.METHOD TO FORM AN | NVERTED STAI RCASE STI STRUCTURE BY ETCH-DEPCSI TI ON- ETCH =
‘AND SELECTI VE EPI TAXI AL GROMH FI ELD OF THE | NVENTI ON The present
invention relates generally to formng isolation structures in

seni conduct or devices, and nore specifically to nethods form ng shall ow
trench isolation regions (STI) in semconductor devices. 1 8 MAY 28§06
BACKGROUND OF THE | NVENTI ON Lat chup has been a concern for nost of the
conpl enentary mnetal - oxi.de sem conductor (CMOS) technol ogies. Latchup is a
parasitic circuit effect, the result of which is the shorting of the VDU
and V55 lines that usually results in chip self-destruction or at |east
systemfailure with the requirenent to power down. Latchup effects wll
becone severe when the VLS| circuit dinmension is scaled. There are
currently various ways to inprove the latchup inmunity by transistor
design. U S. Patent No. 5,681,776 to Hebert et al. describes selective

epi t axi al

METHOD 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

isolation regions (STI) in semiconductor devices.




: ive areas formed on an opening in an oxide layer. US.
i%;\“?\(,av:;\? (NcS)EGzl 38}) 692 to Robinson describes epitaxial silicon (eph)_ ap'y \S/e
areas in a trench. U S. Patent No. 5,212,110 to Pfiester et al. e;&:ﬂrﬁl gn
an epi active growth area. U S. Patent No. 5,773,351 to Chod []jdﬁAYrS PZtent
SEG active area formed o t an opening in an insulation Iaygr. tent
No. 4,886,763 to Suzuki describes a process for formng E ?I zci](iltlve a
between isolation areas. 2 3 0 MAY 2006 SUMVARY OF THE | NVENTI N ethod
Accordingly, it is an BAEKGROUNED @FGI%BEN'V’ET@'ﬁ‘fd)Wdt O provi ot her
of reducing latchup effect in adjacent sem conductor devi cgs. _ ther
obj ect of the present invention to provide a nmethod of re ug! n? p
effect in adjacent sem conductor devices by increasing the IIS/ ance oa of
between the n' SHBE has beme 3 epicon doc troostdelviteecd i pldifteRtar$ mBraar

a1 A Ae e 8L GO MRS B SS)

) tec nologies. Latchup is a parasitic circuit effect, the .

r.sult of which is the shorting of the Vo and Vg lines that usually results in chip

self-destruction or at least system failure with the requirement to power down.

Latchup effects will become severe when the VLS] circuit dimension is scaled.’

Taere are currently various ways to improve

cesign.

the latchup immunity by transistor

U.S. Patent No. 5,681,776 to Hebert et al. describes selective epitaxial
growth (SEG) active areas formed on an opening in an oxide layer.

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

growth area.

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

O an opening in an insulation layer.

U.S. Patent No. 4,886,763 to Suzuki describes a process for fo‘rming

E °T active areas between isolation areas.




i j i i i thod of reducing
r object of the present invention to provide a ne _
ﬁggiﬁﬁg ef#ect in adjagent sem conductor devices by increasing the d
stance between the n' S/D area of one NMOS seni conduct or deg{@eMéﬁaﬁg% Cor
exanple, t_: the p' S/D area of an adjacent PNC? fﬁnlfggﬁuest;te o o
’ . ithout sacrificing the isolation an t he :
gg?gglg,mﬁrl appear hereinafter. It has nom/beenbdlscoverquhggtihh?hgbove
objects of the present invention nay be acconpli (
?3?|8&Pﬁ5 naLner. Speci f R (DEGHﬁEONUMENQHO$ﬁbstrateaPargggtag a1
i i i i The substrate . W ng _
overlying oxide layer is provided. ° ot veen, Thedom o ayar TL
of active areas defining an STl region therebetwe 'f' Oxide tlayet |
irst ti hthin the active areas to formfirst step t -
$Lghe?i?szlgfep {g%ﬂ%%%fﬁﬁavPﬁéﬁb9b5§édﬁsﬂdéﬂﬁbﬁgtlﬂbﬂmm@mdusp&hdéewal

. . ! ' de
ded i xposed.first step trench slqema!ls. The oxi
nggsr ;p‘lseaﬂé('?% ﬁggé X +n€&tgﬁuﬁgggﬁééggﬁc\?@?f‘?rﬁé@nﬁ@ﬁiﬁ devecesr evi ousl y f or nmed

' i 06 t.> form successive step
side wall spacers as nmasks 3 3 0 MAY 20 _
f:gﬁches wi t hin Fhe active areas. Each of the successive step t tenches

i n ' i way | ers successively forped on
t he sgccegsi ve step trencﬁﬁexposedﬁm devvanl S. l%‘e ox1'qé Qyef Hé dtehed a
final r:ducing latchup effect in adjacent semiconductor devices by increasing the

Cistance between the n* S/D area of one semiconductor device to the p* S/D arca of

& adjacent semiconductor device.

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

vithout éacrificing 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
semiconductor substrate having an overlying oxide layer is provided. The substrate
k.ving at least a pair of active areas defining an STI region therebetween. The oxide
layer is etched a first time within the active areas to form first step trenchés._ The

first step trenches having exposed

f

-sidewalls. Continuous side wall spacers are
rmed on said exposed first step trench sidewalls. The oxide layer is etched X + 1

[:.0re successive times using the previcusly formed step side wall spacers as masks




ti.me using the previously formed step side wall spacers as nmasks to form . .
‘fi'rnal step ::tenches exposing the substrate within the active areas. The

STl region conprising z -a inverted staircase shaped STl structure. The
step side wall spacers are renoved fromthe X + 2 step tregqhwy ?ﬂ}]ﬁ

pl anari zed active area silicon structure is formed wthin the + 27 and
final step trenches. 4 ef erred enbodi nent of the present invention. 5 3

0 MAY 2006 DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Unl ess

ot her whSerspREcbiseds s@bltr tASE Sy tH &Ll -he formed c:
acconpl i shed by convenFi o%g}ié%gt’llﬁg s&fﬁ%\%%aﬁg bhga%ﬁ?%b&eaﬁc.ceﬁé\“? Ai%Pi on of
Acti ve -dudas hh6idg STho2d Adeardisngldh | Do kdeds s LaLt R

sem conduct or subostr%te 10 r- -ay bezﬁ);e %PF%&LQ@%@% ?%%Ceegblgél&d@glpéfjo 2)

| ayer IPthesicensiseovep tsuoht oatosed Gidovalls. Mekogse @fcr is etched a final

t.me using the previously formed step side wall spacers as masks to form final step
tvenches exposing the substrate within the active areas. The STI region comprising
& Inverted staircase shaped STI structure. The step side wall spacers are removed

from the X + 2 step trenches. A planarized active area silicon structure is formed

within the X + 2 and final step trenches.




preferably from about 1000 to 8000A, and nore preferably from about 2500 to «
11500A. Hard nmask layer 14 is fornmed over oxide |layer 12 to a thickness of
preferably from about 300 to 2000A, and nore preferably from about 300 to
800A. Hard mask layer 14 is preferably fornmed of polysil i3cﬂ)rMAW?U[ﬂi mask
| ayer 14 is patterned to expose oxide layer 12 within active ‘"areas 16. .
Hard mask | ayer 14 may be patterned by, for exanple, formng a patterned
phot oresi st |ayer 17 over hard nmask |ayer 14 as shown in Fig. 1, exposing
h.-;rd mask 14vvithig ini active _areas 16. Hard nask 14 is then
etched, e :posing OX|R gﬁ%&%k JP SPAHELBAYWINGSI6 and t he patterned
photoresist layer 1/ is renmoved. 6 3 0 MAY 2006 Active areas 16 are each
preferably fromabout 0.05mto 50umw de, a :1d nore preferably from about
0.05 to 30m wi deTheifze@bs b¥Ri &R Gy r...oask]. Adjace active
areas 16 define inverted stai rpasae S%E ?éé@%ﬁf%@fﬂk?l&%{‘m@me more
~ Seni coh@RY oindevicodsira t2a folldwilke dﬁz@cfr'fi?c‘ijoﬂ""t&l@nnix?(éghj%g\c?i%%aﬁg%ﬁtheand

el ectrical IB/ i solated by inverted staircase STl region see Fig. 9).

a:companying drawings in which like reference numerals designate similar or

corresponding elements, regions and portions and in which:

Figs. 1 to 10 schematically illustrate in cross-sectional representation a

preferred embodiment of the present invention.




Earrratlon of First Step trench 18 As shown in Fig. 2, oxide layer 12 is
etched to a depth of fromabout 530 to 1500A within active area 16 to form
first step trench 18. farmation of First Spacers 26 As shown in Fig. 3,
first spacer layer 24 is forned over the structure, partlaBIUyMAlyc;wgﬂg
trench 18. Spacer layer 24 is preferably conprised of Si3N4 or Si

deposited by LPCVD or PECVD using precursors SiH2G 2 / Si H4 and BTBAS
(bis(tertiary-butylam no) silane) with NH3. Spacer |ayer 24 is nore

preferably DB Iw@ﬂma‘scﬁkﬁ*%dﬁ'é‘% ﬁ%EVPﬂéF B o Mastrative
pur poses hereafter for eac T 4o, (and
others as desired). First Si N spacer Iayer 24 is deposited to a thickness

of from preferabl about 10, to 1.000A, and nore preferably from about 100

to 350A. 7 3 0 leB0ghaswsearecl fiedFigl sihcthibdsSta g@é\'ép%% 2 IS
t hen |sotrop| caIIy e ched to formfirst SiN spacérs 26 on he 5| l1s 28

Cof firStateramlshe ftPX%mesqﬂél}@nQBmetlF@cdskn&vN ispaepridr 6. are preferably from
about 80 to 1200A wide, and nore preferably from about 80 to 600A wi de.

Formation of Second Step trench 30
" Iefinition of Active Areas 16 / STI 20

Accordingly as shown in Fig. 1, starting semiconductor substrate 10

r:.ay be a silicon substrate.

Oxide (5i0,) layer 12 is formed over substrate 10 to a thickness of

E- eferably from about 1000 to 80004, and more preferably from about 2500 to
4300A.

Hard mask layer 14 is formed over oxide layer 12 to a thickness of
preferably from about 300 to 20004, and more preferably from about 300 to S00A.
Fard mask layer 14 is preferaBly formed of polysilicon.

Hard mask layer 14 is patterned to expose oxide layer 12 within active

areas -16. Hard mask layer 14 may be patterned by, for example, forming a

ptterned photoresist layer 17 over hard mask layer 14 as shown in Fig. 1 exposing
F.ard 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 photoresiﬁ layer

17 is removed.




i ig. 4, oxide layer 12 is then etched a second tine to a depth
Q?;?Pgﬁ?abgurlgoo to 1500A m{thin active areas 16, using first SIN spacegs
26 and patterned polysilicon hard mask |ayer 14 as nasks, tgbboyzyzﬁﬁggd
step trench 33. Formation of Second Spacer 34 As shown in Fi'y: >
Si N spacer |layer 32 is formed over the structure of Fig. 4 by the sare r
nmethod as the first SiN spacer layer 24 is fornmed. Second Si N spacer ayg
32 is deposited to a thickness of from preferably about 100 to 1000A[Nan
Toacer Taver 35 15 then L sotrop ety rary ROOMDAL (s de PRI Al s aa

r 32 is then isotropically e _ (
iﬁaf ﬁ:a léﬁ?ég% Prefggmbdy f§‘é@oﬁbplftr@ﬁﬁ hHo/3Genontte fige 30 tygﬁaoacifi{ré $hy S BIA
spacers 26, Second Si N spacers 34 are preferably fromabout 8 to 120
wi de, afgrore preferably from about 80 to 600A wide. 8 3 0 MAY 2002
Formation of Third Step trench 38 As shown in Fig. 6, oxide Iayer_lh_ls
. then etched a third tine to a depth of f;gnlabougngogikfslgggf;mgé Ignd
[ s 16, ' fi [N spacers 26, second Sil er ,
patterned pol ys! T r o har 4 e dl ey o Sl & VRS Siacase STI rogion 20
- taerebetween. Semiconductor devices 22, 23 will be formed within active areas 16

ead electrically isolated by inverted staircase STI region 20 (sce Fig. 9).

Formation of First Step trench 18

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

530 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,

partially filling t_rench 18. Spacer layer 24 is preferably comprised of SN, or SiON

dzposited by LPCVDl or PECVD using precursors SiH,Cl, / SiH, and BTBAS

(bis(tertiary—butylarr}ino) silane) with NH,. Spacer layer 24 is more preferably

comprised of Si;N, (SiN) as will be used for illustrative purposes hereafter for each

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

First SiN spacer layer 24 is deposited to a thickness of from préfcr.ably

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




't hi [ [ 2 As shown in Fig.

: tep trench 38. Formation of Third Spacer 4 \
’;'agﬂ}ﬁglg?hfspgcer | ayer 40 is forned over the structure of F|g.f6 bydthe
same method as the first and second Si N spacer |ayers 24, 22 %Lﬁemgigﬁﬂ@
Third Si N spacer |ayer 40 is deposited to a thickness of from _
about 100 to 1000A, and nore preferably from about 100 to SSgAd fs ?hOﬁT in

i i i N i hen isotropically etche o for
Fig. -8 third Si N spacer layer 40 is t PR Cremah | third Sten and

hird SiN spacers 42 on the sidewalls 44 of thir
E)nl second S!ON spatehewad in Higr d, S:rN ?N@@@Eeﬂt?ay%gezt%ri%ggé{@\%%%&g%mlﬁga;th 80

i de, and nore preferably from abou :
126} |1 Ize?%éldrw’é’t ﬁ%&@ %{ﬁ@é@e@gcmr%eom rdemihles/amsszBetnﬁfn-l;B/u-c%tQh /3ﬁ%|;t%§wagpned
i . t ches /| steps or nore trenches / steps :
fP?te)1[ 2?2%?331’4 %ﬁeﬁ%“t’%{)% G| Hf‘é?fwé?ﬁb Hesny aboepsOarce 1200 Aed:id9, 3nQ MAY. 2006

i ' in Fig. 8 final step trench 70
For mat.i.. I [ 70 As shown in 8, | :
is fo ngﬁr%?fgtﬁﬁ atbﬁgél?:gpi?rg?@%é’}“d(?f oxi de layerl2 within acti ve. area 16 to
expose substrate 10 using first, _

Eyrmation of Second Step trench 30

As shown in Fig. 4, oxide layer 12 is then etched a second time to a
¢ zpth of from about 500 to 1500A within active areas 16, using first SiN spacers 26

and patterned polysilicon hard mask layer 14 as masks, to form second step trench

3.

E yrmation 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

sizp 30 and on first SiN spacers 26. Second SiN spacers 34 are preferably from about

8 to 1200A wide, and more preferably from about 80 to 600A wide.




second and third SiN spacers 26, 34, 42 (agg any ogEgr ELN 3g§cg¥ssg&rned)
¥ ! - - rra )
and Patterned polysilicon hard mask | ayer as v iz;ﬂﬂﬁg
Hard Mask Layer 14 As sho i ,
Spacers 26, 34, 42 and Patterned A Showh i R a9,

i cond, and third Si N spacers 26, 34, a pat t _
r;;2£’1zeare renoved fromthe structurg OL Fig. 8,e§?PSZ|ggde&;{Fg,zgecozgi
and third trenches/ st eps 18, 30, 38 and their resp c el siiicon

jon of Active Area Silicon Structures 46 As shown in Fig. 9,
rg;g?théﬂn&ﬁaaméﬂﬂﬁméswﬁdennghBed/over thiB S%Bucggre§of;Lglngl;h;??ied o
second, third trenches and final st eps , , 38, ( narized to

, i i tructures 46' contacting subs
formplanarized active area silicon s . gontacting substrat

i thi tive areas 16. Silicon layer 46 is prefe ly
2B?t \émxut 2: " 2|CI : cOf epin In Fgnat bmdeolraySe_rmCi@_rtﬁuﬁtleg&h@\él ﬁﬁtﬁ? gﬁ’éf %grag\ég; cos
ive. i Str res 46, As shown in Fig. 10, conve (

ﬁgtlgg*ﬁgggﬁﬁg&?6§ﬁ¥§gﬁﬁ68&éQS@dW“BEVP@@gE@@psz&1muagfaetgwe595@§5§95 .
| st?ucuuggﬁ 467 '; Lhapctive gLeas 10 3.0 MAY 2006 6. Sgﬁlcppducﬁqr. ev
22, 23 | nccliudIi\InygB For o maarmpatteidebalystlicosdeas dsmagk dayer 14 as masks, to

or €xanp
fyrm third step trench 38.

Formation of Third Spacer 42

As shown in Fig. 7, third SiN spacer layer 40 is formed over the

s:Tucture of Fig. 6 by the same method as the first and second SiN spacer layers 24,

22 are formed.

Third SiN spacer layer 40 is deposited to a thickness of from

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

As shown in Fig. 8, third SiN spacer layer 40 is then 1sotropically

ciched 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

F ave been fabricated, fewer trenches / steps or more trenches / steps l'ﬁay be

formed. Preferably, from two to five renches / steps are formed.




underl'ying ;ate dielectric layers 52; and S/D areas 54, 56. For exanple, as
shown in Fig. 10, device 22 nmay be an N netal - oxi de sem conductor ( NMOS)
with N doped S/D areas 54, 56 and device 22 may be a P net abéﬁﬂﬁe 006
sem conductor (PMOS) with | doped S/D areas 54, 56- It is no atz
adj acent devices 22, 23 may both be either NMOS or PMOS devices. The
intervening inverted staircase shaped STI region 20 between a ijacent
sem conduct or devices 22, 23 forned over staircase shaped active area epi
s: ruct heenatigh ofdiinel Stepefrentk 7gal | y i sol ate adj acent seni conduct or devi ces
22, 23. The inverted staircase structure of the active area epi structures
46' increases the path between the NMOS n' S/D area of one sem conduct or
device 22 and the PMOS p' S/D area of the adjacent sem conductor device
23. This woul d al$oShewrhén diige & dinalt wep adineterd iNYOSeH RVES ,ﬂemé:es
This bepef.icial Ly i oves the latchup imunity. This path | engt5 n_ .ay
 be noditied Bf/ofS’Nfg%)[aé’ﬁfH WidWwe achre great @to Axphersudstta b e Rem,/ figh eps.
and i..-8-fu i,0r the hei ght _and_wi dth of the trenches / steps so
f or msds,_'C?S{j’ §§§&%F*§° gﬁ\fy Sféﬁ?ﬁbg%n i3%g4% hend [agyerthes SoN pedcstsaior rasie aagt | ve
area epitt&hed nt. jnvention, the basewi dth 60 between the
n' S/D area o?dg%gﬁg%%hgg@n&a%{(g%ﬁael\ﬁa}?emi?ksand the p° S/D area of the
adj acent sem conductor device 2.; is effectively extended which inproves
I atchulp imunity for the chips

iemoval of SiN Spacers 26, 34, 42 and Patterned Hard Mask Layer 14

As shown in Fig. 9, first, second, and third SiN spacers 26, 34, 42 and
ratterned hard mask layer 14 are removed from the structure of Fig. 8, exposing
first, second, and third trenches/steps 18, 30, 38 and their re

33, 44.

spective sidewalls 28

’

Tormation of Active Area Silicon Structures 46"

‘ As shown in Fig. 9, silicon layer 46 is selectively deposited over the

s.ructure, filling first, second, third trenches and final / steps 18, 30 38 70 and
| . . .

Fianarized to form planarized active area silicon structures 46" contacting substr

ate

1J 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




e nploying the method of the present invention. This reduces S%lstﬁlma];al lure
and the rc:quirement to power down. 11 3 0 MW 2906 VWi | edparrﬂj[llgMMCIZUﬂﬁed
enbodi nents of the present in\éenftlon Pa\éﬁ bg)e(gep![.;gsére]?}t ﬁeda 0 MRS ,
it [ nded to limt the invention, _ : _

:‘E)I : iw.-nﬁtg l:lngierns. 12 3 0 MAY 2006 CLAIMS W claim 1. A mﬁt ho? ofS 1;]9-rma)ng
an inverted staircase shaped STI structure, conprising t gds feg er" O
provi di ng a sem conduct or substrate having an overlyi ng oxide yer;

hor ebetween: b) ot ehi ng Sard ot de- Toiper on CkFREIC TR it hieos Bt ve
areas Egggsﬁngf gaisicletier lbyeREICEnd 821 fchl 84, S 8B, LLSAHNES Ayl g, exposed
! dewa{‘ilg? ;10, device 22 may be an N metal-oxide semiconductor (NMOS) with N* doped

=/D areas 54, 56 and device 22 may be a P metal-oxide semiconductor (PMOS) with

1" doped S/D areas 54, 56. It is noted that adjacent devices 22, 23 may both be cither
- INMOS or PMOS devices.

The intervening inverted staircase shaped STI region 20 between
e djacent semiconductor devices 22, 23 formed over staircase shaped active area epi
s ructures 46' serve to élec_trically isolate adjacent semiconductor devices 22, 23. The
Laverted staircase structure of the active area epi structures 46" increases the path
batween the NMOS n” S/D area of one semiconductor device 22 and the PMOS p

S /D area of the adjacent semiconductor device 23. This would also be the casc for

tvo 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
4o' of the present invéntion, the basewidth 60 between the n* S/D area of one
semiconductor device 22 and the p* S/D area of the adjacent semiconductor device
25 is effectively extended which improves latchup immunity for thev chips
e nploying the method of the presentinvention. This reduces system failure and the

requirement to power down.

11




c). form ng continuous side wall spacers on said exposed first step trench
sidewalls; d) etching said oxide layer 1 or nore successive tines using the
previously fornmed step side wall spacers as masks to forn1su%fﬁ5ﬁ@%§@ﬁgep
trenches within said active areas; each said successive step en ‘
havi ng exposed sidewal | s and having side wall spacers successively forned
on said successive step trench exposed sidewalls; e) etching said oxide
layer a final tinme using the previously forned step side wall spacers as
masks to form fi fdhilstprticnenchesodipeatngr $RE §rosbst kA o fN 0 psal d
active. areas; said STl _region conprising an inverted staircase shaped SIT
st r uct urerated AARGsREDadT it 6F neirdendep tsiidet wal invepaesay exdepony sRfidegt ep
trenche " ggq \g?(jarning pl anari zed active area silicon structures within
said fihal ?gb & €Athes and forning seniconductor devices thereupon. 13 3
0 MAY 2006 2. The nethod of claim11l, wherein said active areas have a width
~of fromabout 0.05 to 50pm said first step trench has a depth bel ow said.
sem conductor substrate of from about 500 to 1500A; said successive step
trenches have a depth bel ow the

12




respective previous step trench of fromabout 500 to 1500A. 3. The net hod

of claim1, wherein said oxide |ayer is fromabout 1000 to 8 I.cK,
said side wall spacers are from about 80 to 1200A wi de and a&gafﬁAhg@ﬁgf

Si 3N4; and said active area silicon structure is fornmed of epitaxial
silicon. 4. The nmethod of claim1l, wherein said oxide |layer is from about
2500 to 4500AS thick, said side walCLapdSers are from about 80 to 600A

wi de and are fornmed of Si3N4; and said active area silicon structure is
formed of epitaxial silicon. 5. The nethod of claim11l, wherein said oxide
| ayer includes an overlying patterned hard nask exposing said oxide |ayer
within saVgc ‘ve areas. 6. The nethod of claim11l, wherein said oxide

| ayer includes, an averl yi atterned polysilicon hard k exposing said
oxi de | ayer rwi% hm‘?%%%‘g dggarc}g’f‘ng‘garaé‘aém’e}% h%aﬁﬁﬂsﬁoaﬂﬁﬁedc@ﬁrrﬁtﬂmm%r ein the
seniconductorcﬁgﬁhﬁgg are formed on the upper surface of said planarized
active area siTrdon structures. 8. A method of formng an inverted

staircasqhgggﬁg@ﬁSTl structure, conprising the steps of: 14 3 0 MAY 2006
a) providing sem conduct or substrate having an overlying oxide |ayer;

Isai d oxide | aygrotiingg emieteiddonsitRblatehnemghal dvemske | AI®s 1§ef;i ni ng at
cast @ psilc{ substrate having at least a pair of active areas defining an STI region |
therebetween;

b) etching said oxide layer a first time within said active areas to form first
step 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 1 or more successive times using the
previously formed step side wall spacers as masks to form successive step
trenches within said active areas; each said successive step trenches having
exposed sidewalls and having side wall spacers successively formed on said
successive step trench exposed sidewalls;

e) etching said oxide layer a final time using the previously formed step
side wall spacers as masks to form final step trenches exposing said substrate
within said active areas; said STI region comprising an inverted staircase shaped
STI structure;

f) removing all of said step side wall spacers from said step trenches; and

g) forming planarized active area silicon structures within said final step

trenches and forming semiconductor devices thereupon.
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of active areas; said active areas defining an STl region therebetween; b)
etching said oxide |ayer through said patterned hard mask a fi 33[} ;{AJ”‘?UUB
within said active areas to formfirst step trenches; said first p
trenches having exposed sidewalls; c) form ng continuous side wall spacers
on said exposed first step trench sidewalls; d) etching said oxide |layer 1
or nore successive tinmes using said patterned hard 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 having
exposed i dEmiriethechdf Hain hgwberkin sritlact peseaas hevie g esidily ef fronfaowéd on sai d
successi ve St%ﬁ trench exposed sjdewal|s; e) etching said oxide |ayer a

final ti ME0RtSioyrysrid fivst stap desmchdieg adlepkh Belgw said semiseneustoy sEbstFte st ep

i d [ f final st t h i i

Lo ot or PR BT bR, R 0Bl 8B AR BB B O e o

staircasg, dil%ﬁ%’pf%Uéoé&ét‘Hﬁ%éB% oi}roﬁr?g'i_%t%o?@'l gratterned hard mask and
step* sl de wa r

all of sal spacers, omsaid step trenches; and @)
form ng planarized active area silicon structures within said final step
trenches and form ng sem conductor devices thereupon.

3. The method of claim 1, wherein said oxide layer is from about 1000 to 8000A

thick, said side wall spacers are from about 80 to 1200A wide and are formed of

Si,N,; and said active area silicon structure is formed of epitaxial silicon.
4. The method of claim 1, wherein said oxide layer is from about 2500 to 4500A
thick, said side wall spacers are from about 80 to 600A wide and are formed of

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

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

patterned hard mask exposing said oxide layer within said active areas.

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

patterned polysilicon hard mask exposing said oxide layer within said active areas.

7. The method of claim 1, wherein the semiconductor devices are formed on the

upper surface of said planarized active area silicon structures.

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

the steps of:
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15 3 0 MAY 2006 9. The nethod of claim@8, wherein said active areas have a
width of fromabout 0.05 to 501rm said first step trench has:g dﬁﬁfk

bel ow sai d sem conductor substrate of from about 500 to 1500A; fi 006
successive step trenches have a depth bel ow the respective previous step
trench of from about 500 to 1500A. 10. The nethod of claim8, wherein said
oxide layer is fromabout 1000 to 8000A thick; said patterned hard mask is
from about 300 to 2000A thick and is formed of polysilicon; said side wall
spacers are from about 80 to 1200A wi de and are formed of Si3N4; and said
active area sid)iproviding acemicendyctossibstrate hapingad everliing oside layer; fid

nmet hod of ¢l aim 8, wherein said oxide layer_ is fromapqut 2500 to 4500A
thick: saide lpyier SaNing HhPUerEseg H%termﬂa%masgé@'% fthleagt apairi s

f d of pol.ysilicon: i d side wall f bout 80 to 600A
i deo_ and APBSpiy B¢ &iderSat et B A R Tego R Bt BB 'St Fuct ure 1 <

fsgirinﬁggngrjc?glr t@?&%gglsgfﬂg g? ﬁé'frgﬁ&%l{%{ ghﬁgﬁ’%&te%e?ff lgagg’ 0 sgali J@E)figlﬁeari zed
active argAnhi $4i@ QBvd hldas W R3m Akt sRPBEAPEs Qhid Hfs%@% t?éhdH&g Bl
staircase shaped STl structure, conprising the steps of: a) providing a
sem condusdpokedsidetvallt;e havi ng an overlying oxide |ayer; said
c) forming continuous side wall spacers on said exposed first step trench
sidewalls;
d) etching said oxide layer 1 or more successive times using said patterned
hard 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 having exposed sidewalls and having side wall spacers successively
formed on said successive step trench exposed sidewalls;
e) etching said oxide layer a final time using said patterned hard mask and
the previously formed step side wall spacers as masks to form final step trenches
exposing said substrate within said active areas; said STI region comprising an
inverted staircase shaped STI structure;
f) removing said patterned hard mask and all of said step side wall
spacers, from said step trenches; and

g) forming planarized active area silicon structures within said final step

trenches and forming semiconductor devices thereupon.
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oxi de | ayer having an overlying patterned polysilicon hard mask | ayer
defining at least a pair of active areas; said active areas defining an
STl region therebetween; 16 3 0 MAY 2006 b) etching said oxide,la

t hrough said patterned polysilicon hard mask a first tine mﬁt&ﬂnxﬁgigmﬁ
active areas to formfirst step trenches; said first step trenches having
exposed sidewalls; c) formng continuous Si3N4 side wall spacers on said
exposed first step trench sidewalls; d) etching said oxide |ayer 1 or nore
successive tinmes using said patterned polysilicon hard nask and the
previously forned step Si3N4 side wall spacers as nasks to form successive
step trenches within said active areas; each said successive steggtrenches

Paw ng eﬁp&egn%haéwéﬂasmeﬁa avlwfawwgl@%w& APRfehan 3 widhpfdramepeeeddp (el y
devay d
o o1 Ot Spie e Bt erh s 6 ARRtRaAip B e s%ér«fvgu iR ARRTHE rack and

t he previQ I ﬂﬁ% t foim fina
step trencﬁ%gxg§§%5|n6%g§P8g% %ﬁfﬁg gﬂ$@%%zﬁﬂggl TVe éré%%o sai d STI
region ctisé Qev%‘ué &%ﬁ&f&@h%?ﬁ’oh?%t%‘@@@@%@ﬂ structure; f) renoving
sai d patte ned polysilicon hard mask and all of said Si3N4 step side

10. The method of claim 8, wherein said oxide layer is from about 1000 to 8000A thick;
said patterned hard mask is from about 300 to 2000A thick and is formed of
polysilicon; said side wall spacers are from about 80 to 1200A wide and are formed of

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

11. The method of claim 8, wherein said oxide layer is from about 2500 to 4500A thick;
said patterned hard mask is from about 300 to 800A thick and is formed of polysilicon;
said side wall spacers are from about 80 to 600A wide and are formed of Si,N,; and

said active area silicon structure is formed of epitaxial silicon.

12. The method of claim 8, wherein the semiconductor devices are formed on the

upper surface of said planarized active area silicon structures.

13. A method of forming an inverted staircase shaped STI structure, comprising
the steps of:

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

least a pair of active areas; said active areas defining an STI region therebetween;
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wal | spacers fromsaid step trenches; and g) form ng planarized active area
silicon structures within said final step trenches and form ng

sem conduct or devi ces thereupon. 14. The nethod of claim 13,,wherein said
active areas have a wdth of fromabout 0.05 to 50pm said £3 BSMA%tzg@ﬁ
trench has a depth bel ow said sem conductor substrate of from about 500 to
1500A; said successive step trenches have a depth bel ow the respective
previ ous step trench of fromabout 500 to 1500A. 17 3 0 MAY 2006 15. The
met hod of claim 13, wherein said oxide |layer is fromabout 1000 to 8000A

t hi ck; said pdwtetching spisl pxide ayar hlarodghessid ipattermad ablysilic®@dchard 2egoA
thick; said Si3N, side wall spacers are from about 80 to 1200A wi de; and
sai d act ifizst Hmeawithin saidpckive geeasrte foamifyshpigp drenghes/seidfirsister Banches, The
met hod of, cl.aim 13, wherein said oxide |ayer is fromabout 2500 to 4500A

t hi ck; sahad’%f”ffé?sﬁ‘éald%&ﬁugi licon hard mask is from about 300 to 800A
thick; said Si3N4 side wall spacers are fromabout 80 to 600A w de; and
said active area silicon structure is formed of epitaxial silicon. 17. The

met hod of cl aidnedi3nin ?fn%oh@%i?@@i&@%&i‘lcée&cege& GERI BkSoskarAmdsiep the

upper surface o0f said planari zed dctive area silicon structures.
trench sidewalls;

d) etching said oxide layer 1 or more successive times using said patterned
polysilicon hard mask and the previously formed step Si;N, side wall spacers as
masks to form successive step trenches within said active areas; each said
successive step trenches having exposed sidewalls and having Si;,IN, side wall
spacers successively formed on said successive step trench exposed sidewalls;

e) etching said oxide layer a final time using said patterned polysilicon hard
mask and the previously formed step Si;N, side wall spacers as masks to form final
step trenches exposing said substrate within said active areas; said STI region
comprising an inverted staircase shaped STI structure;

f) removing said patterned polysilicon hard mask and all of said Si;N, step side
wall spacers from said step trenches; and

g) forming planarized active area silicon structures within said

final step trenches and forming semiconductor devices thereupon.

14. The method of claim 13, wherein said active areas have a width of from
about 0.05 to 50pm; said first step trench has a depth below said semiconductor
substrate of from about 500 to 15004; said successive step trenches have a depth

below the respective previous step trench of from about 500 to 1500A.
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18. A method of formng an inverted staircase shaped STl structure,
conprising the steps of: a) providing a seni conductor substrate having an
overlying oxide |ayer; said oxide |layer having an overlyi ngq QaMMzrmﬁ&I _
pol ysilicon hard mask |ayer defining at |east a pair of actlve areas; said
active areas defining an STl region therebetween; said active areas have a
width of fromabout 0.05 to 50pm b) etching said oxide |ayer through said
patterned polysilicon hard nmask a first time within said active areas to
formfirst step trenches; said first step trenches havin% exposed

si dewal | st5- Shednethpdtof stagp 18y wherein soidmxide bwpr is fhemakoshil@00 tveni conduct or

ng. conti nugus Si 3N4, si de wal |

b of bout 500 SQ0A, f '
Spacero. oHoRA e soeber Terres Poha i Bhehman Buspotbor 240 g0 AN oK)
hi [ [ deyl 1 j j ' I, tterned
pol ysi 11 cot rnt Seie Pl ernefls PR UG Rl RC G R G s B
spacers agicdBsiscthie ig%ﬂﬁéd@ﬁﬁﬁﬁﬂaﬁ SiBR trenches within said active

areas; each sald successive step trenches having exposed sidewal | s and
having Si 3N4 side wall spacers successively formed on said successive step
trench exposed sidewal | s;

16. The method of claim 13, wherein said oxide layer is from about 2500 to

4500A 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 area

silicon structure is formed of epitaxial silicon.

17. The method of claim 13, wherein the semiconductor devices are formed on the

upper surface of said planarized active area silicon structures.

18. A method of forming an inverted staircase shaped STI structure, comprising
the steps of:

a) providing a semiconductor substrate having an overlying oxide layer; said
oxide layer having an overlying patterned polysilicon hard mask layer defining at
least 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
first 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
semiconductor substrate of from about 500 to 1500A;

c) forming continuous Si3N4 side wall spacers on said exposed first step

trench sidewalls;

18




e) etching said oxide layer a final tinme using said patterned polysilicon
hard mask and the previously fornmed step Si 3N4 side wall spacers as nasks
to formfinal step trenches exposing said substrate within %W%ﬁﬁe
areas; said STI region conprising an inverted staircase shas I
structure; said successive step trenches having a depth bel ow the
respective previous step trench of from about 500 to 1500A; f) renoving
said patterned polysilicon hard nask and all of said Si3N4 step side wall
spacers fromsaid step trenches; and g) formi ng planarized active area
silicon structhetching saifl xids layed het merepuccessiyr times anihgfsaidpatgerned

sem conduct or_ devj ces thereypon. 19. The nethod of claim 18, wherein said
oxi de | af YﬁﬂécoF‘r}b*?ﬁdaIBB%}fa‘i &ee PESY; onmgce gtep kN 3¢ Wallipacesiaysi | i con
hard mask i ftro about 300 to 20§0A t hi ck; .sai dd S'EBN4 si de V\ﬁ“ .gpacers
are from Xttt i D SHSEORVG &P RRACTESi WHRR 501 ACHYe PR HNstilct ure i s

f d of..epit:axi il | - Y ; 0. t £, claim 18,
wher el n_Saraeety G Bebti el b pott SERR RIS el BB PR, SN Lo e
pol ysi | i geRcAgEEEBSKely Fofrh&IHABAUsuARAs#R RIDRh Slsos8@bilewd3N! si de

wal | spacers are fromabout 80 to 600A wi de; "and said active area silicon

e) etching said oxide layer a final time using said patterned polysilicon
hard mask and the previously formed step Si;N, side wall spacers as masks to
form final step trenches exposing said substrate within said active areas; said STI
region comprising an inverted staircase shaped STI structure; said successive
step trenches having a depth below the respective previous step trench of from

about 500 to 15004

f) removing said patterned polysilicon hard mask and all of said Si,N, step
side wall spacers from said step trenches; and
g) forming planarized active area silicon structures within said final step

trenches and forming semiconductor devices thereupon.

19. The method of claim 18, wherein said oxide layer is from about 1000 to 8000A
thick; said patterned polysilicon hard mask is from about 300 to 2000A thick; said
Si,N, side wall spacers are from about 80 to 1200A wide; and said active area silicon

structure is formed of epitaxial silicon.
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structure is fornmed of epitaxial silicon. 21. The method of claim 18,
wherein the sem conductor devices are formed on the upper sursaci4 of Sﬁgl d
pl anari zed active area silicon structures. 20 0 MAY 20

20. The method of claim 18, wherein said oxide layer is from about 2500 to 4500A
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 area silicon

structure is formed of epitaxial silicon.

21. The method of claim 18, wherein the semiconductor devices are formed on the

upper surface of said planarized active area silicon structures.
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