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Fdlng

gate electrode layer in the peripheral circuitry region prior to patterning the gate electrode structure

in the peripheral circuitry region. Such conventional methodology requires the formation and

removal of different photoresist masks for etching the stacked gate electrode structure, jon

implanting impurities to form shallow source/drain extensions and ion implanting impurities to form
30 - moderate or heav:ly doped source/dram 1mplants These photoresist masks are conventionally

B removed from the penpheral c1rcu1try region prior to patterning the gate electrode structure of tﬁe 3

peripheral circuitry region. However, each time the photoresist is stripped from the ARC, some of

the ARC is lost, thereby altering its functional capabilities with respect to avoiding deleterious

reflections during photoresist patterning. Consequently, a loss of critical dimension is encountered
35 upon subsequent patterning of the underlying gate eleetrode structure.

As miniaturization proceeds apace, the loss of dimensional accuracy, including in the
peripheral circuitry region, becomes acutely problematic. Accordingly, a need exists for

methodology enabling accurate patterning of a gate electrode structure in the peripheral circuitry
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and pal ARC'ﬁrst photoresist mask from the core memory cell region and the first layer of photoresist material

from the peripheral circuitry region; (g) forming a second photoresist layer over the core memory
cell and peripheral circuitry regions; (h) forming a second photoresist mask on the second gate
electrode stack; and (i) etching the second gate electrode stack to form a stacked gate electrode
structure comprising, sequentially: a gate dielectric; a gate electrode; and an ARC.

30 Embodiments of the present invention include the further manipulative steps of: removing
the second photoresist mask from the peripheral circuitry region and second layer of photoresist
material from the core memory cell region; depositing a third layer of photoresist material over the
core memory cell and peripheral circuitry regions; forming a third photoresist mask over the core
memory cell region; ion implanting impurities to form shallow source/drain extension implants

35 associated with each stacked gate electrode structure; removing the third photoresist mask from the
core memory cell region and third layer photoresist material from the peripheral circuitry region;

forming a fourth photoresist mask over the core memory cell region and ion implanting impurities
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embodiments of the present invention, the ARC in the peripheral circuitry region is exposed to only

25 a single photoresist stripping step prior to patterning to form the gate electrode structure in the
peripheral circuitry region.

Embodiments of the present invention include initially etching the stacked gate electrode
structure in the core memory cell region and then stripping the photoresist mask and layer of
photoresist, thereby exposing the ARC in the peripheral circuitry region to only a single photoresist

30 stripping step. A second photoresist mask is then formed in the peripheral circuitry region and the
gate electrode structure of the peripheral circuitry region patterned. Subsequently, shallow
source/drain extensions and moderately or heavily doped source/drain implants are formed in the
core memory cell region. The formation of such implants requires two additional photoresist masks
and attendant photoresist layer strippings. However, the stripping of photoresist material attendant

35 upon formation of such ion implantation masks is conducted subsequent to patterning the gate
electrode structure in the peripheral circuitry region and, hence, does not adversely impact the

integrity of the ARC prior to patterning, thereby improving the accuracy of the gate electrode
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can comprise doped polycrystalline silicon. The ARC layer can comprise any material

25 conventionally employed as an ARC, e.g., silicon oxynitride. The first photoresist layer P1 is then
deposited and the first photoresist mask M1 formed on the gate stack in the core.

Adverting to Fig. 2, the gate electrode stack in the core is patterned, as by anisotropic
etching, to form a stacked gate electrode structure comprising tunnel dielectric 30, charge storage
electrode 31, intergate dielectric 32, control gate electrode 33, and ARC 34. The first layer of

30 photoresist material P1 and first photoresist mask M1 are then stripped, which constitutes the first
exposure of ARC 24B in the periphery to photoresist stripping.

As illustrated in Fig. 2, a second layer of photoresist material P2 is then deposited and a
second photoresist mask M2 formed in the periphery overlying the gate electrode stack. The gate
electrode stack in the periphery is then patterned, as by anisotropic etching, as schematically

35 illustrated in Fig. 3, to form a gate electrode structure comprising gate dielectric layer 40, gate
electrode 41 and ARC 42. The second photoresist mask M2 and second layer photoresist material

P2 are then stripped.
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dimensions of the features in the peripheral circuitry region, notably the gate electrode structure.

This problem becomes particularly acute as feature sizes plunge into the deep submicron range.
The present invention comprises a strategic sequence of manipulative steps wherein the gate
electrode structure is etched in the peripheral circuitry region after the first photo resist stripping,

30 thereby minimizing ARC loss and, hence, improving the accuracy of the etched features in the
peripheral circuitry region.

In the previous description, numerous specific details are set forth, in order to provide a
better understanding of the present invention. However, the present invention can be implemented
without resorting to the details specifically set forth. In other instances, conventional processing

35 materials and techniques have not been described in detail in order not to unnecessarily obscure the

present invention.
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patterning the gate el ectrode structure in the peripheral 25 circuitry
region results in a loss of ARC, thereby resulting in a |loss of accuracy in
critical dinensions of the features in the peripheral circuitry region,
notably the gate el ectrode structure. This problem beconmes particularly
acute as feature sizes plunge into the deep subm cron range. The present

i nvention conprises a strategic sequence of mani pul ati ve steps wherein the
gate electrode structure is etched in the peripheral circuitry region
after the first photo resist stripping, 30 thereby mnimzing ARC | oss and,
hence, inproving the accuracy of the etched features in the peripheral
circuitry region. In the previous description, nunerous specific details
are set forth, in order to provide a better understandi ng of the present

i nvention. However, the present invention can be inplenmented wthout
resorting to the details specifically set forth. In other instances,
conventional processing 35 materials and techni ques have not been descri bed
in detail in order not to unnecessarily obscure the present invention. 5
WO 01/ 27994 PCTI US00/ 26874 The present invention enjoys industrial utility
i n manufacturing any of various types of sem conductor devices,
particularly sem conductor devices having features in the deep subm cron
range, such as sem conductor devices having a feature size of about 0.15

m cron and under, e.g.,
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about O. esent invention enable urlng
hi ghly i #t?%ggr%? ! ’ﬁ”ﬁ%’l’;@ﬁ mew ces with inproved d?ﬁ@&gﬁéﬁg

accuracy of featur ral g4 yltry region. Only the
preferred enbodi nent of the present |nv n and an exanpl e of its
versatil it yWHATI§EMMERISdescri bed in the present disclosure. is to be

under st ood t hat taem%sémhﬂxﬁ§£¢ Qgenh&ngwagl lin a%oae@rig@%&iﬁeg&pl s

combi nati ons and environnents an S Capa ang S Or
wi t hi n t he asd aperiphéral dixguitny vegion, the methed cpmprisingdhgiolewing steps: ei n.

01 200t ) ok ks kb e TR g i

havi ng a cotack eampmisingcsefiyentiadlyi on  and a peripheral circuitry region, the
met hod conprising th | 5 (a) formng a first gate el ectrode
stack in the nenory ?efpﬁeig}é%%ﬁcﬁ%ﬁe first gate electrode stack

conpri si ng, sequent i @l dhgrge storageeledtrodé layesct ri c | ayer; a charge storage

el ectrode layer; a digf ﬁ:icrl!lﬁ:rl ayer 10 a control gate el ectrode |ayer;

and an antl-reflectlve coatl ng (ARC); (b) formng a second gate el ectrode
stackkin the peri pheraaclommlg%tapleugndp@gel@md the second gate el ectrode stack
conprising: a diel eCtaB'aﬁu}e?l\é&{]vecJa?mg eI ectrode layer; and an ARC, (c)
depositing a first layer o ot or e3I st materlal over the core nenory cell
and peripheral (®ircdpnmyg ar&@g@ndrggte elegtrode staph mghespefiphesal cigewitrioregion.dke seearid on
the first 20 (e) etching the first gate el ectrode ,
st ack, whi %g&?@@g%{gﬂg&é@hgﬁgl ectrode stack is masked by the first |ayer
of photore5| st nat er iaghielectrig la¥skm at | east one stacked gate el ectrode

strugfure conprising,c,RQRKeM 1Ak ¥ng @ tunnel dielectric;

an ARC; -
() depositing a first layer of photoresist material over the core memory cell and
peripheral circuitry regions;
(d) forming a first photoresist mask on the first gate electrode stack;

20 (e) etching the first gate electrode stack, while the second gate electrode stack is
masked by the first layer of photoresist material, to form at least one stacked gate electrode structure
comprising, sequentially:

a tunnel dielectric;
a charge storage electrode;

25 : an intergate dielectric;

a control gate electrode; and
an ARC;
0 removing the first photoresist mask from the core memory cell region and first layer
of photoresist material from the peripheral circuitry region;
30 ® forming a second layer of photoresist material over the core memory cell and
peripheral circuitry regions;
(h) forming a second photoresist mask on the second gate electréde stack;
@) etching the second gate electrode stack to form a second gate electrode structure
comprising, sequentially:
35 a gate dielectric;
a gate electrode; and e e T
an ARC. heet Has Been Replaced

T



a charg t el ectrode; 25 an intergate dielectric; gate
el ect rog‘gﬁog)r’%@g?an ARC, (f) renovi ng the first photoresi s?cf(ggégr”f%b@m t he

per i pheral ot rodi ¢y amats ichlying B 1 SorflHHeRGinil “?*‘@‘”‘%‘ﬁ%‘?’?sf 2?
mat eri al owmemotylvell tagica ismasked/by e secamulayqyef Phekasesist m@tendw t iﬂ regi ons;

forming a second photoresi st mask on the second gate el ect ﬂﬂﬂﬂﬂiﬂﬂﬂllllﬂlll

etching the secg_nflhegrg&gocp;{cg&aﬁlggﬁl }naicgur{hggat gp%fﬂ%second

structure conprising, sequent lectric; = a‘gate

el ectSrode; and €h roaReingThe sc@d@éotorqaxst 1Bk ifromRethd petiphiertl cireitry Wgiohlasd kel 7 WO
01/ 27994 P f&?ﬁ-&]ﬂ ,m 1, conprising

per form ng%ﬁ’%@g%gpéﬁhl%&?m% qng%g%%eqa‘??cetllqgéoﬁaﬁ masked by the
second | ayer of (K)Hoplentng lslpumﬁsa;q foa‘n souste/drain gegidnks irf the ¢dre memnbryicell kdgio1 11 3.
The nethod according to claim1, further conprising: L M5 (j} renoving the
second phot or es#st nibkméthodaccordingde ¢lgined, gbmprisinguparfopming giep (k) &pd t he second
| ayef, of photo | . ' nd (k)
ot ng 1 mpuy LRl £hindlaykd HRhbdR b ERE b ek Qe (D,
regi on.  4peripheraiminchitryl regbadsy di ng to claim 3, conprising, perforning step
(k) by: 10 (kI) | £rial over the
core nenory cel F&gnd%ﬁ e?{r?ig %g+é%§t%§§$e§{hfg&?%%?%w%g)ré%r’m ng a third
phot or esi st masK3pveplatting imperéiessmployingdhd thrrréghtmtn%w(t kB3k, torfiotra sttallpey

i mpurities ow

sour ce/ dr afﬁgﬁgﬁgﬁ%ﬁkg%ﬁlﬁg %s%%ﬁﬁ%gﬁ Stgatﬁéf% ﬁ“‘&‘?’@i‘ﬁgﬁgat e el ectrode
strudture; 15 (Kk4) rmqmg'thgthtrﬂamskﬁrmuthmkmqrmcdileregm,e menory cel |

region; (k5) f ' Shidk I} ry cell region; (k6)
i npl anting i rrpu?&?nf oy| ng tErtﬂ%/thﬁ. ?é%ﬁﬁ g form noderate or

heavi |y doped (k6) 1mplam:mg impurities, employing the fourth mask to form moderate or heavily doped

=

source/drain implants associated with each stacked gate electrode structure;
(k7) removing the fourth mask; and
20 (k8) activation annealing.

5. The method according claim 4, wherein step (k3) comprises:
implanting first and second impurities of the same conductivity type, wherein the second
impurity has a greater diffusion coefficient than the first impurity.

25
6. The method according to claim 5, where the first impurity comprises arsenic and

the second impurity comprises phosphorus.

7. The method according to claim 4, wherein:
30 (k4) comprises removing the third layer of photoresist material from the peripheral circuitry
region; and
(k7) comprises removing the fourth layer of photoresist material from the peripheral
circuitry region.
8. The method according to claim 1, wherein the:
35 gate electrode, charge storage electrode and control gate electrode comprise doped
polycrystalline silicon;
gate dielectric comprises silicon dioxide; and
intergate dielectric comprises a stack of sequential layers of silicon dioxide, silicon nitride

and silicon dioxide.
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sour cel dgal A Jopal ant s associ ated with each stacked gate e
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structure; renoving the fourth mask; and 20 (k8) ac Ion

anneal ing. 5. The NeTROHeRECRECING iCdAMY, dhertil MeLARC §$rg;ﬂisé§_<s3ﬂcoﬁ SRRMitaeS:
inplanting first and second inpurities of the same con uctivity type,

wherein the second inpurity has a greater diffusion coefficient than-the-—-.

first inmpurity. 1@5TH meli@ abRkdiRtoRfEER N Iikeeid heCl @l M 5, whep first
impurity conprises arsenic and the second inpurity conpramﬂ!mﬁ lﬂﬂgmgﬂlm
7. The nethod athaegedtomge elscteads compriseiilisop piridesgnd 4) conpr [+ h e
third layer of photigEast sid ilBsskidlectic @Bpie sibigbd dibAaA! circuitry Tediof;
and (k7) conprisSes renoving the fourth | ayer of photoresist material from
the peripheral «circuitry region. 8 The nethod according to claiml,
wherein the: 35 gate el ectrode, charge storage el ectrode and control gate
el ectrode conprise doped polycrystalline silicon; gate dielectric
conprises silicon dioxide; and intergate dielectric conprises a stack of
sequential layers of silicon dioxide, silicon nitride and silicon dioxide.
This Sheet H8 IIlliii/iiiifi7fp WO 01/27994 PCT/ US00/ 26874 - 9. The net hod
according to claim1, wherein the ARC conprises silicon oxynitride. 10.
The nmethod according to claiml1, wherein the: 11 charge storage el ectrode

conprises silicon nitride; and 1LLL LIELED ViR LELEL 1T 111l s 5 gate
dielectric and intergate dielectric conprise silicon dioxide. This Sheet
Has Been Replaced 1111111111212111 & I1I11I~I1 1~ 9 .1117.
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