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BACKGROUND OF THE | NVENTI ON 10 Sem conductor devices are used in a variety

of electronic applicayiionm s#HPR08ESPEERNNITEOIPHAES ﬁéﬁf‘y cellular

duct sed in
hones, for exanple. One such sem conductor  pro

glectronlc systgﬁs for storing data is a sem conductor menory,. and one
comon type BECHNMIGANI EIEGDICt or is a dynam ¢ random access nenory (DRAM.
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fresh operation.
;gr;oZI ectlrol c random access nenory (FRAM. An FRAM typically has a simlar

5-_1 i Qlf-lg f materials such that the storage
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cells. A source/drain r I on o '
cellular phones, for example One such semiconductor

product w1de1y used in electronic systems for storing
data is a semiconductor memory, and one common type of
15 semiconductor is a dynamic random access memory (DRAM).

A DRAM typically includes millions or billions of
1nd1v1dual DRAM cells, with each cell storing one bit of
data. A DRAM memory cell typically includes an access -
field effect transistor (FET) and a storage capacitor.

20 The access FET allows the transfer of data charges to and
from the storage capacitor during reading and writing
operations. In addition, the data charges on the storage

capacitor are periodically refreshed during a refresh

operation. .
25 Another memory semiconductor device is called a
ferroelectric random access memory (FRAM). An FRAM

typically has a similar structure to a DRAM but is

comprised of materials such that the storage capacitor

does not need to be refreshed continuously as in a DRAM.
30 Common applications for FRAM’s include cellular phones

and digital'cameras, for example.

Memory devices are typically arranged in an array of
memory cells. A source/drain region of the cell access
FET is coupled to a bitline, and the other source/drain

35 region is coupled to a plate of a respective storage
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, FET is coupled to a bitline, and the other source/drain 35 region is
coupl ed topa pl ate of a respective storage 1 *@&0002* 1 4 DEC 2005
capacitor. The other plate of the capacitor is coupled to a torbaM 265 at e
reference voltage. The gate of the transistor is coupled to a wordline.
The storing and accessing of information into and fromnenory cells is 5
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isolation (STI) is a technique used to provi
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have areas o t II| ILLicon substrate in regions therebetween.
For -exanpl e, &O}élgéé% ngﬁgz *P5%are. shown in Figure 1, which may

| or med
conpri se two storagefabkheaaﬁngaaam1h6hauﬂtd¥ d@%ﬁﬂesAéﬁﬂﬂstiguhfag The
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rﬁenghes 20 ié gigw %F?Eahmﬂﬁ Riaspen 3§ﬂ§8r9§tﬂIQQQ?Q%quuﬂ$GQFﬁQyS|Ilcon)
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bel ow t Lcon face. Exposed portions of the nitr ayer 14 and

the 25 ys F?EBﬁslk %réléB%EFéﬁemPtHraoﬁlﬁﬁﬁd@Tﬂraﬁ@hmaqdﬁumsadtmade

frame 18 mayisepteésgctives £¥agp! 8¢ 20pREMOL r%&l'c ?%Eé¥ﬁﬁﬁ% hard mask
20 conprisin pron-doped silicon glass (BSG) ative
tetraethoxys$+£h€%n 17eeystratgepo¥rred wish ﬁhéawﬁmrpdephdamatﬂideBSG i s

14 (e.g., 200 nm of silicon nitride) is patterned w1th

trenches 13, e.g. deep trenches, may have areas of

15 crystalline silicon substrate in regions therebetween.
For example, two deep trenches 13 are shown in Figure 1,
which may comprise two storage cells or capacitors of a
DRAM. A collar 15 is formed within each trench 13 and
comprises a thin oxide linér, for example. The trenchés

20 13 are filled with doped polycrystalline silicon
(polysilicon) 16, which is etched back to a depth of,
e.g., between 300 to 600 Angstroms below the silicon 12
surface.

Exposed portions of the nitride layer 14 and the

25 polysilicon 16 are covered with a nitride frame 18. The
nitride frame 18 may comprise, for example, 20 nm of
silicon nitride. A hard mask 20 comprising boron-doped
silicon glass (BSG), or alternatively, tetraethoxysilance
(TEOS), is deposited over the nitride frame 18. BSG is

30 typically used for the hard mask 20 because it is easily
reflowable. Generally, for example, about 280 nm of BSG
is deposited.

An anti—reflective coating (ARC) 22 comprising, for

example, an organic polymer, is deposited over the BSG

35 hard mask 20, and a resist 24 typically comprising an
2




. 30 typically used for the hard mask 20 because it is easily reflowable.
Cenerally, for exanple, about 280 nmof BSG is deposited. An
"anti-reflective coating (ARC) 22 conprising, for exanple, ant _br@@nmﬂs
polymer, is deposited over the BSG 35 hard nmask 20, and a resist 24
typically conprising an 2 14 DEC 2005 organi c polyner is deposited over the
ARC 22. ARC Z283R1C (Rl g ¥ yigs@epesiteduewerethecPREn 28ur i ARSI €,

whi ch can d ' | ' bai rn % 5 The

resist 24 i?yg(jb%{s?f ﬁ%ﬁ %eﬁégﬁgée%gﬁ%ggtgggér gl"r%%\g/“ggg%%’;%gé& grtions, in
a positive éiép"c@ur@rprci)%@sioram holughquaheggt bfethepdmage pederss may be
used to patiarnghigiresist 24. After an ARC 22 open step, the

sem conductoér V\‘/{'Ser 10 10 is exposed to an etch process, e.g. an

ani sotropi ¢ et ciThe gresista Pt assrexpasedr , photbranal andt Beches $lo 24

BSG hard k 20, the nitride frane 18 and nitride |ayer
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14, as showmnin F g

transfer thelmitdwegin ¢ metfatire BSGOIte Bskcals wh9 Bt Gkdg twame 18 and
nitride |ayer e etch may stop on the polysilicon 16 and silicon 12,

14. S
or alternat?ij\?éﬁtfrri}‘ et &Pty 9%l ude a  slight over-etch of silicon 12 to

ensure that no pafifeansan afRd he Mgdn @téﬁ)’efhé‘lséﬁﬂ@bﬂdg}g bt gﬁg%?tphe

12. The active areas (AA) are I ne

t.h i1 : .
\?vg][ fe(racibg;r tzélg)s %ﬁ?f?pzﬂls%(ggrt& &t &F Py RTIRCHEF d Pegk 20 andsothepérore are
not etched. ettt ey .Stinth e ARG, XS EFQR%EQr £nd- rebgsgy%hg BSG

strip using oxygen plasma. Portions of the wafer 10 not covere

hard 25 madRGTE &% eSO Mrgidnmamt | v tFeachbsriflenfranhelswahdr 10
‘using the Bagthadge maglker?q 4,0 RAERNWH I Figure 2. Reactive ion

etching (RIE) is often used to transfer the pattern to

15 the BSG hard mask 20, the nitride frame 18 and nitride
layer 14. The etch may stop on the polysilicon 16 and
silicon 12, or alternatively, the etch may include a
slight over-etch of silicon 12 to ensure that no portions.
of the nitride layer 14 remain over the top surface of

20 the silicon 12. The active areas (AA) are defined as the
wafer 10 areas that are protected by the hard mask 20 and
therefore are not etched. The resist 24 and the ARC 22
are removed, e.g., in a dfy strip using oxygen plasma.

Portions of the wafer 10 not covered by the BSG hard

25 mask 20 are etched to form shallow trenches within the
wafer 10 using the BSG hard mask 20 to pattern the
trenches, opening the STI area 40, as shown in Figure 3,
The polysilicon 16, collars 15, and silicon 12 are etched
off to a fixed depth, for example, 300 to 350 nanometers,

30 which forms the shallow trench isolafion at 40. The BSG
hard mask 20 is then removed prior to any further
processing steps. Typically, the trench 40 formed in the
silicon 12 and polysilicon 16 will be filed with an
insulator such as an oxide, and the wafer 10 is then

35 chemically-mechanically polished (cMPp’d) to the nitride
3
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trenches, opening the STI area 40, as shown in Figure 3. The polysilicon
16, collars 15, and silicon 12 are etched off to a fixed depth, for

‘exanpl e, 300 to 350 nanoneters, 30 which fornms the shallow trench isolation

at 40. The BSG hard mask 20 is then rempved prior to any furthdEC 2005

processing steps. Typically, the trench 40 formed in the silicon 12 and

pol ysi | i con 1B8Y&#l L4peurfree wileavimg iamidetior theht renalneox4 detoand Ehed

wafer 10 is EB@Ql&é ﬁQ%ﬁhEi%BYb@%wggﬂ(EQJQE%?)4n£§¥%é?y%*d) thao g nitride

3 14 DEC 200 | ayer surface, 1eaving oxi the
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olysilicon o] Kap r.oVvi an el ec

Eon%ection bé?ﬁggﬁg%ﬁ Qgegiegggrench CAPESE TS R 1 TRHSTSERr of the
menory cdl | t@ﬁnchshepﬂh;ltémoahdr thel aradeti sSBr PORES nénEhpVWel N Prior
art Figures 4 ﬁgbﬁ prior art process is simlar to the one shown in

Fi gures 1-3, (m? hsno n fride frame 18 being 10 present. A crystalline
silicon 112 substhAmbthepvprédr wirthsall ayeicedfs Rad gHdwd dg, Phhids terned
with trenchgs, e.g.,d epm% enches, which may have areas of " crystalline
silicon centg?%ﬂ ?%e?éget éﬁs RrdBK| art1Processt denedWikan rtq Hehe r enches,
conpri si ng aohdi showhden Bdghi-a8r - Eorwgk?a”&bem@i%&ereﬂ%?r?es ?De{:lhegl ed

wi th pol S|I|con 116, which is_etched back beiow the surfaceé o pad

ni tride P14 PERTPRY ystBl FTHetailingnsilicon Aderd smmmm covEtesd ng BSG or
TEOS is depw1ﬁmdaoy@yeff@fpﬁéashit%aell‘izif'ﬂ‘@% 8%‘% PN, ri de 114, An

ARC 122 is deposited over the BSG hard aresist 124 is
deposi t ed oVereRFREARCE 192 dape F§§n§h3§24whscéxp@ye@@vpawuemmedﬁhnd

‘et ched. crystalline silicon centered therebetween. A collar 115

is formed within the trenches, comprising a thin oxide
15 liner, for example.
The trenches are filled with polysilicon 116, which
is etched back below the surface of the pad nitride 114
and cryStalline silicon 112. A hard mask 120 comprlslng
BSG or TEOS is deposited over the polysilicon 116 and
20 silicon nitride 114. An ARC 122 is deposited over the
BSG hard mask 120, and a resist 124 is deposited over the
ARC 122. The resist 124 is exposed, patterned and
etched.
After an ARC 122 open step, the semiconductor wafer
25 100 is exposed to an etch process to transfer the resist
24 pattern to the BSG hard mask 20, as shown in Figure 5.
The etch stops on the crystalline silicon 112 in the
center region, as shown. The resist 124 and the ARC 122
are removed, and exposed portions of the wafer 100 are
30 etched to form shallow trenches within the wafer 100
using the BSG hard mask 120 to pattern the trenches, as
shown in Figure 3. The BSG hard mask 120 is then removed
prior to any further processing steps.
A problem with using BSG as a hard mask 20/120 as in

35 the prior art structures 10/100 described herein is
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integrity. Fageae.7 Withstoavestaohal RireWwhah gt Rﬁs@fﬁgu%%%egggp in

‘ ' 100 is exposed to
After an ARC 122 open step, the sem conductor wafer 25
an etch process to transfer the resist 24 pattern to the BSG hard mask 20,

as shown in Figure 5. The etch stops on the crystalline iﬁgbﬁgﬁﬁélz in the

[ [ d, and
ter region, as shown. The resist 124 and the ARC 122 ed,
'gigoged pgrtions of the wafer 100 are 30 etched to form shall ow trenches
wi thin the wAFERLIFEITGE NG R SBEGHRIME SRadihe 20t ivpatteas KM)Faﬁdfhesh
ot hor D boceddeepser ReRSRECIUL WRbH i Sl " ek h0) 20 ke
further processing steps. A prdoblemw th usi ng as _ a0
in 35 the pAPYicast bsingcmanusattee .de Feox Eedhnipelre] thes Madid

. . H
1 sal i gnnment b e .ye areas (AA) and the deep trenc
pg;ion? mhicﬁaggnbggguﬁgggﬁggg%gét%@éc dgi%§§q&ﬂ _rﬁﬂﬂﬁ%&tured. For
exanpl e, X hetwasriguyedhboetheewarfiesalliogned,, \Myﬂﬂtrﬂr@lirgrg@rgxé?gs be 5

A l.ting i,n an excess anount O
ol ysi |1 con 187H16 Hei ReL¥BibIsRn S84 1RE RaIRe, TeROVE (AREIFIIHERLE, the
trench buriedtseVapwheshsafifieets ahd/ eretdhi BAQUALR AP Uy Qi 4,50l ation

ti eas. ;Wth conventional STl hard mask sequences, 't ‘e 10
1? ?tn\gfegt ?gpl%‘ﬁ%{ ?% eg‘?sl%%‘%%ﬁ‘dﬁﬁ? SWOPHE Phi el atiom hatanan Aatrivey

j i i : hes
' s.4-6 tncluding active, areas 1127 STl  region 140" and renc
Ellg9r$hel%st r%%?% esgﬁ?ﬁwPWl?’lge F§ufePendRbiis oa ﬁh@pelzl'llly:llalht g_nggl IDS’AM
[ silicbith a aseap1 ¢ 2ihf a¢6 adj acent and e ectri _
ngbrgd to straﬁagz'?ﬁﬁs 142 o %he gep§tren9h 116 polysilicon. Regions
142 of the DT 116F¥B#4R thel stnaprakespsi hgpt Méeweef thensiafeapaaciot or (| ower

‘part of 116,siwmoin Shyved 4 29 HCEESSihLa08L$EQr 409t ﬁ.qgv,m)STiIn the

region 140 and deep trenches 116. The structure shown in
15 Figure 7 shows a properly aligned DRAM having silicon
active areas 112 that are adjacent and electrically
coupled to strap regions 142 of the deep trench 116
polysilicon. Regions 142 of the DT 116 form the strap
coupling the deep trench capacitor (lower part of 116,.
20 not shown) to an access transistor (not shown) in the
active area 112.
Figure 8 illustrates a top view of a prior art DRAM
100 having misalignment problems. The pattern for the
shallow trench isolation 140 was misaligned, resulting in
25 a narrow strap 142a on the left side and a wider strap
142b on the right side. If the pillar of polysilicon 116
comprising the strap 142a is too narrow, as shown, then
the resistance of the strap 142a is increased, which
deleteriously affects the DRAM memory device. For
30 example, a higher strap resistance reduces the drive
current to the access transistor (not shown) during
operation of the device 100.
Figure 9 illustrates a top view of a wafer 100
having critical misalignment problems, with no buried

35 strap coupling the deep trench 116 and active area 112.
s _



ive area 112. Figure 8 illustrates a top view of .a prior art DRAM 100
' ﬁgbzng nisalignnentgproblens The pattern for the shallow trepgge gmggtlon
"140 was misaligned, resulting in 25 a narrow strap 142a on the | eft si e116
and a wider strap 142b on the right side. If the pillar of polysilicon f
conprising t ghra 142a is tooQ narrow as shown, then the resistance o
the strap 1422 g F@aQQdovﬁﬁléﬁ &éﬁbtéﬂidU%iN’Qﬁfpmlxsihmcﬁﬁwm4@ennry

[ he_ dri
devi ce. For aadesammben thlgbﬁ@n§h%a@yégg it (xaaﬁgggg ye
current to the access transistor (not shown uring opera i'on B19% he

device 100. PPHHFENOLRP| G3PRELESTaandp avices soft manssifseron,00re deM Nigy CLh t i cal

deep trench
al i gnnment n 35 strap coupling the
TEZ ang actl3ga§EESH§X§Mb§H%4BBEgEEOggOIf there is no overlap (e.g. at 143)

thn is made
of polysidicon 11@en9ﬁd1%YL|mbn1$1andbbemabaeem@ﬁﬁpd¥ﬂ1dﬁ§”&¥? Vi
n cces nsi st or esulting in a_ defective DRA
dovi co 100, BoRLner 2ol 18 T8 Bt B PR E =Pl o oo ke ath iy S | | con
116 in the d¥Ep, tb@@@hseooﬁethenbysﬁ g6 migalEHhmePRC AWRE tPfe LG K igk of

m sal i gnment ¢ sk of too narrow of a strap 142, or no
strap %42 at @Pﬁ}ﬁg THe3 & rE%YIaﬁ gtB?BbFéﬁE SKoRR ﬁﬁrPEgG#¥%;a$ and 10 9

Krinése hei sal bond&hd 0frobl ehbe sAveH ayl RS0
gggcrﬁﬁgé[?é;%ror t %f p =on g dﬁgg ﬁﬁl Sewor l s wafera%gfloo
requires strlpﬁg% ?%ﬁ&fﬁégg@?r54? ZEh%nﬂaﬁéﬁeéP/hQObhéfltbhogwapﬂyystep,

whi ch is tiie-lsynendntige agplactmi@@@f@ntagrgggrgkl g0 t pg;_, L2 w%fer
10/ 100. As DRAN$ sed techn ogies utilizing deep tr ¢h |ntegrat|on

schenes contihue ?ﬁk%ﬂﬁﬂ dRFeT 04198, réﬁﬂmrﬁatshglppengfthet of
I|thographynESM§UgnWHmA and repeating the lithography step, which

is time-consuming and increases the overall cost per

15 wafer 10/100. As DRAM-based technologies utilizing deep
trench integration schemes continue to be scaled down in
size, eliminating the effect of lithography misalignment
on trench buried strap resistance becomes . 1ncrea31ngly _
important.

20 Furthermore, in the prior art Figures 1-6 shown, the

- BSG hard mask 20/120 must be removed or stripped off

because BSG is incompatible with the semiconductor wafer
processing, for example, fragments of BSG can be

‘ deposited within the trenches if it is not removed. The

25 removal of the.BSG hard mask 20/120 requires an
additional wet etch step, which is disadvantageous.

What is needed in the art is a hard mask scheme that
is not prone to misalignment problems, thereby reducing
the lithography rework rate in a semiconductor production

30 environment.
What is also needed in the art is a hafd mask scheme

that does not require immediate removal of the hard mask
after STI.



. on trench buried strap resistance becomes increasingly inportant. 20
Furthernore, in the prior art Figures 1-6 shown, the BSG hard mask 20/120
‘nmust be renoved or stripped off because BSG is inconpatible s tDECt 2065
sem conductor wafer processing, for exanple, fragnents of BSG can be

deposited w fhi e trenches if it is not removed. The 25 renobval of the
BSG hard ms&%ﬁﬁ&ﬁmditional wet etch step, which is
di sadvant ageous. Watpréséreedpgvéntibg §Eh1é§e§ RRthnTRSK %ﬁﬂ@ﬂﬁ: %i IS

not prone to msaljgnnent problens, thereby reducing the |thogr
rewolrok rate 3% & %ﬁﬁ%d&%’f@rmw]édﬁ@%‘l 8BI.30 environnment. Wiat is also

needed in the artpis:Bo d; knSEhEEE S UI re .i mredi at e
renmoval of the hard masél}aCE afétrgf STI'. ?LS EE%“‘;&% S ﬁ}{%ﬂﬁ% Oge:rrﬁlgel "NVENTI ON
The presént FITURAHS B0 didimeing m@c%nycaelhavant agesmigsnducitori daflear,d mask

for STI. Di Sé%l&?%rﬁérf é’ga_lglhoﬂlg_{d% ggd éSﬁ‘e\éE%%P-Q Eco rising

formng nenory cells on a semcon ncl udi ng
a deep trend@riproxiangae drhe aiﬂep'etmmahes heepeeatédelﬁebms thepacatied from
the active £ S ormn a nitri ard mask

nduct or i on:
over the serﬁa"(r:ondu tor wa ecfoc}l ]étlf%gh??lg ﬂﬁmiﬁ waf QP‘twﬁlgﬁ F’ﬁédnitri de
hard nmask amhsk chiew the ram)ivcmnddmtsﬁnwaﬂéﬂpcéﬁﬂ padternhagwvear the deep

trenches,an [ areas. A so.di.sclpsed js a_STl nmethod for a
sem condict g"ra&\f\l}af“)e/lfth tg‘rﬁ) ATife A i TRSS 3RdertrRénrgdERgTamPVest 15

sen conduct mhenseariicanductiod Ngdifon aRstwédd® €REPaEESNEPESNEENLAGt he first

terial V\/m | e
sem conductor mae Sl

Also disclosed is a STI method for a semiconductor

wafer, comprising providing a wafer including a first

15 semiconductor material; forming at least two deep
trenches within the first semiconductor material while
leaving a portion of first semiconductor material in a
region between the two deep trenches; depositing an |
insulating collar within the deep trenches; depositing a

20 second semiconductor material over the insulating collar
to fill the deep trenches to a height below the first
semiconductor material; forming a nitride hard mask over
at least the second semiconductor material; and using the
nitride hard mask to etch away the first semiconductor

25 material in the region between the two deep trenches.

Advantéges of embodiments of the invention include

improving overlay and preventing the underlying
polysilicon deep trench material from being etched.
Using a nitride hard mask provides a self-aligned active .

30 area, eliminating the effect of lithography misalignment
on trench buried strap resistance by removal of the
polysilicon in the deep trenches, which is problematic in
the prior art. The final strap profile is independent of
the lithography overlay due to the highly selective

35 silicon-to—nitride etch. The nitride hard mask may
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. leaving a portion of first semiconductor material in a region between the
two deep trenches; depositing an insulating collar within the deep
trenches; depositing a 20 second sem conductor material over Erﬁté aﬁglating
collar to fill the deep trenches to a height bel ow the firs

sem conductor material; formng a nitride hard nmask over at |east the
second sem conductor material; and using the nitride hard mask to etch
away the firemtisepresrdtctioridy sabeeiqalenitn prbeesadingn sietpsserrdthert wo deep

trenches. a of _enmhodi nents, of .t he i nvention incluyde .inproving
overl ay an&ﬁg¥e§é§g?§8 %ﬁeggnﬁgppyfﬁglmﬁg §Fﬁﬁgoﬁf @épHﬁ#ﬁ%ﬁ?%ﬁHﬁﬁﬁ%m
from bei ngS®l¢hed. inushagpaibirt arde har @Scask rar adiste s tS e rainiggred
active 30 atea, _elimnating the effect, of |ithography m sali.gnnent on
trench burVéggs?raspﬁgg%gtgﬁ%eeﬁﬁgreHEQHF'oF Wﬁg eg&%y§NQR: in the deep
trenches, ehimhnasedr ohl egebirdahee whehpther paekenthe nfvieddlicst.rap profile
i's independent, of _the lLithogra overla ue to the highly selective 35
siIicon-togﬂP%PFHea8Y8ﬂ¥a?ﬁe9ﬁiEg¥ae¥ﬁ§rﬁéﬁasgoﬁaﬁ ?lfﬁl%ﬁcf2@5§ ASnai n
present duelhgisabsdgubpt theoasesbligthtepstrideheardt harkneedi ng to be
renmoved i nmredi ly after, patterning the STl, as {n the prior art. A BSG
hard mask nust gerﬁﬁ%588 g&ﬂtﬁ£5u§gﬁﬁfagssﬁéfbgéc SrepfsMay Qs Usech step
is 5 elimantiedppbiadcoodancerneth bliiespmesentiuchventied cesArRI8ing
advantqpe %f that the need fgr a nitride frane is elimnated, by the use
of the hitrUePh3FASREEK. 1AL AEPAOHCEARGY st PLEEERECHeSerrHéd SheFdich may be
used and appbREM’ §0aAdVERAK! ¥.0f sem conductor devices requiring 10 STI
processes, incl udi nenory integrated circuits, such as DRAM s and

FRAM s. A first S5pgedi¥hi SREPrieSiTP RS HRD it s onvantlotrethodl of
form ng a negR6d EEVEEEmihfCaRbNBEyCABPLES] NGhe method comprising:

forming memory cells on a semiconductor wafer, each
15 memory cell including a deep trench proximate an active
area, the deep trenches separated from the active areas by
a semiconductor region;
forming a nitride hard mask over the semiconductor
wafer;
20 and
patterning the wafer with the nitride hard mask and
etching to remove the semiconductor region between the deep
trenches and active areas,
wherein the memory cells comprise deep trenches filled
25 with doped polysilicon, wherein the deep trench polysilicon
remains substantially intact during the wafer patterning
and etching, and
wherein forming a nitride hard mask comprises:
depositing a nitride layer over a surface of the wafer
30 after the filling of the deep trenches;
depositing a resist over the nitride layer;
patterning the resist;
exposing the semiconductor wafer to an etch process to

transfer the resist pattern to the nitride layer;

8



formng menory cells on a senmiconductor wafer, each 15 menory cel

i ncluding a deep trench proxi mate an active area, the deep trenches
separated fromthe active areas by a sem conductor region; f rﬁk qmﬁ%
nitride hard nask over the sem conductor wafer; 20 and patt g

wafer with the nitride hard mask and etching to renove the sem conduct or
regi on between the deep trenches and active areas, wherein the nenory
cells conprise deeminge@@le@s'niJiSI lied the2 Biwirtikeddpae rpeliydi la daxedaher ei n

the deep ”c?ﬁ%he%hys'w'h ezein IS ﬁ“%%t ! 'th'd%te%%;zre%““ g the wafer

patterning ~and etching, reinformng a nitri mask conpri ses:
dep05|t|ngramnwedhdwhbaﬁen @h@rd@epuﬁﬁ&@@heﬁ trlemaiaf @oved@dafayera t he

fiIIing_ofpEE%lgﬁert%%QCQQ%Tl%%pQ%&%Ing a resist over the nitride |ayer;

patterning-t esl st osing the S&fi conduct or wafer to an etch process
to transfer theemeyisg maEteemlsa ;t kadnitride |ayer; 8 14 DEC 2005 form ng

openi ngs. 1t he fhiind® (k&Y Senti Aiied o e iR whigLel A porti on of

the nitride | ayer 'S enches Temai n-covered by
a port|ontméntheandtamdevbap&ma &imQHBM|@gcmh$eﬂemtaWe amdrennhxhg t he

sem conductor r glogo%%tmg%%lt %&Fss1 hfan%eaﬁhﬁ area .\ mnth an etch
sel ective to ni econd I"C "exXpression-o e Thvéntion is a

shal | ow t r ehah liogoltarenah @Sﬁﬂptaemhd@TﬂOrm@t®©mﬂd@nd@0ﬁ@m1dﬂhduﬁﬂun
conpriféngwa@%%Yldb%%r%é@%%gr including a first seniconductor
providing a wafer including a first semiconductor
material, the first semiconductor material having a top
surface;
forming at least two deep trenches within the first

15 semiconductor material while leaving a portion of first
semiconductor material in a region between the two deep
trenches;

depositing an insulating collar within the deep
trenches;

20 depositing a second semiconductor material over the
insulating collar to £ill the deep trenches to a height
below the first semiconductor material top surface;

forming a nitride hard mask over at least the second
semiconductor material;

25 using the nitride hard mask to etch away the first
semiconductor material in the region between the two deep
trenches,

wherein forming a nitride hard mask comprises:
depositing a nitride hard mask over the wafer surface

30 after the filling of the deep trenches;

depositing a resist over the nitride hard mask;

patterning the resist;

8a




material, the first sem conductor material having a top surface; fornmng

at least two deep trenches within the first 15 sem conduct or terjal

while leaving a portion of first sem conductor material in a Lo

between the two deep trenches; depositing an insulating collar within the

deep trenches; 20 depositing a second sem conductor material over the

insulating collar to fill the deep trenches to a height below the first

sem conduct or mekebikdngt apesyrehdconduetwirngaden ttol de karcth maicedseroat

| east the secon s%giconduc or terigl; %5 using the nitride hard mask to
s o e &

etch awnay CRENFLFSt thEehCESidu AN Skt i BiHe PFedifdi§ et ween the two
deep trenches, theeebiyn obeningg thenintitirdelehad drengls ke ol @e<£ixedeposi ti ng
a nitride hard ngsg ovgr t he wafertsurfa&e h30 a%ﬁer t he f'Iqug.of t he
deep trenchd®® §&50si 'PRGCA™Y EsPSETIVE Othd RS £ritde HWar@ TSRS K g&t t er ni ng
t he resh st reBavéd, DkGe2@0n ehposicryp thenstuwsC artiadnocovaired toy an tetich

process to_ transfer e resist pattern to the nitride [ayer; thereby

openi ng th@oﬁFfPPdgfhgﬁg ﬁﬁ%ﬁ%ﬂ%ﬁ%%f ﬁf@%’ time etch, wherein a portion of
the nitride hardemdsknigs ther emeded,; wherein the deep trenches renain
covered by a thin

and et chi ng theeFFP385£éﬁ%b%ﬁ&%@?&%hh%%ggph%%%ég%ggﬁﬂaiyﬁgr]‘%2 2$$;zihes
with an et ¢losdkept itveniched twiitthe.anl@tBRl Bk 1BESEMPEICON i@ iHdE DRAW NGS
10
BRIEF DESCRIPTION OF THE DRAWINGS
The above features of the present invention will be
more clearly understood from consideration of the following
descriptions in connection with accompanying drawings in

15 which:

Figures 1-3 illustrate cross-sectional views of a
prior art DRAM deep trench capacitor having a BSG hard
mask;

20 Figures 4-6 illustrate cross-sectional diagrams of a
prior art DRAM deep trench capacitor having a BSG hard
mask;

Figures 7 shows a top view of prior art DRAMs;

Figures 8 and 9 show top views of prior art DRAMs

25 having STI alignment problems of deep trench capacitors,
access transistors and the strap;

Figures 10-12 show cross-sectional views of a
preferred embodiment of the present invention at various
stages of fabrication having a nitride hard mask; and

30 Figure 13 is a top view of a DRAM manufactured with
the present method.

8b



The above features of the present invention will be nore clearly _
under st ood from consi deration of the foll ow ng descr:Ftlons I n connection
Wi th acconpanying drawings in 15 which: Figures 1-3 illustratse
cross-sectional views of a prior art DRAM deep trench c?pgcnt OPERaz;?]g a
BSG hard nmask; 20 Fi ures 4-6 illustrate cross-sectiona i agrans of a
prior art DRANIddgﬁ FeRRRAtng R r kg ARG SYREClfarin thesIdifFiquents 7
shous a top sigued Peior 8lcORMBponkiaY 888 AU HAR VS Of
prior art DRA 25 having STI al |gnrrent pr bI ens o eep french

capaci tors, hfé‘%h%%tfﬁ‘ﬂans'l'l%@ of sounest Avesdrapn Igpg@rle@l’fﬂ-(y 12 Isfedwate

cross-sectiogﬁg eLke of ent vention
at various stagielééﬁ%?al?%br|%§%?%néﬁa€¥1§n8§grfn ge I!?'LD%? ﬁhg‘% aaﬁ)d{]?&q:l gure
13 is a Bop WoewnetessDRAN ndnatmactar edabet h the present nethod. 8b 14 DEC
2005 Correspondi ng nuneral s and synbols in the different figures refer to

corresponding parts unless otherwise indicated. The figures are drawn to

clearly il | (BETAEILED tmcrmmmm aBpEREEERREDhEMBOQtMEm@ enbodi nents and
DETALLED, DESCRI PTTON OF PREFERRED

e 5 not necess to s
ER/BCDI MENTS A de?%:rcui p%‘*?% V\g’r%r ’?eﬁ”r‘%ﬁ%ﬁﬁéd?ﬂﬁﬁﬁ%m@tﬁhé £ Hbssent
|nvent|on\Mpﬁedhnuhfnnénﬁﬁbnfﬁ&tiB@ d¥sauiBfed] se83IsbRRIObLyS@ME advant ages
of the ven |on Iﬁ tren hes are shown in each figure, although

many t r dRches SHRF I RIS nRfpFYecéPrventdopresOly Fwohe
. seni conducttmerﬂtﬁws:wéMMWn FirQUé@éh 19i 3dreNoy) 6hB8ghS RahlyORenthaws of a

and other components of a memory cell are present in the

semiconductor devices shown.

Figures 10-12 show cross-sectional views of a

15 preferred embodiment of the présent STI method and
structure in various stages of fabrication. While the
STI process described herein may be used in a variety of
semiconductor devices, the invention is described and
shown in use as a method of isolating active areas of a

20 DRAM array.

Figure 10 shows a cross-sectional view of a
semiconductor memory device 200 having a first
semiconductor material 212 preferably comprising a
substrate. The substrate typically comprises single-

25 crystalline silicon and may include other semiconductor
elements, e.g. transistors, diodes, etc. The substrate
may also include epitaxially grown silicon over other
layers. _ _

The first semiconductor material 212 is covered with

30 a layer of pad nitride 214, e.g., 120-200 nm of SiN. The
pad nitride 214 and first semiconductor material 212 are
patterned with trenches 213, e.g. deep trenches (DTs),
which have regions of first semiconductor material.212
centered therebetween. A collar 215 is deposited within

35 the trenches 213, comprising a thin oxide liner, for

9



15 preferred enbodi nent of the present STI nethod and structure in various
stages of fabrication. Wiile the STI process described herein may be used
in a variety of sem conductor devices, the invention is depgriggesnd
shown in use as a nethod of isolating active areas of a 20 DRAM array.
Figure 10 shows a.cross-sectional view of a_ sem conductor menory device

200 havi ng aSFFPRLC€: sefli@ ohBEREBESRLer rEE £13 lgdemdrtdblseaamtbri sing a
substrate. Themsubstuetsrt MREEALLY §Q€p€vh§%ﬁ i&:‘é&'e"rat%glaﬁgcyoﬁp? iddie silicon

and may include other sem conductor elenents di odes,
etc. Tﬁe subRet¥usiligey. al Thei neroud épm@awndubyogrmtamalcmeo\d&r ot her

Th t ered with 30 a layer of
lpgéealst ri dg %%%ﬁégﬁgg@ﬁoggugogé%%@%ﬁ %g.kl gTﬁellgwa Ylnl 1(:%r |pdég"’fj‘.€lft % irst

serm condBct o¢heraf E¥st| S@lﬂcgm@ucpartmahedlwlthltar enthes G2k, t?:eglché@el 222
‘trenches (DT of ,first m conductor _nateri a
centered 'Ehe?ie etg\/\%de%&?iégl{ éﬁgysj‘hdgﬁﬁs?igdmﬁ’t %Pﬁm’s@lﬁ’ﬂ?nttrserﬂ?hes
213, conpri s Rf@rade rcap(aaﬂetér nef , afD]RAl@ 1ﬂoDE§x3Q 5eexanpl e. The trenches

21 filled secon seni C ctor materia 16 which referably
co?rp‘rair gesI pgl y\é\q]}r?co‘:ﬁ i <ecdh ‘glf‘r?cBﬁﬁﬁEFBrlﬁﬁﬁgFtlgFl 286 hagd et ched

back to a demsledz:i(!a\mimmﬁis)mg f‘@ﬂ%@r:ﬁ@!ﬂﬁged@%ogﬁgggoﬁy(g?t |t§%rr:b nductor
t 21 re es co
Pgr renr Ie?é?renﬁ%“ﬁ ea%g]t‘}oadba; ReFRd G‘Fe‘ﬁlm‘ﬂﬂlcfi@?—‘ BREgpHal 2ﬂ6accor dance

with the pré&entnitwiedd ilegd miagobéaflrzcﬁésyéﬁ?hcwwéﬁgmgé% 28?33??0?&
t ed th d 10 tride an e secon
(rjrgf gf: afe i %r e"ﬁﬁaﬁsdé’ Fakik ERPHELBuSIBY ERUNPEESSBEL100 nm

chemlcal vapor deposition (LPCVD).
An ARC 222 comprising, for example, an organic

15 polymer, is deposited over the.nitride,hard mask 230, and
a resist 224 comprising an organic polymer, for example,
is deposited over the ARC 222. The resist 224 is
selectively exposed to form a pattern and developed to
remove exposed portions, in a positive exposure process?

20 for example, although a negative exposure process may be
used to pattern the resist 224.

The semiconductor wafer 200 is exposed to an etch

process to transfer the resist 224 pattern to the nitride
' hard mask 230, as shown in Figure 11. The etch is
25 designed to stop at or just below the surface of the
first semiconductor material 212.
The resist 224 and the ARC 222 are removed. Exposed
portions of the wafer 200 are etched to form shallow
trenches within the wafer 200 using the nitride hard mask
30 230 to form the trenches, opening the STI area 240, as
shown in Figure'lz.

More particularly, the wafer 200 is preferably
etched as follows. The nitride mask-open time (Figure
11) preferably comprises a fixed time etch, e.g., that is

35 anisotropic in nature using a combination of CHF; and CF,

10



thick and is preferabl y'deposi ted using | ow pressure chem cal vapor

deposition (LPCVD). An ARC 222 conprising, for exanple, an orgapic 15
poloymer, i s deposited over the nitride. hard mask 230, and %fg%q 005224
conprising an organic polynmer, for exanple, 1is deposited over the ARC 222.

The resist 224 i selectively osed to forma pattern and devel oped to
rempbve expos ?Irp%}P‘P‘ll%n%o PP %Le%‘é’égﬁvv@ué;@p&@éltenﬁ’r sexss thEg fafrowxamy e,

al though a 1RgRét ¥eneXPOSH €r DOCEsSraBY kg B%%wt% patd;gldy the resist
224. Tﬁe sem conduct or waf err200 IS gx ogeg to an etc plrocess to transfer

the resist 2eMIRERAGLRD makeniali dd2 Wathlnasheza&epaxrfelrmfm i r‘r}#-a tgﬁ(rae
11. The etc q&ﬁ atcar h g S 0

first sem CE%’]%%E'[Z%’IQ@HBS%%H a élgjliﬁg#he ?est g % HEY, EECO%;%

renoved. 5Exﬁb‘s"e’61dfbo?f?(q grzterfiaheinathe Qﬂenaheregd:bad itso egmhmrsfml Ic?;w
.trenches W|t t f u itride,hard o form
the trenches, S:)Epegr;élain%wt%g g&aﬁg’g é,% OE Eﬁ%hs lFﬁnnﬁaé éofz %ﬁb .
par ti cul ar | yottiem \efrfa0mof pad eﬁm:nbdig! 2e4thedsashbahl aws Fﬂj‘iﬁenl tride

mask-open tiyge (Figure 11) preferably conprises a fixed tine etch, e.g.,
t hat |§ 35 a?sotropl c in nature using a conbination of CHF3 and CF4 10 14

DEC 2005 for abOleIheBCr-@diﬁQsmdﬂ';ebe&fbt E@ér}gﬂ@o?&ﬁ@tb?aﬂaggi}ggrﬁ?g%gri al
trid is recessed el ow_t he Irs sem conduc
gggs\tmr ? ﬂﬁn thr?q”’c?e Shde EHRchag Pt fecerd caeriranddcsorh that the top

| evel of thma&er:xamada:zs(lmw@i | Tedden r@ﬁfhréﬁ%ﬁnzhé ei trR?% at or
just below the tsn surface of the |I|con 212 (or t bottom surface of

pad nitride ™ tH) S OMowt3 phshyuiioune 12), ‘e.g., using a

combination of NF3 and HBr, is preferably highly
anisotropic and highly selective to nitride in accordance

15 with an embodiment of the presént invention, such that no
more than 100-150 Angstroms of nitride 230 is consumed,
leaving between 300 to 500 Angstroms of the hard nitride
mask 230 over polysilicon 216, at 232. _

Because the polysilicon 216 in the deep trench is

20 still covered by the nitride hard mask at 232 during the
STI etch, no removal of polysilicon 216 occurs in the
deep trench region at 234. Embodiments that include this
feature are advantageous because since no polysilicon 216
is removed, the trench resistancé is not deleteriously

25 affected, as in prior art STI techniques.

The nitride hard mask 230 may be left in place
during one or more processing steps, and then removed. A
subsequent STI dielectric fill and CMP formation follows,
using conventional techniques.

30 Figure 13 shows a top view of the wafer 200 having
active areas 212 of the first semiconductor material
which are adjacent regions 242 of the deep trenches 216
comprising the second semiconductor material. The second
semiconductor material at 242 forms the strap which

35 electrically couples the active regions 212 to a plate of

11



The region of the first semiconductor materials 212 10 between the two
trenches of second sem conductor materials 215 is etched, Iea|y4 rb%%
region 240. This main silicon 212 etch (Figure 12), e.g., using a
conbi nation of NF3 and HBr, is preferably highly anisotropic and highly
selective to g)%tri de in accordance 15 with_an enbodi nent of the present:

i nvention, s FELFa88 SRERE YR bdhisPeerstrenah o2 16i t£P8e 230 i s

consuned, | exampgelet weerk IRt QO YLANISH roms i hay. jtride mask
230 over polysi :mf@%on 216, at 232. B%%ause t he po ysﬁ?%on %1@[” n the deep

trench is 20°YSilicenerdd By wemaved idwring dhmsXThtet2d? twring the STI

etch, no r emayab-abndal Waickl G0N ALOAGRHS dn Hhe o deen £ renchyegh on at

234. Enbodi nents that include this eat ure’are advant ageo ' e since
no pol ysi}i cBRr2egampd e, epotydililvon 2diech o ddiestsemee dimendistel #heri ously

.25 affected, NNl I I, te i,ques. . The, nitri har sk 230 may
be left in pf”gggh Br Fﬁ{ga grjié‘eg{rglr?%r &T;rtglgegsﬁwrﬁ%s?f%twﬁn%ed. A
subsequent SPpluseleconi e1ki ih &he @@pl;](tmmidmn fmid CB&SIf Jiér?;imeOZOO
conventi onal hpiques...3Q Figqure 13.sho a._top, view o e wafer

having acti 9é8§r ggg §§§13get ﬁgyf PP&%?@MO o\ tFERHREICR TSRS are

adj acent regRdfis 242shbwhhe deep trenches 216 conprising the second

sem cond_LLbctor material. _The se L conductor material at 242 fornms the

. nd se ,
strap which 35 el édtP?clIPyteEsd §| ggrt fre | Peskediddhd Braqrdangat e of

11 14 DEC 20@5thhehst pragen€apadeh@h ohn riatdedeemaly mmglaﬁ,aé@rhaf&aﬁp! e.

Note that no_poytj the,deep trench polysilicon 216 is renpved during
the STI et chmg'ﬂfc g@Zﬁ?éaﬂEelw Fﬁeaﬁréﬁﬁoéirﬁeﬁtanopet Relvigrdagaousiviar i on. 5

For exanpl e, spobysl| r6a80R42 i pithe,sarendiheRgis®R 1y that are more
selective to the nitride hard mask 230 material may be
15 used, resulting in improved overlay and preventing the
underlying polysilicon 216 from being etched. Using a
nitride hard mask provides a self-aligned active area,
eliminating the effect of lithography misalignment on
trench buried strap resisténce by removal of the
20 polysiliconl6/116, as in the prior art. With a nitride
hard mask 230, the final strap profile is independent of
the lithography overlay due to the highly selective
silicon-to-nitride etch. For example, because a thin
. layer of the nitride hard mask 230 remains over the
25 polysilicon 234 at 232, the polysilicon 216 is not
etched, preventing any effect on the trench buried strap
resistance. In accordance with the preferred embodiment
of the present invention, no polysilicon 216 is removed |
in the deep trench region, and the strap 242 is
30 protected.
Furthermore, the preferred embodiment of the present
nitride hard mask 230 invention simplifies the STI mask-
open procedure, by eliminating the uée of a BSG or TEOS

hard mask 20/120, because there are no material'property

12




wi dth as the dinension of the remainder of the pillar of polysilicon 216
in the deep trench. The STl region 240 does not include any portlon of the
‘deep trench region 216, as shown. 10 Using a nitride for a Rhar 230
in accordance wth the present invention rather than using a B hard

mask 20/120 as_in the prior art can be advantageous for several reasons.
First, etch @hgﬁ?§???%§ bPabvearethsr padsaisetidee 261¢ tavel ihy indectiadal nask

230 naterlalhgaa REs) 52 316 egul-t LAY 1l PRLRV verlay and preventing
the wunderlying poI§13| |c§ﬁS%§L6 ?r om belbng etc% g’%e%‘y ng a nitride hard

mask provi des a s%l$°alb%;¢1@‘élsacnw§léﬁeas nelti n:@tmtrag\mimateﬂf:ﬂ&t BdG

| it hograph S n b e trap_resistance renoval of
tLe gg pglzs?%lg%h€6 17 1&@ mééﬁ %?o Hég ge% B EIWPER ST Eﬁ?ﬁéy hard mask

230, theﬁﬂrﬁ#bQSQ%§n¢wmﬁ¢¢eﬁ$sngndéppadenathér then Hdﬂm#%naﬁfvé&ﬂlay due
to the highl -nitrid For exanpl e ecause a
tﬁln Iaygr y;ﬁ@ %%%ﬁ%iei# % ﬁa %ﬁnﬁgg ﬁg %RE over the 25 ponS|chon
234 at 232, tkmariﬂq&hdrmmweZlﬁ BSGnhardtmbed,2pygﬁ©nﬁu@g @?yr%ﬁ%ﬁﬁgion t he
trench buri .Str reS|stance accgrdance with the preferre _
enbodi ment e“pjféi hagppr e |°ﬁ?/%n??‘g]ﬁ §£56F§9FFV cBnvetoetshy sfpegan n t he
deep trench beeginimirmtted ey sti@puld2of St B8 EféééﬁEegnVEWﬁﬁ'&?J Mg, the
esent _nitride_hard nmask 230 invention

di t of, t
Gl { s CRPat L SR 68 crbak i@y bgoARE hoRakFApchdnbeaTt 1orBSGC or

TECS hard rahnadick20,bbapsiise & D Laar &g g H&&&%ngpb%ecﬁ}é 19,1 4 DEC
2005 differenges .bet egbthe pad_nitride 214 and the nitride ar 8 mask 230
used for th tlﬁﬁ?ﬁedﬁ%Mé e Alas waglauderefitiede asdnetrapcont ani nant |ike

BSG Another advantage of the preferred embodiment of the

present invention is that the need for a nitride frame 18

15 is eliminated, by the use of the nitride hard mask 230.
In the prior art, a nitride frame 18 was used to improve
alignment, by limiting the destructive interference of
light reflecting off the top of polysilicon 16, of the _
prior art drawing of Figure 3. The prior art nitride .

20 frame deposition thickness has a Very narrow process
window e.g. 60 nm, which is difficult to achieve.

The present invention is described herein with
reference to silicon material. Alternatively, compound
semiconductor materials such as GalAs, InP, Si/Ge, or Sic

25 may be used in place of silicon, as examples. The
invention has also been described with reference to a
DRAM; however, the nitride hard mask for STI is also
beneficial in other semiconductor manufacturing
applications that require STI processes. |

30 While the invention has been described with
reference to illustrative embodiments, this description
is not intended-to be construed in a limiting sense.
Various modifications in combinations of the illustrative
embodiments, as well as other embodiments of the

35 invention, will be apparent to persons skilled in the art

13



is, the nitride mask 230 may remain present during 5 subsequent processing
steps, rather than being renoved immediately after patterning the STI.
Furthernore, a BSG hard mask 20/120 nmust be renoved wth a SepaIce st
etch. Therefore, a wet etch step can be elimnated by the use of the
present invention. ghe 10 invention sinplifies shallow isolation trench

i ntegration YPBRnEEFBReNEy tei hhenfesicad pdsan harbh reckdki 2860 Wi ¢he O
addi ti onal oxider e it a trip. _Anot her advanfage of the
preferred enbodjngﬁfq%€@?§%g %?%g%nﬁgynggniﬁgﬁ%%yq O 1§, for a
nitride framrdBnany slsikl iinnchedarby vbe wee1af Her ik d@l@a%go sk
230. In the<$%i§ﬂ 3§§esa.nitride frame 18 was used to inprove a |d%%ent,
by linmiting The destritttve TR encétofts thegretfiose datienglasdt fthate t op
of pol ysBl i ddre ppaidddelfindrenddmesasii BHyOLuELIM-R1F1 NS JHd U, art
nitride 20 franme,depagsition thickness has a very narrow process window
e.g. 60 nm e f £ iMAHQOVRF acHr@vBCOPETRE phespmesiemtention is
descri bed heipgln ssittiiod efeerRiice 4ddi C tegl ernatively,
conpound semi_canduyct or natqriafggﬁﬁ%%ﬂ;ggég%s?i#%h?dé% G%%eor SiC 25 may
be used in Bﬁﬁgi an embgdliments o tthe mheceésventnachihas al so been
descri bed wrishufelergace 1 [PRAM .the ni-tride hard nmask for ST
is also, _beneficial ?%fof%@?ggéniconéﬁ§$%¥§%%ﬂUf%%?ﬁ?inﬁetgﬁﬂﬁiégéions t hat
requi r et &TI 85£BE8888ribgdwinl &heh@paniditdatidras been described with

reference to illustrative enbodinents, this description is not intended to
be construed in alimting sense. Various nodifications in conbinations of
the illustrative enbodinents, as well as other enbodi nents of the 35

“invention, will be apparent to persons skilled in the art 13 14 DEC 2005
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upon reference to the description. In addition, the order of process steps
nmay be rearranged by one of ordinary skill in the art, yet stjll be

the scope of the present invention. It is therefore Lntended‘%ﬁﬁﬁ he
appended cl ai ns8 enconpass any such nodifications or enbodi nents. Mor.eover,.
the scope of the present application is not intended to be limted to the
particul a¢1githedi nents of the process, machine, nmanufacture, conposition
of matter, means, nethods and 10 steps described in the specification. 14

14 DEC 2005 Clainms 1." A nethod of formng a nenory. device, the nethod

conpris- }ng, ' 2 | enj conduet o r . aenory
com inc|%a?%g’§%£§é§'p5?r i l@g% el # SEPLLONUGLORPRER' coiell JP
trenches {#d8) separated fromthe active areas by a semniconductor. region;

g a nitride-hard mask (230) over the sem conductor wa- 10 fer; and

formn

Pr oxi e an active area, th eep

pat t ePni nECFHENGMBRORYt ReRE At 13 REMHF A FRSKOF 248 €And S2Ehc MSTP 1

th ' o3 i . ti
rons (2155 EE TLEEDRUERE o) BRES CHIAGENATD) kb thg£0"ARPaERTe HIRg! !V

filled wilid diepedtpehyghieki d@l3()2k®pamisrdi frehethieepctivachre2E3)by a
pol ysilicon (Zlq%erenains substantially' intact during the wa- fer

pat t er ni igFAPRELCHF wher
c?{mr i tSﬁsf'C%gﬁrgi@pQShitegd@ RatH o4& diayer3d23INe PVere s St EagQuel dihe aaf er
arter . e |

AFRG; T8HAMerein forning.a nitride hard mask (230)

Ihg of the deep trenches (213); . depositing a resist (224)

over 10he fetxride |layer (230); patterning the resist (224);

15

20

25

30

and

pétterning-the wafer with the nitride hard mask (230) and -
etching to remove the.semiconductor region between the deep
trenches (213) and active areas (212), |

wherein the memory cells comprise deep trenches (213) filled
with doped polysilicon'(216), wherein the deep trench (213)

polysilicbn (216) remains substantially intact during the wa-

‘fer patterning and etching, and

wherein forming a nitride hard mask.(230) comprises:
depositing a niﬁride layer (230) over a surface of the wafer
after the filling of the deep trenches (213); |
depositing a resist (224) over the nitride layer (230);:

patterning the resist (224) ;

exposing the semiconductor wafer to an etch_process to trans-.

fer the resist pattern to the nitride layer (230);

forming openings in the nitride layer (230) with a fixed time
etch, wherein a portion of the nitride layer (230) is re-
moved, wherein the deep trenches (213) remain covered by a
portion of the nitride layer (230);

removing the resist (224); ahd

etching the semiconductor region (240) betwgen the deep

trench (213) and éctive area (212) with an etch selective to

nitride.

15

i thin



exposi ng the sem conductor wafer to an etch process to trans 25 fer the
resist pattern to the nitride layer (230); forning openings in the nitride
| ayer (230) with a fixed time etch, wherein a portion of the nitride Iayer

(230) is re- noved, wherein the deep trenches (213) remain c gg&ﬁdzgi
~portion of the nitride layer (230); 30 renoving the resist. f ; d
etching the sem conductor region (240) between the deep trench (213) and

active arga A%@%aht% e&chm%eqtgaaemn Nj$71 deme §80d4£BECa200M2- A

shal | ow tTench I sol ati on met hod for ‘a sem - conductor wafer,
conpr|5|n@0n@movod|wgfarmatempmn@um@ :ng a first sem conductor material, 5.

the first senjconductor naterl av n S rfac ast two
deep trerRFRELEDAS) aWEAER EHE ge%rcsﬁdsug}' 1o %?%g} H\g\/ﬁlgltréaﬁéaw ng

a porkionof £irst §6:choﬁauéuetr0hartetxqralalhawreg ra&gttdpl sbhefaeen the two
deep trenches’ (213) 10 depositing an insul ati collar'(215) within the -
deep treﬁ@nesngzae)ledébo§WP|ﬁ@e@:&&ﬁﬂﬁﬁ%ﬁa Qﬁﬁiﬂﬂ&?ﬁlﬁafﬁ?lgPr@§16) over

the in- sulatin o, kil t (3#3 -
.. hei ght Tﬁ@%ﬁ? #?Fs?ggé%§8gn b&&orﬂg% rleﬂét&x)sur?ac% kl%gFoF%q%
nitride hasghu@skr (R302r ONET iat al easti dhhdanemm tl'seanuwrxdielepotremoéleal

(216); wusing the nitride hard mask (230) to etch away the first -
senicondué&lﬁ)haterlal in the reglon bet ween the two deep trenches (213)

ni t\rl\?gr e'@e%é)%qh;s%g% g%xg)iﬁégfagﬁ @?ﬁlia(zz:)‘(@lfp)ormﬂﬁ}ﬁ?r? ‘th&le@@shting a

e hat over t surface after the filling of the
deep trenu&uﬁtméé3IZIEEp05|t|ng a resist (224) over the nitride hard nask

(230); dep051t1ng a second semlconductor material (216) over the in-
sulatlng collar (215) to £fill the deep trenches (213) to a
.helght below the flrst semiconductor materlal top surface;

15 forming a nitride hard mask (230) over at least the second
'semlconductor materlal (216); |
using the nltrlde hard mask (230) to etch away ‘the flrst
semiconductor materlal in the region between the two deep
trenches (213), '

20 -whereln forming a nltrlde hard mask (230) comprises:
dep051t1ng a nitride hard mask (230) over the wafer surface
after the filling of the deep trenches (213);
depositing a resist (224) over the nitride hard mask (230);
batterning the resist (224); ' |

25 exposing the semiconductor wafer to an etch process to trans- -
fer the resist pattern to the nitride layer (230); |

'thereby opening the nitride hard mask (230). with a fixed time
etch, wherein a portlon of the nitride hard mask (230) is re-

_ moved, wherein the deep trenches (213) remain covered by a

30 thin portion of the nitride hard mask (230); |

| removing the resist (224); and
etching the first semiconductor material between the. two deep

trenches (213) with an etch selective to nitride.




patterning the resist (224); 25 exposing the sem conductor. wafer to an etch
process to trans- fer the resist pattern to the nitride |ayer (230); '

t hereby opening the nitride hard mask (230) with a fixed tine etch,
wherein a portion of the nitride hard mask (230) is re .noved,q ppgges t he
deep trenches (213) remain covered by a 30 thin portion of the nitride
hard mask (230); renoving the resist (224); and etching the first

sem conductor naterial between the.two deep trenches. (213) with an etch
selective to nitride. 16 14 DEC 2005 3. The met hod according to Caim 2,

futher_Q?ppfhé'ﬂgtﬂsaoﬁtcbkhﬁ%?aﬂ%ﬂtlﬁiﬂ'ﬂﬁ fe2dheovebmphe sinistdepos-
sem conductor nmate- rial. 5 4. The nethod according to Cdaim3, further

conpri si npt preg - af padi ngtaideerti2ddl)- msgrarileal £ host shembcprAbes oith@atkond
sem conducfor material (216) fromat |east the pad nitride (214) top
surface, BF3br depositing the second senmi conductor 10 material (216). 5.
The mgt hod according to Claim2 wherein the first sem con- ductor nateri al

is crystalline silicon and the second sem -_conductor material (216) is
doped” pol 4criise anethedspricesaings t® Chfelmed hot BERSF dFABPESERS mex -

wherein the secon ] 2 n rsnaterd a s ) LNSREN ring
the nitride"hat% %aéﬁgkiﬁég %%%?%ﬂ%qai'%gyﬁéhiﬁg ﬂ%@ o% g?%o%gﬁﬁﬁg¥o Caim
1 or 2 whedmei doridecbokrindeeriayer(2(530)f iem deipobeasd tse ngadond prdskeur e
chem cal vapor deposition (LPCV?). 8. The, ”EH§9d accorgin to Claiml or 2
wher ei n tﬁ%ﬁ%ltﬁ?ﬁesu§§aF8yePf@? 0P eRSRIrG N TR FFERR n?g?FHBD Lo

The gathq%fg¥§ggipglgp_CIain11 or 2, further conprising

: 5. The method according to Claim 2 wherein the first semicon-
dﬁCtor material is crystalline silicon and the second semi-
conductor material (216) is doped polycrystalline silicon.

15
6. The method according to Claim 2 wherein the second semi—

conductor material (216) remains intact during the nitride

hard mask (230) patterning.

20 7. The method according to Claim 1 or 2 wherein the nitride
layer (230) is deposited using low pressuré chemical vapor

deposition (LPCVD) .

8. The method'according to;Claim 1l or 2'wherein'the nitride

25 layer (230) comprises a silicon nitride layer.

9. The method according to Claim 1 or 2, further comprising
depositing an anti-reflective coating (ARC, 222), prior to
depositing the resist (224), and further comprising removing

.30 the anti-reflecting coating (ARC, 222) after removing the re-

sist (224).

17




depositing an anti-reflective coating (ARC, 222), prior to depositing the
resist (224), and further conprising renoving 30 the anti-reflecting
coating (ARC, 222) after renoving the re- sist (224). 17 14 DEC 2005 10.
The nethod according to laim1 or 2 wherein forning openings!f#DEC&0s
nitride |ayer (230) conprises renoving 100 Angstrons or ‘| ess of ‘the .
nitride layer (230) within the deep trench (213). 11.. The net hod- accordi ng
to Claim10 wherein etching the, sem conductor region conprises renoving

100 to 15%’ 0 ANgSET REBhoA alda® il deo | @yeim(236F 2r eheaedn tfvendiaep
trenches (213). .10'--12. The nethod according to-Claim 11 wherein g{@@ing

t he sen1@paducgarlneghénmh&QHQR)%ﬁi%@ehzégb EBMBHH SRTgLEMGYE
itride | 230 | The t
O Lrrae LRYSL LER3Q) oV RL ROl UL A (200 - 1dFer ThOSDY! RALIAGE BHE Mol

Caimil menory evice 1s" a wherein the DRA
-strap profibégch21813ys inn dependent of the nitride |ayer (230) overl ay. 18

5 . .
11. The_method according to Claim 10 wherein etching the
semiconductor region Comprisés-removing'100 to 150 Angstroms

of the nitride layer (230) from over the deep trenches (213).

10° 12. The method according to Claim 11 wherein etching the
semiconductor region leaving between 300 to 500_Angstrom5'of

the nitride layer (230) over-polysilicon (216) .

13. The method accordlng to Claim 1 or 2 wherein the memory
15 dev1ce is a DRAM, whereln the DRAM strap profile (216) is in-
dependent of the nltrlde layer (230) overlay.
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