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S/If Aligned to the Gate Stack Field of the Invention Dgg/b
i nvention generally relates to seniconductor isolation techniques

particularly, it relates to shallow trench isolation (STI) in which th_e

insulating material s raised above the surface of the sem conductor. Even
nore particularly it relates to an isolation structure for a transistor in
a DRAM cel |l that provides reduced | eakage. Background of the Invention

Cont enpor ary CMOS t echnol ogiM®SEWT Gvith iglisdd Sfiasélatibansi stors that are
adj acent or bounded by trenches. The trenches are used fgr shallow trench

i solation (STI) or they provi deel&Alignad itothe Gate Stackh gApacitors.

Field of the Invention

This invention generally relates to semiconductor isolation techniques. More
particularly, it relates to shallow trench isolation (STI) in which the insulating material
is raised above the surface of the semlconductor. Even more particularly it relates to
an lsolauon structure for a transistor in a DRAM cell that provxdes reduced leakage.

Background of the Invention

Contcmporé.ry CMOS technologies employ field cifect transistors that are i .
- adjacent or bounded by trenches. The trenches are used for shallow trench isolation
(STD) or they provide a location for trench capacitors.

Parasitic leakage paths have been created by the proximity of a semiconductor
dev1cc to an edge or comner of either type of trench. In one leakage mechanism,
described in a paper, “Process and Device Simulation of Trench Isolation Corner
Parasitic Device," by T. Furukawa and J. A. Mandelman, Proceedings of the |
Electrochemical Society Meeting, October 9-14, 1988, the pafasiﬁc léakage path

results from an enhancement of the gate electric field near the trench. corner. The

electric field is enhanced bv the comer's small radius of curvature and the proxm:uty
of the gate conductor. Processing can exacerbate the problem by sharpening the comer
and thinning the gate dielectric near the comer. In addition, in a worst case scenario
for cormner field enhancement, the gate conductor wraps around the trench cor;er. This
happens when the oxide fill in the isolation wench is recessed below the silicon

surface during oxide etches following its formation.



Parasitic | eakage paths have been created by the proxinity of a -

. sem conductor device to an edge or corner of either type of trench. In one
I'eakage mechani sm described in a paper, "Process and Device Sinulation of
Trench Isolation Corner .Parasitic Device," by T. Furukawa and J. A

Mandel man, Proceedi ngs of the El ectrochem cal Society Meeting, October
9-14, 1988, the parasitic |eakage path2results froman enhancenent of the
gate electric field near the trench corner. The electric field is enhanced

by the corner’s,, s_ qf N h xi g ' the gat
conductor. Pr oceig?%ég %gﬁh%x%rg] %e({éalfih@' reri'?ﬁe% g}ﬁé%'o v?R@%éYﬁer
and t hi nniimg mhq)lgearqmiueﬁ ofithé acﬁearmdaea ﬁﬂﬁlllﬂrpatﬂ foroéiftenit %ndtého% jor st
case scen corne{; field enhancenent t he gate conductor waps around

the tr encﬁ"m?ﬂngiowwss o glsiceswitkhsrused dn eqterapqrany tachnolpgics.steaop glanarench
-1s reces Sﬁ&'rﬁ%ﬁ' SX\nb"tfeviid il Bbsd BF theYd dulllnt Trélifon oG cdrtticdh Wa' 1S

formation

As a resuparasific twitick nisasibye doritriblids appreciably ronly fesubathkeshold ldakasd) s vol t age
(W) than t.he _planar portion of the device. Thus, -a parallel ath for
current GRBRIRS 1epkage cutrep; Me Hong the eemer is mest canily; seen @F @ hump de

contenpor%bﬂlm(&hﬁghp %JRMMF portion of the devi ce carrl es
renc ‘parasitic which

nost of the on-current corner “conductionis a
usual l'y contributes appreciably only to sub-threshaold Ieakage Thi s
parasitic Ieagage current along the corner is,nost. e sil'y. seen-as a hunp in

the  subt hr esfideserihedeiia papere "Bhe  Qurent-Camying: I'nherent.to Trench
Isolation," by Andres Bryant, W. Hacnsch, S. 'Gassler, Jack Mandelmar |
Poindexter, and M. Stoger, IEER Eleciron Devico Letiers, 'le'. 14, No. 8 August,
1993, the corner dcvroe can even dommatc on-cmrents in applwauons such as DRAM
that reqmre narrow channel wrdﬂls to achieve hlgh densﬂy Thrs parallel cmrent- |
carrying corner devrce becomes the dommant MOSFET contributor fo standby current
in low standby power logic apphcauons and t_o leakage in DRAM cells. Furthermore, .
there exists concern ﬂrat the enhanced eléctric fields due to field crowding at the

comner impact dielectric integrity.

A paper, "Behavior of an NMOS Trench-Isolated Comner Parasitic Device at
Low Temperature,” by D. Foty, J. Mandelman, and T. Furukawa, Proceedings of the
Electrochemical Society Meeting, October, 1989, suggests that the corner parasitic

device does not improve with decreasing temperature nearly as much as the planar
subthreshold slope. Thus, the comer parasitic device may be more of a problem at low

temperature than the planar device.
This comer leakage problem has commonly been controlled with an increased
threshold tailor implant dose, but this can degrade device performance. Thus, alternate

schemes for controlling the corner are needed.

A paper, "A Deep-Submicron Isolation Technology with T-shaped Oxide (TSO)



As described in a paper, "The Current-Carrying Corner Inherent to Trench
Jsolation," by Andres Bryant, W Haensch, S. GCeissler, Jack Mandel man, D.
Poi ndexter, and M Steger, |EEE Electron Device Letters, Vol. 14, No. 8,
August, 1993, the corner device can even dom nate on-currents in .
~applications such as DRAM that require narrow channel w dths to achieve
I high density. This parallel current- cg[]ryi ng corner device becones the
dom nant MOSFET contri butor to standby rrent in |ow standby power |ogic
. applications and to | eakage in DRAM cells. Furthernore, there exists

| concern t haltructireSnbw A dshifmacetral Proesedingsiofthe SEPMS| 9995 pmﬂﬁ?xga@msshe the

f t MOS
Trench- 1 S0P u§Caf HbitpaiaRyaflinvdsion. Tui papcs ARG P 466 28 L0 oBiiBfed .
Mandel man, photbrlaskk b fsaua TEheS&EEkide adfatent iR done lofamhisslation t2a6h @hd

-Meeti ng, Cctober, 1989, suggests that the corner_ parasitic_device does not

i nprove wi tﬂFP Be%pE ashavnel aitgr baram aplentalns sidewalls of ghe: tench Thgrstructure

subt hresho t h ner b of
probl em at Tow tenggyé#f?yeaytﬁ% ﬁ'ﬁhﬁ@ﬁ@?w%}tg?dgél%%d%s ‘bdton Wée %‘&Ygr

| eakage pr alongrthipsidewaNOROWeREE isdliivn chRfedivitien Photdisdsk aipanidat eshol d
tailor inplant dose, but this can degrade device qﬂerformance Thus,

al ternate talerances argrineluded dn Mhmgwmmaskam-anplantes emdomaking this solutiopaper
"A Deep- Sum&fﬁﬂle Wiué ion Te‘ih”O'&%\é T-sh app%alﬁgﬁ, ('X%%mer

Protected Shallow Trench Isolation Devnee, by M. M. Armaoost et al., prowdes a
scheme to prowa fhe comer while not enlatgmg the lsolauon, the Toot problem of
corner shalpenmg and oxide thinning remams Thus, an nnproved means to control the
comer parasitic 1s needed and is provxded by the fol[amng mvenuon. .

Summary of the Invention | ' . © -

It is therefore an objeét of the present invention to avoid comer leakage
without degradmg device performance.

It is another object of the present invention to prevent the gate conductor from

wrapping around the trench comer.

It is another object of this invention to avoid gate dielectric thinning adjacent

the comer.
It is another object of this invention to avoid sharpening of the comner.
It is a further object of the present invention to provide a transistor with an

individual segment gate conductor and a spacer rail gate connector formed on a

separate wiring level.



3 Structure,” by T. Ishijima et al., Proceedings of the IEDM 1990, p.
257, addresses the probl em of trench sidewall inversion. This paper
teaches the use of a pair of aligned phot omasks to forma T-shaped oxide
adj acent the corner of an isolation trench and the use of a channel stop
boron i nplant along sidewalls of the trench. The structure noves the
device away fromthe trench sidewal | q provi des boron to raise the Wt

al ong that sidewall. However, isolation s enlarged when phot omask

al i gnment tol erances are included in this two-mask-and- i mpl ant schene,

Ki t hi I d
ggtlag'? aplplsl zgt #)inogl % %Sl?gt%l%lﬁﬁ tlec%nug gﬁmﬁ%‘?‘eﬁenc Eﬁgcs)%gpﬁgn Eﬁw ce "

by M M Adstivecddvied areh .andthe\isdlgonis seFaligied tb ahgpat @ohdtdter.cor ner whil e
not enlarging the isolation, the root problem of corner sharpening and
oxide thinning remains. Thus, an inproved nmeans to control the corner
parasitic is ne v Sumary
of the Inventloiricdigqjl ﬁﬂﬂxe&‘%bj’{c?‘b‘fﬁ%g ?‘{(t):ﬁglcg@no }%etgtgmg%t d gbevselent

i nvent i on ihtereommedting individuah gagcseginchts of ticpmsisiorsyofiaw iamey pdldreinnﬂme

It is anothey object of the_ present ipventjion to prera%nt the gate conductor
from w ap mga]leﬁﬁlnﬁ 4 sebminimum dispension conductive spacer

These and other objects of the invention are aooomplishéd "by a semiconductor
structure oompnsmg a transistor with a gate oompnsmg an mdmdual aegmem; of gate
conductor on thin dielectric. The gate conductor is subsbanhally coextensive w:th the
thin dielectric. The gate conductor has a top surface havmg opposed ﬁrst and second
edges and opposed third and fourth edges. Raised lsolauon bounds ﬂle first and second
edges of the gate conductor. Asoumelsself-ahgned toth&ﬂnrd edgcandadram is
self-aligned to the fourth edge.’ A conductive wiring level is in contact with the top
surface. '

Another aspect of the invention provides a method of forming an FET
comprising the steps of providing a substrate having a gate stack comprising a layer of
gate dielectric and a layer of gate conductor, the gate stack having a top surface;
removing first portions of the gate stack and etching a trench in the substrate thereby
exposed for raised isolation; depositing insulator and planarizing to the top surface of
the gate stack; removing second poﬁions of the gate stack for source/drain regions and
to expose sidewalls of the gate stack adjacent the source/drain regions; forming
spacers adjacent the exposed sidewalls of the gate stack; and _fomling"source/drain

diffusions in exposed portions of the source/drain regions.

These and other objects, features, and advantages of the invention will become

apparent from the drawings and description of the invention.



¢ anot her object of this invention to avoid gate dielectric thinning

adj agent the corner. It is another object of this invention to
shar peni ng of ‘the corner. It is a further object of the

_ invention to provide a transistor with an individual segnent gate

~conductor and a spacer rail gate connector fornmed on a separate wring

| evel . _ 5 4 It
is a further object of this invention that the gate conductor is confined

to the active device area and the isolation is self-aligned to the gate

CO”dUCtﬁ’ﬁechscn!iuPn ofd1g[5§v§n%urther obj ect of the present invention to
provid necting individual gate segments of the

transistors of an array wherein the wring level is a subm ni mum di mensi on

conductive sﬂ?c?or cgroa};llg and other objects, features, and advantages of the invention will
be apparent from the following detailed description of the invention, as illustrated in

the accompanying drawings, in which:

FIGs. 1-8 are cross sectional views showing the structure at several steps in the
. process for making a semiconductor structure of a first aspect of the present invention;

- FHIGs. 9-13 are cross sectional views showmg the struomrc at ‘several steps in
.the process for malcmg a semiconductor structure of a second aspect of the present

mventxon,

.Detailed Description of the Invention
- The present invention provides a transistor having a gate formed from an

-individual segment of gate conductor. The gate conductor is conﬁn_éd to the active
device area, that is.the region having thin gate dielectric. STI is self-aligned to the
gate conductor. Ga.tc dielectric and gate conductor are formed as blanket layers on the
wafer before the isolation trench is ewhéd, and hence sharpening of the corner and

. thinning of the gate dielectric are avoided. A conductive wiring level cpnfacts this
seg’tii'e_nt gate, and the wiring level can have a subminimum dimension“ as a result of

~ being formed by a directional etch of a conductor along a sidewall.

STI and processes for forming STI are described in commonly assigned U.S.
Patent 5,173,439, by Dash et al., incorporated herein by reference.

~ The term “horizontal" as used in this application is defined as a plane parallel



These and ot her objects of the invention are acconplished by a

sem conductor structure conprising a transistor wwth a gate conprising an
i ndi vi dual segnment of gate conductor on thin dielectric. The gate
conductor is substantially coextensive with the thin dielectric. The gate
conductor has a top surface having opposed first and second edges and
opposed third and fourth edges. Raised isolation bounds the first and
second edges of the gate conductor. A Source is self-aligned to the third
edge and a drainis self-aligned to the fourth edge. A conductive wring

| evel is incontact . .w th.,the to S a e t the
nvent i on B FoREn Al b g1Pge B o sfopiuptor chip of BAKGF FoddRRER] of the
“provi di ng ogicitatish rthé ehipaisi diguallydedle. 'Bﬁo’:\téimcwpca]'SrdsfgsetolaWOtmh gat e

dielectric and _a Iayer of gate conduct Qr te stack haying “a QP
surface; PerRspdicylaritp dhe banzonsplsas,defined aga‘fee 5‘?%26’!30%cf 8hi A% asten@ in

the SubSt it QiddEEPYGHRes odale Flere dnd Slddi £0 dCARRD Wit Fipdch B s O

and pl anari zing P surfale of 'the gate stack; renoving second

portions obnvdntiopslt plasiresitface beinpuon diectopisurfacegifdhs ch:pcbﬂwa&x.mgardhsdmﬁal |'s
of the gate stack_adjacent .the source/drain regions; form ng spacers
adj acent W@M%Mﬁgﬁlﬂym& gat e stack; and f or ni ng source/drain

di ffusions in exposed portions of the sour ce/ drai n regi ons. _— These
~and ot her objects, features, and advantages of the.invention will becone

apparent from Shegldrc@@wgmawhddeﬁﬁg mf&mﬂsedfmthnapmmrﬁtcpxrﬂlusmd in
FIGs. 1-13 are formed from materials such as silicon, gormaniutn, and gallium
_arsenide. Because silicon is most widely used and thc most ls known about itsetch-
properties, silicon will be used for illustration herembelow. The wafermay have had -
implants, diffusions, oxidations, aud other proocss stops oompleted before embarkmg '

on the process sequences described herembelow

FIGs. 1-8 show steps in the process of fabricating a transistor or a DRAM cell
' according to one aspect of the present invention. Referring now to FIG. 1, a “blanket”
Vt channel implant is perfornied on substrate 10 in a region that may encompass an
extended portion of the chip or substantially the entire chip. If an array of devices is
being formed, for example, the region of the blanket implant encompasses
-.subsmnually the entire area of the array. Then gate stack 12 is formed in the same
region from a sequence of layers, mcludmg gate dielectric 14, gate conductor 16, and
gate cap dielectric 18. First, a layer of blanket gate dielectric 14 is thermally grown or
deposited. Next a layer of gate conductor 16 is blanket deposited. Gate conductor 16 is
formed of polysilicon. It can be in-situ doped during the 'deposiﬁon or it can be
implanted after dcpoéition to provide the appropriate gate doi:ing. Finally, blanket
Si;N, cap 18 is deposited on top of the gate conductor 16 to a thickness- suitable for

use as a planarization etch stop layer.

In the next step, photoresist is applied, exposed, and developed to define areas

in which the trenches will be formed. The trenches can be STI or storage capacitors.



5" Brief Description of the Draw ngs The foregoi ng and ot her

obj ects, features, and-advantages of the invention will be apparent from
the follow ng detail ed description of the invention, as illustrated in the
acconpanyi ng draw ngs, in which: FI Gs. 1-8 are cross sectional

views showi ng the structure at several steps in the process for nmaking a
sem conductor structure of a first aspect of the present invention;
FIGs. 9-13 are cross sectional views showi ng the structure at several steps

in the pr ess for .npki ng_a, sem condugc ctur.e of S cond pect of
the present™] RAASH fHHDSt € g’he‘bé‘t -§itP &8P i"& 3%1 'ﬁf’sﬁ'ﬁﬁyﬁ'ﬁv 15t 04RP C%

The presenhdidiy/pittehdth BIQYd §8E dp (didddaicSIs0E ubtd\b REntin@ahe efchrigdtd r om an
i ndi vi dual segnent of gate conductor, The, gate co ducto confined to the
active defPRActrdld andrexpoped gafe di%ﬁﬁvnl%gW‘%@ "&F@I‘%‘Btﬁ‘ on g1 s

sel f-al i gnggbubR id‘p %h%&e&%ﬁgﬁ %nchcﬁiﬁrﬁbfﬂa&ﬁrra&smaﬂ ifae. gopguctor are
formed as bl anket [ayers on

raised shallow trench 30 for STI, as illustrated in FIG. 4. The term “raised trench"

refers to the fact that the trench extends beyond the surface of substrate 10 to the top

of the gate stack. In this process, a single masking step defines the edge between the

trench .and gate stack and provides perfect allgnment ﬂxerebetween. Thus, the gate is

bounded by a raised trench on two opposme s:des. However smoe the gate dielectric

and gate conductor were formed as blanketlayers efore ﬂle trench was etehed, there

is no comer sharpemng, no game dxelecmo ﬂlmmng,and no me wmp around.

As shown in FIG. 3, storage node msulator ?2"and sborage eleotrode 24 are
formed in raised deep trench 20 as deeeribed in oommonly assxgued U..S. Patent
5,264,716 (“the ‘716 patent”), igsued to _D, M. Kenney, entifled "Diffused Buried Plate
.Trench Dram Cell An'ay," incorporated herein by reference. In -brief, storage node
insulator 22 is a formed by growing thermal oxide, depositing silicon nitride, and
oxidizing a surface layer of the nitride. Raised deep trench 20 is then filled with doped
polysilicon for storage electrode 24 of the capacitor. This polysilicon may be recessed
to form insulating collar 26. FIG. 3 illustrates the cell at this step in the proces§. |

In a similar process to that described above for the raised deep trench, raised
shallow trench isolation (raised STI) 30 is formed. Referring to FIG. 4, after the
photomasking and gate stack etching steps as described above, a silicori etch is used in
silicon substrate 10 to form shallow uenches for raised STI 30. Then a passivation
ox.i-d_e is thermally grown é]ong surfaces of the silicon thereby exposed. TEOS is then
deposited to fill the shallow trenches (and the top of deep trench 20). Next, a
planarization step is implemented stopping on the nitride cap of the gate stack. Thus,

raised STI is provided adjacent a sidewall of the gate stack. Of course, raised STI 30



waf er before the isolation trench is etched, and hence sharpening of the

. corner and thinning of the gate dielectric are avoided. A conductive wring
| evel contacts this segnent gate, and the wiring | evel can have a

subm ni rum di rension as_a result of being fornmed by a directional etch of a

conductor al ong a sidewall . , - STl and processes for formng STl are
described in commonly assigned U, S. Patgnt 5,173,439, by Dash et al.,
i ncorporated herein by reference. The term "horizontal" as used in

this application is defined as_a plane parallel - )

6  to tpan buevediidesAdrenshain & mannercsipilarfo Jhati showafor srangatdpSTE inpgher
regardles% 1:§éﬁi orientation the chip is actually held. The term
“vertical Y Telers to a direction per pendi cular to the horizontal as
defined above. Prepositions, such as "on," "side," (as in "sidewall"),
"“higher,” "lowey," "over.," and_ "under" are defined.w fh respect to.the

convent i onal pmbrsoﬁﬁe(‘g‘é'  FEIoNS erFhf H@f"?&ﬁ‘sﬁf‘?#&@@ pSIng & PIQCHSSHMKAF e |
regardl esg @ alddfibll '268YE FrPRidel Cee] tBndhS20P4id Blsed S9! 3. Referring to FIG.

5, a cross section orthogonaj to the cross section of FIG. 4, photomasking and gate

stack etching steps as described above are used to form the desired pattetﬁ of gate

é@gm.ents 32. This etch leaves polysilicon only over channeﬁ region_ 34, on which there
is gate dielectric 14, and defines the channel length of the transistor. in the process of

being fabricated. Silicon on the two sides of the gate stack thereby exposed will be

dlfﬁxsed for the source/drain. The other two sides of the gate stack are bounded by
 raised storage trench 20 or raised STI30. L

In the next step, illustrated in FIG. 6 diclectric sidewall spacers 36 are grown
or deposited on the two exposed edges of gats stack 32. Spacers 36 are typically
formed of a thermally grown oxide along sidewalls of gate conductor 16 and a
depésited silicon nitride that is directionally etched to remove nitride along horizontal
surfaces while leaving nitride spacers along sidewalls. After spacers 36 are formed,
source/drain regions 38 of transistor 39 are formed by diffusion or jon implant. The
diffusion or implant is self-aligned to spacers 36 formed along edges of gate stack 32
and is bounded by raised STI 30 or raised storage trench 20. The diffusion for source

. /drain regions 38 may be provided by depositing a doped glass or a doped polysilicon
layer. The doped layer is planarized, and may be masked and etched to define the
NMOS and PMOS regions. Wafers are then subjected to an activation; drive-in
thermal cycle. Diffused regions or the doped polysilicon can :be silicided to lower
resistance. The use of doped polysilicon as a doping source for source/drain regions 38
prt.)-vides the advantage of allowing the formation of shallow junctions while providing
a large volume of material for source/drain ;egions 38. The shallow junctions reduce
short channel effects. The large volume of material allows siliciding without danger of

high junction leakage.



Single crystal sem conducting wafers used in the process steps illustrated
sin FIGs. 1-13 are forned frommaterials such as silicon, germanium and

gal I ium arseni de. Because sil.icon is nost widely used and the nost is known
about its etch properties, silicon will be used for illustration

her ei nbel ow. The wafer may have had inplants, diffusions, oxidations, and
ot her process steps conpl eted before eanrklng on the process sequences

descri bed herei nbel ow. Fl Gs.
1-8 show steps n t he process, of fabricating.a transistor r a DRAM cel |
according 1o o RGFES PéfPr?Wéﬁp?rE%it‘aPﬂW ‘F%FP“‘}Q&P&?’?%S dinscoraet g 1,

a " bl ankebid Wiess b e BT th -RBAAIAE R ABpRiSh ! FivECSdind FogaA"

t hat may encorrpass an exte I on o hip or substantiall
entire chBiling (DRAMGelly" by Wemdaleobb Gdleri@obﬂa)pﬂpnt a;fphcaw)(ébrpnmtpom

regi on of the l.apt enc asse ubst an re area of
the arrayle¥ ﬁygc};:@ng?a EG 3 %W@%@OB’F}? %?fse P(S’ﬁ' é@é’ﬁﬁ-ﬁnce
of layer Sepdried Wskoitd @Rkein ARb i @eR ehodited Sonalik 3! il

di el ectri cp18 First, a |ayer QE? %Otysgateldl el el&?rl c 14 is ther |y
grown or bhiwosnnedepuysﬂ:canlazyieﬁxeaiodgahmlsmnﬂmlwﬁvdetohssbhmhﬁd @eposi t ed.
Gate conductor 16.is, for sili t .can be in-situ doped during
t he deposﬁeﬂoaﬁ%? W@%%'ﬁﬁ%@%&ﬁqﬁ“&m S8R to provide the
appropriate gate doping. -Finally, blanket Si[err]Nerr] cap 18 is deposited

on top of the gate conductor 16 to a thickness suitable for use as a
pl anari zat i on Selhinithom dimyension wordline interconrieet wiring 40 dp forpied: ax ® spaderi s

.ggp:c Iore(rjre oﬁ)&wé&e&avel oped Ioseg&i S%W‘IB;&‘%PE& renches wil|l
illustrated in FIGs. 7 and 8. After insulator 48 is deposited and planarized, stopping on
cap 18, intrinsic polysilicon mandrel 46 is deposited (FIG. 7). Gmbve 44 in mandrel
46 is formed photohthogmph:cally aligned so that sidewall 42 extends over a portion
of gate conductor 16. The etch to form groove 44 extends through mandrel 46 down to
expose nitride cap 18 over gate segment . A directional etch removes the portion of

~ nitride cap 18 from gaxe conductor 16 that is exposed within groove 44. A conductor,
such as tungsten, aluminum, or doped polysilicon is deposited and directional etched,
leaving subminimum dimension conductive sidewall spacer rail 40 contacting gate
.conductor 16 along sidewall 42 (FIG. 8). |

FIGs. 9-13 show steps an alternate aspect of the invention in which conductive
wiring level 140 interconnects gate segments 132 of transistor 139 that is isolated by
raised STI 30. Transistor 139 may be part of a logic circuit, SRAM, or other
semiconductor circuit. In this aspect of the invention, conductive wiring level 140 is
formed before the step illustrated in FIG. 5. After the dielectric of raised STI 30 is
planz_u'ized (FIG.4), planarization continues, stopping on the surface of gate conductor
116.as shown in FIG. 9. A second layer of conductor for conductive wiring level 140,
such as doped polysilicon or tungsten, is then deposited as illustrated in FIG 10.
Conductive wiring level 140, is formed of a low resistivity material such as a metal or

a metal silicide. Metals such as tungsten, molybdenum, titanium, or aluminum, are



This pattern is first etched in gate cap dielectric 18. The resist may then
be stripped, and the pattern in nitride gate cap dielectric 18 is used to
.continue the etch in gate conductor 16 and exposed gate dielectric 14.
Finally, the etch is extended into silicon substrate 10 to formraised deep
trench 20 for a capacitor, as shown-in FIG 2, or raised shallow trench 30
for STI, as illustrated in FIG 4. Theyterm"raised trench" refers to the
fact that the trench extends beyond the surface of substrate 10 to the top

of the gaksiStrKlow feststiify MRk §an%&b5’ﬂt'e&b Yaakheds &l Mehbnes the edge

bet ween the trench and gate stac rovi des perfect alignnent
t her ebetsugleas chigmisal vaper denositios. Iwamdletdb‘bﬁﬂ@ﬂi Svomp heavilyrdapedn two opposite

d o f d
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Buried Plate . Trench Dram Cel | ™ Array, |ncorporat ed-herein by reference. In

brief, eensdustive midng lavel 140 externls over STIf39 rmmn@cbmswweqrml ,098 de,
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f or med. Referr| ng to 4 after the phot omaskiing-and gate :stack etch| n_

st eps adesoribad bélew. above, a silicon etch-is used. i'n silicon substrate- lO to
formshal l ow trenches for raised STI 30. Then a. paSS|vat|on

In the aspect of the invention illustrated in FIGs 9-13 a smn‘ce/dmn eansmn
is first formed by implanting a medium dose (less than 1 X 10“ em") ofa dppant
such as arsenic or boron, for source/drain 138 before spacers 152 are formed (FIG.
11). Then, after spacers 152 are formed (FIG. 12), intrinsic polysilicon (or intrinsic

" amorphous silicon) is deposited for raised source/drain 154 as shown in FIG 13.
Dopant for the raised source/drain is implanted at low energy so as to avoid damage to
the single crystal silicon below. Then the dopant is diffused from the polysilicon to
form ultrashallow junctions 156 without damage. A refractory metal, such as titanium
is then deposited and annealed to form silicide 158 in polysilicon raised source/drain
154. Thus, ultrashallow junctions 156 are formed that have both the low resistance
associated with a silicide and very low leakage. The junctions so formed-can have a
dep_ﬂ’x of as little as about S00A. Of course, other methods of-doping the polysilicon of

raised source/drain 154 can be used, such as in-situ doping.

The device and isolation structure of the invention described hereinabove offers
several key advantages. First, STI and storage trench comer parasitic problems are

reduced because (1) comer sharpening and gate dielectric thinning are eliminated




oXide is thermally grown along surfaces of the silicon thereby exposed.
TECS is then deposited to fill the shallow trenches (and the top of deep
trench 20). Next, a planarization step is inplemented stopping on the
ni-tride cap of t he gate stack. Thus, raised STI is provided adjacent a
sidewal | of the gate stack. O course, raised STl 30

8 can intersect deep trench 20 in a ppnner simlar to that shown for
standard STI in the '716 patent hbxt source/ drai n regions of

the actiye ared are,defi.ned _ using oces t_ descri bed
above fosufcgitgﬁ edégle?tp‘ér}ﬁﬁb a?fﬂagifp 53‘% Ibe edﬁé é@n}go FIG 5, a
cross sedéﬁma),cuddmgrga&xhg b tieéidewaIS6r tiecHanmel o fits lcbfrer by thrhgainrmskl ng and
gate ck. et n eps as described above are use toformthedswed
pattern %fm'é'é %‘gg‘f?ﬁ ‘33’ “’?‘l?ﬁd;‘]’-"éfaéf F@%@‘E’s’%g%%f’ﬁﬂ ‘?
channel @@QodRkr34, ON V\:hl ch there is gate dielectric 14, and defines the

channel | ength of the transistor in the process of being fabricated.
Silicon on the two sides of the gate stack thereby exposed will be

25 Bk G i s 1
next st e§IT 30, fisld doping drﬁeFSﬁ 30 aﬂd@l‘!&dﬁehl&sse@ﬁ'embms wpaderrelakéd.are gr own

, Tlm'd, as described in the Noble patent appheauon, layout dlslanee between

 individnal device gates can be substanually reduc _5'When the wordlme ‘conductor
mtereonneehng gatesegmeuts wamnbmxnmm'dlmenslon spaeetra:l. Inﬂ:leDRAM
eell deseﬁbed in the Noble appheatlon, for mmple, savmgs in’ DRAM eell area of up
tio 37.5% is achieved. ' ' :

.f- Whilo soveral embodiments of fhé invention, together with modifications
thereof, have been described in detzil hercin and illustrated in the accompanying
drawingé, it will be evident that various further modifications are possible without
departing from the scope of the invention. For example, a wide range of materials can
be used for mandrel 46, and for rail 40 or conductive wiring level 140. The invention
can be practiced with n- or p-channel transistors with corresponding changes in the
doping of the polysilicon strap and node polysilicon. Nothing in the above
specification is intended to limit the invention more narrowly than the appended

claims. The examples given are intended only to be illustrative rather than exclusive.

What is claimed is: _



- or E:Iep05| ted on the two exposed edges of gate stack 32. Spacers 36 are
am typically formed of a thermal 'y grown oxide along sidewalls of gate
—eonductor 16 and a deposited silicon nitride that is directionally etched

hori zontal surfaces while |eaving nitride spacers
aI on ﬂm“wll l“nu'llmlnspacers 36 are forned, source/drain regions 38 of
tranS| st*or €39t ar'% f%rfed by diff usi onlgr ion inmplant. The diffusion or
inplant is self-aligned to spacers 36 fornmed al ong edges of gate stack 32
and i s bounded by raised STI 30 or CIaABSI storage trench 20. The diffusion
fer source /d ain.re ns 38 nay be.provided by depositing a doped glass or
a doped. Hﬂ)ol y IFT%?H g‘éﬁ? ?ﬁﬁ@fP} "8yer is planarized, and may be masked
and etched to define the NMVOS and PMOS regi ons. Wafers are then subjected
-to.an activation, drive-in thermal cycle. Diffused regions or the doped
pol ysi l'icon can b& SIsISTRayinga atResaid gals eqmaprisg arfin diclectic aohen
polysilicon as a I arovi des t he
advant age -of al | oSm&Plg IS& ormtag)lp gwdﬁﬁélld s%}gvfigjatﬁ%nggﬁgﬁmﬁ@ e providing a
| arge vol une of rmummialljrcm-sm:sm/vdﬂwna:d mmgilduma&mdl'gaes:ba&ﬁmtj uncti ons
reduce short chanpel. effects

l. f t | |
si liciding. wi.t hou AY0g 1P cﬁ“rfﬁ?%ﬁa ar%ﬁ’f’%ﬂ ﬁj'gfkaj&%deédggs afhd opposed

9 00 The nehid mdamr%pe a node strap, wordline connector, anhd
bi- t{ ine contact,  and these siteps are described in copending patent
application ™A Fi ve Square Fol ded- Bitline DRAM Oel_ | ;" by Wendel | Nobl e,

("the Naobl e paten : ?g"h! g ",n by reference.
Briefly, an i nt ri nSI C po ysil'rcon %%ﬁ%ﬁrg{ pos €éd and a contact

a source self-alxgned to said third edgc and a drain self-ahgned to said

fourth edge; and

'a conductive wiring level in contact with said top surface.

2. = A semiconductor structure, as recited in claim 1, wherein said gate conductor is -
blanket deposited on blanket thin insulator on a planar surface and then defined

using a masking process.

3. A semiconductor structure, as recited in claim 1, wherein said thin insulator has
a uniform thickness extending to said raised isolation.

4. A semiconductor structure, as recited in claim-* 1, wherein said raised isolation

comprises a shallow trench isolation.

S. A semiconductor structure, as recited in claim 1, wherein said raised isolation

comprises a trench capacitor.



opem ng for med theLel_n——Heaw—l—y—e}eﬁed polysilicon is then deposited form ng

‘the s bet ween node con and the node diffusion. A selective
etch’ | s then used ﬂ“l“lmﬂﬁmﬁmuﬁ ntrinsic polysilicon, leaving the
heavi |y doped stra ni mum di mensi on wor dl i ne interconnect
wiring 40 is forned as’ a spacer al ong .si dewal | 42 of -groove 44 in second

intrinsic ponS|I|con mandrel 46, as |II tratedln FlI Gs. 7and8 Af ter
i nsulator 48 is 03| t and pl anari zed ca i nt,rinsic
ol ysi1 | Conbrmndiaie TR SBr s o Kried it AR, b e S ARiTP A B <

f ormed phot ol I t hesthpdd £alided Mur@MEiginS0 that sidewal | 42 extends over a
portion of gate conductor 16. The etch to form groove 44 extends through
mandrel 46 down to expose nitride cap 18 over gate segment. A directional
etch removes, t heaRikiRudbr sl 8s fofied B ddifi o0 PhErofiORM il dirddiat s
exposed wi thin groove 44 conducfor,  such as ‘tungsten, um num or
doped pol ysi | i coamdi draineis formet! fimnd ooé Dﬁdaposhépolgslhmmnd depasitedg subni ni-mum
di.mensi on conductive, si dewal | spacer rail 40 contacting gate conductor 16
al ong si dewal | tﬂ“@'.s %#\gon' FI Gs. 9-13 show steps an alternate
aspect of the invention in which conductive wiring | evel 140 interconnects
gate segments 132 of transistor 139 that is -isolated by rai sed STI 30.
Transi st or &39 rﬁﬁe@@omroﬁmmgatmdnﬁhﬂ dfwherein seidhraised satmosnduct or
circuit. In thig, tive wring level 140 is
formed before the S ?‘Fustr gﬁ’%%&?&%m ‘er the dielectric of

rai sed STI 30 is pl anarl zed (FIG 4),. pl anarl__z_atl on. conti nues, stopping on

t he surfac ate conductor 116 as shovvn_. h,~F cond layer. .of
conduct or &0 %'h 'Ug'cmrmmi‘% i%m&gm e PORSA or

tungsten,.is thahd deme Farldre craked i n .Ft G 10. Conductive wiring
| evel 140, is fornmed of a | ow eS|st|v1ty matetial such as a-netal or a
netal silicide. Metals such as tungsten, m)l ybdenum titanium or alum num

are 10. A semiconductor structure, as recited in cla:m 10, wherein sald raised source
and drain compnscs an ultra shallow junction.




>
10 suitable. The low resistivity material can be deposited by nethods
- known in the art, such as chem cal vapor dep ﬂ l so be
formed from heavily doped polysilicon. Al ayj m ,mumm,'mmso may al so
t hen be deposited. The source/drain defining rMaskK i&-thers used as
descri bed above (FIG 5) and the two'l-aygrs of conductor (gate conductor
116 and conductive wiring |l evel 140) are etched such that gat e conduct or
116 i s substant isaédnficsition @dutiared ROmpdsing/e area of each transistor and
conductive wiring | evel” 140 extends over STI 30 to interconnect transistors
or cells, as shown in FIG 11- Dielectric spacers 152 forned in the next
step (FIG 12), coatala?hg[smr gg{,ﬁgsae%rggig gafd GofPrislnig bithia dielettrig dndvai

i nterconnects. Wile e Interconnect wiring _in this, aspect of the
invention is not subindividuahsdgmentsofcgate mndgcthsﬁ&gatﬁﬁewt%g Mg si npl er
manuf act uri ng process .apd..stil | i ecRilY S uch®

i nvention descri bed B‘&“uwf'a}y mﬁg{cg&%?ﬁﬁ{ltﬁgﬁgg%gﬁ of ’t%ﬁg | nvgﬁﬁ on
illustrated in Fl Gs. hfid@ados euface ihiviigropposed fisst and sscond edgesf onned by

i npl anting a medi um dose (less than 1 X 10[err] cnierr]) of a doppant such
as arsenic ‘or boron, for source/drain 138 before spacers 152 are forned

(FI.G 11). Then, af tﬁﬁ&?%@g&%@gﬁﬁﬁé Suid'Bifdt arfd Secodd edges,éaid fidlaion

polysilicon-(or intrinsic a S con) 1s deposited for raised _
source/drain 154 as sthetures havingsiltantallyaverticabsidewalls ahnttiog sgidh firsbapdain i s
i mpl anted at' | ow ener% io as to avoid damage to the single crystal silicon
- bel ow. - Then the dop f used fromthe polysilicon to form -
‘ul trashal l ow junctions 156 wit hout damage. A refractory metal, such as o
titaniumis then deposited and annealed to formsilicide 158 {.n pol %I licon
rai sed source/ drai n saldieleotric, hawing. a swbstantallyj uniferm Shickness 5r‘?n§§'_-t hat -

have both the | ow resistan assocjiated with a silicide and \}ery | ow
| eakage. The juncti c}'ﬁgeébso agilpﬂe%“%have a '_ .




ldep\h of as little as about 500A. O course, other nethods of dop| ng ‘the

l polysilicon of raised source/drain 154 can be used, such atsjmg m‘“ﬁ

; e device and isolation structure of the invention descri m‘m"{
~ol+-ess several key advantages. First, STl and storage trench'cdrnér *
para5|t|c probl ens are reduced because él) corner sharpening and gate
dielectric thinning are elimnated (since the gate dielectric
is formed on a planar surface before device edges are defined); and (2)

gating gh, they sicifiods fofnidghen CEANGRIprising itiesstepsroffier by the gate is
elimnated since the gate is bounded by raised isolation-the gate does not

wrap around the corner ~ Second, because polysilicon gate 116 does
not extend oveh ! lrbdldiBH Altdusdavin E'ga&%mckloehﬁndﬁplaﬂeb’dﬂm%atéﬂ 30 and
STI thickness fequirene

ts can be relaxed. rd, as described in
t he Nobl e patent mmmamdmlayqﬁﬁatm@%esa@es%é‘ﬁc hﬁ‘f‘%&fﬁl’ devi ce
. gates can be substalral.tlal | y reduced when the wordline conductor .
i nt erconnecti ng g4t egnments i s a subm ni mum di mensi on spacer rail. In the
DRAM -

'b) removing first portions of said gate stack and etching a trench in said
' substrate thereby exposed for ralsed 1solauon, )

¢) - depositing insulator and planarizing o s2id top surface of the said stac!

~d) removing second portions of said gate staok for somce/drain 1’0810115 and
to expose sidewalls qf said gate stagkadjacent ‘said source/drain tegionss

¢) forming spacers adjacent said mcpo;ed sidewalls of said gate stack; anid- .

f) forming source/drain diffusions in mposéd portions of said source and
drain regions.

13. A method as recited in claim 12 wherein said step (f) is accomplished by the
step of forming a raised source/drain and diffusing from said raised source and

d;'ain.

14. A method as recited in claim 13 wherein said raised source/drain is formed by
‘the steps of depositing amorphous or polycrystalline silicon, planarizing said
silicon, and etching said silicon, said etching step leaving a portion of said

silicon in said exposed portions of said source/drain regions.

15. A method as recited in claim 14 further comprising the step of doping said

silicon.



cel | described in the Noble application, for exanple, savings in DRAM cel |

area ' i achi eved. Wi |l e several enbodi nents of the
[ nvenﬂﬂll““ﬂﬂgﬂ““ﬂlﬂ“ﬂlh nodi fications thereof, have been described in
detail her'eih afid fllustrated in the acconpanying drawings, it wll be
evident that various further nodifications are possible w thout departing
fromthe scope of the invention. For ek%rrpl e, a wde range of materials can
be used feor RGN BOrcoflflif Bhaich 3! wifbbid i BTSN Bef s dddBmbfiYRly 140 The
i nvention can bé practiced w n- or p-chanhel transistors with

cor r espondi ngycpalishiag. i n t he dopi ng of the polysilicon strap and node
polysilicon. Nothing in the above specification is intended to limt the

i nvention nore narrowWy than the appended clains. The exanpl es given are

i Int endgcmnl YA et 4 debitdd A &ldiEn 1A IRfeint iiplanatizitgy sep is acoomplishe)al\hatz is
clainmed is: - : 1
CLAIMB 1. by apleearizingeikt or structure, conprising |

18. A method as recited in claim 13 wherein said raised source/drain is formed by
the step ‘of forming selective silicon seeded from said source drain region. '

19. A method as recited in claim 13 farther comprising the step of siliciding said
- raised source and drain.

20. A method of forming an integrated circuit, comprising the steps of

forming a gate ‘electrode on a semiconductor substrate, said gate
electrode having first and second edges;
forming isolation structures on said substrate abutting said first and

second edges;
etching said gate electrode to define third and fourth edges; and

forming diffusion regions in said substrate abutting said third and fourth
edges. '



a transistor having a gate, said gate conpr|5|ng a thin dielectric and an
. individual segnent of gate conduct or, :said:gate conductor being
substantially co-extensive with said thin dielectric, said gate conductor
having a top surface having opposed first and second edges and opposed
third and fourth edges; rai sed isolation bounding said
first and second edges; -17- a source self-aligned to said

third ed rain se If ned to said fourth edge; and

a conduc%@glEI &F%Vg CH RASED §Té6§ﬁ) EATION: SELEALIGHER TG T8E GATE STACK

senlcondx%§qkwggfucture, as recited in claim1, wherein sald gate conductor
deposited on blanket thin insulator on’a planar surface

d then def Ki. A duct
S uctur e ash miconguctoy SelifhyRe CRRiG: P RBRIR5: (300 oviag |aaaa{‘°;-f Sopsizetor
f
sen concoh S B3 St a6l Sedihd dgBPbduldBh BY SuibersBiON wrveruret (e-£.,5T0,
i sol ati o@0). A sour6aHfsfm(38) ARlflat¥ntd &R thifPbddd £0-a drain diffusion (38)
is self-aligned to the fourth edge of the gate electrode.




. ESI' A sem conduct or structure _as recrted in claiml, wherein said rai sed

i sol ation conprirsés a trengh- ‘capagci tor. 13
13 6. A semi conductor structure, as fecited in claim1, wherein said
source and drain conprise a raised source/drain. 7. A

sem conductor structure, .as recited in claim10, wherein said raised source
and drain is formed fromone of depqgisted polysilicon and deposited .-
anor phous silicon. 8. V’ CHANNEINAMPLANT structure, as recited in claim

10, wherein said raised s rce and drain s fornmed by grow ng
sel ecti ve srlrcon A se con4uctor str ctur as recited in claim
10, wherein said ars arn urt conprises silicide.
10. A sem conduct or structure recrt d inclai 10 wherei n sai d
rai sed sourc rain _co rrses an_ultra sha &incti on.
12 | | 16
— 14

—4»~10

FIG. 1
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=14
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—20
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14 A seni conductor structure, conpri si ng: a transistor having a

gate; said gate conprising a thin dielectric and an i ndi vi dual
segnent of gate conductor, said gate conductor being substantial ly
co-extensive with said thin dielectric, said gate conductor havi ng a
top surface having opposed first and second edges, on i sol ation

structures bounding said first and second edges, said isolation
structures having substantially vert2£al sidewalls abutting said first and
second edges, said dielectric having a substantially uniform

t hi ckness ext endi1%g to-said raised isolation structures.
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15 12, A nmethod of form ng an FET conprising the steps of: a)
prooviding a substrate having a gate stack conprising a |layer of gate
.dielectric and a |l ayer of gate conductor, said gate stack having a top
‘surface; b) removing first portions of said gate stack and
‘etching a trench in said substrate thereby exposed for

rai sed isolation; c) depositing insulator and planarizing to
said top surface of the said stack;3/5 d) renovi ng second
portions of said gate stack for source/drain regions and . to
expose sidewal | s of said gate stack adjacent said source/drain regions;

e) form ng spacers adjacent said exposed sidewal | s of said gate stack;

and f) form ng source/drain diffusions in exposed portions of
said source and drain regions. 13. A nmethod as recited in
claim12 wherein said step (f) is acconplished by the step of
formng a raised source/drain and diffusiE? fromsaid rai sed source and
3 18 44 46
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“drain. 14. A method as recited in claim 13 wherein said raised

B

* source/drain is fornmed by t he st.eps of depositisig anor phous or

pol ycrystalline silicon, planarizing said silicon, and etching said

"silicon, said etching step | eaving a portion of said silicon in said

exposed portions of said source/drain regions. 15. A nmethod as recited
in claim14 further conprising the s&g of doping said silicon,

16 16. A method as recited in claim 14 wherein said planarizing step is
acconpl i shed by poli shing. 17. A nmethod as recited in claim 14
wherein said planarizing step is acconplished {{by a planar|2|ng

et ch. 18. A method as recited in claim13 mher in said rals é
I fhn Cf

sour ce/ dr aifptS
seeded fro }

14/
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FIG. 9
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Implant medium dose source/drain
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19.‘ A nmethod as recited in claim113 further conprising the step of

#siliciding said rai sed source and drain. 20. A nmet hod of form ng
an integrated circuit, conprising the steps of formng a
gate el ectrode on a sem conductor substrate,. said gate _
el ectrode having first and second edges; form ng isolation
structures on said substrate abutting said first and second
edges; etching said gafé el ectrode to define third and
fourth edges; and formng diffusion regions in said
substrate abutting said third and fourth edges.
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