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sem conduct or devices and, nore particularly, to
met al - oxi de sem conductor field effect transistors
(MOSFETs) having drift regi ons. BACKGROUND OF THE
I NVENTI ON [ 0002] Two of the primary characteristics of
a power netal-oxide sem conductor field effect
transi stor (MOSFET) are its breakdown vol a
on- METHORAND APPARATIS Ok Ade0r BEPeb k3 §adPgmer
MOSFET with a relatively high breakdown vol tage such
that it can withstand high voltage transients and
operate within a greater safe operating area (SOA). At
the sane tine, it is also desirable to design the
MOSFET such that iFIERESOR THEVNKENISO3t ance, because
on-resi stance per unit area directly inpacts die size
ang, cost nf or at h [ S;.a rp
100017 3 SGkterbl REUITE ko FISr ol sHRORIRA S devices (and,  more
partici&003h newl-yrldt agmiddoBh&dS flobd gffect hassistodst (MOSFE&ge baving drift
~of less than approximately 15 V) commonly i ncorporate
regiongn active drift region since the gate oxide of such
devi ces does not experience high stress. The
on-resi stance gfdREROTIOM-ORTHEIRNACKTIGNT i f t
structures is fairly low H gh voltage MOSFETs (e.g.,
those with vol tages of greater than about 15 V), on
[0002}t h@wotdfehe heimdry dfaraateristics ppapawer arcfabiogidgrsemicandgeten ficld effect
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reakdown voltage and on-resistance per unit area.
per unfuiréheireonlyempadth dic desandbdse Tefattunaslyathgre is 2 fundamental trade-off

characteristics of the present invention will becone
beme%ﬁ&%@?ﬂ@%?ﬁ%l%ﬁ%? fit detailed description and

the appended cl ai ns, taken in conjunction with the
[00032C € 8UPAN4LE MOB RIS g§.g§ RHodeN@ith QORERI W 16&CHAE @pproximately 15 V)

field and background. L. . .
commonly incorporate an active drift region since the gate oxide of such devices does not
experience high stress. The on-resistance of these low-voltage active drift structures is fairly
low. High voltage MOSFETs (e.g., those with voltages of greater than about 15 V), on the other
hand, often incorporate a field drift region (e.g., a shallow trench isolation, or “STI”) in order to
reduce gate stress. The on-resistance of such structures is increased as there surface conduction

(a low resistance path) is effectively removed.

{0004] Accordingly, there is a need for MOSFET structure that is capable of better optimizing
the trade-off between breakdown voltage and on-resistance per unit area. Furthermore, other
desirable features and characteristics of the present invention will become apparent from the
subsequent detailed description and the appended claims, taken in conjunction with the

accompanying drawings and the foregoing technical field and background.
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E DRAW NGS [ 0005] The present i nvention w | I
WOH@?"QOﬁG&Pt er be described in conjunction with HGHES2007/061843

followi ng drawi ng figures, wherein |like nunerals
denote like elenments, and [0006] FIG 1 is a
cross-sectional overvi ew of a sem conductor device

structure in BREBF GESCGRIMIIONADIE TETHDRAVEINGS [ 0007]
FIG 2 is a cross-sectional overview of a
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ccordance with
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cross-sectional overview of a sem conductor device in
[0006] adﬂﬁ ddne erosé-strtionaltdverviewiod disemivondpEmAlel P structure in accordance
iho IdPTI OF THE | NVENTI ON [ 0010] The fol | owi ng
w Il?eelnéqéra escription is merely exenplary in nature and
is not intended to limt the invention or the
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there is no intention to be bound by any expressed or
alternafersphasimenteor y presented in the preceding technical
field, background, or the follow ng detailed
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sem conduct or processing are known to those skille

anotherembdxhrrmnﬂ;amhnd are therefore not discussed in detail
her ei n.

[0009] FIG. 4 is a cross-sectional overview of a semiconductor device in accordance with

another embodiment.
DETAILED DESCRIPTION OF THE INVENTION

[0010] The following detailed description is merely exemplary in nature and is not intended
to limit the invention or the application and uses of the invention. Furthermore, there is no
intention to be bound by any expressed or implied theory presented in the preceding technical
field, background, or the following detailed description. Conventional terms and processes
relating to semiconductor processing are known to those skilled in the art, and are therefore not

discussed in detail herein.

[0011] In general, a power metal-oxide-semiconductor field effect transistor (MOSFET) in
accordance with the present invention incorporates a stepped drift region including a shallow
trench insulator partially overlapped by the gate and which extends a portion of the distance to a
drain region (e.g., about 50% to 75% of the distance from the STI to the drain region), while a
silicide block extends from and partially overlaps the STI and drain regions. In this way, both
active drift and field drift structures are implemented to improve the trade-off between

breakdown voltage vs, on-resistance trade-off.



[0011] In general, a power netal-oxide-sem conductor
field effect transistor (MOSFET) in accordan |
‘voﬁwg“ﬂﬁggent i nvention incorporates a stepped Hk%&nmsuma
region including a shallow trench insulator partially
over | apped by the gate and which extends a portion of
the distance to a drain region (e.g., about 50%to 75%
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prevent the formation of a conductive silicide. [0014]
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area. [0016] Note that while FIG 1 (and the

subsequent figures) depict an exenplary cross-section,

and that certain terns suchsas w dth, depth, height,

and the like are used herein, these figures are not

intended to limt the present invention to |linear or

rectilinear geonetries.
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incl udes any suitabl e conbination of dielectr]
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nitrides, oxy-nitrides, and the |like. The depth, w dth
(d1), and overal | pl acement of STI 112 may be sel ected
i n accordance with known design principles, and nay be
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of STI regions is well known in the art, and thus need
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oI5l 434 RSl UL 5P e SPELLASE RO R0, LS ons e
fabrica@ioR|?S Hirkgiohd e asll &n@@rﬁdu%@ art( end)thusaheed madtibé idieussed in detail
. contact to gate 114). But for the presence of suicide
hereinp| ock 124 over the otherwi se exposed areas of HVN
region 108, a layer of conductive silicide would form
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[0 8] ?11 ﬁge conduc Ql?){) Lgi e E‘C?I \/lel)(/3 %r?ﬁsﬁ’é telectric)
is usecbut a;tlfamtlcpmrthatoarmldbytsﬁ@lcthr asf ¢ comgxc:tm (elgt, a/\mndut;teve contact to gate

jated, h t t d
14). BREEbE erdeh T bie g 02 bR o DB Pt PRESEE A of HVN
reglon QQS NPlayeFBf Bohdsbhied S8cideRebtd Birfn & thet §udfes of MO 9D8 kihthe same
he il l'ustrated enbodi nent shown in FIG 1, silicide

tme th sleskdel ondugtoats fernegneffessivelyashertingeous ithas partipnmiithe drift region.
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and sizes. Referring to FIG 2, for exarrpl e, silicide

124 be f h t
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devel oped. [0021] As shown in FIG 3, for exanple, an

N+ source 118 and adj acent P+ regl on 120 are forned.in
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114, extends a portion of the way to N+ drain 122, and the surface of Ny 302 between STI 112
4.



[00221 In yet another enbodi ment, shown in FIG 4, the
conductivity-types of the respectlve regi ons
WO0% g}‘?@’é‘ More particularly, a P+ source reglPia(?rzllj%zﬁﬁo7"06184:i
and adj acent N+ region 410 are provided in a NHV
region 408, while P+ drain 414 is formed within HVP
regi on 406. NvVH 408 and HVP 406 are forned on a stack
and drai@M@2i iSisagatiBlpratéded ay B—sﬂ&xpﬁd akickl1 24 axe dest@ibed abcuiveamFbonnectmn
substrate 402. . As dlscussed in onnectlon with.t
with Flg e Litous vempibigidediiock 12dmasrextpad] ipandiavstiap afns’ﬁlfguof the topside of
chl n HVP 406 such that it is partially overl apped by
ate 114 and extends a portion of the distance to P+
draln 414. A silicide block 124 is forned on the
[0022]s uh pet enotheimbaltigichie shvsen imhl. farthd eindyciiwioriyagpeinige respective

reg10n§ ﬁreg%‘%éseadg P+ grrt%iéﬁflﬁ%f? F+ %?Lérae hgl(gl 4T rnlficat.d" rc%ﬁt I%Q ?'gvnglon 410 are
prov1déé§ mgN@wwegmrﬂ Ap3alvhele PHGIRaE ucl o fophod ﬁﬁtﬁlmﬂ\f?&éﬁiﬁh @}0@ NVH 408
known in the art. Furthernpore, the order in which th

and HYBr40$usre | fasesdsom s chtaskrapenniiseg MBL 10 %aﬂé@xwhgﬁwaﬂw and a P
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formed ®ithit HOR 406 s&dH thhl2 1331m}t1h@f mreelaﬁlﬁfrdrtgt galml bt arahr;xtends a portion of

silicide conductor i,s for rlo
the distageer P Ared 4 Hhdest Tigige gq'f}(ﬁﬂ 355.&15) %e? HYE 106 between
9 }o;d%lﬁthoz P-epi 106, P region
andpéﬁ%ﬁ“ﬁ%%@%ﬁ%%§2££if%@ an he ot her structures shown
in FIGS. 1-4 are known in the art, and need not be ]
[0023])deThe isbe@uteersdabwn BUFIGSerinrmay be felridatedeinymdwmbenof ways using

convethn&k%]eglglg(z[gie s a)rc&;e§$ anlegiﬁm\étg% %&:Jnetgér 1C urt thermore, the order in
which 3 @vRistiBRrdesd seskisley hfefabheder el ivaly dépenﬁ&@&fﬂonlpﬁocess flow

sunmmary, what has_been described is a netal-
considgwfipenteuetally, e silipids bleelt laypahid wilbpe émﬁeiryfter formation of STI

112 ar%%}esfoﬁgat?ondgﬁérgr glﬁ&ﬁg Qo@cﬁx\é'tcﬁg %f"l'llc 1 erst fﬁlg'ﬂgfj?ﬁérv ot fHrmation of
; a source redion having t rst conductivit
gate 114/0e all&w@&bﬂa@ﬂﬁdﬂs&@hhdk&abw)emht ferndtian of N@j.l [y (' 3@1 1b&, P region
source re g a_shall owtrench i g tor (STI
104, BRAU158, HEY 008 ) o BitPm st SoNE 0 GmRd SR e act, aund
need neﬁ%é g@dﬂfec{ HerEiBngﬁl?érﬂmfce% ®ilt bd BRRRkoddth¥Be specific dopant levels,

I ment T further conprises a silicide
dielectbicothickhesses, r:mxlt éuﬁﬁhmg dapdm mag 8Theleased e aghigive the desired device
i.on. The silicide block may or may not extend to
Chafa‘%@“%nt act the gate. WD 2007/ 103610PCT/ US2007/ 061843
[0026] In one enbodi nent, the STI has a first edge and
[0024]a HE §OREhaB GChat IR eh de@riedr i8ta age-oxidh sdsicoriong field effect
edge of thHe STl is separated by a distance dl; the
transrstnréMOSl%%T)mnmms 3f¢rﬁ1§ltfe§G§ Bavipg érf@fﬁt@ﬂﬁ@tmtwﬂpeea gurce region

havmgsgl 5 afl’git' gél%t%tl&l c%lté g?ovfﬂé' S{Jef%g%ﬁe - Gl %&r&?ﬁ{ éhe source

region] &nﬂ%%hilhﬁﬂt{%ﬁ)@lﬂﬁnﬁla‘t’& (ST) aefiont fretialgmooeckilapped by the gate and
cl1/ d2 IS %eat er than about 0.50. [0027] In another
extendgRATaHbNO the A@IVOBINET i ncl udes a buried | ayer having
the first conductivity type, wherein the buried | ayer
[0025] i%t?@ﬁ'@l:ﬁ%&ﬂ:ﬁhﬂ Zhéjl\/ﬁbﬁl:ﬁf? GhrAfer cBQl?ﬁ@&s d Gilidfie sk layer extending
di ment e drain region is med In a
from tbe BTt antheadrain regiper Thasilinige biwkfhays or nepdwt exiend o andeontact the
and having a dopant concentration that is less than a
gate. gopant concentration of the drain region (i.e., a
hi gh- vol t age region). 5



[0029] In accordance with one enbodi nent, a stepped

WO Oh%{osg{?ructure for use in connection with a Ebo7/061843
evi'cé having a drain diffusion and a gate conpri ses:

a shallowtrench insulator (STlI) region partially
over | apped by the gate and extending a portion of a
di stance to the drain diffusion; and a silicide block
[0026] alreonecctteddnery, fhed@hilthae a $iFst adge eda decingd edgd, fdsiron the first edge

In on nbodj t he STI . ext ss than .
and the Secnd o0 OF (10 Feby s PO bE pehiag e ghs g diff rpion has a first dge,
whereifll thE Lfﬁ"stoéﬂ cl 6F RRUAR 5 rcﬁldﬁearﬁl_rlheeﬁlts? 6&%&: of @at ST1 hRAgeparated by a
appr oxi rrately 50% of the distance to the drain

distanagi 4:£ g8d end thenratiochfdidn dess wharhalsé Osivb & arther eleodiment, di/ds 1s

i d ock extends to and contacts the gate.
greatertba%%li ioﬁgt hod for form ng a netal -oxide

sem conductor field-effect transistor (MOSFET) in
[0027]achordathee enibbliiridie, fiee MOSFETVichides agengedillbyer having the first
i ncludes: form ng a drain region having a first
conduiyAd iERS, WhETF gbsgour% t4¥ER Cgug'sg e (&GP 578 9avi ng t he
first conductivity type; form ng a shall owfrench

[0028]' nﬁ%rﬂl{%? efnB3iindn8 IhOFralefeRANs Fdimedidh @exﬁi%ghdlﬁtcﬁfﬂ%rer having the
he source region, wherein the STl extends partiall

first cpodmdﬁmtgir aapn mggd'@wmgamd dppanti mycgmgmog Heat wisetess hhan a dopant
n and the s erein the gate
concerfifzfipf of i} Bn Sl O, b So [ BRRMontCrbot mant

further includes formng a silicide block |ayer

[002919X1tﬁ&§150ﬁgmf:é oAtht e SMbodimehf)a demied driFgbtauturkfor use in connection
another, the silicide block extendi to and contacts

with a WOYRETE deyisgabgving, aadiasy defstonnped 2o88cC SOBRliSHEM Shallow-trench
insulaté)lé1 gso’l;?gk%ééén E&Elgﬁf o) egﬁhgcép g& éﬁé %ﬁé‘ﬁn@ )ttblrl(ﬁh% %%?tuﬁpgf #Adistance to

ge sepa y ance d'the drain
the draiediffusidns ahd arsdétidublock bger ettehdisg &ofn thetST to Vi@ drain diffusion. In

007/ 103610 / US2 /0 843 ed | at fr
onc crRpRFICBE SfT CRENETIeohy 4 IEPLREITE IS GRS, FISPRE o the drain
d1fﬁ1516ﬁ‘t Inoarﬁﬁl{éﬂztﬂeSSTIeéﬁeﬁd@ﬁeﬁ&O&tan Qipﬁx%xuhﬁeﬁnﬂ)% of the distance to the
nbodi nent, the ratio d2 is greater an about
drain cbﬂ’ﬁsmn In accordance with one embodlment the silicide block extends to and contacts

the gate.

{0030] A method for forming a metal-oxide semiconductor field-effect transistor (MOSFET)
in accordance with the present invention generally includes: forming a drain region having a
first conductivity type; forming a source region having the first conductivity type; forming a
shallow-trench insulator (STI) region between the drain region and the source region, wherein
the STI extends partially to the drain region; and forming a gate between the drain region and

the source region, wherein the gate partially overlaps the STI.

{0031] One embodiment further includes forming a silicide block layer extending from the
STI to the drain region. In another, the silicide block extends to and contacts the gate.

[0032] In accordance with one embodiment, the STI is formed such that it has a first edge and

a second edge separated by a distance d;; and the drain region is formed such that it has a first
6



[0033] In an additional enbodinent, the nethod
includes formng a buried |ayer having the fi
WOBHA v ¢ y type, wherein the buried |ayer ilgcslté%%g?‘]é%ls“

to the drain region. In another enbodi nent, the drain

region is formed in a sem conductor |ayer having the

first conductivity type and havi ng a dopant
edge, s@?ﬁtﬁ%ﬂtf‘f@ﬂ itlenfifshatigd of thesSTTt haa dstarpant whanmethe ratid diid; is less

of the drain regjon. The fiéjt_conduc ivit¥ Ey e may
than abgat 0.7 ¢ Ingpg Fpbedinpgntyihe rasio delde jhEeatean poqut Uiy d

al so be appreciated that the exenplary enbodi ment or
[0033] 6N & ticﬁﬂF_@ﬁll!bH@iﬁ{eﬁt,atﬁ@ ROl BYRER RPmif 4 bah&l B9tr having the

intended to limt the scope, appllcabllltg, or )
first caraintiigr stpeomhefein tiee bnxiehidyon is woaplgd iayhe Regihaegionhln another
o0 B BB T AR B R s consuctvy
type and"BhEAR AL ddpant Bshcex@iRInathyt RNRREHIHABNRE d&fanex@RhR4ton of the drain

~enbodinents. It should be understood that_ various

region.cHerfifsscandnctbatyrfapremiay beHer exaneple.dN-tasPrd- RAgenment  of

el enents wi thout departing fromthe scope of the

i nvept | t ' e d-¢! ahhsiides the l
(00341} HEMARE, 8% 3R Pkl B GRARUIGRLE SHERALR | Ceremplary
embodAnents ake oxiydexaepies amduat arotfinendedetd dinit theansipst epplicability, or

MOSFET) . conpri.sing: a drain regign havin first .. :
configBRACT g)f § EgpepgR it &ﬂgo%f?%erbrﬂéb?qo i, Efv?%g% Aeaiied gpscription will
provid€ iy %Hllégtiﬁ htflé’ R& with Q%o%y&ﬁi@ﬂtglgﬁg Rt M%ﬂipléﬁ%nﬁh%'tﬁe exemplary

regi on and the source region; d a shallowtrenc
embodimsaitatrieaemp8Ti ymbedjirentspdt shaeuld pe andersiapd shnt ypripprechanges can be

ate and. extendin arti al to tk rain.regkon;
made &R SRR vk rahercnk B st b el Pt EChBR R sgoe of the
inventibh @s S&tf6sth @ IPpended diaiiiakl i Meda@iu@Rients therebifie
MOSFET of claim 1, wherein: the STI has a first edge

and a second edge, wherein the first edge and the
second edge of the STI is separated by a distance
d.sub.i; the drain region has a first edge, wherein
the first edge of the drain region and the first edge
of the STI are separated by a distance d.sub.2; the
ratio d.sub.1/d.sub.2 is less than about 0.75. 3. The
MOSFET of claim 2, wherein the ratio d.sub. 1l d. sub. 2
is greater than about 0.50. 4. The MOSFET of claim 2,
further conprising a buried |layer having the first
conductivity type, wherein the buried |ayer is coupled
to the drain or source region.



5. The MOSFET of claim 2, wherein the drain region is
formed in a sem conductor |ayer having the first
conductivity type and having a dopant concentration
that is | ess than a dopant concentration of the drain
region. 6. A stepped drift structure for use in
connection with a MOSFET de§ice havi ng a drain
di ffusion and a gate, said stepped drift structure
WEREPLLiseA%: @ shallowtrench isolation (STD region
partially overl apped by the gate and extending a
portion of a distance to the drain diffusion; a

1. &l hbigl-88dbLaGKohANEIr B ekt RearBRIMEMOSIEL) GoRip@sinENg drain
regib®hSakEa fifshEondlibtivifNilpd; Aohcardkich Haviti tBO first éondlBBvity type;
a g%i;@ﬁfb@iged Hefheefi tthel @fdith Segdén £hBIHY Hurdshregion;nardne skallow-trench
isoRticAN@ST) RgRnt fataldppredlippat By Yhe/ dte ahd tdvendingt pndalyt @ the
driiheeglodi sitiifld blvclouyer Etenthiey bdtepgeshdleditdctiag thicgare, ehe STI,
andthecdrainegipnswher ei n t he STl extends greater than

approxi mately 50% of the distance to the drain

diffusion. 9. The stepped drift structure of claim7,
2. Rhe MEISFETTof clirh i cvigkreid} thel8Té haen st edgeand acwsnentbedge . wherein
thefitseedgeand Aharsecorshiedze of therSHl ipepanateddly aglistaiece d.sub.1; the drain
regemhesnidngt edge, Whespig-the fiest pdgerqd iy draiyregivmapgihe first edge of the
STE avpsepaspied by petisianeg dgub2aihs ratqil-seb-Hewihg igless thag about 0.75.

conductivity type; formng a source region having the
£i I : .
3. ’,[‘é%ﬂg@%%ﬁ‘%% tqdjlngll Ei‘ébqtr%ﬁ She ;agicr) wsﬂgf 4.5 a2| ils %}Iga%err %‘rx]a%habout 0.50.

4. The MOSFET of claim 2, further comprising a buried layer having the first
conductivity type, wherein the buried layer is coupled to the drain or source region.

5. The MOSFET of claim 2, wherein the drain region is formed in a semiconductor layer
having the first conductivity type and having a dopant concentration that is less than a
dopant coneentration of the drain region.

6. A stepped drift structure for use in connection with a MOSFET device having a drain
diffusion and a gate, said stepped drift structure comprising: a shallow-trench isolation
(STI) region partially overlapped by the gate and extending a portion of a distance to the
drain diffusion; a silicide block layer extending between and contacting the gate, the ST1,
and the drain diffusion.

7. The stepped drift structure of claim 6, wherein the STI extends less than
approximately 75% of the distance to the drain diffusion.

8. The stepped drift structure of claim 7, wherein the STI extends greater than
approximately 50% of the distance to the drain diffusion.

9. The stepped drift structure of claim 7, wherein the silicide block extends to and
contacts the gate.

10. A method for forming a metal-oxide semiconductor field-effect transistor (MOSFET)
comprising: forming a drain region having a first conductivity type; forming a source
region having the first conductivity type; forming a shallow-trench isolation (STI) region



9 between the drain region and the source region,
wherein the STl extends partially to the drain region;
form ng a gate between the drain region and the source
region, wherein the gate partially overlaps the STI
and form ng a suicide block |ayer extending between
and contacting the gate, th@ STI, and the drain

regi ons. The nmet hod of claim 10, wherein: the STI

ﬂu&eﬁ %JTEIQIHSI% tagaii: é u[:t%sre% 1%' Vﬂ?étrmﬁ ’ﬁ@t&ﬁ &1@1 to the
Qx b § HAMT e§i&h§’a1'1d tHe sm% ?ég‘ibnr QLR the
ga’étf;) SBE ahd fdiRn §111£1§é bl% er%%%ﬂ Qﬂtvséeen and

com étéftﬁ&s?ﬁgﬁdﬁi’e& 8 remidnsPy a di stance
ereln he rati o d.subild.sub.2 is |ess than about

0.75. 12. The nmethod of claim 11, wherein the ratio
11.0°he whetAd dofsliimA o] Whe@eratles ST haforabdsiich@h&Qt hask3firsilddge and a
sedvRtiRAge Rbatted by aldistafiderd.didr; therdrsingegion fsdoméisuah that it has a
firfisdee Ghebaytexd fhau ithg fitdiedge o6thecTMdiycd distahye typle 2, wherein the
ratid@swh. 1y dishk. 2 it lessettlat ayent 0i7s. coupl ed to the drain

region. 14. The nmethod of claim 10, wherein the drain
12/ Byirsethodoffobrimed, wherein sleamiatio dgub. ft.subsyie graatey itheg bt 0.50.

first conductivity type and having a dopant

concentration that is | ess than a dopant concentration
13.0Fhe methgd #f glaira gp ofyrthen eompmisingforming ©purdechlapieryimving the first
copgustisitntyppaviereis thedymigd daveviscyurlodie the dryn {agion. 16

The met hod of claim 10, wherein the first conductivity

t
he rnet?log> 0} éiglm 10, wherein the drain region is formed in a semiconductor layer

havmg the first conductivity type and having a dopant concentration that is less than a
dopant concentration of the drain region.

i5. The method of claim 10, wherein the first conductivity type is N-type.

16. The method of claim 10, wherein the first conductivity type is P-type.



