;e3eh $. 6ThW(-1 FI ELD EFFECT TRANSI STOR AND METHOD OF I TS NANU56§;¢ﬁ§iﬂﬂ
Background of the Invention The present invention i el ct™
transistors, in particular trench DMOS transi stors}lﬂmﬂmﬂmﬁmm s of their
manuf acture. 1 4 MAR ~ Power field effect transis , €.0., FETs (et
oxi de semi conductor field effect transistors), are weli%%®iown in the

sem conduct or industry. One type of I\/E'EIF'ET is a DMOS (doubl e diffused netal
oxi de sem conductor) transistor. DMOS transi stormm MMMWILMI ude a
substrate on which an epitaxial |ayer is grown, e junction, a
doped heavy body, a doped well of the same (p or n) depsng as the heavy
body, and a gate electrode. In trenched DMOS transistors the gate el ectrode
is a vertical tpenpEFFECT TRANKISION AND MBTHGD DF 08 MANUEFAGERRE t han the
bottom of the trench, to mnimze electric field at the bottom coners of
the trench and thereby prevent Ragkeraped@l e l@¥enlatn fr om damagi ng t he
device. The 17 enchrjeeldendififbnlbd RIAANG HEM eHEet BAIRS 1iff Bibtic@RArdnlE

pol ysilicon is gener y overetched, to assure that it is conpletely
renoved fr @MOBerasgistfra,cand suathoals ofithey mahefatmench. This overetching generally

| eaves a recess befween the.top af the pg i.Li con .and, t he. surfac f the
semyconduct or s ub§°r“§f el(iie%é‘?t,“%{’ﬂgoréu"r'&gm*slr% ﬁ%et@ﬁﬂdﬁffrglcoﬁé‘?gof?@ f?iThe
depth of t Rscth@sEiSs) Eetwdlkno M 8h thels¥mioidut@t in@GktS0O Onda@jpei df MOSEERIEY ower

than the depth of the source junctions. If the recess _is _deeper than the

source ju n@thMﬁﬁ (dovblesdiffinsed mrsa} owids sermigendyeted) mﬂ-“é%‘%ﬂ OMESitTansstgn on-state
oSt St ance., A0 IR 3B e il %ﬂépii{%gélﬁa)&nr {;%%-e»ﬁgg@bég%hmk f@Rabst or -

The source i nctions can -type’or n-type
dopant ?; [ ﬁd@béd&ﬁvﬁbﬁﬁ.aﬂdépﬁdb&ﬂ)bf!ﬂﬁlshxgb@ aiopldfbuég asith¢ heavp ppdys atda dopant ,
e.g., or n-ty e source an rain the ody W e p-t e. ransi stors
in which tﬁé‘e§gﬁ?‘?ﬂ§- am renphed ﬁ@%%ﬁ@ﬂs ese pleggade ‘S(,"’a%/ﬁ}‘)?‘@ll gengfle’ Ref erred
to as "p- chaRRYody is i@&lg'htﬁf?&%hd b BB BbEdnPbShfudREAbImiRInie! Liddhc app! i ed

to the transi Stor” gate causes current flow fromthe source region, through
a channel fielgiapthedbtiomeomeraf thertreack and therebyreveatvalanaie breakdesyn frami al

| ayer, and ;the .supstrate, -t Q the. Lbn.region. Conversel ransi stors,
BRI R B G e R A N
carriers, ¥ @neflpoveeéiched, dussure BAENIRRbmpletely rem6vVedrfrueh thelslifader ansi stors a

positive voltage applied to the transistor gate causes current tq flow from
drain to séwreuadingithe teenghsThispyasetching senoraly 1gayesireqesy Retweanahs R OS88r ce to

drain resi 6 sl C ;1 The

tr anoi ot or PRB P o <A HARH: SHAPrRbrlitel AR S o SurBRPB BRERIal Do s
when, upon lapp! Toatennofthisaedesgyhud bacarefully santmolied soahdtdtge shallepkrtharothei nt o

t he body regipn.extends. to.the source region form ng an. undesirable
conduct | ve SHRRAT PR GG/ hHong e Eebi SofRe eh e e BRisn B SRR be of -
Finally, theytrhisdehe gite)re |ifl hiph\0R-seRORsistante I8 s @ g hold) ang potedtidliydh

activation current 1s needed to turn on the parasitic transistor that
i nher ent | y N@Rifwctonal TpRKS®T: r ansi stors. General |y a | arge number of MOSFET

cells are connect i £ or.n Lngl et j cells m
be arranged in a "celosg‘é@g%@ w"d%‘%‘%ﬂ? |cgzﬁé}gi“ﬁm\fkﬁ%}?@h‘gsﬁr}'ﬁghes are g
| ai d out i dopangy; irceithat ¢ase, thecbody Wik be dbped vathehesappbsieeidpam, eed.) fosn-thge by
trench walls. Alternat, vel .t he cell be.arranged in an "open .cell"
confi gur at iSOH°® ‘fmf’é‘?ﬂmﬁ“{ﬂﬁ E‘hB‘I‘P@?' M%’(m‘%‘lﬁ mi”%“g’ ‘hgts?‘frb"e"ﬂﬁg’f’f‘er n and
the cells aredoped witR BaySS@eticddlark Ylerfddd6 §is PV cHafRNT Nn Pethhrhel BME§ ric fiel d

termnation techniques are used to termnate junctions (doped regions) at
t he peri phdiapsijterg gasgatiye volage applied oo thgitianssiongaieshuseheurtenhifiew foortde ar e

formed. Thi t . 0 .be hi than it
woul 0 ot hersyrEERgn] frdighs Endrd® LEREARSo(a AR HSP e, Ve
transi st or epidxig ldyar, tidbthe sulistrate, tp aliet drain segidn. tGoavetsety, BUO8arayisistbrs ine

I nvention

QLA U




The present invention provides field effect transistors that have an open
cell layout that provides good uniformity and high cell density and 1 haAR 2002

readily scal able. Preferred trenched DMOS transistors exhibit | ow Rds~" | ow
parasitic capacitance, excellent reliability, resistance to aval anche
br eakdown degradati on, and ruggedness. 7 4 MAR ~2 -3 Preferred devices

also include a field termination that ehRances resistance to aval anche
breakdown. The invention also features a nmethod of naking trench DMOS
transistors. In one aspect, the invention features a trenched field effect
transi st or vithéfthé ffukded@d dfadr) ara dsgdivithdypt oarrienslese refreed t¢ by “rectanseith
extending a predeterm ned depth into the sem cqnductor .substrate, (c) a
pair of doé@ﬂ'@%b@“%@%ﬂsﬁﬁﬁaﬁﬁﬁiwﬁ veltagg aml*@ﬁb%@‘&%‘%?fc?@? GHS%he trench,
(d) a doPng}P&ﬁ}’&hﬁOﬁ%nﬁBﬁh%%ﬁ&. adj acent each source junction on the
opposite side of the source junction fromthe trench, the deepest portion
of the heavy body leistdesichblecthatdBdO8 drapsistors have lowisdurse i drain desstance rate

h h d i ned h_of the. d .
Sur oundi haTERBTHELNA 5 et S ahen ds rifay SR MR ol o

i ncl ude onep@ichifpdughf PindRthfoakh e¥dufowheapiponpplichtién sfitgh Wain tohagrca
subst anti al %aflat bottom The depth of the heavy body region relative to

t he dept hs V@ &%FB’—PWQP!‘ inio\the bRdy fegion extends 1a thespurag|regiont, fFMIRGAN peak el ectric

field, whe i i i 4 romthe
trench. Thgrl %@%@%dﬁctﬁg@% gﬁgr(g%@%&%g&! ltgﬁigirll t %mg%é?tgﬁ%aﬁggggggth of the
trench. Th&irdatlenthétrdmistar shoudkehve gpodafrdgdedndss . pnkgh actiagorecurentis abr upt
junction at t interface between. the heav ody . an wel.l, to cause the
peak el ect PF%IQSF%W‘H‘, °Wﬁﬁﬁﬂa’€%ﬁ“‘tEad’é‘sf%g‘hég’ﬂﬁf'é‘b‘&%y%%ﬁgﬁ%‘gﬂs' to occur in
the area of the i@ékﬁﬁ?@-lﬂ%é‘nmbﬁMmﬂs&éeodrﬁmm patalfeP RIS an
array of tr_anbsel stor C;%Il'h s.u he gray@r}ﬁl udlg;é(a an%em Qonquci}i(;rbﬁ%
substrat e, single tgngistor: altercpliohaybe asran Bgclosedreeleeonfigumation dn Wi tially
paral | el { Q660,210 and LAX LA Bth thlodhs le'eibiofla R hisRils bh BEBRAGR

bet ween adj acen ?r enches gﬁ? ning a co?le[%a(a:}[ area, each&{;’re C e%%n'di ng a
predet er m nelteriitively, thatelssrdythberasdedai en “dpee cqll”edafigrationein vl thebei ng

substantially the same for all of said gateform ng trenches; (.¢)
sur r oundi nge%féleﬁarsfaéﬁ‘eew,ma EPY Paﬁeraab%ﬂlegﬂffﬁefeoqlnmcéqss en MRES ned on
opposi te Sides st Eﬁc&{c%meﬁtﬁﬂat@fﬁtté‘dﬂﬂiqﬂ& ¢ 430 td Bfnihse HirddOHs (H!?ﬁ‘edt rench,

(d) positioned between each pair of gate-formng trenches, a doped heavy
body posi t regiend) atdiecresipherg &asiges) of the stliogn diejon whichdhe wansistoncare fmmedhe deepest

portion of h i 0 heay ext endi | ess, deepl vy i nto sajd.

sem conducfrggq%n&ggo[%é{f'eeéf %e%?qgog‘ind’ oé)t?%e&gt%gP‘rﬁg?\rgﬁmdgg?ﬁdgﬂ'e%sﬁb? \fenches, (e)
a doped wekbnmlied onlpdi g fearates bty ycrive tndistdrealidintiicehed \porthwsyf thand (f) p+
and n+ contacts disposed at the surface of the sem conductor substrate and

arranged i §'€al t er nati on al ong the length of the contact area. Preferred
enbodi nents include one or nore of the follow ng features. The doped wel |

has a substantially flat bottom_  The depth of each heavy body region
relative to the depths of the \/\éﬂ%ﬁ%ﬁl&@!@ﬁ@-form ng trenches is
sel ected so that tHg paak iflehGdd drbvilikEhdld «ARERaNER | j to the
transistor, wll be _ggé;sced fer oml%h‘é1 tsre%ncﬁwTﬁaé&d%tﬁ%g&m}/{g?T%p aé\rllg:gg depth
| ess t han tdyeuyshd geqvadesigoediurdfopnity arid higlecdlrdensityesd thihis readdy stedablhiave

ded t d hot t . There | byupt junction at th
| niorface BSCHEANORSE RS Roug Bt R Bty bt RGoaBie®e o cause the

peak el ect ekeliért e¢ifdbiliod) eddisimbd RGP alasfiche BRlak & Rgtadfidn! &¥SuBgedhesst 0 occur in
the area of the interface. The array also includes a field term nation

structure surrounding the periphery of the array. The field term nation
structure includes a well having a depth greater than that of the
gate-form ng trenches. The field term nation structure includes a
termnation trench extendi ng continuously around the periphery of the
array, nore preferably a plurality of concentrically arranged term nation
trenches. In yet another aspect, the invention features a sem conductor die
that includes (a) a plurality of DMOS transistor cells arranged in an array
on a sem conductor substrate, each DMOS transistor cell including a
gate-form ng trench, each of said gate form ng trenches having a
predet erm ned depth, the depth of all of the gate-form ng trenches being
substantially the same; and (b) surrounding the periphery of the array, a
field termnation structure that extends into the sem conductor substrate
to a depth that is deeper than said predeterm ned depth of said
gate-form ng trenches. Preferred enbodi nents include one or nore of the
foll ow ng features.




1 4 MAR zoo2 -5 The field termnation structure includes a doped well. The
field termnation structure includes a termnation trench. The fielyd; MAR 2002
term nation structure includes a plurality of concentrically arranged

term nation trenches. Each of the DMOS transistor cells further conprises a
doped heavy body and the doped heavy bqdy extends into the sem conduct or
substrate to a depth than is |l ess than-the predeterm ned depth of the
gateform ng trenches. The invention also features a nethod of nmaking a
heavy body structure for a trenched DMOS transistor including (a) providing

a sem condyct.or substrate; Lnplanting into. . a reqgi.on of the substrate a
first dopaertfcé'EedéleY‘F"rs SO Wé‘ﬁ‘g/’ %"1@“’8&%‘3‘@‘3‘, é’&‘rﬁﬁh%fs %ﬂ%%%cc?l}%ﬁ}'ﬁ??/ncﬁﬁpl anting
into said prRFMRWNA THE Vet Teatires anﬁ%a@ﬂnﬁmgmammtmﬁsmmi d second
energy and dosage being relatively |less than said first energy and dosage.
Preferred enbodi nénpee sspedtitheinyentiop featiyeea Benchedkfigld eifeshirarpitddbair es. The
first and ?-Sﬁx%bd dopants both conprise boron. The first energy is from
about 150 to 0 keV. The first dosage is fromabout 1 E 15 to SE 15. The
second ene(ayy sérsichnduntoa budstrat?,db) otretidh kxtendifihe pedetenminadicdeathainioghd r om about

1E14 to I1EIS.. Additional ly, the.invention features a .nethod of .making a
sour e  f or SHIEHEHL DS A 0f FOR AP B Pr GO PO B SRPOSE Sl

sem conduchOhe fbih! (dRh BopedheatyBIdP Pbiifiéhed AAceht ERHIsORrcOfunttith snthgt rate a
first dopant at a tirst energy and dosage; ‘and (c) subsequently inplanting

into the repposite idesefdlmepurrspanstiomfrom thetwensh. thydeepest pertion oEtigdeavyheds econd

energy and S i L vel.y | LSt .ener osage.
Preferred & 6@%35%? seg Iﬁ%éﬂ%%@d %“%ﬁgoélrd ﬁ%ﬁ%@%&t{%&gpfe&ﬁcr gn?%g‘?ﬂat?ce’fsj. The
first dopathe tefdhptnds@pa dspedwell saftsuridig thebeany bodyseneatk dietheasesodphosphor us.

The first energy is fromabout 80 to 120 keV. The {irst dosage is from
about 5E15 to 1E1&referrd embodimentsinclude ong or mowg ofithe follawingfeatureg olbe The

second dos %H%%W%@og@t{%al% t%t Bottdnp 'ﬁleﬁlcﬁ@:ofm%eé@%lku&irggoﬁjﬁﬁﬁbeg the

source is froma p,min the finishe ansi stor. 1~
s~AR zooz thé depthswofahhwell amithe trenchhieselestedrso ithan the peak sletriafietd  wiren voftage

manufacturing .a trenched field effect. transistor.. The t.hod incl.udes (a)

forming. & FrEpRa S AREREten Sof ntmeied oih BRFFHD Do Pored Bel B ddepttiess

sem conducihas thepesdetethined Géhth bthe'iratha The &Eﬁowﬂa.airouh@éd&bﬁ) &t Bdem

sem conduct or substrate, patterning and etching a plurali t% of trenches
e

(c). :
into the efArmHS Hierg igye abrupguncliop atihe imerfase beaveen &g heavy brdy and e welenches,
(e) dopi ng,.th i Li i : ' . =, pat i ng the
Subst 1 at oAy sk oG el nh RRRL: BHid 1 Weibankifll 1o SctuPR b ERL T
plurality offtheunkdrface.nt er posed bet ween adj acent trenches, (g) patterning the
substrate and inplanti ng a do&ant of. tthe second tqv;pe t.0 foehm ?@‘El urality of
second dopant typ&® ¢Sk ATPest g dnvaptionfeaies ap ARy Gransistor coliyaf Bsa s t i oned
above the iehuties (appsekhituRdidtor A8itralka (i) A aAlith B pdid-forkhited trébhadiakhinddae
corresponding well) (h) patterning the substrate and inplanting a dopant of
the first tupslantialyprglitlde cach athes andeytendingaina first digectignFhe spacy petweemt act
areas; and,{:i j i i <) . i ctor
subet at o SipenaRRtieeingl EIA ek, uth bRt SENIAED BleakbiTupRIUSRRNRIL L o
O her f eat saidsubstrede, itbmedetaymined tepth ®eing webstantallyvthé Sanfecfopglpaff safdt gates-om t he
follow ng detailed hde.scri‘.lﬁ_ti op, and fromthe ai ps. Br.ief Description of
the Drawi nEmEgrenhesCLsubouiite S e ?Pw@m ROUFEIWtiens, pesitioned
Cross- sect bodsHosi siiles SPPWitRAcand @kiehdiflg Qfongﬁﬁ%dgﬂ%f&ﬁé'uédaﬁ,{](uﬂbd}ai&ed
plurality of transi stors according to one aspect of the invention. The
sour ce net Bweencaeh paitofgasdformios tenchena daped keavy bastyl pagitionddeadincesenctoni t t ed
to show the underlying layers. Figs. 1 a and 1 b are side cross-sectional
views of a single line of transistors tomthe array of Fig. 1, taken al ong

lines A-A and B-B, respectively. In Figs. la and | b the source netal and
dielectric | ayers are shown.

(@]




Figs. 2 is a highly enlarged schematic side cross-sectional view of a

seni conductor die showing a portion of the cell array and the fieldl4 MAR 2002
termnation. Fig. 3 is a flow diagram showi ng the photo nask sequence of a
preferred 14 MAR ~ process for formng a trench DMOS transistor of Fig.
1. Figs. 4-4k are schematic side cross:gectional views show ng the

i ndi vi dual steps of the process diagrammed in Fig. 3. The figure numbers

for the detailed views in Figs. 4-4k are shown parenthetically under the
correspondi ng di agram boxes in Fig. 3. Figs. 5 and Sb are spreading

resi st ance squred juh@iofl| thp decpest @bhien ot eghisiia hetyehotly exieraiimg hesstdeepiydn‘ust ri buti on

at different regions of the transistor | pt.i e Pref
Enbodi ment §al$&5"d’é’Fﬂ’ndé'Frr°é§)‘bi'ﬁat°m%apﬁdaﬁmﬁ{‘ﬁ{‘&ﬁh‘ﬁn ”FB&E ﬁ) pp enc hed
DMOS trans k&h%ﬁomuﬁqg%aamawb&iﬁenéem @;em&a@%ay ahf (1) B aAPNOBERaGE! |

configuration, i.e., trenches 14 run in only one direction, rather than
formng a grsmted AvtHe surtheabf the binsicenductbusubstoategnd-arangadan altgmationsadongdhe
contacts 1 %{f’ %& cogtacts 18 in rows 20 that run parallel to and between
trenches 1 H’é ot gﬁr%a“ on of the regions of each row that have an n+

source contact ar El’réf@ﬁ%edxlﬁbd@ﬁ@ﬁmﬁﬁﬁé bﬁbrlnﬁbrl?bghe Iolﬁmﬂ!ﬁeht&re&h@'hé egi ons
that have a p+ contact are shown in Fi shown in Fig a and 1
ﬂkfsd&aﬂmf

b, each tr épradereliteessubstantaliy fat botam.y hﬁ%bﬂﬁytrFepem(l%}rvam)
| ayer 22, tﬁs bt %gwe}fs SRRC A e-f&&ir%%n@llxcs 1@%&&&3@@ AP %eﬂ@élé‘cu% ectrode

28. Gateeect ode corrprrse a conductive po I'tcon that fills a
trench 14. ﬁéldgwhmmhraghalsaﬁpl[edacnﬂxelulaasimwwbefspam&qmﬁmmeadd Thedleped es t he

pol ysi li con. of t C is recessed fromthe

Curf ace 30%ats e SBah 46 66 B eresb o Benh OB rEnchfE TR Yr SR BNy 11 om
about O tordfiinfedro dwno&paﬂﬂhﬁom&@xshﬁab&mmmu aBRb irdérfack BétwebPERH One on
each side of the trench 14. A dielectric layer 35 covers the trench opening

and the tmbe%@pélem}débﬁ eaTEespdingypall, torsauserthe pagk islectris &igld wher veltage iy egi ons

of adj acen s n

{1 at - bot ¢ ofiEeh ot Fafifsh RERNE R B M STt e BB b hde A pelg |
cont act 161erm11ﬁh&l§tm¢tm?ersuﬂmpﬁﬂn§thatp&¢;§hef}e@mt ehdﬁelldeémlsammhe n+ source
regi ons. A source ﬁ@xer 38 cqQvers (}Rﬁ.pt?lurf ce of the ~r E~

2u~.,, _g STHEyr Fving pdepthngreater a‘°1f°§mz§.'ﬁ&f°§°*195 ¥ udes
several f eﬁ&th@rﬁnﬁéﬁ%h sﬁiﬂ%ﬁ@ SR IVdBER fHABRARARRCI bxtbddind Joﬂﬂﬁ&o%&l?ra:&lﬂrg thd S

resi stance to aval anche breakdown degradation. First, the depth of the p+
heavy body perirfenyrof e ary anpre@raferablyi@ pileglith of erncertwically aretged derminatione f | at
bot t om of Erhr?chF well is selected so that the peak electric field when

vol tage is app Yed to the transistor will be approxi mately hal fway between
adj acent trenches In Yeranpthef 8péct dhd iab@ition Eeatled A xemidontilidoriite thesivylulady, the
p- well an trengbﬂ\ﬁég dlfferent for different device | ayouts. However,
pr ef erred P yrgliy @ &ansigier ells aranged it ¥t HTAYR IERNGANdHEPy by
observing grbﬂstrstecat:h PMOS uaﬁa&meéeﬂ%ah@ %hgm)foerlﬂgﬁﬁdh%&c% dt's sadpate-

anal ysis. Second, the bottom corners trenc are roun
(pref er abl ﬁmmrqmbemnmgs& m¢®tmdrd@mhdéd demthloﬁalﬂ efitheigeteiforming shown) .

appl i cat i ofetsPes Sy A ARGG"RE pist A () SR R B ahE e8RS 1007

The roundefieldaemenationfstrubtaretthfteetenad meo the ldnrc@ndz@tbs Guﬁs&ﬁteﬂ@&'ﬂeﬂhﬁmdtﬁs c
field to be noved away fromthe trench coners and towards a central

| ocati on bEFSRERIHREA! B@HFICFF’@%%“ offs3iq gate-fyming wRRCYSunct i on at t he
interface between prlerbd e MeRt thenHebnt BEmBre of the following features.



wel | causes the peak electric field to occur in that area of the interface.
Aval anche nultiplication initiates at the location of the peal: el ec4rMAR 2002
field, thus steering hot carriers away fromthe sensitive gate oxide and
channel regions. As a result, this structure inproves reliability and

aval anche ruggedness wi thout sacrificing cell density as much as a deeper
heavy body junction. This abrupt junction can be achi eved by the double

dopi ng process that will be described below, or by other processes for

form ng abrupt junctions, many of which are known in the sem conduct or
field. LasThyfieldedrmimatiog stroctﬁnegnclﬂdestardepedewll afhealjeld termination sdeatutsy a fi el d

term nation nction. 40 cr.eases .t kdo oIt e,.0f the device
and dr aws %Q‘ﬂ%%}?&“‘“aﬁm\ﬁ@in&a E‘lﬁe ﬁﬁl% e ﬂ{ong\gﬁ%@ lBC ﬁgﬁaf'g ?flr ay to the
peri phery eﬁnc&rktacglyamﬁgai t@nﬁlﬂﬁﬁﬂdl?énbﬁé% jBactcbf & DMOS sraasn@teeau@fumwrl

preferably from about 1 edj) its deepest point, that is deeper
than the peompsises/a Bersy heé@i‘@ﬂﬁé’agdm %’F@ib‘?a"t’éoﬁiiéﬁfﬁﬁ@stlﬁé@ ectric field

caused b e
bove. descrPReiit AbsPE YA Uiy uln B IRl BlOERTION oY 18 &2 (e
i ndi vi dual fostéfgsrenckesshown schenatically in Figs. 4-4k. It is not ed t hat

sone steps that are convention or do po equire strati on
descri bed bel ow bﬁ‘e RYEnUeRASP eﬁtuﬁswetﬁ ‘il‘?grm ng %M#’Bﬂy 5?”‘?‘”8 %frar ows in

Fig. 3, anﬁ'exféﬁedADMo@ea@lsi&qﬁae&th@A)%wmgaeérdiesn&tcmtr BEbstaRPE)Shown in

Figs. 4-4k can be varied. Moreover, ‘sone of the steps shown in Figs. 4-4k
are opti onimiplargiog istd k regionifdhe subsite afirstddponsiatia Srsdenesgihandrdesage; and @) t i al | y

provi ded. P er

St andar d ¢ fegroneRy) depiaplfe RPN BhRn a3ednliipat} a3 B2hliBhtiey SV OMGE o
to 0.005 Chmszamnd%mefgplahauosage beiyerelativeld dq39 thah 4d st encrdy andsdobsger ate, as i s
wel | known, preferably to a thickness of rom about 4 tf%ylo p,m Preferably

the resistivity of thePBsTF @WW@@? q@ﬁpa'aemo fghe,follgwing featyrgs. c m
Next, the {j&f8 é)férgpg, wn in
Figs, 4 4cﬁ| n F%S%%Hggh%%uggpﬁﬂfgg is 'orrre on }t%'elg gﬁrrnfsdg’ggslg ra‘?he

epi taxi al 2WeV. 'theeffrﬂrdatdgy)s frome albdit ¢EHeoSEdS. Theseosridmergy i§ frommabbatut 5 to

10 kA. Nex n t he ,0x |.a is patterned and etched
to define %Otr?aa@lket}aﬁ% f?f@ S&%?)iérﬁm}%bof‘{]fﬁé XELSto formthe deep p+ well
field term nati onAdfitrblly BheintdeRidn fednire P method offlaRing @doddce #t #2ner gy of

fromabout 40 to 100 keV and a dose of 1 E 14 (1 x 10") to 1 E 16 cnls. As
shown in FArgpe %DM%trwlwpadudmg(a)m&vmnz 9 semicondustor substrate; B substrat e,

e.g., by d ] uncti on.
Pr ef er abl fn% gllnlg ? E%‘%é%@ég‘.‘ %?oénﬁgt a‘ﬁ%a"lt'tsd}lIl ? kq%ge g}y%ﬁ&r}'g%‘f an!it he

oxi de (Fi g(c) gjbsanent]yt mlamngmomeeegmfasehmﬁdpsmm sac(md]meeg}e&nd\Ahmge, t he
cell array,wll be for at t rne any suitable etching
process, @53‘?"8@‘?6’??57 %ﬁé‘)%"}g&b ng x5 ?:fbveﬁ’d %é’ éﬁPia 8f-eaves the
substrate ready fm&feha@eﬁebdlmehﬂagn&ﬁ&%ebhaiore%ﬂthe foloWiddRatfds! TREray. -
~ MAR Zooz - io It is noted that, as an alternative to steps 4-4c, a

sui tabl e f{ist donast AmRIISELA AN and:the eeconthdopant commsiges phosphorus: rrhgﬁmaped
trench whi | essen

t he el ectri&@%? efrg an |é9§?ggdsteea{]ﬁfel¥erf§ét&s?a§n%%émo§é§/lg gﬁ%ﬂo eak own

degr adat i oseconthnsrglyriefroth abowl46 t¢ 20 ke \iaTheecahdeissage s frsfdbawe 1815 teel d oxi de
or deep p+_body junction to Pe effective. Consequently, it _can be used to
reduce t heSFip resplting dersh of the spurce ’@§i°ﬁbab8“‘t9‘e%8 pirg theofinished MO8
concentri cyddsRideh rings) to forma field termnation is described in, e.g.,
U S. Patent No. 5,430,324, the full disclosure of which is hereby

i ncorporated herein by reference. Preferably, the trench woul d have
substantially the same depth as the trenches in the cell array. The cell
array is forned by the steps shown in Figs. 4d-4k. First, a plurality of
trenches are patterned and etched into the epitaxial |ayer of the substrate
(Fig. 4d). Preferably, as noted above, the trenches are foanmed using the
process described in copending application U S. Serial No. ~~ 119 ~so that
t he upper and | ower corners of each trench will be snoothly rounded. As
shown in Fig. 1 and described above, the trenches are patterned to run in
only one direction, defined as an open cell structure. After trench
formation, a gate oxide layer is formed on the trench walls, as is well
known in the sem conductor field. Preferably the gate oxide has a thickness
of fromabout 100 to 800 ,~. Next, as shown in Fig. 4e, polysilicon is
deposited to fill the trench and cover the surface of the substrate,
generally to a thickness of fromabout | to 2 p, mdepending on the trench
wldth (shovvn by t he dotted I|nes |n Flg 4e) This | ayer is then planarized

-, " o oy



Then, as shown in Fig. 4g, the p- well is formed by inplanting the dopant,
e.g., a boron inplant at an energy of 30 to 100 keV and a dosage of *AEMlﬁzmn
to 1 E 15, and driving it in to a depth of fromabout 1 to 3 ~musing
conventional drive in techniques. The next two steps (g+ heavy body
formation) can be performed either before formation of the n+ source
junction, or afterwards, as indicated by the arrows in Fig. 3. P+ heavy

body formation and n+ source junction formation can be performed in either
order because they are both resist-masked steps and because there is no

di f fusi t i bet . Thi dv | | i i fi t
B T et A By Rk e T
bei ng per f grgefed? traistdrO THE WefBd iriuat {29 Formirg A¥idd tehRindfsefuateachrbliat N+

source formation could be performed first sinply by changing the order of
the steps ue peimeerbilasktmiconductos subsiatae(bk forminganapifagoldayari9e e eas that wil |

not be doped.to .p+t, as_sho I -] . .S g | i ng
Step i s noETHRa e prn L ghitaihend it dph AR HnliSind HeSTRRS

di el ectri clabay@l) dgsitibg polysifighni te éllalneckrgnahdselendepidgthe polysiticon withes. (see
Fig. 4k, below) so. that (Ehe dielectric itse]f pravides angask.% -

di scussed RPaYeL ajtirstitgpen(flpatiernung the,spbstraig.an JN5R8 4 fORANECT 13eEP %A ce bet ween
the p- wel tﬁ,&et -ﬁod:b(,,, ,-,ﬁgf,bgga i hic§, a doubl e

i mpl ant ofé)p(fgg%n (8%@§gor or) i setngerfor mg;ﬁ%:?&g%ﬁﬁ%@?hég, (pg?ef erred
doubl e i npl ant i atteringshe substrate andpnplanting a dapantrof thpseedndtgpPe dormDd keV and

a dose of E,.15 to SE.15,  and a_second haron i nt at..a er of 20 to
40 keV andrj’lﬁ“'all]é'soef sgcrongdipap} W@? freds a_n?f piﬁ&ynptﬁefﬁ gc.’dlﬁ'{:%oeéﬁ‘loag&le ner gy
first inplapie eiwells, dattehdaty Bai\hdviag di abrapdafition withahstditespdnding welE
substrate, so that it will not conpensate the n+ source junction to be

i nt r oduced®) paternmingthe substratsand implanting a dppaat PHRe frsy Pe 19 PEVLASOWRE ends t he

p+ heavy bag: NBANR regl r i 1S thel to
t he substr{a%gl)eén'j's%r{raf ace P%ﬁg’%g\??%&t %ﬁ@%%@i%ﬁ%ﬁgtéiehgﬁp%}%%gmf&boheavy
body | unct seaticanduqioresubstate and phttaming thé diedectric-tmespusp elettriciliconwttageasof t he
process (final junctian de %@l fter driye-in i.s pr.eferabl bout 0.5 to 1.5
b, m deep), and | nOtRRdeEnres A adyerisach pihe dmysation wUREsRRRE BRAMIbS, { he
interface fiibwirgRidMe€ dtscripfiéh, and B8nARe Qhinise! ati vel y | ow dopant
concentration at the contact surface of the p+ heavy body. A preferred
concentration distribution is showmn in Fig. 5. It will be appreciated by
those skilled in the art tha ik Ses t}b%tofjd%%rta. gcan be formed in many
ot her ways, e.g., by dlffuseg—%%aﬁé——by—uwn% conti nuous dopant source
at the surface or Flyyl isd ighlgenlamed, lselienthitit perspecalombis-sedddral viewahdwingat i on
of the p+ heavy bod a conventional  resj trip process is perforned to
renove the? Pﬁa{g%" 0%“53%!79" o8 2, W@@MW&%@%&C@@%‘O@&B@{_%& f or
the formatiRe @ledidf. The SRieGRerd] et Ak poHidrSof BSdielbdrié 1dyér Ve bkdnNg Mask
and is patterned to cover the areas_of the substrate surface which are to
provi de p-+oraigad tothew1le widerying layemdFigs.lp and 4b steside crass-Seqgionativiewsiifa resul t s
in the for i . i + +_con t fter n-fype doping (see
| Tnes: A A St Bt bbbl 820 G RORMAR Roc- Bl 0”77 U0 G
cor r espondrespectivelys . InlFagsabealarididb. theldo@raa et uhd ieleic (dysrsarsishdwncont act are
then fornmed using_a doubl e inplant. For exanp a preferred doubl e inplant
€

. | e,
process is a firsEi8npiSatiehy enlarged schematicsilecrpss-gsrtignal gt of 2120 keV and a
dose of 5 : 1589@6}: i t, o Of; sphorus at an
ener gy of %gﬁ‘f% ghg%arkcgevgkg’r\l\g@aa dose %%ih@ice‘%eag@?%d %Eh?@.tc%gagﬁbsphor us
i mpl ant forms a r Elgadiisaflgw degpmshowingrtheplotnmaskaequenhé of e prefeaed nor e
process flexibility in the depth of the polysilicon recess, as discussed
above. Phosphorus ions will penetrate deeper into the substrate during
i npl ant and al so during later diffusion steps. Advantageously, the n+ 14
MAR - 13 source regions wll have a depth of about 0.4 to 0.8 ~m after
di ffusion. The arsenic inplant extends the n+ source to the substrate
surface, and also forns the n+ contacts 16 (see Figs. 1 and 1 a) by
conpensating (converting) the p-type surface of the p+ heavy body to n-type
in the desired contact area. The preferred sheet resistance profiles for
t he n+ sue~ce along the edge of the trench, and the n+ contact are shown in
Figs. Sa and Sb, respectively. Thus, the alternating p+ and n+ contacts 18,
16, shown in Fig. 1 are fornmed by



patterning the substrate with appropriate nmasks and doping with the first

p+ i nplant and the second n+ inplant, respectively, as described abb¥eMAR 2002
This manner of formng the alternating contacts advantageously allows an
open cell array having a smaller cell pitch than is typical for such arrays
and thus a higher cell density and | owesy Rds~,. Next, a conventional n+
drive is perforned to activate the dopants. A short cycle is used,
preferably 10 mn at 900C, so that activation occurs wthout excessive
diffusion. A dielectric material, e.g., borophosphate silicate glass

(BPSG), is then deposited over the entire substrate surface and flowed in a
convent i onatocesordpmiifg g tren¢h) DMAS wansister ofFighle di el ectric is patterned and

etched (Fig. 4k) to defjine electrical contact [ . . 1 + and p+
contacts 16, 18. L@gﬁﬁgﬁgﬁ% ?f@?nctsﬁ% FESRE: \995118’%8{/} s?%”%@??&%ﬁ can be
perfornmed gdepd dfithe protddt diaEﬁnﬂmiiﬁ 8. 6F ThdBguré hanbeps fop thetdetailed siews ae
formation), _ elimnating the need for a mask and_ thys redquci ng_cost and
process ti figs dbkare shopwn parentbetically under the cPERRBONGINE URASTRIR f‘csd'gg,‘g'é:g., a
nitrogen purge. | fg: Rasin CAN| heEc or, this
step is required tFééggta?c\tg?%q%éﬁe p+§i}§§t§p\{®rﬁm?’ﬁ? p+ bo%%sd&isdr?gl ant ed
earlier, peomenttation distributidn anvdifferefitiregisaseyf thearankistoom tted if the dielectric
surface is sufficiently snooth-edged around the contact openings. The cell
array is then conpleted by conventional netalization, passivation 1k

| ~Al ? ?QQ~ -14 deposition gggiﬁa%-grpdf@g Beferre@Embadiehis know in the
sem conductor field. O her enbodinments are wthin the clains. Far exanpl e,
whi | e the descri ptA el amovd, ingluding arplyrality afieas 12 ohHenched PMO trapsistrdsses of
acconpl i sh AP e e, oGelh el Bhal y bR A HEUARGE ' WENES | Hfun
descri pti oBnlyion€directibg rethépthartifopming ai grids pedividuat delslass/formhédby dgmingwoul d be
"n" doped In-p iguef‘gedéont%rgg l\éia% p-\i/-ecgr?tgéts 18 i]x'l rgws'%th;t run parallel to and between
trenches 14. The configuration of the regions of each row that have an n+ source contact
are shown in cross-section in Fig. 1a, while the regions that have a p+ contact are shown in
Fig. 1b.
As shown in Figs. 1a and 1b, each trenched DMOS transistor includes a doped
n+ substrate (drain) layer 22, a more lightly doped n- epitaxial layer 24, and a gate
electrode 28. Gate electrode 28 comprises a conductive polysilicon that fills a trench 14.
A gate oxide 26 coats the walls of the trench and underlies the polysilicon. The top surface
of the polysilicon is recessed from the surface 30 of the semiconductor substrate by a
distance R (typically from about 0 to 0.4 um). N+ doped source regions 32a, 32b are
positioned one on each side of the trench 14. A dielectric layer 35 covers the trench
opening and the two source regions 32a, 32b. Extending between the source regions of
adjacent cells is a p+ heavy body region 34 and, beneath it, a flat-bottomed p- well 36. In
the areas of the cell array which have a n+ contact 16, a shallow n+ doped contact region

extends between the n+ source regions. A source metal layer 38 covers the surface of the



WHAT IS CLAIMED IS: 1. An array of transistor cells conprising: a

sem conduct or substrate; a plurality of gate-form ng trenches arrangqq MAR 2u
substantially parallel to each other and extending in a first direction, -
t he space between adj scent trenches defininb a contact area, each trench
extending a predeterm ned depth into sggg substrate, the predeterm ned

depth being substantially the sane For all of said gate-form ng trenches;
surroundi ng each trench, a pair of doped source junctions, positioned on
opposite sides of the trench and extending along the I ength of the trench;

a doped welly fpfymed in the sem conductor substrate between each pair of
gate-form ng trénches; a doped |ieavy bod¥ formed inside the doped well and
posi tioned adj acerithedzapsistonshovd in Figstliagnd 1k meludesssueral fpaiures gt ghangei d heavy

body extending | ess d ly i.nto i sai d

pr edet er m ﬂ?d%%egf"ﬁsﬁﬁgg%&ﬂ%reaﬂgﬁsegﬁs anofctglgtggégrﬁgﬁng E&%%&%S&and sour ce
contact regions defiispeist debthi dfehespi lieacebaly redien Hemladontube deptsidistier at e al ong
the I ength of the contact area, wherein, the, depth of i d .heavy body is
control | ed“ﬁ?fhtlﬁépgﬁfé?%gﬁtﬁm’é%@?ﬁwe jsapigcted g0 at\?l?ﬁ R“&%gle?%wgglﬁw*&& to the
transistor yogklhs ﬁ%é&)@%&{& WAEbE &ppRGimatdly hiifRayPbdtadenQidjdcémnsi st or

cells of claith 1 erein each said doped well has a substantial‘{% flat

bottom 3. tFihesir Theypreferred mhasive depthseé tep+dieavy! bodyi the piiwelbang the\wenghpren of

h h d ' | at i h f
gat o- 1 or m AR ARl Se e il oo Plebiref g s S WelF
vol t age i s dapphih@Terhplritdly (by atsehvidgQhe Icatlon@f pesk efopicdieldyt by finital f way

bet ween adj acent gate-form ng trenches.
element analysis.

Second, the bottom comers of the trench 14 are rounded (preferably, the top
corners are also rounded; this feature is not shown). Comer rounding can be achieved

3 Ed

using the process described in copending application U.S. Serial No. £?747'/4 7, filed on
October 28, 1997. The rounded corners of the trench also tend to cause the peak electric
field to be moved away from the trench corners and towards a central location between
adjacent trenches.

Third, an abrupt junction at the interface between the p+ heavy body and the p-
well causes the peak electric field to occur in that area of the interface. Avalanche
multiplication initiates at the location of the peak electric field, thus steering hot carriers
away from the sensitive gate oxide and channel regions. As a result, this structure
improves reliability and avalanche ruggedness without sacrificing cell density as much as a
deeper heavy body junction. This abrupt junction can be achieved by the double doping
process that will be described below, or by other processes for forming abrupt junctions,
many of which are known in the semiconductor field.

Lastly, referring to Fig. 2, the cell array is surrounded by a field termination

junction 40 which increases the breakdown voltage of the device and draws avalanche



Q. The array of transistor cells of claim1 wherein each said doped well
has a depth | ess than the predeterri~ined depth of said gate-Form ng
trenches. 5. The array of transistor cells of claim1l wherein each ShiMAR 200
g~te formng trench has rounded top and bottom coners. -15 1 4 VAR ~yQ~

6. The array of transistor cells of claim1l wherein there is an abrupt
junction at each interface between the‘%eavy body and the well) to cause
the peak electric field when voltage is applied to the transistor to occur
in the area of the interface. 7. The array of transistor cells of claiml

fwrther conprising a field tecmi_ nation structur urroundi ng the

peri phery W@héw%i’rg%{?ﬂ‘eﬁ”w t9ithe perippery r"g%idéet ﬁel‘iéqnflglaéf?n{?gﬁﬁ’?ﬂ@ wher ei n
said field,dt ] ' t | pe l; stidid, NS A atez
Chan that B SeRRPE el St EFARATRII 55 Qo daBIaI MO, Bl e of
cl ai m 7 whéneihe dieavy bagy degiensinmbidentogeduge theretectisfistd ecausedbytthe mi nat i on

array of tPARTRBRRSEA BB PR P P B edrr b PRt gt
structure gONMéw dRgramh iRIFiE. 3 addth@indBeRaPiépsiafeashbin scheniagedlytin Figsnatk on
trenches. -16 1 ~r LIAR ~ o ) i
It is noted that some steps that are conventional or do not require illustration are described
below but not shown in Figs. 4-4k. As indicated by the arrows in Fig. 3, and as will be
discussed below, the order of the steps shown in Figs. 4-4k can be varied. Moreover, some
of the steps shown in Figs. 4-4k are optional, as will be discussed.

A semiconductor substrate is initially provided. Preferably, the substrate is a
N++ Si substrate, having a standard thickness, e.g., 500 ym, and a very low resistivity, e.g.,
0.001 to 0.005 Ohm-cm. An epitaxial layer is deposited onto this substrate, as is well
known, preferably to a thickness of from about 4 to 10 ym. Preferably the resistivity of the
epitaxial layer is from about 0.1 to 3.0 Ohm-cm.

Next, the field termination junction 40 is formed by the steps shown in Figs. 4-
4c. In Fig. 4, an oxide layer is formed on the surface of the epitaxial layer. Preferably, the
thickness of the oxide is from about 5 to 10 kA. Next, as shown in Fig. 4a, the oxide layer
is patterned and etched to define a mask, and the p+ dopant is introduced to form the deep
p+ well field termination. A suitable dopant is boron, implanted at an energy of from
about 40 to 100 keV and a dose of 1E14 (1x10") to 1E16 cm™. As shown in Fig. 4b, the
p+ dopant is then driven further into the substrate, e.g., by diffusion, and a field oxide layer
is formed over the p+ junction. Preferably the oxide thickness is from about 4 to 10 kA.
Finally, the oxide (Fig. 4) over the active area of the substrate (the area where the cell array
will be formed) is patterned and removed by any suitable etching process, leaving only the
field oxide in suitable areas. This leaves the substrate ready for the following steps that

will form the cell array.



11. A method of manufacturing a trenched field effect transistor

conprising: formng a field termnation junction around the perinetir ﬁ% sz
sem conductor substrate; form ng an epitaxial |layer on the serm con dc ?
substrate; patterning and etching a plurality of trenches into the

epitaxial |ayer; depositing polysilicon to fill the trenches; doping the

polysilicon with a dopant of a first type;, patterning the substrate and
i npl anting a dopant of a second, opposite type to forma plurality of wells
I nt er posed between adj acent trenches; patterning the substrate and

ol ant i ng. 2 dopante Slied i, SEEUNTRIARO Rol SLE AuRLYE bl rkilioR eCON

dopant typ a cont areas’ an alit heavy bodi es posi tinned
above the syttufe,car d€ forihed vsinga ciug-slaped gerchrwhidir pbundsnist pepipheviytoffi thehe

correspondi ng well; patt{erning.the strate and inplanting,a dopant of the
first typé’e{l&"ﬁ#ﬁ\?‘iaﬁ tg_iﬁi?eeé&’rﬁﬁq%ﬁgagﬂﬁ‘i wmetﬂeoﬁgﬁt@qeggg%a}fﬂgct ar eas;

and appl yigghkowh BbBadatibs. TR kBehidiFRgRinonldd8s SR RRquaredfelddxigdudist rat e and
patterning the dielectric to expose electrical contact areas, wherein, the

depth of eateehphbednjuncsion to be effstive| Cengeansnty, dircan he ussd 4k redpescthe pumbsre| o

when vol tage | [ ' Y t regi on
appr oxi mat Ip§°°§§s§€é§' ggpé\ggtﬁgc%a%{ggggﬁm geecﬁ}é%g?éq%ﬁ‘.apqﬁésiﬁet od f%%da
manuf act uriegndtioh isdestritsdd fin, @lgdl (BEf Patént Noafig3 53 2% theffult diatlosutd ofnkkticieisn t he

trenches are patterned to extend in qne direction and be substantjally
paral | el thsreb¥dncomoraied herein by grdergpaen, &fﬁﬁblﬁéﬁﬁff%bm aé(etsk?@ﬁeﬂé‘év field

?L]; ?ﬁter t Lgﬂéwechﬂfas%ﬁé&ﬂ% i,y\?,grcglil )J)e patterning and inplanting steps
nprise arrangi ng the fast dopant type contact areas and second
dopant type cont aChe celleamy isfomhaddyyrthe stops shown éxFign¢d-4k. First, a plurality of
trenches are patterned and etched into the epitaxial layer of the substrate (Fig. 4d).
Preferably, as noted above, the trenches are formed using the process described in
copending application U.S. Serial No. é/‘?ﬂ/ 7 ,7 so that the upper and lower comers of each
trench will be smoothly rounded. As shown in Fig. 1 and described above, the trenches are
patterned to run in only one direction, defined as an open cell structure. After trench
formation, a gate oxide layer is formed on the trench walls, as is well known in the
semiconductor field. Preferably the gate oxide has a thickness of from about 100 to 800 A.
Next, as shown in Fig. 4e, polysilicon is deposited to fill the trench and cover
the surface of the substrate, generally to a thickness of from about | to 2 ;;m depending on
the trench width (shown by the dotted lines in Fig. 4¢). This layer is then planarized by the
nature of its thickness relative to the trench width, typically from about 2 to 5 kA (indicated
by solid lines in Fig. 4¢). The polysilicon is then doped to n-type, e.g., by conventional
POCL, doping or by phosphorus implant. The backside of the wafer need not be stripped
(as is conventionally done prior to doping the polysilicon to enhance defect gettering )
because any further doping of the highly doped substrate would be unlikely to result in any

enhancement in defect gettering .



| i nearly between adjacent trenches. 17 1 4 i~AR 2t~. 14. The nethod of
manuf acturing a trenched field effect transistor of claim1l Wnereip tﬂﬁ{

i npl anting step for form ng the heavy bodies conprises inplanting a (’i rst
dopant at a first energy and dosage and a second dopant at a second energy
and dosage, the second energy and dosagﬁ being relatively less than the
first energy and dosage. 15. The net hod*of nmanufacturing a trenched held
effect transistor of claim1l wherein the inplanting step for form ng the
source regions conprises inplanting a first dopant at a first energy and
dosage and a secoTge siipslidonad then parared witherphytosnist taskand etchébtosemonal ener gy

and dosage being relatively less than the f’frst ener%y and dosage. 16. The
met hod of ihEPmtBETereh Agas a shomanr Higs fle) 415 esss PR e P Bihecl ai m 11
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17. 'fhe Kod of" manu acturing a trenched field effect tranSistor of
claim 11l wiheecomplbtelysomeraverai gf thepolysiticomfrom dthgnubssrate surfa¢re Thedspth phOdi es.
18. The nmei.hod of ufactyrin .trenched field effect transistor of claim
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wherein said field ten'nination is formed by formng. a deeg%{wel | doped with
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below) so that the dielectric itself provides a mask.) As discussed above, it is preferred that

the junction at the interface between the p- well and the p+ heavy body be abrupt. To
accomplish this, a double implant of dopant (e.g., boron) is performed. For example, a
preferred double implant is a first boron implant at an energy of 150 to 200 keV and a dose

of 1E15 to SE15, and a second boron implant at an energy of 20 to 40 keV and a dose of
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) this stage of the process (final junction depth after drive-in is preferably about 0.5 to 1.5

pm deep), and includes a region of high dopant concentration near the interface with the p-

well, and a region of relatively low dopant concentration at the contact surface of the p+

heavy body. A preferred concentration distribution is shown in Fig. 5.

It will be appreciated by those skilled in the art that the abrupt junction can be
formed in many other ways, e.g., by diffused dopants, by using a continuous dopant source
at the surface or by using atoms that diffuse slowly.

After the formation of the p+ heavy body, a conventional resist strip process is
performed to remove the mask, and a new mask is patterned to prepare the substrate for the
formation of the n+ source junction. This mask is a n+ blocking mask and is patterned to
cover the areas of the substrate surface which are to provide p+ contacts 18 (Figs. 1 and
1b), as shown in Fig. 4i. This results in the formation of alternating p+ and n+ contacts
after n-type doping (see lines A-A and B-B and cross-sectional views A-A and B-B in Fig.
4], which correspond to Figs. la and 1b).

The n+ source regions and n+ contact are then formed using a double implant.
For example, a preferred double implant process is a first implant of arsenic at an energy
of 80 ta. 120 keV and a dose of SE15 to 1E16 followed by a second implant of phosphorus
at an energy of 40 to 70 keV and a dose of 1E15 to 5E15. The phosphorus implant forms a
relatively deep n+ source junction, which allows more process flexibility in the depth of
the polysilicon recess, as discussed above. Phosphorus ions will penetrate deeper into the

substrate during implant and also during later diffusion steps. Advantageously, the n+
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source regions will have a depth of about 0.4 to 0.8 ;ym after diffusion. The arsenic
implant extends the n+ source to the substrate surface, and also forms the n+ contacts 16
(see Figs. 1 and 1a) by compensating (converting) the p-type surface of the p+ heavy body
to n-type in the desired contact area. The preferred sheet resistance profiles for the n+
souzce along the edge of the trench, and the n+ contact are shown in Figs. 5a and 5b,
respectively.
Thus, the alternating p+ and n+ contacts 18, 16, shown in Fig. 1 are formed by
patterning the substrate with appropriate masks and doping with the first p+ implant and
the second n+ implant, respectively, as described above. This manner of forming the
alternating contacts advantageously allows an open cell array having a smaller cell pitch
than is typical for such arrays and thus a higher cell density and lower Rds,,,.
Next, a conventional n+ drive is performed to activate the dopants. A short
cycle is used, preferably 10 min at 900°C, so that activation occurs without excessive
diffusion.
A dielectric material, e.g., borophosphate silicate glass (BPSG), is then
deposited over the entire substrate surface and flowed in a conventional manner (Fig. 4j),
after which the dielectric is patterned and etched (Fig. 4k) to define electrical contact
openings over the n+ and p+ contacts 16, 18.
As noted above, the p+ heavy body implant steps can be performed at this
point. if desired (rather than prior to n+ source formation), eliminating the need for a mask
and thus reducing cost and process time.
Next, the dielectric is reflowed in an inert gas, e.g., a nitrogen purge. If the p+
body has been implanted immediately prior, this step is required to activate the p+ dopant.
If the p+ body was implanted earlier, prior to the n+ drive, this step can be omitted if the
dielectric surface is sufficiently smooth-edged around the contact openings.

The cell array is then completed by conventional metalization, passivation
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deposition and alloy steps, as is well know in the semiconductor field.
Other embodiments are within the claims. For example, while the description
above is of an n-channel transistor, the processes of the invention could also be used to

7

form a p-channel transistor. To accomplish this, “p” and “n” would simply be reversed in

the above description, i.e., where “p” doping is specified above the region would be “n”

doped instead, and vice versa.
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a semiconductor substrate;

a plurality of gate-forming trenches arranged substantially parallel to each
other and extending in a first direction, the space between adjacent trenches defining a
contact area, each trench extending a predetermined depth into said substrate, the
predetermined depth being substantially the same for all of said gate-forming trenches;

surrounding each trench, a pair of doped source junctions, positioned on
opposite sides of the trench and extending along the length of the trench;

a doped well formed in the sericonductor substrate between each pair of
gate-forming trenches;

a doped heavy body formed inside the doped well and positioned adjacent
each source junction, the deepest portion of said heavy body extending less deeply into
said semiconductor substrate than said predetermined depth of said trenches; and

alternating heavy body and source contact regions defined at the surface of
the semiconductor substrate along the length of the contact area,

wherein, the depth of said heavy body is controlled so that the peak

electric Beld, when voltage is applied to the transistor, will be spaced from the trench.

2. The array of transistor cells of claim 1 wherein each said doped
well has a substantially flat bottom.

3. The array of transistor cells of claim 1 wherein the depth of each
heavy body region relative to the depths of the wells and the gate-forming trenches is
selected so that the peak electric field when voltage is applied to the transistor will occur

approximately halfway between adjacent gate-forming trenches.

4, The array of transistor cells of claim 1 wherein each said doped

well has a depth less than the predetermined depth of said gate-forming trenches.

5. The array of transistor cells of claim 1 wherein each said gate-

forming trench has rounded top and botlomn comers.
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7. The array of transistor cells of claim 1 further comprising a field

termination structure swrrounding the periphery of the array.

8. The amray of transistor cells of claim 7 wherein said feld
termination structure comprises a well haying a depth greater than that of the gate-

forming trenches.

9. The amray of transistor cells of claim 7 wherein said field
termination structure comprises a termination trench extending continuously around the

periphery of the array.

10.  The array of transistor cells of claim 9 wherein said field
termination structure comprises a plurality of concentrically arranged termination

trenches.

-16-



10B 10B 10B; 1098& ()- @ 1098& ()-, | k| |}6}11}}dELC 10, S3109%& () - 310%

& ()-10%&' ()-10%& ()-9&s10%& ()-Y@O0%& ()- }}G-~LdEbC 10, SL$@L0%&' (9 4 MAR 22
#2109%&' ()-91310% ()-!10%& ()-y&@10% ()- 10%& ()- O }dEbC

10, S/ 1 109& ()--: 109& ()-1+109& ()-) 109 ()-L3(10%& ()-&LO%& ()-}4dE:/ 10
10&<109%& ()-83 109%& ()-69! 109%& ()- S5 !109%& ()- S3MLOY ()-31- 109%& () -

1ixY:/ 10 s10%e& ()-3g 10%& ()- 10%c&' ()-!10%& ()- f  10%c& () - &L0%& () -
101 9KdE: / 10 # 109G& ()-s! mO%G& ()- s109G& ()-f 1096G& () -

11. A method of manufacturing a trenched field effect transistor
comprising:

forming a field termination junction around the perimeter of a
semiconductor substrate;

forming an epitaxial layer on the semiconductor substrate;

patterning and etching a plurality of trenches into the epitaxial layer;

depositing polysilicon to fill the trenches;

doping the polysilicon with a dopant of a first type;

putterning the substrate and implanting a dopant of a second, oppaosite type
to form a plurality of wells interposed between adjacent trenches;,

patterning the substrate and implanting a dopant of the second type to form
a plurality of second dopant type contact arcas and a plurality of heavy bodies positioned
above the wells, each heavy body having an abrupt junction with the coiresponding well;

patterning the substrate and implanting a dopant of the first type to provide
source regions and first dopant type contact areas; and

applying a diclectric to the surface of the semiconductor substrate and
patterning the dielectric to expose electrical contact areas,

wherein, the depth of each heavy body is controlled so that the peak
electric field, when voltage is applied to the transistor, will be spaced away to a region

approximately midway between-adjacent trenches.

12.  The method of manufacturing a trenched field effect transistor of

claim 11 wherein the trenches are patterned to extend in one direction and be substantially

parallel to each other.

13. The method of manufacturing a trenched field effect transistor of
claim 11 wherein the patterning and implanting steps further comprise arranging the furst
dopant type contact arcas and second dopant type contact areas in alternation and extend

linearly between adjacent trenches.
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a first dopam ata ﬁrst energy and dosage and a second dopant at a second energy and

dosage, the second energy and dosage being relatively less than the first energy and

dosage.

15. The method of manufacturing a trenched field effect transistor of
claim 11 wherein the implanting step for forming the source regions comprises
implanting a first dopant at a first energy and dosage and a second dopant at a second
energy and dosage, the second energy and dosage being relatively less than the first

energy and dosage.

16. The method of manufactuning a trenched field effect transistor of

claim 11 wherein the heavy bodies are formed prior to forming the source regions.

17.  The method of manufacturing = trenched field effect transistor of

claim 11 wherein the source regions are formed prior to the heavy bodies.

18. The method of manufacturing a trenched field effect transistor of

claim 11 wherein said field termination is formed by forming a trench ring,

19.  The method of manufacturing a trenched field effect transistor of
claim |1 wherein said field termination is formed by forming a deep well doped with a

dopant of the second dopant type.

20. The method of manufacturing a trenched field effect transistor of
claim 11 wherein said dielectric is applied before the steps of forming the heavy bodies
and second dopant type contacts, and the dielectric provides a mask for the pattering of

the heavy bodies and second dopant type contacts.
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