate has a

andyssbepbetiate B%&arlaghla fopeicongeniratien. o
nmet al - oxi de-sem conduct or transi stor device
conprising: a highly doped sem conductor substrate
17.havAdgteml metabnxiidcsdamicmydwgop erassidothdevicagomariding ht | y

doped. axi, al on .havi ng_.an er surface; .

b Bigh b Srmmiopieih Shsh ol e o Gt BT, Bt gt Raving
a lighty'dspell Bpitdxeal €4yt éhiedh hiayein uipePxiri@é;e t he upper

surface, sajd source and drain regions being spaced

f r ofRUEIFeng H5in aezionsrrf theli Gegductivity hynsl foraest igrthe epitaxal layer
pro% fRAe el bbbt RS sAi@SSBE Rk AR BERBeind s§ el from one another

and having a channel region of a P conductivity type formed therebetween in said

epitaxial layer, said channel region extending under said source region;

a conductive gate formed over a gate dielectric layer formed over said channel
region and partially overlapping said source and drain regions;
at least one buffer layer having a dopant concentration equal to or greater than
said channel region formed between said channel region and said substrate;
a drain contact electrically connecting said drain region to said substrate and
spaced from said channel region comprising:
a first trench formed from the upper surface of said epitaxial layer to said

substrate and having a side wall along said epitaxial layer;
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epi taxi al layer, said channel region extendi ng under
sai d source region; a conductive gate forned over a
gate dielectric |ayer forned over said channel region
and partially overlapping said source and drain
regions; at |east one buffer |ayer having a dopant
concentration equal to or greater than said channe
region formed between said channel region and said _
substrate;.a . drain contact.electrically connecting .. .
said draf F’r‘@@g‘?‘ﬁ’ﬁgF?gl%?ﬁs%‘ﬁgs@?g?@v%é’pegnﬁ%@oal?l}wd side
wallaf theciigitrmkh;r@@i on conprising: a first trench forned
fromthe upper surface of said epitaxial layer to said

subst r at @ dEHEPIHRIA s9i Brskirensh adinsenk said highlyi depedregion al

| aver : e . : e ‘
g T e Mo AR RO E A 0P EIE - NBRR L] Xt said
conthdtive ghtednd qkuspid dramakgioh,i sagltingulatingtayad f aomisingsafidt portion
hi gh doped regi on; an insul ating,laver  extendin .
oveh Bl el GRRE R Sieal ekl Bt S B o1 5FACigha portion
beia@ it thee sgidtiestpodioayald said drain region, said
insulating |ayer conmprising a first portion over said
dr af rfOFEg iCeRtagrtedri ey Rirangstd footid yarces Egipndang providing an
eleBribl, shoR BER&ROME sBREE rQon REd AR dnlhdf %%iﬁﬁ]asg.idls%ugce contact

first portion;, and a source contact electric
compmyves & dayer of sendyctssumnaterialedpposited mvepsady ingitlagngfayer and in a
Ccal . n.th urce reqion and the . .
secBh S bt PR e AN S EnE A BB o s
chdnaglaegiof. conducti ve materi al deposited over said
insulating layer and in a second trench forned
adj acent said source and channel regions and extending
into said channel region. 18. The device of claim17,
wherein said at |east one buffer region conprises
185 j r The deyies ef clpiay il dnwhdreinagayl # leesh 9ne buffen segiopmemprises first
r id.: [ I .
bult s BELAIPE RoR Aot 1P} (@R BT SRR anc said channel
regoon dertd saciohd buffgreregion 08 shid Bt cumductizvéty dyfe foshed hasféarsaid first

butffegi on and s iug substrate. 19. The device of claim17,
ﬂ'?ﬂ%ﬂaQégﬁéﬁ Fqé%wa hi ghly doped regi on of said P
conductivity type fornmed in said channel region

proxi mte a bottom of said second trench.
19."  The device of claim 17, further comprising a highly doped region of said P

conductivity type formed in said channel region proximate a bottom of said second

trench.

20. The device of claim 17, further comprising an edge termination region
surrounding the active area of said transistor and separating said transistor from an edge
of a die having said transistor formed thereon, said edge termination region comprising a
well region of the second conductivity type formed in said epitaxial layer,

wherein said layer of conductive material extends beyond said well region and
over said insulating layer; and

wherein said drain plug is formed at or proximate to the edge of the die.
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20. The device of claim 17, further conprising an edge
term nation region surrounding the active area of
said transistor and separating said transistor from an
edge of a die having said transistor fornmed thereon,
sai d edge termi nation region conprising a well region
of the second conductivity type forned in said

epi t axi al Iayer wher ei n sai-d Iayer of conductive

t b d,s [
21051 &Rk A e AN ROk b Gl oS E R S0P iy
for ﬁedbﬁhtedfavmlgw(ﬁﬁﬁ&@dhawﬁﬂyﬂ)é@jmw a ligtalytddped &fitaddal layer
u

A | ateral netal ‘-‘\%xi de- seni conduct or power transistor

‘E%W ¥INg SAPPRLISHAACCa substrate having a first
congigdd Mid Hralry REidHR\dfMfe Firdt! QRlhfivAPRGRE RRhER% Ble epitaxial
| ayer thereon having an upper surfate; source an &
laygr prionimase) theripper surfaee, fshidssoutse auid drai regyonss ppimgfspaced drdnm one
[ I r er S fac
aodf SERTHLT Y B @G GudRAF g e meiBesieon
in mi’cbéﬂmﬁmilahl_agerhﬁvd dslgmﬁel eémﬂedteﬂdﬁ@ tﬁﬂeﬁmcﬁso‘&ﬁﬁ@égion;

conductijvi.ty type f rrred t her ebet ween sai d .
opi APty gt Tomaad PVeR 4, GRS ok e Ry i channel
regSet ﬁdgﬁhfaﬂ? ob &t ?ﬁlg s&d%@ﬁl@é‘ﬁﬁd ¥Rind8¢iénd; Or Med over a

gate lectric layer formed over said channel region

andaplgpst ioag ibytles/ Byerainyingge depant sensenteationcequrlaoror greater than
saifl ‘3%991% iBh f(&rﬁ'@ﬁbetﬁs@gn ?zﬂcﬁ E}%nélq' 5 Ex?cf/ éaﬂg u% ? ant

CONCent ration equal to or reate 1 anne

r egi almaih coneadt bied;twe@ly scmndctmlgasmb draire getgwn &ndeud alublstrate and

tr draln contact. el e i call ectin
so 4 rof S <Fruff Oietiod “DlrpGbiogisceh dbard vE2BAEWIHT spsion of
sals firsy c@imamety tySgfoted PRI pitibaldagirghl y doped verti cal
lant region of  said first conductivity type forned

| n &&P¢cesPRiast dectcally conpected tocsaid spiresc regmeandy previding an
ele&ﬁeﬂ%ﬁéﬁgeﬂv@eﬁ'@ibg Qé"fe ft‘)ntaﬁ@ 'tlﬁrkhgﬂfélfér wt gigrg an

el ectrical short evven e source r glbn and the
ch aammlsulata@ loyer fomubddatvens sdid comdyctivygte dndrsakicobet waetact.
sai d conductive gate and said source contact. 17
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