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]0001] This application is a continuatlion-in-part of U S. Patent
Application "SEM CONDUCTOR DEVI CE HAVI NG SUBSTANTI ALLY PLANAR CONTACTS AND
BODY, " Attorney Docket No. 24061 25, serial nunber 10/727,272, filed
Decenber 3, 2003, having Chung-Yi Yu, C H Loa, and J. H Tsai naned as
inventors, the entire disclosure of which is incorporated herein by
reference. [0002] This application also clains the benefit of provisional
application "METHOD OF FORM NG SELF ALI GNED POLY FOR EMBEDDED FLASH, "
Attorney Docket No. 24061.172, serial nunber 60/540,825 filed January 30,
2004, having Chung-Yi Yu and Han-Ping Chen naned as inventors. BACKGROUND
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BACKGROUND

[0003] The present disclosure relates generally to the field of integrated circuit fabrication

and methods of forming polysilicon layers employed therein.

[0004] The demand for siorage devices that have a small package size and a high storage
density have increased due -to the creation of many new applications that require high density
storage devices. Accordingly, semiconductor device geomeiries continue to dramatically
decrease in size, to the extent that existing devices routinely have feature geometries smaller than
65 nm. '

[0005] However, the manufacture of memaory devices and other storage devices are plagued

by a myriad of problems, often atiributable to topographic differences between memory devices



t he standard practice in the industry, various features are not drawn to
scale. In fact, the dinensions of thé& various features may be arbitrarily
i ncreased or reduced for clarity of discussion. [0008] Figs. 1-5 are
sectional views of one enbodi nent of a mcroelectronic device during

i nternedi ate stages of manufacture according to aspects of the present

di scl osure. 10009] Fig. 6 is a perspective view of one enbodi nent of a
system for planarizing topographic features fornmed on a substrate
according, to aspects of the present disclosure. [00101 Fig. 7 is a
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const ruct ed acqqrdlng to aspects of the present 'sclosure. 1f*’Flgs. 8a
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devi ce constructed according to aspects of the present disclosure. [001]
Figs. 9ai086s] ar escs@aibQMhat Y R¥EdQh 1RNPLDEK iREPAN IR} 1QficefunPlSdRfl §Ctronic
device constructed according to aspects of the present disclosure. [0013]
Fig. 10 ??ugc@éﬁéﬁﬂﬁﬂ%&ﬂ yrissieothe amye HisruseAiseisnent of the microel ectronic
device shown in Fig. 9f according to aspects of the present disclosure.
DETAI LEBREFORLITRIO O QFTHE b pwesept di scl osure provides many different
enbodi nents, or exanples, for Inplenenting different features of the
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1, .illustrated is a_sectional view of one exanple of a

Referring to Fig. 1, . _ B .
split g 5‘?985%’}5? %a‘rurss formed on a substrate according io aspects of the present disclosure.

{0010] Fig. 7 is a sectional view of one embodiment of an imtegrated circuit device

constructed according to aspects of the present disclosure.

[0011] Figs. 8a and 8b ars sectional visws of another embodiment of a microelectronic
device constructed according to aspects of the present disclosure.

[0012] Figs. 9a-9f are sectional views of another embodiment of a microelectronic device
constructed according to aspects of the present disclosure.

[0013]  Fig. 10 i1s a sectional view of another embodiment of the microelectronic dsvice

shown in Fig. 9f according to aspects of the present disclosure.

DETAILED DESCRIPTION

{0014]  The present disclosure provides fnany different embodiments, or examples, for
implementing different features of the invention. Specific examples of components and
arrangements are described below to simplify the present disclosure. These are, of course,
merely examplsé and are not intended to be limiting. In addition, the present disclosure may

repeat reference numerals and/or letters in the various examples. This repetition is for the



effect transistor (SGFET) device 100 in an internedi ate stage of

manuf acture according to aspects of the present disclosure. The SGFET
device 100 may be a single junction sem conductor device. The device 100
may al so be one of a plurality or array of SGFET cells included in a

sem conduct or device. However, for the purpose of clarity and brevity, Fig.
| only illustrates a single device 100. In addition, although aspects of
the present disclosure are described in reference to a SG-ET devi ce, those
skilled in the art will recognize that the present disclosure my be
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plastic or other flexible substrate, or other conventiomal or future-developed substrates. The

substrate 110 may be or include a contact to a semiconductor device or interconnect. For

example, the substrate 110 may be or include a semiconductor wafer or other layers formed on a

semiconductor substrate. The source region 120 may be formed by implanting phosphorus,

boron and/or other dopants by diffusion, ion implantation, and/or other processes. In one

embodiment, the source region 120 may be formed in a heavier doped region or active region in

the substrate 110, The substrate 110 may also include other features not shown m Fig. 1, such as

isolation regions on opposing sides of the source region 120, including those formed by local

oxidation of silicon (LOCOS) and shallow trench isolation (STI). Accordingly, the particular

compositions of the substrate 110 and the source region 120 and other features formed in the

substrate 110 are not limited by the scope of the present disclosure.



material |ayer on the substrate 110, etching an opening therein to expose a
portion of the substrate and define the gate oxide layers 130 and the
split gates 140, formng a spacer nmaterial. |ayer on the oxide |ayer and

t he exposed substrate portion, and etching the spacer naterial |ayer to
formthe spacers 150. In one enbodinent, the formati on of the source region
120 may enploy the split gates 140 as a nmask prior to depositing the
spacer material layer. After the spacers 150 are formed, the source

i nterconnect 160 rmay be forned over the source region 120 and between the
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[0018] The gate oxide layers 130 may comprise SiOa, Ta:0;, HHLO, ZrO; and/or other
dielectric materials to provide a degired equivalent oxide thickmess, and may be formed by
atomic layer deposition (ALD), chemical vapor dépositic_m (CVD), plasma enhanced CVD
(PECVD), physical vapor deposition (PVD), thermal or rapid-thermal-processing (RTP)
oxidation, and/or in-situ steam generation (ISSG) RTP oxidation. The gate oxide layers 130 may

have a thickness of about 100 angstroms or less.

. [0019] The split gates 140 may comprise metal silicide, doped and/or undoped polysilicon,
metal oxide, a barrier layer and metal conductor, a bamrier layer and a non-metal conductor
énd/or other materials that provide adequate electrical device performance based upon
application-specific requirements. The split gates 140 may be formed by ALD, CVD, PECVD,
PVD and/or other processes. The split gates 140 may have 2 width ranging between about 100
angstroms and about 4000 angstroms and may have a thickness ranging between about 1

éngstrom and about 800 angsiroms.



and/ or other processes. The spacers 150 may have a thickness ranging

bet ween about 10 nm and about 400 nmPand a wi dth rangi ng between about 10
angstrons and about 4000 angstrons. [0021] The source interconnect 160 may
conpri se one or nore conductive materials, including polysilicon, netal
silicide and/or netal oxide, and may al so include a barrier |ayer and/or
cladding such as Ti, Ta, TiN, TaN, TiW CN, SiC, and Si CO The source

i nterconnect 160 nay be formed by ALD, CVD, PECVD. PVD and/or an

el ectropl ati ng copper process (ECP), and may have a thickness ranging
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and/ or Si CO The interconnect Iayer 180 may be formed by ALD, CVD, PECVD,
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t opogr aphitl teghermekbbudiesrof theefabrication process. The isolation layer 170 may be formed by

ALD, CVD, PECVD, a spin-on process, thermal or RTP oxidation, ISSG RTP oxidation and/or

PVD, and may have a thickness ranging between about 1 angstrom and about 300 angstroms.

[0023] The SGFET device 100 also includes an interconnect layer 180 that may be employed
as a bit line, word lin_e, and/or other interconnect (collectively referred to herein as line
interconnects). In the embodiment shown in Fig. 1, the interconnecf layer 180 is formed by
blanket deposition over the isolation layer 170, although selective deposition may also be
employed. The interconnect layer 180 may comprise one ot more conductive materials, such as |
a doped or un-doped polysilicon, metal silicide, and/or metal oxide, and may inciude a barrier
layer comprising Ti, Ta, TiN, TaN, TiW, CN, SiC, and/or SiCO. The interconnect layer 180
may be formed by ALD, CVD, PECVD, ECP, and/or PVD, and may have a thickness ranging

between about 50 angstroms and about 4000 angstroms and a width ranging between about 50



pur pose of the present disclosure. That is, as showmn in Fig. 1, many of the
features may have varying heights relfitive to a reference pl ane 115 t hat
is substantially parallel to a principal plane of the substrate 110. For
exanple, the gate structure 105 extends to a height H above the reference
pl ane 115, whereas the source interconnect 160 has a thickness that is |ess
than the height H of the gate structure 105. Simlarly, the interconnect

| ayer 180 includes a first portion 185 having a thickness that is |ess
than the height Hand a second portion 197 having a thickness that is
great er LAaN.d 0% DL OB00 el O RE BILEMARME 1 CANKRRL LORR! inRLhAMD Of

pl anari zimg suc topograpgm C TeatUres can provide 1 nadequate results,
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polish (CMP) processing. The cap layer 190 may bs blankst or selectively deposited by ALD,
CVD, PECVD, a spin-on process, thermal or RTP oxidation, ISSG RTP oxidation, and/or PVD,
and may have 2 thickness ranging between about 100 angstroms and about 2000 angstroms. In
one embodiment, a portion 195 of the cap layer 190 may extend below the height H of the gate
structure 103, such as when the thicknssé of the interconmect layer 180 is less than the height H
of the gate structure 105, whereby the portion 195 may be employed as a mask during

subsequent processing.

[0026]  Refersing to Fig, 3, illustrated is a sectional view of the SGFET device 100 shown in
Fig. 2 after undergoing a planarizing process. The planarizing procéss may form a substantially
planar surface 310 across the spacers 150, the source interconnect 160, the isolation layers 170,
the intercomnect layer 180, and/or the cap layer 190, or the remaining portions thereof,
collectively. In one embodiment, the CMP parameters may be selected such that a portion of the

cap layer 190 having a thickness of at least about 200 angstroms remains after polishing.



[ 0027] The planarizing denonstrated in Fig. 3 may include

chem cal - mechani cal polishing (CWP) der f or med under conventional CMP
paranmeters. However, in one enbodinent, the paraneters of the CMP process
may vary fromthose conventionally enployed, whi ch may reduce or elimnate
t he i nadequate results of conventional planarizing nmethods. For exanple, a
hi gher downward force may be applied to the substrate 110 during CWP, such
as by a substrate holder or polishing head, thereby increasing a polishing
rate ratio. In one exanple, the downward force applied during CVMP may be
about 5. ﬂlopsnb foTree lehoPReangstfoors ol thayapalesw PRy Provdeedaquap oIptec 0 psi and
about 10. 0 ln.c onal CMP processes typically enploy a
downwar&”lgrc@d Onlngﬂé%@gép gﬂxgﬁ%ht 4.2 psi. [00281 The polishing rate
ratio may be a conparison of the polishing rate of substrate areas having
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t opogr a !lcfér %[Cg, Bk Ll}ﬁ ﬁ-}é% 1@(&&;&42 cﬁ‘%ﬁlﬁg r&tpgﬁhof r ‘ﬂ{noh@%xa:}lﬂé’v the

t opogr aphi c ar the roun cor net ges between hi gher
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i nterfaces between n or| n pogra eatures nay be cleaner and
substantarraﬂd}yamglatdffomeémfdmésmma@muﬁ&anld j agged edges. [0029] Increasing

the do foxc o o | i shing
ot At oy e boliiretah < el ohplTRANEE ulk Botkihg paPo Gl mdlS o
enpl oyedlavnigrfaan:ges@‘ﬁﬁlghawrta"llgdo imorichze rathel pbitizisharaaghavingdeatues ¥ 10WEhus, in
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may be o at a speed rangi fveen about out 200 rpm
In a norbrcspe:ploﬁmcbdiemgq:tht majz tﬁmommarsmirtgmh@éﬁ fepaesopt mefystar azig @1an bet ween
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[ 0030] Sterpoha:teh yastdr ttsn ﬂﬂuattamgr@h‘pl aoa}eﬂh@wrhigigr ENfehing rageodaiis s actheved.oBwgr aphi c
features Ingxcmc g-le material from the high topographic areas on the substrate 110 faster than from the

low topographic areas, the rounded corners and jagged edges betwsen higher topographic

features that result during conventional planaﬁzing methods may be reduced or eliminated. As

such, corners may be more defined and interfaces between neighboring topqgraphic features may

be cleaner and substantially free of residue build-up and jagged edges. .

[0029] Increasing the downward force may not be the only manner in which a higher

polishing rate ratio may be provided. For example, increasing the rotation speed employed

during CMP may also increase the polishing rate ratio. Thus, in one embodiment, the polishing

head to which the substrate 110 is coupled may be rotaied at a speed ranging b-etween about 75

rpm and about 200 rpm. In a more specific embodiment, the polishing head speed may range

between about 90 rpm and about 100 rpm. In contrast, conventional CMP processes typically

employ a polishing head speed that is less than about 63 rpm.



on the substrate 110 nmay be rotated at a speed rangi ng between about 65 rpm
and about 150 rpm In a nore specifi @ enbodi nent, the platen speed may
range between about 85 rpm and about 95 rpm In contrast, conventional CWVP
processes typically enploy a platen speed that is |l ess than about 57 rpm

[ 0031] The selectivity of the features undergoing CVWP nmay al so be adj usted
to achieve a desired polishing rate ratio. That is, the materials enpl oyed
to formthe topographic features mnay be sel ected based on their resistance
to CWP. Thus, higher.topographic features may conprise nmaterials selected
based on ir el PNeFaphiO RABH @R Binted
features[h%?/ coén%%{%eﬁlgg%%é gyetge ec?@g" \lg@agcgﬁﬁglntt hei Irj}tl her  resi stance
to CVP_ bn’th@mberate M/desbe Itota@dsaet eretd ahging sfwaeh @b f e mapny E’gﬁ’ﬁl lsd&mto form
t he highr t igsy of the
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enmbodi memin, lhhmtras;ectoecdntmat YMBf prodeesehiygloally anupogs plpleh epcee thaliisdgssiegp be
about threet_t7| nes to about five times the selectivity of the | ower

t opogr apf°® ¥ &&Pures, such that the polishing rate ratio may be about 3:1,
or rangejoby wee]rheahieajlwiqaoﬂthatfe;huahnomderﬁoxm@ Opgt mex alsplbe adjupred e ﬂchéq’fﬁcﬁdl ment

shown in, Fi a i g
|nterconleé15 I1 rﬂTS’Bt' h-ghg rl%agenﬁg)sl ysﬂ%ggﬁ etggbosgg ﬁily?% icon is
about t hmeebt BﬂTﬁﬁedaﬁsd’de@I thitiamgsistance @VEMEs BnBNHighear tppﬂﬁf@hlcn@amem}atl o of
about 3:1 may be a e n_increa may

al so be %PE‘WF%VE?}@‘E%S tétg?ais?ijg “0% YL ERT %%ﬁo C@%ﬁp@gﬂ %glo{;vgl t?pgcq‘;éﬁhgcr ry used
during C¥Rured Rt co@prise hﬁtﬁlbldrsélﬁvtﬂdi}dasbe ofilsied mgﬂlaecemsmci o CheP. himhider

t opogr aphi

features t [ L
enbodi m&*\"f?‘;‘:15 tﬂf‘?e%'%tl"&bf’f]@? f”ﬂtm%lf e'ﬁ“ﬂltgv'\% rIB‘ ﬁ %Q %HJD é}f% ? %‘%@Sﬁﬁ E‘I?BC
f eat ur eSgTaﬂettﬂm@tmemneamy oERe &fitegﬁleamplaﬁedtthéarmethebW“mopwmhm felerssl brry to
the lower to c featur .0033]_ Mr.eo ..con cation
processes™® SFF gtlhpF%@H’é}tyaﬁd;“%#c%%g‘]rﬁogﬁ?hl ea jires JIg Vb%?fltgbﬁoﬁll °F frtl%gg Itor ate
the cap hmayefiveliBfkswhd ﬁle@v(&y df Rier Blwysr fopcdr e mgtutemesnbh latat iheqedistofig reem due
bui | d-up and OSSIb| avi n ed Vet i pear or.atj ng t he
cap Iayerat“ig’é’fi c?ﬁ??%i” Drt@na%lﬁggg? gou %Eg resehnt él sclogtre,” slﬁlct yas one
havi ng oggsdifbshtshbhe uflﬂ§s| Shhd/2 tﬂje 429 laypt EROAtidyZiomgrigesSith ded Ithyd m@rdomyeet S
(e.g., the interconnect t he. occurrence of residue. d up may
be reduct¥erdfo é‘}aﬁ’rFPﬁa?sédmg%‘gc‘inhe %%PW?%‘E’C% ‘Sn%ﬁl-lttfﬁ‘fc? SRS & greséslga“tt
i nt er f acesr bsLMEERolRhBRRE: hopSUhaRtiicniiaataiiesdmay be prevent ed.

[0032) An increased polishing rate ratio may also be achisved by selection of the chemucal
composition of a slurry used duriﬁg CMP. That is, the slurry may be more selective to the higher
| topographic features than to the lower topographic features. In one embodiment, the selectivity
of the slurry to the higher topographic features may be three times as great as the selectivity of

the slurry to the lower topographic features.

[0&53] Moreover, conventional fabrication processes employing plasma and/or chemical etch
back do not incorporate the cap layer 190 with CMP, thereby increasing the likelihood of residue
build-up and possibly leaving jagged edges. However, by incorporating the cap layer 190
according to aspects of the present disclosure, such as one having one-third the resistivity to
planarizing as underlying layers (e.g., the interconnect layer 180), the occurrence of residue
build-up may be reduced or eliminated and the formation of non-uniform edges at interfaces

between higher topographic features may be prevented.



9 [0034] Referring to Fig. 4, illustrated is a section view of the device
100 shown in Fig. 3in a subsequent $k age of manufacture. A mask |ayer 402
may be formed over portions of the source interconnect 160 and

i nterconnect | ayer 180 exposed by the previous planarizing process,
including in some enbodiments a relatively thin portion over the spacers
150 and' the interconnect 160, designated as mask | ayer 402a. In one
enbodi ment, the cap layer 190 includes Si @2, and the nask |ayer 402

i ncludes Si 3N4. In another enbodinment, the cap |ayer 190 includes Si3N4

and the ez | a&m‘mmg)tﬁ anqéllﬂumme&smectrﬁhelem kel dayies 100GRowmR Fide 3 ) Binket  or
sel ective b 9 B ion
and/ or P&V:Bg ﬁf‘?ﬁ‘ﬁ% “&“?LCI?'FE gx n%assﬁgﬁ%/r[@ F eq ngg%%}%ﬁsgj tﬂpgﬁgg%meal

process, inst@hineas 16handradteramnée Ra}exllﬂ(b.tekmed 'ﬂnehe previoes plapwiTiigt preesss, f or
depositln he .mask | ayer. 40 de a o4 LHr e f glng
bet ween ’551818%1”{‘ £ 5B ORe o O%Igﬂ% @g%lat&'e W AP %gjesés:v%lzzl\l/l ?ﬁgﬁﬁéﬁtﬁ B(F:?d ﬁg

i ncl ude ﬁi&;eoﬂnact 168N@Hsi@hatsh, a8 masiiagdn M@Iaoém hgel eevediftB@Ehe cmieym%knﬂa%cer 402

st r omSCect RGO 146 EheRABe e SRR chafi: B8 ChRaR: PAMMER D ui e

s pe;:I f It ceﬂ;mfmdcaﬁe iR 1SGHET 1ﬁlﬁﬂﬂe§&1010®’h= fﬁm mmkoz Iagr)ehie mezket arasteqtivey| de
rotecti or a eguent
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of the deguinfe: LO& 460 alsdintiuge atfl*armaﬂ bfeesk,scl srtharmbl @ﬂ(‘ﬁ?hﬁuaﬂﬁcﬁmrﬂi? ng
portions of the cap |a 190 an ortjons of .t |sq tion Ia er 170 and.
the int ePréofﬁﬁ%‘fmlPﬁil@ ef%%tmg'ltheemﬁség?(yq %@&354'6‘2‘“%&%}) & ﬁ%?%%}“‘é 6t Esuch
removal , y@seca PR 450 Ei Ha Bout33d ~0BY atﬂ}@c&séoewmmemat The incbriowr) Ogf t he
cap Iayer 190, the isolation |ayer 170. the |nterconnec la er 180, and/or

t he maskandiyes? 20Richiapetiens QU | Sie@askolpye 402 Bt 178 o S SHEIRSr

cheni cal p&l6dd- abte 1MREKndnR YRl AR TBY NearenR! wltehuehimng dotkntdhemaunaer | yi ng
materials. The Si Q2 spacers 150 may al so grevent etchlggyof the ﬂ%erlylng

mat eri al §epepiNgEyRn, thy ﬁ%l"ﬁ:itﬂérsl’%ﬁcﬁti?@e‘ffl% GEFhdevisgp! Way'de ™6 ayey

removed, L0030 deThSettR Bf HehBedtbsherd BN 2niyresiaitaunad bReqtkrt ferdnhe CVP
process according to aspects of the present disclosure may provide the
desi red PORS¥fhape for the SGFET structure. The inplenentation of the mask
| ayer 402 may al so allow for resulting source and drain contacts to have

subst ant j@ksly CcRemmingnelFRl Anafisnaidt iag estal view dfiie deievial sefwmpierfig. ans of

the isolation | ayer
after the rem%v al of the remaining portions of the cap layer 190 and portions of the isolation

layer 170 and the intercomnect layer 180. The mask layer 402 may be employed for such
removal, as shown in Fig. 5, and may then be removed. The removal of the cap layer 190, the .
isolation layer 170, the intsrconnect layer 180, and/or the mask layer 402 may be accomplished
by a sslective plasma and/or chemical etch. The mask layer 402 may prevent: etching of the
underlying materials. The SiO, spacers 150 may also prevent etching of the underlying

materials. However, the material underlying the cap layer 190 may be removed.

{0036]  The use of the mask layer 402 in combination with the CMP process according to
aspects of the present disclosure may provide the desired box shape for the SGFET structure.
The implementation of the mask layer 402 may also allow for resulting source and drain contacts
to have substantially clean and planar surfaces after the removal of portions of the isolation layer
170 and the interconnect layer 180. A clean and planar surface for the source and drain contacts

may permit good contact of subsequently formed metal silicide, refractory barrier metal, and/or



170 and the interconnect |ayer 180. A clean and planar surface for the
source and drain contacts nmay pernit19ood contact of subsequently forned
netal silicide, refractory barrier netal, and/or 10 contact fill

metal lization. In contrast, rough and/or jagged surfaces at the contacts of
the SGFET often cause high contact resistance, pinholes in subsequently
formed features and pronotion of netal diffusion, possibly resulting in
catastrophic electrical failure of the SGFET. [0037] Referring to Fig. 6,
illustrated is a perspective view of a planarizing system 600 constructed
accor di - el S of ot r LSel eS A0 dIsETONe
environ%gﬁ%PPﬁﬁgﬁﬁ%%ﬁﬁt éggF%h2?%@%ﬁg&ﬁgfﬁ%ggﬁggggﬁib%ghﬁggve égy be

enpl oy edfiemcatitechigharoufastotintance fpitbhles irSGEEuEY famed feaiygy, ang propyig 05 ki | | ed
in the art’ wll. recoqgnize. it hat Lain d-eal 4 he system 600 are
describéﬁ£lébﬁﬁﬁ?p%%%5fﬁ§¥&?ﬁgm%9%%%%$%'%mﬂg%ﬁ?ﬁgfﬁﬁﬁﬂﬁg%y ot her features
not described herein or shown in Fig. 6. [0039] The system 600 includes a
pol i shi rigf3MleadReE@ing do Vifsi hilkistsaisisis raapasreriye (eaie i alanBzing g5t 88% 100
shown i I Ot I ‘. al icshisNge Beadnfdf iy be
coupled%ggh%ﬁékﬁg?ﬁgggaggdgﬁgggﬁr%%géﬁgﬁﬂzazgﬁg%%?qﬁﬂFgﬁ ﬁgy be confi gured
t o rot atvéichiee plpuizshinmthotie debodiied abovd may batwmployst inHae amanbiactsresof thhe fir st
driving 40 AT Lhe. .polishin a . i ng
betmeenE%%%E?mggcg%%¥§hg£%%gﬁpggﬁdﬁépn?méﬁ%ﬁ@gb ag%%% sa§§?§§?%§@?ﬁan about
200 r pmspsyn 600sme Bescriies dérkineandThe thd systemdiOD wiay gnahetsrmang Atharigpiuatsset be
configurgq.&ﬁ.qul 8 forﬁg Lo the polishing head 610 to contact
topograﬁh%% ESCUreE Y8 e on  the substrate 620 to a pol i shing platen
650. The force applied by the first driving means 640 may range between
about 2.J003plsi Eredsystbo 00 TRlubespspalishing hesd GRO K whick a pyskas cAR(Fual duihpe

POSSI bl Gyl 093P Lot RhALANLPBO alilbhat D Chitfler aTROLIRANAG-RAE OBy 6F
conventional or future-develdoped conposition and geonetry. The platen 650
may be ‘couppidery byhad sifafot ngGariting swemndiOdiich meey beearnsizeZe, o iRi2ighthemy be
cont ! GUIBHnLO HERL DS LR.RY 81 AR B0, AS. PHERUEARYLSA BANGR e The
second 3r|V|ﬁg nmeans may’ rotate the platen 650 at speeds rangi ng

bet ween palisbint k&8 3 pa speds raapiogbet&6H abpwh 75 @b AebileusPeeprs. mewshaPeadhan about
150 rpm may_ al i ble. 2oNd -, dEL Vi ‘ so be
conf i guietat Bl gl AP Bif as? IR SERAPCTnCEGY a4 TTRLS, SO aRNATEE® 20
(or pol icsifigngd pagbpB55iorce oo the polighis ea! §184e comdast fope gremucofvaire IFTSE OF at e

. 620. TQ}%: sL‘t?sErgtg 62 a%&hﬁ%)ﬁgﬁ%gﬁliﬁe%QMmQ Elf)p‘ﬁ&g' g}-‘ HEghs di@\?igg FRYns'adl QFay bet ween

about 2.0 'psi an _
range between about 2.0 psi and about 10.0 psi, although higher forces may also be possible.

[0039]  The platen 650 may include a polishing pad 655 of conventional or future-developed
corposition and geomsiry. The platen 650 may be coupled by a shaft 660 to second driving
- means 670, which may be configured to rotate the platen 650 as indicated by the arrow 657. The
gecond driving means 670 may rotate the platen 650 at speeds ranging between about 65 rpm and
about 150 rpm, although speeds greater than about 150 rpm may also be possible. The second
driving means 670 may also be configured to apply a force to the platen 650 to contact the platen
650 (or polishing pad 635) to topographic features formed on the substrate 620. The force
applied by the second driving means 670 may range between about 2.0 psi and about 10.0 psi.
Moreover, the first and second driving means 640, 670 may cooperate to collsctively apply a
polishing force to the topographic features formed on the substrate 620 that ranges between
about 5.0 psi and about 10,0 psi, although higher forces are also possible. Control of the first and

second driving means 640, 670 to apply the polishing force to the topographic features formed



Moreover, the first and second driving nmeans 640, 670 nmay cooperate to
collectively apply a polishing forcelfo the topographic features formed on
the substrate 620 that ranges between about 5.0 psi and about 10.0 psi,

al t hough higher forces are al so possible. Control of the first and second
driving neans 640, 670 to apply the polishing force to the topographic
features fornmed 11 on the substrate 620 and/or to rotate the polishing head
610 and/or platen 650 nmay be handl ed by neans not shown in Fig. 6, such as
a dedi cated conputer device. [0040] The polishing system 600 may al so

i ncl ude an &t aubstyatel€d0i mdoyto sotast EwpCidRingtieat 1 frayd/ordddténisp mey be hgndBdsyt o t he

pl aten 650 olishin 2 r . duit 687. The conposition
of the sFﬁ?& %%gW%%Qﬂ%gEgg}ecgé%mﬁggéggg% ‘%ggde5|red select|V|P5 of the.
slurry t {noufne vmpomstsng pegcaphiag ke attldes sfoy deltvenrsysite 68Ukbick atag 620, as

discusse above erenc 1 o] or a
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conpar ed cdr@o'clhms ef theyqlmrqadBE ynag m;-)bachesd bgzd on theelntited padetiphyan dreishirmydo thet hods,
the system 600 na uce or 1 nat I rn resjdue
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exanpl e, Figss.descri bed above, one or a conbination of a polishing force of
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CoTH o pSlihie daet it etett S0 Larplfnae RRviRge o bR SR A e devi ce
700 COﬂ@%lfsh!ﬁg Eﬁhd@g@;&ﬁdi mbgng 93 gfeaids Witerd 650 spdfeészéﬂiougﬁa-p%@myrpmwﬁhe
integrated circuyit device 7 b £ L ronpent ich_as of the
above deE@P?H@ﬁﬂH%vﬁgémﬁﬁémﬁﬁ& WE ?%% Hmpﬁ%?J ﬂWﬁ?gnm %%Tegrated
Ci [) c ;Jl tt%‘gﬂf{é@ 670 Gzl e IpdBkBEd a @Ea@treﬁkmet Mlaﬂt;ﬂoxibe\édlﬁgﬁpﬂa?Zaiuﬁﬁatfq?)hmemr Ih n a
substrate one or_nore o ubst ant i simlar to the
M cr oel e&REFIGH;SEleEhap) Hethe E‘Gf@poéll%ﬂ\ﬁ? %Tn&%/r@’ 3%55 MR & Saea\‘/?c"é’sDr mr?ﬁ{‘?
|nterconagﬁ&@myamdhﬁhgg@nmg@ﬁ@d to one or nore other nlcroelectronlc

devi ces 724 manuf act ur ed, on in the substrate.  710. The m croel ectronic
[0042] Referming to Fig. tl?ustrated }s a s='ct1ucma1 view af an]inteoratng ctrcu(1:t device %0

constructed according to aspects of the present disclosure. The integrated circuit device 700 is
one environment in which aspects of the above described device 100 may be implemented. For
example, the integrated cireuit device 700 includes a plurality of devices 722 located on or in a
substrate 710, one or more of which may be substantially similar to the microelectronic device
100 shown in Fig. 5. The devices 722 may be intercormected and/or connected o one or more
other microelectronic devices 724 manufactured on or in the substrate 710. The microelectronic
devices 724 may be or include metal-oxide-semiconductor field-effect-transistors (MOSFETs),
FinFETs, and/or other conventional and/or future developed semiconductor devices.
[0043] The integrated circuit device 700 also includes interconnects 740 extending along
and/or through one or more dielectric layers 730, 750 to ones of the plurality of microelectronic
devices 72?., 724, The dielectric layers 730, 750 may include silicon dioxide, Black Diamond®
(2 product of Applied Materials of Santa Clara, California), and/or other materials, and may be

formed by CVD, ALD, PVD, spin-on coating, and/or other processes. The dielectric layers 730,



devices 724 may be or include netal-oxi de-sem conduct or
field-effect-transistors (MOSFETSs), 2 nFETs, and/or other conventi onal
and/ or future devel oped sem conductor devices. [0043] The integrated
circuit device 700 also includes interconnects 740 extending al ong and/or
t hrough one or nore dielectric layers 730, 750 to ones of the plurality of
m croel ectronic devices 722, 724. The dielectric layers 730, 750 may

i nclude silicon dioxide, Black D anond(r) (a product of Applied Materials
of Santa Clara, California), and/or other materials, and may be fornmed by

CVD, AL?%G 1%(% V?ggﬂclglgss(}%HU% Eéo(a[ 7@0@%%&9&99@@%& ISTd)'U?J ﬂﬂgﬁ}oﬁgt ric
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refractor metal s a her materials, and may be forned by CVD, PECVD,
ALD, PVBECHﬁdAbB Bfthand/praficeswessses| 0044] The integrated circuit device 700

shay i nﬁ%ﬂge agﬂgogteg{af’a@a%g%&q&rﬁg%gﬁcﬂd@ nloﬁ“ﬁﬁgar%po gfn ﬂ%‘ 663 0f 22, 724.
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762 may7te protected to prevent damage t o t he underlying features. The
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undertying features, The feature 762 may be protected by a2 temporary laver which may include

photoresist, Si3Ny, potymer, Si0., and/or other materials. Alternatively, the feature 762 may be

formed while the feature 760 may be protecied to prevent damage to features located below

and/or ﬁroximate the feature 760. The feature 760 may be protected by a temporary layer which

may include photoresist, Si;N,, polymer, Si0O», and/or other materials.

10046] The sequence in wﬁich the features 760, 762 may be formed may be sslected fo

prevent damage to proximate features and device layers. For example, the formation of

polysilicon, a metal silicide, and/or polyoxide for the features 760 may include the protection of

~ the features 760 by the temporary layer. The temporary laysr .may prevent CMP dishing and/or

~damage that may occur during the formation of the features 760. Thus, ﬁrotecting the features

762 may allow for electrical contacts to be formed self-aligned to drain/source areas 750 of the

device 722,

[0047) Referring to Figs. 8a and 8b, illustrated are sectional views of another embodiment of

an integrated circuit device 800 constructed according to aspects of the present disclosure. It is



may include photoresist, Si3N4, polyner, SiQ2, and/or other materials.

[ 0046] The sequence in which the feat#des 760, 762 may be formed may be
selected to prevent danage to proxi nate features and device | ayers. For
exanple, the formation of polysilicon, a nmetal silicide, and/or pol yoxide
for the features 760 may include the protection of the features 760 by the
tenporary |layer. The tenporary |ayer may prevent CWVP di shing and/or danage
that may occur during the formation of the features 760. Thus, protecting
the features 762 may allow for electrical contacts to be forned
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t he devi g® 846 sshredtidlilyatthazopalirtigtivp&d 2 @irasren@i@pifeipeimand 8V4 ekethe @ykenay be
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arrow 850. In o ro,embodi ment . th ngul ar fsef of . planes..912, 814
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devi ce(sf‘mé%G V\;ﬁ Ry l?glg)s“ §cie elaa%é’ ween i'so gts‘ll%ﬁﬁsétar%u@tn% g[s59 sb%o, in
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for prov 8,"',128% f§1'm%9 ?'nl thg'gg{phérg/ glﬁ}s%rﬁg 815 may be adapted for providing signal amplification

and interconnectivity in conjunction with the memory device 804 and/or other devices formed in

the array substrate 510.

[0050] Referring to Fig. 8a, the device 800 may include a semiconductor layer 840 located
over active regions 830 of the array substrate 810 and proximate the sidewalls of the isolation
structures 820. The layer 840 may include epitaxial Si, polysilicon, polyoxide, CoSif NiSi,
and/or other materials. The layer 840 may be blanket and/or selectively deposited substantially
over the array substrate 810 and/or over the périphery substrate 815, such as by CVD, PECVD,
PVD, ALD, and/or other methods, and subsequently etched back or otherwise planarized fo the
isolation structures 820 by CMP, plasma eiching, and/or chernical etching.

j0051] The device 800 may also include a protéctive layer 860 for the protection of
underlying features, such as the active regions 830 and the isolation structures 820. The
protective layer 860 may comprise SiO,, SiN, SizNs, TiN, polymer, and/or other materials,

including those having a dielectric constant ranging between about 5.5 and about 9. The



and interconnectivity in conjunction with the nenory device 804 and/ or

ot her devices forned in the array subdtrate 8 10. 10050] Referring to Fig.
8a, the device 800 may include a sem conductor |ayer 840 | ocated over
active regions 830 of the array substrate 810 and proxi mate the sidewalls
of the isolation structures 820, The |ayer 840 may include epitaxial Si,
pol ysilicon, polyoxide, CoSi, MSi, and/or other materials. The |ayer 840
may be bl anket and/or selectively deposited substantially over the array
substrate 810 and/ or over the periphery substrate 815, such as by CVD,
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substrate material, and the array substrate 810 may i ncl ude anot her

subst r at@4#ft eri al . For exanpl e, the periphery substrate 815 nay include a
SON subpiisat e, RaphtherotHie 9@ iaytatsdi RSt st @iotal 318y fitymicneletitniaddside 900 in

an intsrmediate stage of manufacture according to aspects of the present disclosure. The
microslectronic device 900 includes 2 substraie 903, z protective layer 310 formed over the
substrate 903, and isolation structures 920 extending through the protective layer 910 and at least
partially into the substrate 905, The microelectronic device 900 also includes a cell region 902
and a periphery region 904. For example, a plurality of memory devices may be located and/or
subsequently formed in the cell region 902, and a plurality of logic devices may be located
and/or subsequently formed in the periphery region 904. In one smbodiment, the memory
devices located and/or subsequently formed in the cell region 902 comprise memory iransistor
devices, possibly being substantially similar to the device 100 shown in Fig. 5, and the logic
devices located and/or subsequently formed in the periphery region 904 may be MOSFET
devices, FIDFET devices, and/or other transistor devices employed in logic circuitry and/or
Sensing circuitry.

[0035] The substrate 905 may be substantially similar in composition and manufacture to the
substrate 110 shown in Fig. 1. The substrate 905 may be a single crystal or other silicon

substrate, a silicon-on-insulator (SOI) substrate comprising a silicon or germanium epitaxial



substrate. [0054] Referring to Fig. 9a, illustrated is a sectional view of
a mcroelectronic device 900 in an iﬂlféermedi ate stage of nmanufacture
according to aspects of the present disclosure. The mcroelectronic device
900 includes a substrate 905, a protective |layer 910 fornmed over the
substrate 905, and isolation structures 920 extending through the
protective layer 910 and at |least partially into the substrate 905. The

m croel ectronic device 900 also includes a cell region 902 and a periphery
regi on 904. For exanple, a plurality of menory devices may be |ocated
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al ternat?‘ﬁ‘?ﬂmn}ﬁrmghggé%gf oaf‘%gsﬁgfmt‘er ,Oréeu%rﬁéofiéém?nf’ %/‘ﬁeurcc’i%@ﬁ’gglgyﬁro@gtléd and/ or
subsequesubsiantibidy simdar tn thieheoteivk layerekfi0ahovdD & Bipdiadihe phgecpies iapdreXi( nraggi on 904
i ncl ude devi ce 0056] The. prot.ective |ayer 910 CONQL. silicon
oxi do. ST BN 4 s orr Rerargi Bt Eo @ vt R ¥ BB ERGH oy
be enpl oamgstroas aat aetlictn sitridp lger KBVidg stthipknedhenginpbaeedan\about| 18§k indRbOutmay be
formed oglo%?over the substrate 905 in the cell region 902 and the

peri phery "’ 280 BH 904 by bl anket or sel ective deposition, such as by CVD,
LPCVD, PEE/D, tTrerigmdtion structures 920 may be or comprise shallow trench isolation (STI) or

other slectrically insu‘iatiﬁg features. For example, the isolation structures 920 may be formed by
etching or otherwise forming openings extending through the protective layer 910 and at least
partially into the substrate 905 and subsequently filling the openings with stlicon dioxide and/or
other dielectric materials. In one embodiment, the isolation structures 920 may be formed by a
dry etching process, and may have a depth ranging bstween about 2000 angstroms and about
5000 angstroms. The bulk insulating material employed for the isolation structures 920 may be
formed by CVD, HDP-CVD, PECVD, LPCVD, SACVD, and/or spin-on processing, and may
have a thickness ranging between about 3000 angstroms and about 8000 angstroms. The
isolation structures 920 may also be planarized by CMP processing to remove portions of the
bulk insulating material, possibly removing between about 1000 angstroms and about 8000
angstroms and fsndering the isolation structures 520 substantially coplanar with the protective
layer 910, as shown Fig. 9a. The CMP processing may have a polishing selectivity ranging

betwesn about 2 and about 30 of the bulk insulating material relative to the protective layer.



process, ALD, PVD, and/or other processes possibly to a thickness ranging
bet ween about 500 angstroms and aboufl®5000 angstrons. I n one enbodi nent,
the protective layer 910 is substantially simlar to the protective Iayer
860 shown in Fig. 8a.The protective |ayer 910 may also conprise a silicon
oxi de | ayer having, a thickness rangi ng between about 50 and about 200
angstrons and a silicon nitride |ayer having a thickness rangi ng between
about 1000 and about 2500 angstroms. [00571 The isolation structures 920
may be or conprise shallow trench isolation (STI) or other electrically
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910. Theproeskd frogmlileysedhing messoﬁmatm@r@iﬂstrmiwfemk&ta dmyfelr awhethicel otdh ckness
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bout 300 ngst r ons d._al 4 e
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t he m cr pEkecCt r Refkigingl @viig ©dH@strated is a sectional view of the microelectronic device 900
showr in Fig. Sc in a subsequent stage of manufacture, in which the masking layer 930 has bssn
etched away or otherwise removed. The masking layer 930 may be removed by one or more
-processes employing plasma ashing or chemical etching, possibly with H»SO,  Afier the
masking layer 930 is removed, a gate dielectric pre-clean process may be employed to remove
remaining portions of the protective layer 910. In one embodiment, the gate dielectric pre-clean
process comprises a wet process using diluted HF or buffer oxide eiching (BOE), possibly
resulting in the formation of one or more divots 921 proximate top corners of the isclation
structures 920. However, the divots 921 may also be at least partially formed during prior
processing, as shown in Fig. 9¢c. The divots 921 may form as a result of the integration of
multi]ﬁle processes, including the planarizatioﬁ, removal of the protective layer 810, removal of
the masking layer 930, and the gate dieleciric pre-clean processing.
[0061] As sﬁown in Fig. 94, the gate dielectric layers 940 and a gate electrode layer 950 may
be formed over the substrate 905. The gate dielectric layers 940 may be formed by exposing the



shown in Fig. 9b in a subsequent stage of manufacture, in which the masking
| ayer 930 has been enployed as a masR’during an etching process enpl oyed
to renmove portions of the protective I|ayer 910. Because the nasking |ayer
930 covers substantially none of the cell region 902, the portions of the
protective layer 910 within the cell region 902 are renoved by the etching
process. However, portions of the protective |ayer 910 underlying the

maski ng | ayer 930 are protected fromthe etching process. The etching
process may enploy a dry etch, a chem cal etch, conbinations thereof,
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layer 950, possibly leaving between about 300 angstroms and about 2000 angstroms of the gate

electrode layer 950 overlying active regions 960. The selectivity of the gate electrode layer 950

relative to the protective layer 910 may range betwsen about 5 and about 30, The selectivity of

the gate electrode layer 950 to the isolation structures 920 may range betwsen about 5 and about

30.

[0064] The device formed in the cell region may be further processed by an over-etching or

'over—polishing process to remove remaining portions of the gate electrode layer 950 over the

isolation structures 920. This over-etching or over-polishing process may also induce a recessed

portion of the gate electrode layer 950 between the isolation structures 920, as shown in Fig. Se.

For example, a resulting gate electrode layer 955 may have a side surface directly contacting the

isolation ‘structures 920 and may have a common boundary with the surface of the divots 921.

The gate electrode layers 955 may also include portions extending into the isolation structures



angstrons and about 300 angstronms. [00621 The gate el ectrode | ayer 950 may
conpri se polysilicon, anorphous sili cdB, and/or other seni-conducti ng
materials, and nmay be formed by bl anket deposition (as in the illustrated
enbodi ment) or selective deposition. The gate el ectrode | ayer 950 may be
formed by CvD, PECVD, ALD, PVD, and/or other processes, possibly to a

t hi ckness rangi ng between about 500 angstrons and about 4000 angstronmns.
[0063] Referring to Fig. 9e, illustrated is a sectional view of the
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over | yi ﬁ&'%?@lg\}jéa}rbgg](}%ﬁgp@%@?ﬁgﬁgu é%ﬁr‘péﬂc%‘}m\}’ﬁ{@n%?} Of"h%lggrfa i goé—{'fg% e |ayer
950 reltadirveciivolaybred1paetendvede | ayer 910 may range between about 5 and
about 30, The selectivity of the . gate .electrode |ayer 950.t9 the isolation
struct u&g%ﬁ:’gzoiﬁ’%?lqgéﬁ & %@flb&étéaﬁe%dg?)ﬁ?”n%nagﬁld“aqgglh’tmcfspﬁl.e"tf%‘B 1C’ﬁe?({-.ﬂ)devi ce

f or med isbowrhia Fi€lok i € gibestuem iaxeoff midnifiefirep noeiEsts thel aby reathimiveporgtchifng or
over -pol j shi ng. proce 0 _renove r ining portions. of the e el ectrode
ayer o8t BUBHBIR PLOISE PO BrPULt (FbEnaate =41 Sby Bt At G

over - poldtighpeesp (ag ®s empidyedalo Sembvadhc erainirgoested of geriroeniveflayhei@at e
el ect roqlfle

l.ayer 950 hetween the i atjon structur 920, as .shown in Fig.
oo FotfeasytSosin? Qom BT Bt kot S0L Fube Prslhey Tt Do Hhamy Fub B | de
sur f ace pditioBCHT the GOBEAOE Tayer Plieare irnd @l ibgra wst Eitidhgl pese9 20tand erBiyighave a
Coyors Gty Yattes helaty 360 8 ghet of: A1 R R Ay ey fnde °°
sth ruct Uri&ifeiti&\ﬁ s&ﬂs@djréklueThd)wEtgggkﬂﬁgeﬂoﬂdﬁS d@rdtr?t haoB aﬁfe_zt%ﬂﬁ% ﬁﬁrllaéﬁtriSy gﬁ@il.ng_Thus,
t he gat el eclrode a egs )20 MY . ve rger t tﬂa ng r.Lylng
active S“é‘a‘ie%‘h oY@ p u@%ﬂlm#%ﬁ@?ﬂcﬁ%@%%f fres %Bé%%lgvt@ﬁﬂ teyer 953:

{0066} Thereafter, the exposed portions of the susbtrate 505 in the periphery region 904 may

be further processed by conventional and/or future-developed means to fabricated MOSFETS
and/or other transistors and logic and/or sensing circuitry in the periphery region 904, In one
embodiment, the microslectronic device' 900 is substantially similar fo the integrated circuit
device 700 shown in Fig. 7 and/or the device 800 shown in Fig. 8b.

[0067]  Referring again to Fig. 10, illusirated is another embodiment of the integrated circuit
device 900 according to aspects of the present disclosure, herein designated by the reference
numeral 990. The integrated circuit device 990 includes a substrate having at least one memory
cell region 902 and at least one periphery region 904, a plurality of isoldtion structures 920
located in the memory cell region 902, and a plurality of active regions 960 each located between
proximate ones of the isolafion structures 920. The device 990 also inclndes a plurality of gate
electrode layers 255 each located between ones of the isolation structures 920 and overlying a

corresponding one of the active regions 960, wherein each of the gate electrode layers 955 has a



the gate el ectrode |ayers 955, top surfaces 956 of the gate el ectrode

| ayers 955 may be | ower than the top 1Qurfaces 926 of the isolation
structures 920, as shown in Fig. 10. In one enbodinment, the recess depth
of the gale electrode |ayer 955 ranges between about 10 angstrons and about
500 angstrons. At this stage of manufacture, and/or at a | ater stage, the

-devices forned in the cell region 902 nay be further processed to
substantial conpletion before the renmaining portions of the protective
llayer 910 are renoved. 100651 Referring to Fig. 9f, illustrated is a

sect i onalVidh EiptdthanReenraipe driarce ohaiiacer @prsal t@owlahgﬁéwtw 980 gpntegisdi n a

subsequepf thstRE8pRhinfBALLBGIHE Byeriofs. Whi ch the any renaining portions of
the protective Iayer ®810 have been renoved. For exanple, a dry etch,

chem cal /Qr other process npy be enployed to renove the
remai ni nff ésﬁrt. Op e EHE BBF‘B%dE%?P\}ECI‘Fd&%PO@EB°7"°Itd|%r‘§‘t9;ﬂné‘ﬁiﬁﬁ§ 5 Portions

of the Stu:bsstoraable s@Rburds b2t N EoP@fampREE¥h bﬁgabcg@te%mdea 9931&515% maﬁlde AR
portlons%¥% thetprotect ve |ayer 910 are renov wet etching process

with an FRytacng et f{?r‘ltymf‘ shie ri@ol%@fl\ﬁgéﬁura%%%% Swhatha 3otk ths @6t t he

protecti M@:trb%é@"a 9dhan 8 Adokréohding AR of 1h8 Qb rfibnS bEI CEHd i @tiod RRicMBLs et ching
process na al s have an etchin select|V|t§ rangi ng between about S and

about 307dFaloractyipeidect Gopeave iyer®2d hevinget arpfi ecofr%ﬁp%lwéﬂgg}ata@meéexof 58 | ayer

955. [ OQfcha Thal fpdtRbne dfie HHRASEMPOYst i Ons of the susbtrate 905 in the
periphery region 904 may be further processed by conventional and/or '

future-d op ns.to fabricat FET and/or other transistors and
| og o antPen Eerreh AEe bRt Syt S perOReHS WG U goI0 Hickria

ermbodi mefdight ohedjadear areb ef:threcgmecﬂmdﬁydesesQG@eﬂtﬁe sisbedaanti. athy, &chlokae to the
integrated circuit hown  in F| 7_and/ or the device 800 shown
B i g R0,
enbodi neiata difectidheavianttee @t @ldnsﬁzltdi 805, br cadR G fhe riRfiraeC enidélngotia Bspast s of
the present .di sclosure, de5|%nate t he referepnce nuneral 990.

The i nt e L& "EHFLANY f‘if?g'\ff‘ T @@59 BB ey WL IR 8 " Peast one

menory cell region 902 and at | east one periphery region 904, a plurality
of i sol ato0dl stThusttbe prsse8bsc ldsmearttmdudematdmémﬁmﬁmawrmldnoraegbmale&ﬂﬂm'and a

pluralit £ ;regions 960 each. | ocat ¢ b e ones of the
i sol ati o%“vg?t” rlﬁc Aul?%s}n é’g‘f) “éFﬁemd%tv Praisgso” 5\1 8ate éYlﬁdeas %{yggga?ﬂ‘ Dot gate
el ect r odenipéopalsic@bbcteachieliotathakidyeat Mnnmmsall@f:orhﬁleted ﬁﬁinaztyldencesirrduct ures
920 and r cary pond ng e . of the 60, wherein
each of THE Stjgo}aél SRRl PRl SRS é‘%ﬂ%g@oﬁmw% bty Brlttea W20aisndY

is protected by forming a first layer over the portion of the partially completed transistor to be

protected during a subsequent material removal step. A second layer is formed substantially

covering the partially completed memory device and the partially completed transistor. Partions

of the second layer are removed leaving a portion of the second layer over the partially

completed memory device. At least a substantial portion of the first layer is removed from the

partially completed transistor after the portions of the second layer are removed.

[0071] The present disclosure also provides method of manufacturing a microelectronic
device including, in one embodiment, providing a substrate having a protective layer located
thereon and 2 plurality of isolation structures extending through the protective layer and at least
partially into the substrate. A mask is formed over a first portion of 2 surface collectively formed
by the protective layer and the plurality of isolation structures, the masked first portion thereby

sharing a boundary with an unmasked second portion of the surface. Sacrificial portions of the



wi dth greater than a separation di stance of adjacent ones of the isolation
structures 920 contacted by the corréponding gate el ectrode |ayer 955,

[ 0068] Each of the gate el ectrodes 955 includes a portion extending into an
adj acent one of the isolation structures 920. For exanple, each of the
gate -electrodes 955 may include a side surface contacting an adjacent one
of the isolation structures '920, such that each of the gate el ectrodes
955 over hangs a correspondi ng one of the active regions 960. The isolation
structures 920 al so each include a concave divot 921 having a profile

COr r esp@rukcige ta9eraare aBMEXd P iWiinofhe Bimacid Bfordnpadjraceatthonesofis t he gate
el ectrodes 9 S'gP%9069 Each of  the isolation.strg ture§~922 glsg ext ends
above tAEYEHstYy T 1 Sgmpd Py JemaRing pprugRs § ﬁﬁéﬁﬂﬁlgﬁ Y% he gate
el ectr Od@&tigrggtr@ﬁﬁés, EﬂitE'm(Sj u&ai Ekted 99?1;16 ramewSL céteafghsa@ﬁﬁdiquadn&mk ;:ﬁfitﬁdﬂ
structures may_extend substanti ally beyond adj acent, ones of the gate

el ect r odERecBETaYq The eanfospl lpyer &ﬁiﬁ?mﬁ{%ﬁ@h 2 g edrforrel 85, Be,poliEh of ¢ he
pl ur al i Guc@iresg adcethe ke FS1RR D MRYpro®ive Nayen ref shbirkhEikllA¥eank OMhd he
substrate 905 than adj acent ones of the isolation structures 920. [00701
Thus. t ﬁ@m&%@fﬂmﬁi%Jdiwogweeﬂ‘ienlﬁ%dﬁc?@Dae%éfl%fan%%mfﬁ&ﬁu?%%m HYjds a

m croel eehEPBY Be iRVl 68k PelUtiNBrichNoRReBiRRRLIARNTL . providing a substrate
having a plurality of partially conpleted mcroelectronic devices

i ncludin t leasf on-- partjally conplete ry devjice and. . _at | east one
parti al |l‘3”i’30np Wt OEPeiPa R SIBrEd AR 0ASTYeR 5%\?%\?%%“%?0 thﬁtethasgrsﬁﬂaﬁ 1

conpl et e atirad)SicttrQinderbitndPhObrRéeh ClsdMsuif O rMibRGLAed it Gk ahANAN BWREcididre
portion of the partjally conpleted transistor to, be . protected during a
subsequdtit Tk iTEAGLY dfpha IPrSER Hisclasis b A et R rdoPiging PHEWIYIBE CHt i al | y
cover i Ngrobdiges Pt étftlctubes CONRheHR ol RN ¥ante Ying&eandldbh ecafihd ald ¥argonpl et ed
transistor. Portions_ of the second |layer am renpved | eaving a portion of

t he secBNAMRE&F TG FaPOFiREnty Eeiued fereipo rhhpest sélierihBie eyl &lso Apaliteast a

subst anttiafkudd Odghiv@iBnrOdondchiridns bt ndi AMBArt HoOm' BRTYEd dndosbider meaplial | Y,
conpleted transistor after the portions of the second | ayer are renoved.
f0071] THECTHFee&rSEa ey @2y Siike YAICULCHERE S YRR HY Fraieiis ettt Withawy a

i croel egahi@Binem Kl Snd A6 WH tHl Gresdr a0ASsueTbOdi ment, providing a substrate
having a protective |layer located thereon and a plurality of isolation
structures extending, through the protective |ayer and at |east partially
into the substrate. A nmask is fornmed over a first portion of a surface

col l ectively forned



by the protective |ayer and the plurality of isolation structures, the
masked first portion thereby sharing2h boundary with an unmasked second
portion of the surface. Sacrificial portions of the 20 protective |ayer are
removed fromw thin the unmasked second portion, and the mash is renpved.
A conformal layer is formed over remaining portions of the protective

| ayer, the isolation structures, and in voids created by the renoval of
the sacrificial portions of the protective layer. The conformal |ayer is
pl anarized such that the confornmal |ayer, the isolation structures, and
the remaPitnhipektldED I8f the protective Iayer are substantially coplanar.
The remaining portions of the protective |ayer are renoved, and
transistors are famm@eddonmurdsringk 8adk@kchbinit feice ammpadingdf the remai ni ng
portions of the protective |ayer. [Q072) Th forqgg%ng h?s outlined
features of $Eviding 2 bl hvites BlytalRaa Ry cOmp PR BT P oo plC 474 Fmy
better updgaist andad be PHESIORbmALSE HREMFLdeviED @EE aSlkist bithaittully Rempletd shoul d
appreciate that they may readily use the present disclosure as a basis for
desi gni n§ansgihnodi fyi ng ot her processes and structures for 'carrying out

the same pur Ra‘?&@c%iné‘ﬁl%&f aE&H&xﬁd&itﬁ'@patrﬂfb@ly%azﬁﬁlste&dmmrﬁg?$orﬁ>ﬁngtah@rstaﬁm€)di ment s
i ntroduced herein. Those skilled in the art should also realize that such

equi val enter thomatip ef thopastially coropleterbisansiior o PrPEiReted Mg @ RFILEELBETH ¢ he
present _disgliesure, and that they may make various changes, substitutions
and alterations herein without departing fromthe spirit and scope of the
present di scliosuinga sepand\NaaTSupStAnGRIAY WEEF‘HEE%YE partially complefetemongait@ uri ng a
nicroeleﬁ&%%ghgngﬁAE&gtdgg&p{ising: providing a substrate having a
plurality partially conpleted mcroel ectronic devices including at
| east one parteinening/pebens| o thedsepand Nevey leRvAEePARRR ot the sxpend Ker Y5 BFal |y
CO”p|etegmﬁhﬁ%B&'EE@&&nB?QEﬁ&?E&Q at least a portion of the partially
conpl ete trén3|‘tor by formng a first |ayer over the portion of the
partial |y corphetiegiatt lezshaisyestaniial popionpy dhe 815t YEFURTH JheaPBMY cqBeld nat er i al
remval St LAL U0 REUId AYSE: slhsbant i al |y covering the partially
evi an

conpl eted nenory ce the partially conpleted transistor;

3. The method of ctaim 1 wherein the pariially completed memory device comprises

a partially completed floating gate field effect transistor device.

3 The method of claim 1 wherein said partially completed transistor compriéss a

partially completed MOSFET.

4, The method of claim 1 wherein the plurality of partially completed

microelectronic device includes at least one partially completed field effect tranststor (FET).

5. The method of claim 1 wherein the first layer comprises a dielectric material

having a dielectric constant ranging between about 5.5 and about 9.

6. The method of claim | wherein the portions of the second layer are removed by at

least one of 2 chemical mechanical polishing ( CMP ) process and an etching process.



removi ng portions of the second |ayer, |leaving a portion of the second

| ayer over the partially conpleted n%%nry devi ce; and renoving at |east a
substantial portion of the, first layer fromthe partially conpleted

transi stor after the portions of the second | ayer are renoved. 2. The

met hod of claiml wherein the partially conpleted nenory device conprises

a partially conpleted floating gate field effect transistor device. 3 The
met hod of claiml wherein said partially conpleted transistor conprises a
partially conpleted MOSFET. 4. The method of claim| wherein the plurality
of parti al | y7.conmhetn@thod wif ¢lapel: egicfdnite Havkee comeisdd s otig=l eagdimage
partiallg conpleted field effect transistor (FET). 5. The nethod of claim!l
wherein ‘e first layer conprises a dielectric material having a

di el ectric constant rangi ng between about 5 5 and about 9. 6. The nethod of
claiml wherein the portions of the second | ayer are renoved by at |east
one of ‘a chefi callhfBERAh LA™ THeEH tﬁ@“’(St’@Kﬂ?“ﬁ?mlﬁfﬂsﬁﬁé%ldﬁﬁﬁfﬁﬁﬂméﬂ%ﬁ’i ng
process. ID Z 22 7. The nmethod of claiml| wherein the first, laver

conpri ses an oxygen containing |ayer. 8. The net hod of cIa|n11 wherein the
first |ayer tonprlitg@sthgd ?ﬁ‘%lﬁf”i“gé"ft?b%ﬁt&r FCPRS 1P ey ERmPTiSes a BpkelorlipddAYSt ol ai m 1
wherein the second | ayer conprises a gate electrode |layer. 10. The nethod
of claim9 wherein the gate el ectrode |l ayer has a thickness rangi ng between
about 300 anikt r s meRgd abelaim 2 Gherehrihs edte fsctete laprebare: thiskinest raBEEEm 9

wher ei n yhee0abi 36b sckiQstenh aY &k 2GR MEks/s @ silicon containing | ayer
formed by an LPCVD process. 12. The nethod of claim| wherein the second

| ayer conprises a gate dielectric layer. 13. The nmethod of claim 12 wherein
the gate di efect fint %A o A8m30 t“me&hlnﬁésaafeaawurage 1T WesHisabQUlichR
angstroms and about 300 angstroms. 14. The met hod of clai'm 12 wherein -the
gat e di epuepipg lyyrdgiercd boipkfEEs peassBxygen containing |layer formed by a

t hermal process.

12, The method of claim 1 wherein the second layer comprises a gate dielectric layer.

13, The method of claim 12 wherein the gate dislectric layer has a thickness ranging

etween about 10 angstroms and about 300 angstroms.

14, The method of claim 12 wherein the gate dielectric layer comprises an oxygen

containing layer formed by a thermal process.

15, A methed of manufacturing a microslectronic device, comprising:

providing a substrate having 2 proiective layer located thereon and a plurality of isolation
structures extending through the protective léyer and at least partially into the substrate;

forming a mask over a first portion of a surface collectively formed by the protective
layer and the plurality of isolation structures, the masked first portion thereby sharing 2 boundary
with an unmasked second portion of the surface; _

removing sacrificial portions of the protective layer from within the unmasked second
portion;

removing the mask;



15. A nethod of manufacturing a mcroel ectronic device, conprising:
provi ding a substrate having a protec¥ve | ayer |ocated thereon and a
plurality of isolation structures extending through the protective |ayer
and at least partially into the substrate; form ng a mask over a first
portion of a surface collectively formed by the protective |ayer and the
plurality of isolation structures, the masked first portion thereby sharing
a boundary w th an unmasked second portion of the surface; renoving
sacrificial portions of the protective |ayer fromwthin the un ked
second por t i BRING ABYITE e oNEdRmaBag ppoRs o) BF RIBRITF AR ﬁﬁj@qﬁ%{}er
r emai Ni NgmpRekdsi A0 %1 Vidstchted bPHE ednova of it eicrifitiBlepotisak atthofroteaitve legbir es, and
in voids created by the renmoval of the sacrificial or&i.ons of the
protective | ajfBVEZiRg hnegrformaldayeniuch Baf by Dmgﬁgrcr’%l%d?? R FTRRES B or mal
layer, tBR rbSOhifd pPfbns bf MEbrdleBiSue 1380re LibQarti@MBidplngr; por tions of the
protective |ayer are substantially coplanar; reqr;gvi ng the remaining

t

. § Y
portions of tHREOHREHTEEFIAPEEPATORS OTAMPTIERNE 5Tt #nsi stors in voids created

by the renmovalmhe tb@istRR WidderR@dit byoms réthovahef thereiheiaink Wertoay f the16. The
met hod of claim15 wherein planari zecf portions of the conformal |ayer

| ocat ed B®tSFEEA2%pposi ng i sol ation structures at |east partially forma
menory device. 17. The nmethod of claim 15 wherein the nmenory device is a
floating gate field effect transistor device. 18, The nethod of claim 15
wherei n the t¥ansiT8t giedhofl G it 13 Whiaely glaparzed dogiras pbdresionsd 124%e net hod

of cl ai mLa.yheNehBpidiRie SHRasT AluBul-5 a3kttt ford MnihRrddRi4p  consi sting
of . a silicon contalning substrate; a silicon-on-insulator (SO) substrate;

a germani um epitaxial |layer on a silicon substrate; a gernmani um epitaxi al
llayer on a sapphi frfe RURSE 6848m 15 wherein the memory device is a floating gaie field sffect

transistor device.

18. The method of claim 15 wherzin the transistors formed in the voids include

MOSFETs.

19.  The method of claim 15 wherein the substrate is selected from the group
consisting of:

a silicon containing substrate;

a silicon-on~-insulator {SOT) substrate;

a germanium epitaxial layer on 2 silicon substrate;

a germanium epitaxial layer on a sapphire substrate;

a gilicon on nathing ( SON ) substrate:

a plastic substrate; and

a flexible substrate.

20.  The method of claim 15 wherein the protective layer comprises- a diclectric

material having a dieleciric constant ranging between about 5.5 and about 9.



a silicon on nothing ( SON) substrate: a plastic substrate; and a flexible
substrate. 20. The method of claim 152%herein the protective |ayer
conprises- a dielectric material having a dielectric constant ranging

bet ween about 5.5 and about 9. 24 21. The nethod of claim 15 wherein the
protective | ayer conprises a nitrogen containing |layer. 22. The nethod of
claim 15 wherein the protective | ayer conprises an oxygen contai ning

| ayer. 23. The nethod of claim 15 wherein the conformal |ayer conprises a
gate el ectrode layer. 24. The nethod of claim 23 wherein the gate el ectrode
|l ayer has a i ckimess=thangi Pigim hetwieam akopioe3D@ ARy sdomprisssanditedgeut 2000
angstronms. 25. The nethod of claim23 wherein the gate el ectrode | ayer
conpri se8ntHNSE [4Yon  contai ning | ayer formed by an LPCVD process. 26. The
met hod of claim 15 wherein planarizing the conformal |ayer conprises
planarizing by at |east one of a chem cal nechanical polishing ( CWP )
process and é% et1dhi meghgsr elcelaim 15 henge tgePrRGEH G 1a%qra‘i%mplil§sf%‘r Phé™

conpri sifg.f9 EEBQ a recessed portion of the conformal |ayer after

pl anarizing the confornmal |ayer. 28. A nethod of manufacturing a

m croel ectronic device, conprising: providing a substrate having a

protective |ayer hocahed of BGILE PN wAREN fheXotfofthd idyePbontpRiRbad EdNcleatoBtiCt UT €S
extendi ng through the protective layer and at | east partlaTIy into the

substratleyer.t he substrate including at |east one nenory cell region and at

| east one periphery region; formng a mask over a at |east a portion of the
periphery region and exposing at |least a portion of the nenory cell

regi on; renp¥.ng Baerdiiofl of elampy whaseis thefLeieriecprdst et hpe thuslisss FaRgRE W t hi n

the memyLy, Geltoul B8 LRRTomd SARYRI0dNGMBRK.

25.  The method of claim 23 whersin the gate clectrode layer comprises a silicon

containing layer formed by an LPCVD process.

26. The method of claim 15 wherein planarizing the conformal layer comprises
planariziﬁg by at least one of a chemical mechanical polishing ( CMP ) process and an etching

PIOCESS.

27.  The method of claim 15 further comprising forming a recessed portion of the

conformal layer after planarizing the conformal layer.

28. A method of manufacturing a microelectronic device, compnsing:
providing a substrate having a protective layer located thereon and a plurality of isolation
structures extending through the protective layer and at least partially inio the substrale, the
substrate including at least one memory cell region and at least one periphery region, '
forming a mask ovelr a at least a portion of the periphery region and exposing at least a
_ portion of the memory cell region;
removing sacrificial portions of the protective layer from within the memory cell region;

removing the mask;



25 formng a conformal |ayer over remaining portions of the protective

| ayer, the isolation structures, and2Pn voids created by the renpval of
the sacrificial portions of the protective |ayer; planarizing the confornal
| ayer such that the conformal |ayer, the isolation structures, and the
remai ning portions of the protective |layer are substantially copl anar;
renovi ng the remai ning portions of the protective |ayer; and form ng
transistors in voids created by the renoval of the remaining portions of

the protectiye layer, 29 . The nethad of claim28 wherein the nenpry device
is afloati ng%ﬁ’%ﬂ’% priprableyss oper TRpainag 8pTgpnsd\fheRrotegtye e tdtaASAT of cl ai m

78 wher eistuchhie, :Idﬁarn'&ii@tc%’aﬁdfnﬁﬂﬁ%ﬂndvﬂl of iR s¥@ifidRl podsdnd dethe MR $ayer3l. The
met hod of claim 28 wherein the substrate is selected fromthe group
consi sting ofPlangrigng the epnfrmaliayeniual thal b sqnireal layes the edon AnickEsIaBE or (SOl )

subst r at e rémGRLOBMidHTLERE prdvkidle 1dyBYRE s @Radial) bdpGaR; substrate; a germani um
epi taxial layer aon a sapphire substrate; a silicon on nothing ( SON)

substrate; a FPEls ke Epeinepogionsgidhe pioteqtigx japtreanéubst rat e.  32. The net hod

of claim 28 Wagkigh RadsR@rPMOTRGL driedl BYBE (GAMRI bBES Bmaheb ?ﬁﬁirohscof feterial
having a dielectric constant rangi ng between about 5.5 and about 9. 33. The

met hod oPFO&FUYENY®B wherein the . protective |ayer conprises a nitrogen
containing layer. 26 34. The nmethod of claim28 wherein the protective
| ayer conprises an oxygen containing |layer. 35. The nethod of claim 28
wher ei n t he c&hf of Aalethedaficlaim Ap mherels the memay dbaest i @ dleating gate fisid effect

iransistor dsvice.

30, The method of claim 28 wherein the transistors. formed in the voids include
MOSFETs.

31.  The method of claim 28 wherein the subsirate is selected from the group
consisting of:

a silicon containing substrate;

a silicon-on-insulator (SOI) substrate;

a germanium epitaxial layer on a silicon substrate;

a germanium epitaxial layer on a sapphire substrate;

2 silicon on nothing ( SON ) substrate;

a plastic substrate; and

a fle¥ible substrate.

32. The method of claim 28 wherein the protective layer comprises a dielectric

material having a dielectric constant ranging between about 5.5 and about 9.

33.  The method of claim 28 wherein the protective layer comprises 2 nitrogen

containing layer.



| aver. 36. The nethod of claim 35 mhegﬁin the gate el ectrode | ayer has a
t hi ckness rangi ng between about 300 gstrons and about 2000 angstronmns.

37. The nethod of claim 28 wherein the gate el ectrode | ayer conprises a
silicon containing |ayer forned by a LPCVD process. 38. The nethod of

cl aim 28 wherein planarizing the conformal |ayer conprises planarizing by
at | east one of a chem cal nechanical polishing ( CMP) process and an
etching process. 39. The nmethod of claim 28 further conprising formng a
recessed port ion of the conformal |ayer after planarizing the conforma
llayer. 40. An4intBgrab@sh 6f @i D8 AR theC BEREIS Nger @nPHbRlimAbA geavi ng at

| east one nenory cell region arid at |east one periphery region; a

pl ural i tSPABRBEdHFAt i on structures located in the memory cell region; a
plurality of active regions each | ocated between proxi mate ones of the
plurality of _isolation structures; a plurality of gate electrode |ayers
each | ocat ed3bet weeinSHE ST slpin B Whtrein dhg sopfoppalilasr semmises sertbeledrds and
overlyi ngya correspondi ng one of the plurality of active regions, each of
the plurality of gate electrode |ayers having-a width greater than a
separation distance of adjacent ones of the plurality of isolation
structures cent acigddihg LRGP SRROR HleNGte Mkl 185} gqg%emic & rangifg 41. The
integrated circuit device of claim40 wierein each of the p uraFft? of gate
el ect r odE&veEhEloudes apgspemns od abak RARdRERFOMAt 0 an adj acent one of the
plurality of isolation structures. 42. The integrated circuit device of
claim40 wherein each of the plurality of gate electrode |ayers includes a
si de sur face3tontTaetmgtitpdent cdadp diemherondhogate hlecipidarlafer tymurises g silabi on
structurg mnﬁgmy;Qkag%FPigﬁgg clLguit device of claim40 wherein each of
the plurality”of gate eléectrode l'ayers overhangs a correspondi ng one of
the plurality of active regions.

38.  The method of claim 28 wherein planarizing the conformal layer comprises
planarizing by at least one of a chemical mechanical polishing { CMP ) process and an etching

" process.

39.  The method of claim 28 further comprising forming a recessed portion of the

- conformal layer after planarizing the conformal layer.

40.  An integrated circuit device, comprlsing:

a substrate having at least one memory celi region and at least one periphery region,;

a plurality of isolation structures located in the memory cell region;

a plurality of active regions each located betwesﬁ proximate ones of the plurality of
isolation structures; .

a plurality of gate eiectrode layers each located between ones of the plurality of isolation
structures and overlying a corresponding one of the plurality of active rsgions, each of the
plurality of gate elecirode layers having a width greater than a separation distance of adjacent

ones of the plurality of isolation structures contacted by the corresponding gate electrode layer.



44. The integrated circuit device of claim40 wherein each of the plurality
of isolation structures includes a c8hAcave divot having a profile
corresponding to a convex profile of an end of an adjacent one of the
plurality of gate el ectrode |ayers. 45. The integrated circuit device of

cl aim40 wherein each of the plurality of isolation structures extends
above the substrate at |east to a height of adjacent ones of the plurality
of cat electrode |ayers over the substrate. 46. The integrated circuit

devi ce of cl a4i1.m 49‘1%%%-5{&9 cﬁ‘@\ﬁpdmsetﬁ%iaﬂh Wh H.s}eYn Q%P h:? ﬁeﬁp{lﬁrﬁg}f of ﬁﬁtHCt ures

ext ends substantially Beyond adj acent ones of the y ate

el ect r odelettepgesr mcludesaa pditipe ckisodingiry afr alfpcert eons uifsthe atlwalitg pf isphesion
integratggfﬁ&ﬁpuit device of claim40 wherein each of the plurality of gate
el ectrode layers extends no further away fromthe substrate than adjacent
ones of the plurality of isolation structures. 48. The integrated circuit

device of ol abm ISl S8AN QL DSRh Ul Blen ol Yl AFBEL S 1O @
plurality of Togic clr€urtry transistors Located In the perlphery region.
electrode layers includes 2 side surface contacting an adjacent one of the plurality of tsolation

structures,

43.  The intsgrated circuit device of claim 40 wherein each of the plurality of gate

electrode layers overhangs a comresponding one of the plurality of astive regions.

44.  The miegrated circuit device of claim 40 wherzin each of the plurality of isolation
structures includes a concave divot having a profile corresponding fo a convex profile of an end

of an adjacent one of the plurality of gate electrode layers.

45.  The integrated circuit device of claim 40 wherein each of the plurality of isolation
structures exiends above the substrate at least to 2 height of adjacent ones of the plurality of gate

elestrode layers over the substrate.

46.  The integrated circuit device of claim 40 wherein each of the plurality of isolation
structures extends substantially beyond adjacent ones of the plurality of gate electrode layers in a

direction away from the substrate.

47.  The integrated circuit device of claim 40 wherein each of the plurality of gate
electrode layers extends no further away from the substrate than adjacent ones of the plurality of

isolatian structures.

48.  The integrated circuit device of claim 40 wherein each of the plurality of further

comprising a plurality of logic circuitry transistors located in the periphery region.



