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; e36NYNVA@BN6T@ 5 A METHOD TO FORM AN | NVERTED STAI RCASE STI STRUCTURE
BY ETCH DEPCSI TI ON- ETCH AND SELECTI VE EI Pl TAXI AL GROMH FI ELD OF THE
IANVENTI ON The present invention relates generally to form ng |
structures it sem conductor devices, and nore specifically to umummnmmm
form ng; shallow trench isolation regions (STlI) in sem conductor
BACKGROUND OF THE | NVENTI ON Lat chup has been a concern for nost of
- conpl enmentary netal oxide sem conductor (CMOS) technol ogies. Latchup |s a
parasitic circuit effect, the r. cult of which is the shorting of the Vvdd"
and V5s lines that usually results 111 chip self-destruction %mm’mlﬂwlmmm”m
systemfailure with the requirenent to power down Latchup eff
becone severe when the VLSI circuit dinmension i5 scaled. '|I There«ga§&-
currently various ways to inprove the latch up immunity by transistor
design U.S. Patent No. 5,681,776 to Hebert et al. describes selective
epitaxial growh (SEG active areas fornmed on an opening in an oxide |ayer.
U S. Patent No. 4,900,692 to Robinson describes epitaxial Silicon (epi)
active areas in a trench. U S. Patent No. 5,212,110 to Pfiester et al.
describes an epi active growh area. U S. Patent No. 5,773,351 to Choi
descri bes an SEG active area forned o:. an opening in an insulation |ayer.
U S. Patent No. 4,886,763 to Suzuki describes a process for formng E '
active areas between isolation areas. 2

AMETHOD TO FORM AN INVERTED STAIRCASE STI STRUCTURE BY

ETCH-DEPOSITION-ETCH AND SELECTIVE EPITAXIAL GROWTH

FIELD OF THE INVENTION

The present invention relates generally to forming isolation structures
ir semiconductor devices, and more specifically to methods forming shallow trench

is dlation regions (STI) in semiconductor devices.



1 SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the present
invention to provide a r nethod of reducing |latchup effect in adjacent
Sem conduct or devi ces. Anot her object of the present invention to provide a
met hod of reducing latchup effect in adjacent sem conductor devices by
i ncreasing the distance between the n+ S/D area of one sem conductor device
to the p+ S/ D area of ¢ 1 adjacent sem conductor device. Another object of

the present invention to provide a nethod of reucing |latchup effect in

adj acent sem conduct or m&mmt ance between the n+
S/ D area of one NMOS sem conductor device, for exanple, the the p° S/D area
of an adj acent PMOS sem conductor device, for exanple, w thout sacrificing

the isolation an e I | ect i | rej ter.
It has now been %‘%stggeéﬁgids ?%%F?Etﬁ?éigggﬁ\goepg{n%?gf ht\eg{lre (!o Iﬁq}g}gﬁg‘; l})tP F‘)f ﬁllé&gi esent
| nvent | 0 FRY G RALAIPIE IS hidiBeldl LavhiE (RMASGsRRERIT GRdiyihca
sem conduct or substrate having an ovérl yi ng oxide layer is provided. The
subst r at suhayi HicAL s BashoanRRIF 18é Vagtdndevar gas gt ilLADy 38,81 i egion

t her ebet ween. The oxide layer is etched a first tine within the active
areas tQlf@egrfictiel ostapehsenohes. faillite Withsthestegpuitchenth@s pbarir nghvexposed
sidewal I s. Continuous side wall spacers ore forned on said exposed first

st ep trlenichupi eféewds leillThecaxedevieay evhdrs tlet dHed] Hremil dimeosmrsucesdsdve
tinmes using the previously fornmed step side wall spacers as masks 3 to

f or m subeEesIRCHTEPLY VapOEsWAY S B implieve e ladchrpdmmEgil Lif Upkeistor
successi ve step trenches having exposed sidewal |l s and have side wall

spacer s“sii@tessi vely formed on the successive step trench exposed

" sidewal I s. The oxide layer is etched a final time using the previously
formed step side wall spacers as masks to Formfinal step trenches exposing

the substrate witpjs phienaRld veeloRS, HBeSTk ol ABLREOUPLLS M PpRalidyer t €

staircase shaped STl structure. The step side wall spacers are renmoved from
the X +¢ 5yfie@HQ)RENRIredt Rh@RAIdZEM opehinganaitskigblldye@n structure i5
formed Wthin the X + 2 and final step trerches. 4 .. BRI EF DESCRI PTI ON
OF THE DRAW NGS The features and advantages of the present invention wll

be nore ¢ early understood fromthe foll owi ng description taken in
conjunction wth the BateohpbnHy,aw Rgsinson weschibéy &eitaedlesibinee (cpijrer al s
designate simlar or corresponding el enents, regions and portions and in

whi ch: ®itges arpas in agresshematical ly illustrate in cross-sectional
representation a

U.S. Patent No. 5,212,110 to Pfiester et al. describes an epi active

g owth area.

U.S. Patent No. 5,773,351 to Choi describes an SEG active area formed

on an opening in an insulation layer.

U.S. Patent No. 4,886,763 to Suzuki describes a process for forming

E °I active areas between isolation areas.



preferred enbodi nent of the present invention. f 5 DETAI LED DESCRI PTI ON
OF THE .PREFERRED EMBODI MENT Unl ess ot herwi se specified, all structures,

| ayers, etc. nmay be fornmed c : acconplished by conventional nethods known
in the prior art. | Definition of Active Areas 16 / STl 20 Accordingly as
shown in Fig. 1, starting sem conductor substrate 10 may be a silicon
substrate. Oxide (Si02) layer 12 is fornmed over substrate 10 to a thickness

of preferably from about OfAL ferably from about 2500
to 4500 Hard mask | ayer sy q& %H@ﬂq i FF@Ner 12 to a thickness of

preferably from about 300 to 2000A, and nore preferably from about 30U | O
800A. Fard nmask layer 14 is preferably fornmed of polysilicon. Hard mask

layer 14 is patteA@e@lrdia?gm@ag DX bBRct aY ahelgradbhhifv @0idiy @0 a5 RASdd 6. Hard
mask | ayer 14 may be pattéerned by, for exanple, formng a patterned

phot or esiesitod aferdukingiechinaeffedtdnkdjayat sddicandabanievitebi g. 1, exposing
hard mask 14 within, and defining, active areas 16. Hard nmask 14 is then
etched, a .posing oxide layer 12 within active areas 16 and the patterned
photoresist layer 1,' is renoved. 6 Active areas 16 are each preferably
from about 0.05m fao3bes WbIREE &f e MEeEerPr ehvenaisny t9 mymvabo bt m’.tgsdt@f 30um

w de [size qf typi.cal tive layer r cask]. Adjacent active areas 16 define
i nvert et %ch%‘é@“@rle%%i@nag@cﬁﬂéﬁéﬁéﬁ%%?t%e "Gé%hjd't Hrelgavinges" 22, 23

w1l be LOLIRG MLLILY BCt YR BLeas A ARG SIGRNG! ALK b B0l Bt okl BYer ted

z 1adjacent semiconductor device.

Another object of the present invention to provide a method of
r :ducing latchup effect in adjacent semiconductor devices by increasing the
d.stance between the n* S/D area of one NMOS semiconductor device, for example,
t.- the p* S/D area of an adjacent PMOS semiconductor device, for example,

v ithout sacrificing the isolation and the real estate.
Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
sumiconductor substrate having an overlying oxide layer is provided. The substrate
I wving at least a pair of active areas defining an STI region therebetween. The oxide
lc yer is etched a first time within the active areas to form first step trenches., The
fi~st step trenches having exposed .sidewalls. Continuous side wall spacers are
f.rmed on said exposed first step trench sidewalls. The oxide layer is ctched X + 1

I ore successive times using the previcusly formed step side wall spacers as masks



Forfation of First Step trench 18 As shown in Fig. 2, oxide layer 12 is
etched to a depth of from about 5J0 to 1500A within active area 16 to form
ffost Step trench 18. Formation of First Spacers 26 As shown in Fig. 3,
first spacer layer 24 is fornmed over the structure, partially filling
trench 18. Spacer layer 24 is preferably conprised of Si4Na or Si ON
deposited by LPCVD or PECVD using precursors SiH Clz / SiH and BTBAS
(bis(tertiary-butylam no) silane) with NHS. Spacer |ayer 24 is nore

pr ef er aBIQrBGWSEeSBEE BEP Sreswabes wipyindbe wriive pecagsBack or the sugseysary step

pur poses Qﬁée?;ter foe each.e: the successive ﬁgacer | ayers 32, 40, (and
ot her s (ahes he¥mie expessd sifRwasapr naxperdoavalispacssssicegsyively R ekness

f f f bl y. about 100, to 1000A f bly f bout, 100
A R et N ERA A S R i
1o SO Ry _ r c : o8 of
(irst broocind iR EEeiful Tl Stor e AR S 3D a0 oS (BTN o
about &Oeﬂ&eé%ngwn%emeamsmwm&ﬁmh@%wvé _Eu%ﬂsékrrﬂetsﬁQeg%nfmng-@@ Tr
4, oxrde layer 12 1s

~rmatior, of Setond~Step trench 30 As shown in Fig. 4,

then etchptledtegeaandadd sfaded STIGtrRétOrQTHd Q8P 3RAU Y aP0bdcOrs1 AR i
active areas 16, using first SiN spacers 26 a° ~d patterned pol ysilicon
hard meskm gyeX 44 as%rma{mes.ta planarised arelvetepa silgoahtBacture kb formmid on of
Second Spacer 34 As shown in Fig. 5, second SiN spacer |ayer 32 is fornmed
over t heithin thacXur 2andl ffFiag step togndies. sane nethod as the first Si N spacer

| ayer 24 is forned. Second Si N spacer |layer 32 is deposited to a thickness
of fromp -eferably about 100 to 1000k and nore preferably from about 100
to 35U As shown in Fig. 6, second Si N spacer |layer 32 is then
isotropically e;;.hed to formsecond Si N spacers 34 on the sidewal k 3G of
second trench / second s~ ~p 30 and on first Si N spacers 26. Second Si N
spacers 34 are preferably froma~~out 8; to 1200A wide, and nore preferably
from about 80 to 600A wi de.



8 Tl-ormation of Third Ste~trench 38 As shown in Fig. 6, oxide layer 12 is
then etched a third time to a ¢ epth of from about 500 to 1500A wi thin
active areas 16, using first SiN SpaC-l'S 2(~, s ~cond Si N spacers 32, and
patterned polysiltcon hard nask |ayer 14 as nmasks, to ~ armthird step
trench 38. F-armation of Third Spacer 42 As shown in Fig. 7, third Si N
spacer layer 40 is fornmed over the ructure of Fig. 6 by the sane nethod as
the first and second Si N spacer |ayers 24, are forned. Third Si N spacer

| ayer 40 is deposit eBRIEFEDESCRIPIONOF THRDRARINGS|I y about 100 to
1000A, and nore preferably from about 100 to 350A. As shown in Fig. 8,
third SiN spacer layer 40 is then isotroptcally a ~ched to formthird Si N
spacers 42 on the sidewalls 44 of third trench / third step :. S, and on
second Si N spacerBh@fcatTrgy andiad veypdagasso4theapeesgnefiayaign fwibinbalvoote 80 t

: 1200A wi nd rmre refer fro about 80 to 600 wide, Alth h for
i |l ustrcatah )é“ﬁ@reﬁﬁ%é ?@Lﬁ% bféti%fb%‘ 1%6“36‘ C‘%@”PCEVB ‘ﬁégnt%
fabricated fevver(rtcrenches/ sﬁ l?\ mli renches EIS may be f..~
rmed. PreP BIESPYE (18R T8 LoV TVELRENE %%“r‘ ‘[”é“*s‘aé? g Sty e o
formati L. El 8, final step trench 70
is for rrcrcel) re[‘gkpg%&ﬂ% e@n 51118 %géglgdﬁ%ilpgmpd% gid\}vrthr n active area 16 to
expose substrate 10 L15j11~; lvr5t, s ~cond, and third Si N spacers 26, 34,
42 (and any oth er SiN spacers fornmed) and 1 atterned polysilicon hard mask
layer 14 as masksfigl: ER®YAcIém i IBPARBES et crdds-sédiad rEpidseRaednHar d
Mask Layer 14

 -eferred embodiment of the present invention.




As shown in Fig. 9, first, second, and third Si N spacers 26, 34, 42 and |:
atterned hard mask |ayer 14 are renoved fromthe structure of Plg. b,
cxposlng f~rst, second, and third trenches/steps 18, 30, 38 and thE Ir

reSp(:1vC SldCwalls 2c ~, 7, 44. |~ ormation of Active Area Silicon
Structures 46' As shown in Fig. 9, silicon layer 46 is selectively
deposited over the .ructure, filling first, second, third trenches and
final / steps 18, 30, 38, 7U and ~ |lanarized to form planarized active area
silicon strubibellig DESGRIPIIQN Qb EHEPRE AU EMBRRIMENT e areas 16.

Silicon layer 46 is preferably formed fromepitaxlal s licon (epi). ~
oxmation of Sem conductor Devices 22, 23 over Active Area Ep i S tructures
46' As shown in Fi 10,. conventi onal ogesses. be used to form:

“mi conduct o devi gBks3PEIE epediRh, ARG et e dhak de WKA |
aCtlve 71 ). =810 o \ r |G 220834 NCl uding, for
exanpl e(:‘Jagcjzg?réh%lbéc?rbgdcé)slwggﬁ\%tgﬁ&gﬁﬁ?}l ‘9%55‘3?‘3 18 ghcttri c layers 52; and
S/ D areas 54, 56. Por exanple, as shown 111 | ig. 10, device 22 may be an
N net al - oxi de sem conductor (NIVIOCS) with N+ doped ~; D areas 54, 56 and
devi ce R2fimitjohefa dPivied adasab6i /T IH conductor (PMOS) with 1 ' doped S/ D
areas 54, 56. It is noted that adjacent devices 22, 23 may bath be cUnher
1", MOS or PMOS devices. The intervening inverted staircase shaped STI
region 20 between ~. ~jacent sem conductor devices 22, 23 fornmed over
staircase shaped éétlwiiénﬁ}r}’eas shows iry Hige v etrrgey searigengacter sebpirett 14/

i sol ate adj acent. sem conductor dw ces 22, 23. The i -averted staircase

st ruct ur8Yde & HeCaR 61 a{Rea epi structures 46' increases the path L ~tween
the NMOS nr S/D area of one sem conductor device 22 and the PMOS p" ~ ID
area of the adjacent sem conductor device 23. This would al so be the case
for t' ~o adjaceng B ; . devi - Jhis heneficially inproves. the

| at chup i mmunity. bﬁ:&@%@zﬁ@iﬁg?ﬁ Y ?gﬁnb;e[mnvls)céibﬂ%ebgaﬁ%ﬁ{’)o%niattl 16%%8?5 gwer
or greaﬁ%fe ol abb&NEDES tb SDEBSar@Nthdrs SRy ro Al aidiet Doy and
wi dth of the trenches / steps so fornmed, for exanple.” By fabricating the
sl oped, 4$308%ped staircase active area epi structures 9~:' of the present

i nvention, the basew dth 60 between the n" S/ D area of one sem conduct or
device 22 and the p+ S/D area of the adjacent sem conductor device 2.; is
effectively extended which inproves |latchup immunity for the chips a

npl oyi ng t he net hbtrref mekk lpyesthis foreed ioyer oRids lay casdiie s o Mhstkevess af | ur e
and the r~ quirenent to power down. 11 Whi | e particul ar enbodi nent s of
the pregésferal Nmma%@%&v@%é& andsmpae pactraP iy deeii dhwmt 300 tp580H3t-

| ntended L0 LA L kDS LINENLLAR, (SX0EPLe 88y dfkbned | v the fol lowing

Hard mask layer 14 is patterned to expose oxide layer 12 within active
aveas 16. Hard mask layer 14 may be patterned by, for example, forming a
[ rtterned photoresist layer 17 over hard mask layer 14 as shown in Fig. 1, exposing
f..rd mask 14 within, and defining, active areas 16. Hard mask 14 is then etched,
e .posing oxide layer 12 within active areas 16 and the patterned photoresist layer

1./ is removed.



.~ A method of form ng an inverted staircase shapl:d STI structur c,
conprising ae steps of: a) providing a sem conductor substrate having an
Qverlying oxide |ayer; said :~ubstrate having at |east a pair of active
areas defining; an STI repon thcrcbctween; 5 b) etching said oxide |ayer a
first tlme within said active areas to formFirst :;~ep trenches; said
first step trenches having exposed sidemalls c) forning conti nuous si de

wal | spacers on said flrs e d tchln sald
oxi de | ayer X 4 BieEIE i&egwec Sabl R abS Eoreint shet

step sid for succe S|ve st S VWthlll
Sar 0 *n GG PP RRTEE S ARrl B HR, hRee MMM CRETE (FERHE A }ﬁsﬂéx%e;ged

si dewal | 5 ?nd 1 awi ng S|de mall spacers succe35|vely formed on said
successive step trench a xposed sidewal I's; e) etching said oxide |ayer a
final time using the previously fornmed step side 15 ~~~all spacers as nmasks
to forrrt final step trenches exposing said substrate v.=1t11111 s.tid
active areas; saigdjadént agiion £HeAPricsdBHnannivyRdt Qduﬁda@brgflalse;?bapﬂd STl s
~ r ucture; f) renDV|ng said step side wall spacers fromsaid + 2 step

t r enchéserehntvepn. fSemmicogd ptenatdvied 22¢ 28 weillabe forsnéd eabhist aaioteurress Wot hi n
said X +- 2 and 20 f nag step trenches. The nmethod of claim1, wherein Xis
a nunbendfalegtricalipisplateg by imertadstrortast SEI migien £0 weerlegrd)sai d active areas
have a wi dth of Fromobuut i.05 to 50um said first Step trench |eas a
depth bl ow said semi conductor substrata i~f from about 500 to 1500A; said

successi ve step iéencges havi a depth bel ow | ht ~spective previous step
trench#= -. The method of claim1, wherein said
oxi de | ayer is from about 1000 to ~QUUA thick, said side wall spacers are
from about 80 to 1200 wi do and are forned of

As shown in Fig. 2, oxide layer 12 is ctched to a depth of from about

570 to 1500A within active area 16 to form first step trench 18,

Formation of First Spacers 26

As shown in Fig. 3, first spacer layer 24 is formed over the structure,

putially filling trench 18. Spacer layer 24 is preferably comprised of Si,N, or 51ON
c:zposited by LPCVD or PECVD using precursors Sild,Cl, / SiH, and BTBAS
(Lis(tertiary-butylamino) silane) with NH,. Spacer layer 24 is more preferably
comprised of Si;N, (SiN) as will be used for illustrative purposes hercafter for cach

o. the successive spacer layers 32, 40, (and others as desired).

First SiN spacer layer 24 is deposited to a thickness of from preferably

a>out 100 to 10004, and more preferably from about 100 to 350A.



L3N~; and said active area silicon structure is forned of epitaxial

silicon. The nethod of claim 1, wherein said oxide |layer is from about 2500
t.0. 4500A r~.lick, said side wall spacers are from about bO to 600A w de and
arc torm-d of ;3Ny; and said active area silicon structure is forned of
epitaxial silicon. E The nethod of claim11, wherein said oxide |ayer

i ncludes an ovcrlyinb atterned hard mask exposing said oxide |ayer within

id ti . Th t had | ai , Wh [ id i de | r i nclud
a1 g 2ctive areng The oL of ELaLONAReT unSaL S BR Ryt el v
i t hi i ti .~ . Th t hod of, claim,1,. wh i T dugct
1M DS Bl RS IS JPLNEL S LA T e 0L B, SO el o
il 1 " t f ] i t aj. d STI
R L e T T R

SUbStr?L&kHﬂM%@&nﬂgb%%$§b¥é gogxbgg_layer; said ~xide layer having an

overlying patterned hard nask | ayer defining at leost a pair 5 ~ ,f active
areas; said active areas defining do STl region therc:bc:twecn; b) etching
sai d oxide layer through said patterned hard nmask a first tilc .rithin said

act i ve farmasi ff B¢ qorfd @enches; said first stop trenches having

xposed sidewalls; c¢) formng continuous side wall spacers on said exposed
first step trench 10 :dewalls; d) etching said oxide layer X + 1 nore
successive tinmes using said_patterned 1- and nmask and the previously forned
step side wal | sphtéhewasimbkd PyiGolayendédsdhor clehesl @ pesrMesing ¢hitn sai d

2nd. e TEASH dE TR0 S90S BUGh CHDYSas i e oot Wt a5 PAcCheai ve
3t5|elr’1) gt g%ggg%&%?&gﬁ%ﬁ ﬁ%\é\g%zi% Ig%%?fa%'r N9 3 %gskgf(lod orlma (&ordy s]:thr)] %!'cntchrre
20,

E srmation of Second Spacer 34

As shown in Fig. 5, second SiN spacer layer 32 is formed over the

s'~ucture of Fig. 4 by the same method as the first SiN spacer layer 24 is formed.

Second SiN spacer layer 32 is deposited to a thickness of from

p -eferably about 100 to 10004, and more preferably from about 100 to 350A.

As shown in Fig. 6, second SiN spacer layer 32 is then isotropically
etched to form second SiN spacers 34 on the sidewalls 36 of second trench / second
s.2p 30 and on first SiN spacers 26. Second SiN spacers 34 are preferably from about
87 to 1200A wide, and more preferably from about 80 to 600A wide.



| e ‘previously formed step side wall spacers as masks to formfinal step
trenches exposing said substrate within said active areas; said STl region
conprising an i.zverted staircase shaped STI structure; 20 f) renoving said

patterned hard mask and said step side wall spacers, from:. .aid X + 2
step trenches; and g) form ng planarized active area silicon structures
within said X + 2 and final step trenches. 1 ~. The nethod of claim9,

wherein X is a nuymber, fromO tg 3. 1! . The method of claim9, wherein
sai d aé@@@—‘&r‘l‘e@ﬂmt t < from about C 05 to 50pm said first step
trench has a depth bel ow said sem conductor substrate 15 of from about
500 to 1500A; said successive step trenches have a depth bel ow t he

i i ff b b. h hod
of claim 9 wher drnSaERE B Fite S yur SRR bhianout SEog ¥ anaTou T K eai d
patter ’E%@tﬁ‘%ﬁc?‘r %oﬁ? 56 &3&9&%%%9 EIC(PIV%QJ(I‘&gbblé RS ﬁ}) ftP&l i85 AQ‘FWU%’?(’M

~ol ysi | Spacers are from about 0 and are
formed sford 852 @&35332 GirC n%aer@m@aq%r bill ic6 @Mha$ 8 MHES AL o S 4f & ARk OfLo
epi taxi al si Ircon ©3. The nethod of c aim9, wherein said oxide layer is
f rom ahotth tHﬁﬂQstép‘)h@ﬁ@B%!tr ck; said patterned hard mask is from about 300
to bOOA thick and is fornmed of ~olysilicon; said side wall spacers are from
about SO to 600A wide and arc fornmed ~,f Si3N4; and said active area
silicon structure IS forrred of epitaxi aI s111CU1l. :4. The method of claim
P s 3 pPAEE-ces are fornmed on the ~~. pper surface of said
pI anari zed actlve area silicon structures. y5. A net hod of form ng an
inverted staircase shaped STI structure conprising ;le steps of: a)
providing a sem cond ctor s a anoerl xi de | ayer; said
cxi de | ayer né % 72&??5 Mgﬁ&ar% A eI G
defi ni ngrL?'Ctt 5 &ga 1:t?1a| ra of ae ﬁl ¢ sa Sde actra: g & eczélsladefrl E% ng an
STI reg’r on Fﬁ en b3 ‘%?Icrh RS §;8 ﬂggah sdi’d "patt er ned
pol ysi i £on fe%gdrrall a

Third SiN spacer layer 40 is deposited to a thickness of (rom

r referably about 100 to 10004, and more preferably from about 100 to 350A.

As shown in Fig. 8, third SIN spacer layer 40 is then isotropically
¢ ched to form third SiN spacers 42 on the sidewalls 44 of third trench / third step
¢ 3, and on second SiN spacers 34. Third SiN spacers 42 are preferably from about 80
t » 1200A wide, and more preferably from about 80 to 600A wide.

Although for illustrative purposes, three trenches / steps 18, 30, 39
I ave been fabricated, fewer trenches / steps or more trenches / steps may be

{~rmed. Preferably, from two to five frenches / steps arce formed.



rst time within said active areas to formfirst step trenches; said first
step.trenches f aving exposed sidewalls; _ c) formng continuous Si 3N~ side
wal | Spacers on said exposed first step 10 r~~ench sidewal |s; 16 d)
etching said oxide layer X + 1 nore successive tinmes using; said patterned
~olysilicon hard mask and the previously fornmed step Si,; N~ side wall
spacers as nmasks to form successive step trenches within said active areas;
each sajid successj.ve tep trenches havi ng exposed sidewal | s and havi ng

Si ~ éﬁ&@ﬂﬂéﬁ#iﬁg—éeégﬁélgﬁ@é@gs|ver formed on said successive step
trench exposed sidewal k; e) etching said oxide layer a final tine using
said patterned polysilicon hard :_Zask and the previously formed step Si3Na

side wall spacers asangv?ﬂkislgteﬁg‘)o%nh Qahe%$Fel}Cé hes xrpeo 'tﬂg%t#,ah drh

substrate within |S|ng I nVert ed

staircag ﬁﬂ%ﬂ y b i Sg Bal ysi{ icon
har d maslﬁ\ salﬁléﬁ%\i—&gt gv 1‘?bsuln§% t{\)L e{rsg%stggc@%g@' JrR(B‘;bn%E gtzglq RLgﬁLt
trenchesgora il tiiod rEtN]gb;Pic%E‘@% zegl @C(fa'n\dea@ B &l $ie an&% USFtH[ﬁzaM\ﬁt h' n
said X + 2 and nag step trenches. :'~ 5. The ‘method of tlaim 15 erein X
i's a nynieindd polyilic@ndard/madlbtryieethad I’Iﬁﬁbkg.l aim 15, wherein said active
areas have a wwdth of froma.5out 0.05 to 50um said first step trench has
a depth bel ow said sem ronductur abstrate of from about 500 to 1500g said
successi ve step trenches have a depth 1 eIOM/the respectlve previous step
t r ench lgmeyaleia} 9, 3602 pirtesigHard Magl gherein said

oxi de layer is from about 100cl to ~00~ th| ck sai d patterned polysilicon

hard mask is from about 300 to 2000A thick; ::.iid Si 3N~ side wall spacers
f 1200A I
?Lrene(rjog} al;g:r; a)8<|0‘%$ og?WOO 81§ fuasrt]dbe%g}tg Itl\tll?d%NabpacLleof() S.’u Eftagtrie 's

| atterned hard mask layer 14 are removed from the structure of Fig. 8, exposing
f-rst, second, and third trenches/steps 18, 30, 38 and their respective sidewalls 28,

395, 44.

Yormation of Active Area Silicon Structures 46’

As shown in Fig. 9, silicon layer 46 is selectively deposited over the
¢.ructure, filling first, second, third trenches and final / steps 18, 30, 38, 70 and
[ ianarized to form planarized active area silicon structures 46' conlacling substrate
1) and within active areas 16. Silicon layer 46 is preferably formed from epitaxial

s licon (epi).

Formation of Semiconductor Devices 22, 23 over Active Area Epi Structures 46’
As shown in Fig. 10, conventional processes may be used to form

s :miconductor devices 22, 23 over active area epi structures 46' within active arcas

10



_9.” The nmethod of claim 15, wherein said oxide |layer is fromabout 2501) to
=' -500 thick; said patterned polysilicon har d mask is fromabo at 3U0 to
KIFOQUA thick; .aid Si3N~ side wall spacers are from about b0 to 600A w de;

and said active area ~.ilicon structure is forned of epitaxial silicon.
_'.0. The nethod of claim 15, wherein sem conductor devices are fornmed on
the upper surface of said planarized active area silicon structures. _.1. A

met hod of formng an inverted staircase shaped STI structure, conprising;
“he st epsSSBRICORTUSIAVIRN A A2sEhdHal: dpr SupEpletEthaledierdar BV iy ng
oxi de layer; Bald ,xide |ayer having an over |yi patterned polysil|icon
har d |haéﬁrlygg£e%ataéﬁ¢1ﬁmq bgeis 1 apasy Ddaﬁapr54o$&%@e'ieefe ecs PSR et | ve

M dih b1 FPoRfaBaR ke eY SOTe RO Srstong ekt DU 58 darGtgn
id d ill,co d K rst b it hi i X

Fai o Pl beLnedapalyol hEoD. g RSk Al LU I 501 Bkl veyar o

S| devvai l’ 3'08?3'59& Lisk 5%:[ fIE fser%Ed r?ﬁa\’tj acaen([]% Tv[%e???,o%‘iﬂ 1) 'lgvll]r%cm-lhcr

~m conduct substrate o rom about 500 to 15009 c ornrng conti nuous

Si 3N, ~raVds svabMGPaceicss.on sai d exposed first alep Bench sidewalls; d)
etching said oxide layer X + 1 nore successive tinmes using said patterned
;~olysilicon hard mask and the previously fornmed step Si, N~ side wall
spacers as 15 . Zasks to formsttecessive step trenches within said active
areas; inch, Sai&Tm,H&evegéhgdnycéwdts@w@héssgaptdngqused 2} detwbes and
| eaving Si ~N~ side wall pacers successively fornmed on said successive step
t r ench 2&j@s6B beesic@afalctay; depsees 22 23tfermAg oysr ¢taoscrae shaged agtivg amp apime
using said pattgyned Eoléfili on hard mask and .t he previouslyon;neg step
Si ~N~ $iTHEtWHRP 1O sisare S elestrinaslydsplgte atiarsnteamicendiegior ferikpesdleidpdsitng
said substrate within said active ar eas;, said STl r egion ~. onprisjing an
i nvert éd’ St Pgﬁgésgﬁgﬁéhu ggﬁ? P@ﬁ??a§ﬁ?dg%ﬁE€§§§%v8“§€§ﬁ”ﬁggﬁ5ﬁ%s

. awi ng | I h e cll revi . [ .. f out 500
BT R Bt e S e S S S

stop sico® gRaoN@ld acﬁ@é’é‘r&%@rﬁi&&ﬁ'&@&b@ dvice2 B8R WRNGNhEeSs batle 8dsd Qrm ng
pl anari zed active area silicon structures within said X + 2 and

t vo adjacent NMOS or PMOS devices.

This beneficially improves the latchup immunity. This path length
r. ay be modified by formation of fewer or greater number of trenches / steps, and

i a function of the height and width of the trenches / steps so formed, for example.

By fabricating the sloped, stepped staircase active area epi structures
4-' of the present invention, the basewidth 60 between the n* S/D arca of one
semiconductor device 22 and the p* S/D area of the adjacent semiconductor device
2. is effectively extended which improves latchup immunity for the chups
e nploying the method of the presentinvention. This reduces system failure and the

. quirement to power down.
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_~nal step trenches. 2. The nethod of claim21l, wherein X is a nunber from
0 to 3. 3. The nethod of claim?2l, wherein said oxide |layer is from about
1000 to OOQA thick; said patterned polysilicon hard mask is from about 3U0
to 2000A thick; aid Si3N~ side wall spacers are from about 80 to 1200A

wi de; and said active area ~licon structure is formed of epitaxial silicon.
The nmethod of claim?21, wherein said oxide layer is fromabout 2500 to

~' SO0A thi ck; _Sa'xgh\g%aﬁ %‘f'apo l}r%%'d'l{n%ﬂ& B?rtﬂ%gﬂ Ltslrfer o%bRg%b§QQLwt 0

80UA thick; said spacers are out w de;

and sai. %ﬁ?&t’e&ean%lr &%c&ib‘é@nxt% LEETAMERALS td QH‘T@%@fm%B'nbﬁXL?&qﬁ'a's'd‘%@i'i‘lcd'rhe

met hod of claim 2 whwei n sem conductor devices arc fornmed on the L peer
surface hesgngm@m$@@hhged active area silicon structures. 19

.A@®. AGAY. A AL AE. AT. . A A h. ASU. AU. A. Afl. A . ASU. A&n. AF. Asl . A. | . AU=r $YZ[ wx[ . H
Kv{} } xsnhb] X] ca] ca] c*al] c

aJ cal ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]c”talc”a]ca]ca]ca]ca]ca]crha)lctalcau
]c:aljcTaljcajcajca _" a

. 34b4cej k$&MEB| wgl gb] X] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]cAa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca'B
T>C0 A?DE+QITW vgl ga\ W ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c”a]ca]ca
] ca] c™a] ca] ca] ca] ca] ca] ca] ca]ca] calca]calca]calcaldjl @D
Pr(ritiis " Ci##~ytoj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] c™a]c
a] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca! #3Y$'$_ $5$% %BAAS & &
&&&& Wg(i (((:)RX) 2)**+--~ytoid Zj e [V]ca] ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]c
Aa]ca]ca]ca]cAa]ca]ca]ca]ca]ca]ca]c“a]ca]ca]ca]ca]ca]c“a]ca]ca]ca]ca
.N.///17/10c0i Op0] 000" 1~112] 2h2223a3334mt445b5{ vql gb] X] ] ca] ca] ca] ca] ca] ca]

ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cAa]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]cAalb525556266677778p889L999/ g:: 8w

; <g<y<<<=k=} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calk:::>>C>>>O9Z?9?@3@h@E%AeAAAA
B5CCC+D, DvDDEECEE

Fl wmhc”Y] ] ] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!

FYFFFG G3GGGH HHI ] 11/ IbJJJIKKLKKK2LSMYIMNNOGOOP| wr mhc”Y] ] ] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]calca
] ca] ca! PnPPPPQQOR/ R RRSoSSSTATTUdUUU. VCVWWEXXXYKYNY} xsni d| w mhc”Y] ] ] ca] ca] |
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cajcalcalcalcalca=ri K-10%& ()- 10%&' ()- $10%& ()-$ 10%& ()- Y10 ()- @

109&' () -, 109& () -r $VWKYZ} si K1O%&' () - @LO%& () -s101010%@0%& () - #@*10%&' () -
f1109& ()- 910%& ()-Z[W .gH yl0%& ()-109% ()- f@O%& ()-Y T#10%&' ()-G
,¥Z109%&' ()- y-10%& ()-Ys1l0%& ()- .HKdE)yl10%&' () 010%& ()-, L10%& () -
*y10%&' ()-9' @O%& ()- YOOk ()-

F109&' () - Kvxyz{}~_ @10% @10%0& ()-10%& ()-! GLO%W*& ()- 10 10

1009t 109&' () - @10%' ()- " a dE~_ @ 10%s10%0& () -
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@T0%& ()-210%T& ()- @10%& ()-yglova& ()- 1090& ()-

. 01234~ _=y10% yg#10%gg& () - yg#1l0%g& ()-s10%& ()-° 10T 10T

10T&9s109d& ()-! (f#109%4T& ()-bCy10% F , 10% & ()--x10% & ()- 10g 10g
109s910%& () - & [ 10%g&' ()-2: 10%& () - Mo4cdEbCy10% 10% & ()- S&10% & () -

10% & ()- -#10% & ()- #10% & ()-,10% & () - ceghi j kbCy109% @ 10%& () -

-10%& ()-f10%& ()-M 10t 10t

10t 9s10% & ()-s3 10% & () - L$M=dEbCy109% - #10%& () - 3f S10%& () - 10%& () - f 109&' (
)-3109%& ()-1 "~ 109%& ()-=B CLAIMS

TdEbCy109% * g#10%&' () - @ 10%&' () - Y% 109%&' () - SH@10%&' ()- 3! 109%& () - 10%& ()->Cb
Cy109% Sf 109B& () - S#109B& ()-f109B& ()- s109B& ()-° 10 10

10s9t 1%& % QUIEbCy10% 109B&' () - 3, @OYB& () -f-109B& ()-f S109B&' () -
f#109B& ') RE10YB& () - 4?ABCIE: / 10B 10BL910YB& () - 1: 109B& () - Fy90z109B& () -
F°/<S#10%3&' () - SSf#y109B& ()- 109B& () - CDE+QaxY:/ 10Bf  10%& ()-S3

109& () - 3Sf- #10%& () - 3S- #109%&' () -

A method of forming an inverted staircase shaped STI structure, comprising
| ae steps of:
a) providing a semiconductor substrate having an overlying oxide layer; said
substrate having at least a pair of active areas defining an STI region therebetween;
5 b) etching said oxide layer a first time within said active arcas to form first
vtep trenches; said first step trenches having exposed sidewalls;
c) forming continuous side wall spacers on said exposed first step trench
sidewalls;
d) etching said oxide layer X + 1 morc successive times using the previously
10 {ormed step side wall spacers as masks to form successive step trenches within said
ctive areas; each said successive step trenches having exposced sidewalls and
Iaving side wall spacers successively formed on said successive step trench
e xposed sidewalls;
e) etching said oxide layer a final time using the previously formed step side
15 +vall spacers as masks to form final step trenches exposing said substrate within
said active areas; said STI region comprising an inverted staircase shaped STI
srructure,
f) removing said step side wall spacers from said X + 2 step trenches; and
g) forming planarized active area silicon structures within said X + 2 and

20  f nal step trenches. .

" The method of claim 1, wherein X is a number from 0 to 3.
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109& ()- , 109 ()-M 10Bwdj dE:/ 10Bf S!y109%& ()- Z 109 ()-S

109& () - s#109%& ()- |-#10%& ()-G z10%& ()- ~@E:/ 10Bf LO@10%& () -

1 -#109%& ()- y, 10%& ()-(10%& ()-4f & 10%& ()-y#M 10%&' ()- D bC 10By3

#1098 ()-3yz10%&' ()- S10% ()- 10 10 10  9s10%&' ()-2ml0%& ()-3 ! (!i!!!a?bC
10B! 8 109& ()-! SH109Mh& ()- @109 ()- 109 ()-y 109 ()-y& #109%& () -

| " S""" C##dEDC 10B! 8* 109%& () -

(- #109& ()-9' #109& ()-yYUgLl09%& ()- ! 109& () - 3Sf 109& () - ##SYS[ $\ $] $7$$xnMbC
10B! Sf10% h& ()- 10 10 10 9s109% ()-, 2109%& () -

The method of claim 1, wherein said active arcas have a width of from about
(.05 to 50pum; said first step trench has a depth below said semiconductor substrate
of from about 500 to 1500A; said successive step trenches have a depth below the

: sspective previous step trench of from about 500 to 1500A.

<. The method of claim 1, wherein said oxide layer is from about 1000 to 8000 A
tnick, said side wall spacers are from about 80 to 1200A wide and are formed ot
£1,N,; and said active area silicon structure is formed of epitaxial silicon.

s The method of claim 1, wherein said oxide layer is from about 2500 to 4500A
raick, said side wall spacers are from about 80 to 600A wide and are tormed of

¢ 3N, and said active area silicon structure is formed of epitaxial silicon.

€ The method of claim 1, wherein said oxide layer includes an overlying

1 atterned hard mask exposing said oxide layer within said active areas.
: The method of claim 1, wherein said oxide layer includes an overlying
r atterned polysilicon hard mask exposing said oxide layer within said active arcas.
& The method of claim 1, wherein semiconductor devices are formed on the
v.oper surface of said planarized active area silicon structures.

¢ A method of forming an inverted staircase shaped STI structure, comprising

t e steps of:
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LO@10%&' ()- |.f10%& ()- $$% 9886 &IENDC 10B! @f 10% h&' ()- y10% h& ()-y: 10% *
h& ()- f9-#10% h& ()-fY #10% h& ()-y10% h& ()- *& &&& W g(aBmbC 10B! & S#10%
h& ()-fY9d0% h& ()-!@0% h& ()-!10%h& ()- -#10% h& () - S@10%
h& ()-g(((R) U V)W X) Z) xnbC 10B! MLOYB&' ()-M 10 h 10 h 10 h@910%
h& ()-5@10% h& ()-410% h& ()- "0!'10% h& ()-Z)+-.N.///}*?4C 10

10B9109B& () -, SH109B& ()-f S*109B& ()-! ##109BB& ()-!f @109BB& () -, gH109B& ()
- ////IOCOfO 0h0|1(c)lnb\/\L 10B9 1

1Qf 910%
109%&' () - L" 109R1PY IR pogmggen Lb%orm% %e%&%mwnwev%bfw ¢rid @
10%z &

0% (10 108 O 0% (1o RS &gsaaf 109 o AR AR o

5 . factive areas; said active areas defining an STl region thercbetween;
b) etching said oxide layer through said patterned hard mask a first tume
~ithin said active areas to form first step trenches; said first step trenches having

«xposed sidewalls;

c) forming continuous side wall spacers on said exposed first step trench
10 dewalls;

d) etching said oxide layer X + 1 more successive times using said patterned
I ard mask and the previously formed step side wall spacers as masks to form
successive step trenches within said active areas; each said successive step trenches
I aving exposed sidewalls and having side wall spacers successively formed on said

15 cuccessive step trench exposed sidewalls;

e) etching said oxide layer a final time using said patterned hard mask and
it 1e previously formed step side wall spacers as masks to form final step trenches
¢xposing said substrate within said active areas; said STl region comprising an
iaverted staircase shaped STI structure;

20 f) removing said patterned hard mask and said step side wall spacers, from

¢aid X + 2 step trenches; and

g) forming planarized active area silicon structures within said X + 2 and

f:nal step trenches.

1. The method of claim 9, wherein X is a number from 0 to 3.
1L, The method of claim 9, wherein said active areas have a width of from about

C 05 to 50um; said first step trench has a depth below said semiconductor substrate
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sz10%& ()- 9%40%& ()- 3a3334mi4dEnbW. 10B*#10%& ()- )nPd0%& ()- 9'S
1092& ()- | 940% & () - ##10% & ()-!#10% & () - 445b525555aB7bW. 1

102s910%2 & ()-!9510%8S& () - @10% & () - sOg

1092 & ()-.10%& ()-,10%& ()-5556266677j KboW. 1 10zf - #109& () - 3f &LOY& () - 3fF
-#10%&' ()-3S #10%&' ()- !S #10%&' ()- 10z 10z77778p8897?KbW. 1

102!, #109& ()-!: 109F& ()- #109& ()-4!, #109& ()-4y' 109& ()- YH#109%& () -

?L%?t%w?i E%ﬁﬁ?%b%&?@%{ ?%ggﬁc%gé%é%%d&e%hebhzwea dgpth Beiow the

10f s#10%&eldive p@AGH &b irernt @ &inldbdut 580 191500A.

2. The method of claim 9, wherein said oxide layer is from about 1000 to 8000A
‘hick; said patterned hard mask is from about 300 to 2000A thick and is formed of
»olysilicon; said side wall spacers are from about 80 to 1200A wide and are formed

£ Si;N;; and said active area silicon structure is formed of epitaxial silicon.

:3. The method of claim 9, wherein said oxide layer is from about 2500 to 4500A
hick; said patterned hard mask is from about 300 to 800A thick and is formed ot
olysilicon; said side wall spacers are from about 80 to 600A wide and are formed

of 5i;N,; and said active area silicon structure is formed of epitaxial silicon.

4, The method of claim 9, wherein semiconductor devices are formed on the

vpper surface of said planarized active area silicon structures.

5. A method of forming an inverted staircase shaped STI structure, comprising
11e steps of:

a) providing a semiconductor substrate having an overlying oxide layer; said
cxide layer having an overlying patterned polysilicon hard mask layer defining at

5 l:ast a pair of active areas; said active areas defining an STI region therebetween;

b) etching said oxide layer through said patterned polysilicon hard mask a
f rst time within said active areas to form first step trenches; said first step trenches
I aving exposed sidewalls; .

¢) forming continuous Si;N; side wall spacers on said exposed first step

10  tench sidewalls;
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105 910%&' ()- 4109%& ()-w, ;: <g<y<<<dEbCL 1 10&10% & () - S@

10% & ()-y10% & ()-"10% & ()- @ @10% & ()-sS10% & ()- <=k==>C>>dEbCL 1
10yS 10% & ()-L10% & ()- #1094 & ()- ,-#10% & ()- 9#10% & ()- fl-

10% & () - >>072???@BbCL 1 10*f 10% & ()-(10% & ()- ' 940% & () -

FOd0% & ()-f##10% & ()-!! #10%("X" & ()- @ @G@PAAAADYNCL 1 10 10" 10"
10" SL910% & () -5, #10% &' (

S0 8 () sl QA S0 AAMEBIGHRYIOh chrdfusing said patterncd
2 10ve §y)581ftF é/é&' IEEH ‘P?%e%b g %@%@f?ﬁgﬁ@( Rllpasor A o
1 nasks to form successive step trenches within said active areas; cach said
successive step trenches having exposed sidewalls and having Si;N, side wall
15 pacers successively formed on said successive step trench exposed sidewalls;
e) etching said oxide layer a final time using said patterned polysilicon hard
»aask and the previously formed step Si;N, side wall spacers as masks to form final
step trenches exposing said substrate within said active arcas; said STI region
comprising an inverted staircase shaped ST1 structure;
20 f) removing said patterned polysilicon hard mask and said Si,N, step side
vvall spacers from said X + 2 step trenches; and
g) forming planarized active area silicon structures within said X + 2 and

: nal step trenches.
16, The method of claim 15, wherein X is a number from 0 to 3.

°7. The method of claim 15, wherein said active areas have a width of from
ebout 0.05 to 50um; said first step trench has a depth below said semiconductor
substrate of from about 500 to 15004; said successive step trenches have a depth
t elow the respective previous step trench of from about 500 to 15004.

3. The method of claim 15, wherein said oxide layer is from about 1000 to
£ J00A thick; said patterned polysilicon hard mask is from about 300 to 20004 thick;
+ 1id Si,N, side wall spacers are from about 80 to 1200A wide; and said active area

¢ licon structure is formed of epitaxial silicon.
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107 LO@10%<<& ()- F.f 10%& ()- Fy, #10%<& ()- & - #10%& ()- (f 10%& () -
&810%& ()- FFG GOGLG2G3GxnbCL 1 10'1 @ 109%&' ()- 10< 10<

10<910%&' ()-5 10%& ()-&3f 10%& ()-L110%<& ()- GGHj HHI ] 1 dEmbCL 1

10! #109& ()- - 109& ()- s"109& ()- #109& ()- ,"109%& ()-L"109%& ()-
1111/3bJJJdBbCL 1 10! 109888 ()-S 10%&' () - 10%&' () - YA0%&' () -

F109&' () -f-#109& () - JKLKKK2LLdBbCL 1

10! 7L3. +#109 ' 3% = L OV ~H#LO00K ()5 - Y& £ )&% A& )r | 109K
) LS RNGREE 3 T8 Tobaga (T et b () i dotg ) oiBe fgot
10910%&i50h ALricit LI ph dte HEFHRPREEAMard thik 1S frd V@IS () 3001 @R A Mrick;
040%g& () --#10%g& ()-S 10%& () - F@#10%é& () - PPQQOR/ R| RAELCL

aid Si;N, side wall spacers are from about 80 to 600A wide; and said active area

-ilicon structure is formed of epitaxial silicon.

20. The method of claim 15, wherein semiconductor devices are formed on the

apper surface of said planarized active area silicon structures.

1. A method of forming an inverted staircase shaped STI structure, comprising
e steps of:
a) providing a semiconductor substrate having an overlying oxide layer; said
«.xide layer having an overlying patterned polysilicon hard mask layer defining at
5 .east a pair of active areas; said active areas defining an STI region therebetween;
said active areas have a width of from about 0.05 to 50um;
b) etching said oxide layer through said patterned polysilicon hard mask a
rst time within said active areas to form first step trenches; said first step trenches
having exposed sidewalls; said first step trench having a depth below said
10 :emiconductor substrate of from about 500 to 15004;
c) forming continuous Si;N,; side wall spacers on said exposed first step
.rench sidewalls;
d) etching said oxide layer X + 1 more successive times using said patterned
olysilicon hard mask and the previously formed step Si,N, side wall spacers as
15 . \asks to form successive step trenches within said active areas; each, said
vaccessive step trenches having exposed sidewalls and having Si;N, side wall

: pacers successively formed on said successive step trench exposed sidewalls;
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110!'S, g 109%& ()- *10%& ()-(f 10%& ()- & 10%g& () -
0410%8& ()-9, #"10%& ()- | RRS0SSSSSSAYNCL 1 10! 10g 10g 109910%g& () - &3
L10%g& () - 1@10%g& () - 0%40%& ()- 3. @10%& ()- STATTUJUUIEYNCL 1 10! y@
109& ()- #109& ()- #109& ()- &SYA09%& ()-s"109%& ()-S- 109%& () -
UU. VOWM@XAdBYNCL 1 10! (- #109%& () - - #109& () - 109%& ()-L10% ()-yl S 109%& () -
9109& () - @(XXYKYNY}’\BYNCL 1 10! (- #109%& f 99109%& () - 3109%& () -
| 2, #10%Y& (eb. 10% g])e #109%&: (

ing
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 #$H&9( @(é QB3 ThS0 ‘é’lr}ﬁ(sald substrate within_said active areas; Tnd STI region
<>@N\5CEFG | JLOP| RSU MNOPCQRSTUVWKYZ[ \ ] A" abcdef ghi j kI mmopqgr stzﬁvwxyz{ | }

~6Ti mes oﬂmlﬁag& hivat e Wtdiedasblg A PeRETL s It Y VAL HDOGEBA  step trenches
" H#SUR () *+, -.70123456789:
<=>7? C\BCDEREH deWﬁPI@?@'IEW\MB@@dt]Vé_pabddaﬁ ghig kiemabpsfr 8buvwieynf{ HP6 to
-5004,;
f) removing said patterned polysilicon hard mask and said Si,N; step side
25  vall spacers from said X + 2 step trenches; and

g) forming planarized active area silicon structures within said X + 2 and

i.nal step trenches.
22, The method of claim 21, wherein X is a number from 0 to 3.

73, The method of claim 21, wherein said oxide layer is from about 1000 to
0004 thick; said patterned polysilicon hard mask is from about 300 to 2000A thick;

+aid Si,N, side wall spacers are from about 80 to 1200A wide; and said active area

s:licon structure is formed of epitaxial silicon.

o4, The method pf claim 21, wherein said oxide layer is from about 2500 to
£300A thick; said patterned polysilicon hard mask is from about 300 to 800A thick;
said Si;N, side wall spacers are from about 80 to 600A wide; and said active arca

¢ licon structure is formed of epitaxial silicon.

3. The method of claim 21, wherein semiconductor devices are formed on the

L pper surface of said planarized active area silicon structures.
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