: e3ej @j 001]| 3@464T@eo ) A METHOD FOR MAKI NG AUTO- SELF- ALI GNED TOP
ELECTRCDES FOR DRAM CAPACI TORS W TH | MPROVED CAPACI TOR- TO- B T-:, NE

CONTACT
OVERLAY ! plication is an inprovenment on a previou mmmummwm,’
Applicati z@w nmber TSMC2000- 0691 by the same inventors.
I

OF THE | X . | ELD OF THE | NVENTI ON The present invention rebskes
to a process 8% ki ng capacitor-under-bit-1line dynam c random access
menory (DRAM device structures having an inproved capacitor top el ectrode

design. (The top electrode is also commonly referred to as to -£Iate
el ectrode.) AVBEE K E9R MHHANG tW%WWWST%P @MT&@E& d&3R gn and

a sequence of navel process steps for iqproviqg}the overl§¥%nar i n between
the bit-11ne COMMLEEAT Qe Db IER G ek Qba. B Hi s et hod

al l ows the capacitor top el ec es. t to- -aligned to the bit-1ine
contacts for increased nenDrQiégﬂyé%éﬁgﬁﬁygyf%“&%hj(2) DESCRI PTI ON OF THE
PRI OR ART Dynam ¢ random access nenory (DRAM circuits are used extensively
in the electronics industry for storing data. The DRAM circuit includes an
array of menory S cpnsi st i i.hgl e capaci : a
single transferTgﬁgnséggggéa%§%$caf$y %iquggﬁgggﬁh??agg}s%brb%g%égpgeld
effect trapghstent(FE]) .- aBrary dRhddl Sranb@®®ode shorednas gharge on
t he capacitors, and the transfer transistor is used to retain the ¢ ar ge.
During theineadteysle the transfer transistor is used to interrogate the
cell by neans of bit lines . Two types of nmenory cells that are commonly
used include a cell having a trench capacitor forned in the substrate under
the FETs, and a cell having a stacked capacitor that is built over and
between FETs. In the fabrication of DRAM circuits having stacked
capacitors, the capacitor can be forned over the bit lines, and is commonly
referred to as Capacitors- OvBACBGROUNReSF( CHB) INYENE&RNbe forned under the
bit lines, commonly referred to as Capacitors-UnderBit lines (CUB). For all
of the DRAM structures descri bed above, the nunber of nenory cells on a

DRAM chip h z Lncreased dramatically over the years, and that nunber of
cells is eii ctF&8lbo EXEEEdIEV@NGQB t. This increase is a result of the

downsi zi ng of feature size of the discrete devices using inproved
hi gh-resol uti on photolithography,

The present invention relates to a process for making
capacitor-under-bit-line dynamic random access memory
(DRAM) device structures having an improved capacitor top
electrode design. (The top electrode is also commonly
referred to as top-plate electrode.) More specifically,
the process employs a novel mask design and a sequence of
novel process steps for improving the overlay margin
between the bit-line contacts and the capacitors’ top
electrodes. This method allows the capacitor top
electrodes to Dbe auto-self-aligned to the Dbit-line

contacts for increased memory cell density.



2 i nproved directional plasma etching, and self-aligning techniques,
with aresulting increase in circuit density. Nunerous nethods of naking

t hese hi gher density DRAM devi ces have been reported. For exanple, Lee et
al. in US Patent No. 6,165,839 describe a nmethod for fabricating CUB
DRAMS using a sidewal | spacer to separate and self-align the tungsten bit
line structure fromthe capacitor top electrode. U S. Patent No. 6,294, 426
to Tu et al describes a nethod for making a CUB wit hout increasing the

aspect ratio of the bit-line contact opening. In U S. Patent No. 5,798, 289
to Ajika, &2nePh8HRLIETEeNcPFhEHEf BRIRBKARG COB and t herefore does not

address the problem of making bit-line contact openings between adj acent
capacitors that are required for CUB. Although downscaling of devices and

elf-aligning techni qgues have dramatically increased the penory cel
donsity on DRAVMPERPPSC EREFEM &SRS BEGmonthiaba Fht theCP nanst i oo

further inpr t tr.ycture and process t.o provide a npre reliable
process mrgﬁg¥§F%E§%§iHg}éég%se?%cgg lagnéppyg%ﬁyrQREbe%ﬁ?f%%?I%Ftﬁf is

hi ghl'y desipabl ' - | i h i t
Lghly esT%ﬁd rtﬁﬁtbp LPLOVE G he1aues! ay, MRy gl So?emtg?fﬁg?%%%ﬁc op

el ectrodes e bit-Tine contacts on capacitor- hi ps.

3 SUMVARY1 ©F ks NVENE ON A pr i neipale obpgedc plot hegpgesgnt ginyenti on

is to forman array of closely spaced Mcells, with increased overlay
mar gi ns betwegpreapag¢iahen siter el ex%;&m@&p%én trinerepntaghsiskeguliki ng in

i ncreased nenory cell density for pacitor-Under-Bit |ine (CUB) DRAM
circuits. Anofield obkjf€etitvet pdnshiSotr nvi@mn)an i Bitrmrachdave t (e 4 nphaved
overlay margin by using a novel process resulting in auto-self-aligned
capaci tor 06p)elecéroddssrdd tdwe charge on the capacitors, and the
transfer transistor is used to retain the charge. During
the read c¢ycle the transfer transistor is used to
interrogate the cell by means of bit lines. Two types of
memory cells that are commonly used include a cell having
a trench capacitor formed in the substrate under the FETs,
and a cell having a stacked capacitor that is built over
and between FETs. In the fabrication of DRAM circuits
having stacked capacitors, the capacitor can be formed
over the bit 1lines, and 1is commonly referred to as
Capacitors-Over-BRit lines (COB), or can be formed under
the bit lines, commonly referred to as Capacitors-Under-
Bit lines (CUB). For all of the DRAM structures described
above, the number of memory cells on a DRAM chip has
increased dramatically over the years, and that number of
cells is expected to exceed 1 Gigabit. This increase is a
result of the downsizing of feature size of the discrete

devices wusing improved high-resolution photolithography,

2



region where the bit-line contacts are fornmed. This novel nenory cel
structure consists of an array of stacked capacitors under bit |lines that
have an i nproved overlay margin between the bit-line contacts and the
capacitor top el ectrodes. The nethod for nmaking the array of nenory cells
begi ns by providing a sem conductor substrate having partially conpleted
DRAM devi ces. The substrate is single-crystal-silicon doped with a P type
conductive dopant, such as boron (B). Shallow trench isolation (STl)
regions are formed surrounding and electrically isolating an array of

devi ce area®ptovefentiyecélipsadn phaswabseitghéndTo Bodm ke LSTL ighanigow
trenches are etched in the substrate, and the trenches are filled with an

i nsul ati ngtREPBILAERES, séhhad SPERESANEXILBETESSE Y0, Cirguit dgrgiity-polished
back to the substrate to forma planar surface. These partially conpleted
DRAMS al so include word Iines that extend over the device areas to form
field effect transistors (FETs). Typically the FETs, consist of a in gate
oxi de on the de@?@grgPéag&ﬂgkﬁﬂbé? @?gépﬁo&@§sﬁor ??oﬁ?%stYtigﬁ@H

pol yci de | L r i n The EETs, al s ave rcel/ drain.areas, .one on
each side gﬁglgg%gggﬁ%et%g%%ergg?rggﬁé elggpréaé%.L$$?e S?i&% ya hin"
conformal gi kiconpnitride i 3 I i@y | L s.formed he vi ce
areas and gvgf th%g%%$ﬁre&%ﬁnsN?%lgﬁégﬁgte ?%géﬁééedevggegﬁﬁﬁﬂ¥%e M
circuit. Arhbkstatfsyl aupndRAYEr uéSndenosilrd, 0N tHes sabstralepaande
conducting first and second plug contacts are forne concurrentf& in the
first insubabi ngel@yeridro east adinddesrsoniee/ tgd N sakeasuek theolrEtse The
conducting first plug contacts extend through the first insulating |ayer to
the first sepneceétdraitmparelas-tfrardecapavi sor Patand the. conplact4hg secand pl ug
contacts extend through the first insulating |layer to the second
sour ce/ dr aeh ampéas desrcriibes| | e coatttent s. f@r semakingnsal aCiUBg Wwaydiouits
deposited, and first openings are fornmed in the second insulating |ayer

al i gned ovéRcrRasingst teend@siasy pliffcont@Et stha kbytfeéanar e contilits
invention is to deposit a first 5 hot oresi st | ayer sufficiently thick to
fill the fPP§PlBEeniH§E[éﬁ%-t%ab?69i§@-aﬁr€§@e@ﬁ%ﬂq% Bl dkar fopedhicface

over the substratengggf first photoresist tterned to form second

| ayer Ls pa
openi ngs. PGr PESHST &7 ML oh St Gt 37 <t © ?Eef‘é’fgi AegSofer erErsEscond
pl ug conta , an | so _extendin ver .t.he edge, of . the first_ openings. The
patterni ng%}% C%Oﬂ%@%% 8}% p%arl?f%‘gl %lgcxp)l()lsr}engcg%afjltr s?p%rhjorf%? eg)lesttwe%ﬁlr ough
3 Dot Oskia 1 ARaPALLEALIYoIRVELAP! AFot DERNOLAY a8 olonthi S Pall er i ng
results in the first of oresi st layer prgtectlng t he underlying second
insulating | ayer over the second plug contacts (for the bit lines). The
first photoresist in the second openings is recessed to expose the top
surface of the geeasdghnsdbahisaglhayer ofTheeexpesedapar t iseng-efl itypa ngecond
insulating |ayer are then selectively and partially etched back to recess
t hose porticenanbeghew theveopdpatitdnsl Dy tihecsesond ittsul atamagyt ayer lover
the second plug contacts. The second insulating |layer is recessed using
pl asma et cHengit¥henr &R&AMialg ofs,r stheptrotior estistllia senougdnekdr iexdamsl e, by
asking. The capacitor bottomelectrodes are formed in the first openings
al i gned ovépdafgryortcacfihghehe iMbrovecoHtRicBERgCplug o aprece The tivot t om
el ectrodes are fornmed by depositing a conformal first conducting |ayer,

such as a BEREdYFoy ST oRct &3te BYEFerie "Sedonk T HatT at PR§SRAFEr 1&8nd in
the first openi ngs,. T fur et | 1crease. i, capeci ange  , hepl spher ca

to improve the overlay margins between the capacitor top
electrodes and the bit-line contacts on capacitor-under-

bit line DRAM chips.



6 (HSG layer can be formed on the polysilicon |ayer to increase the
surface area. Then a second photoresist |ayer is deposited to fill the
first openings and the recessed areas in the second insulating | ayer. The
second photoresist is then partially exposed and devel oped to expose the
HSG on the top surface of all of the second insulating |ayer, while the
unexposed second photoresist remaining in the first openings protects the
first conducting | ayer having the HSG | ayer on its surface. For exanple,
the first conducting layer with its HSG | ayer is renoved using plasna
etching. The plasna et chi ng $&NARY @ TEROMEVENDEN i on of the exposed
first conducting |ayer (HSG on the sidewalls of the second insulating

| ayer. The second photoresist is conpletely renoved, exposing the patterned
HSG in the first o enings %o onpl et e th%Fcapacitor botton1e|ectrodﬁs. A
thin conformal ntRrEIet??ode @i ectli cHtayEF SERRY) TEVFBFARE or t A€
bottom el ectrodes. _For ex le,_for the | iLLicon oxi.de/silican

L1 el st EPEdn SOk de SPonth 1oyt b atPTes T o Rl BRI ERe BT Lo Srear Sdes.
Next a sec duct i is.d It suffici i C o.fill the
first open?gggﬁggd%ﬁgigﬁ%E%%Eyéé%eggggh%?ggs%%$t Egéé%%% i%gélg?ﬁng

|ayer. The:3aeond OOl | Aok By Biiq | $nPaicried dhRledry heesecordsity

insul ating | ayer over the second plfug contacts to formthe capacitor "top

el ect rodesfowhicepagh@cautiagset-bial ngned (corhheraecenddungyl.ating layer over
the 7 second plug contacts. The auto-self-align results fromthe

polish-back to the top surface of the second insulating |layer. This
sequence of process steps and novel structure provide an inproved overl ay
mar gi n bet ween Bhettapackijectave tdfe tiiis | imeecoiv@acis thatcarieveortined

next. Athird insulating layer is deposited to electrically insulate the
capaci t or twpreledt oodges.ayThianyiapery ngsitiarabhpvelneregrsactrs sarld isoched
in the third insulating layer and in the second insulating |ayer aligned
over and efBhe@ut®1%%d Is@ddwdgsl ugF I s, ?P@hi?aeﬁéﬁaaéﬁinéola}@ﬁ is
deposited to fill the third qpenings and is polished or etched back to form
bit-1ine cébfBaCtsY ﬁrﬁoﬁp€hb&5ﬁ&&@%iHQDF§§§F P eddPd&eCed and patterned to

formbit lines over and contacting the bitline contacts to conplete the
array of novel nenory cells for the DRAM devi ce. BRI EF DESCRI PTI ON OF THE

DRAWNGS The obiigqls andaduantanes. of LpisLovention ate Best undsrsf ood

with reference t0 the atta awngs in igures and the e ment
t hat f°||°p§- %E%%ke%‘3%5%H%%€%%§”“ﬂﬂ&éfrOéffseEREQQ?'tM%@“@h%%% t%%
sequence of process steps for making a capacitorunder-bit- |ine (CUB) DRAM
cell with ippreved QW41 8nargin between the bit-line contacts and
the capacitor top electrodes. The method for making the
array of memory cells begins by providing a semiconductor
substrate having partially completed DRAM devices. The
substrate is single-crystal-silicon doped with a P type
conductive dopant, such as boron (B). Shallow trench
isolation (STI) regions are formed surrounding and
electrically isolating an array of device areas for memory
cells on the substrate. To form the STI shallow trenches
are etched in the substrate, and the trenches are filled

with an insulating material, such as silicon oxide (SiOX),
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margi n between the bit lines and capacitor top electrodes. Fig. 14 shows a
schemati c cross-sectional view of an enlarged portion of the capacitor
havi ng i nproved autosel f- aligned top electrodes to the insulator regions
in which bit-line contact openings are nade. DESCRI PTI ON OF THE PREFERRED
EMBODI MENT The net hod for meking these stacked capacitors with inproved
overlay margins between the bit |lines and the capacitor top el ectrodes for
DRAM devi ces is now described in detail. The invention utilizes a novel
phot omask and sequence of process steps to auto-self-align the capacitor
top el ectr®Bés D ROpSFPPEN WA antPndihaat FHESFARER %P WAPER thePBpDali ne
contact openings are etched. The current inyention avoids polishing back

t hr ough thEuFEgE?facet@%ﬁﬁkeﬁaFﬁéa oF aRBPBoEtBh PRANT oddSO t dNGHESel
align the caggcgtor to t@e b%ﬁ | i ne_contact . region. Thergfore tgis

i mproved pFOt8sstPESuMPst §% VG sHERKE GeF Bt EEANdpr H9FBed htgher
yi el ds ove priqr _art., i t ai nj .t he. autg-s =align feature.

Al t hough t%gkggFhgégﬁgqggggﬁ?bgﬁm¢sr'naE?%éggﬁégkégm%gﬁg%?t%ggsﬁﬁgnggory

cells haViQGtNiﬁhg%g%'dﬁfﬁé dd éﬁﬁ“ﬂé&f@éoapga¥ﬁl%ngnggEétgﬁgc@¥0?E%

skilled in the ar that by i udi ng addi ti ona rocess step,

addition teotheae rdescrd bed: 4 drddl spehedigent, <0t hefo Ay Pes &f) devirggs can
al so be included on the M chi p. %or exanpl e, by formng N-well regions

in a P dopedTsubsigat gave- chanrel/drizls capeab so bR psoVieded tHi dOr andg
Compl enment ary Met al Oxi de- Sem conductor (CMOS) circuits, such as required
for periphedabhcentcubt shenFEflegbRAMetbproBekerring first to Fig. 1, a
schemati c crosssectional view of a portion of a sem conductor substrate 10
is shown having partially conpleted DRAM cells. These partially conpl eted

DRAM cel I s are gnl scribed, br.iefl ince they are nagt  essential r
describing the %m/%?ld% eja\f%}‘r) stg‘ﬂnt h?gnf%%%%i St LR sf}figtrrliFe fl%lf\g?
typically conposed of a lightly doped P type single-crystal silicon_ having
a <100> cryaralfrsglaphicc 16r ifered SYeand-aWeg e areay ardneHsEy téel |

areas surrounded and electrically isolated by shallow trench isol ation
(STI) regigﬁg 15°9%ARS crbs WD etﬁﬁﬁhgﬁTﬁheqﬁﬁﬁﬂﬁﬁﬂIonarégeshgﬁéMa

series of claosely spaged.gate el ectrodes for N-channel FETs. .A gate, oxide,
CLEBRSY rod Bin TTE GeolSU A aRe 1Y The RETECPREAEC SThackRd | ayer

not shown, “i's”foried on e dedis _ _ _
of doped polysthhean 16y a-gRbaLe shbi ¢dided aye %%coﬁgcg&[%' deptaves 20
y, and patiterned to form

e} ]
and a nitride layer 22 are deposited sequentiall .
the FET gajgeelRgidedescddbrA8)t haViRg tihe £apst avefs AmRiSeth ir 10,

contact the source/drain areas of the FETs. The
conducting first plug contacts extend through the first
insulating layer to the first source/drain areas for
capacitors, and the conducting second plug contacts extend
through the first insulating layer to the second
source/drain areas for bit-line contacts. A second
insulating layer is deposited, and first openings are
formed in the second insulating layer aligned over the

first conducting plug contacts.

A key feature of this invention is to deposit a first
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| ayers 20 and 22. Source/drain contact areas 17 are fornmed in the substrate
10, adjacent to the FET gate electrodes (16,18) by ion inplantation of a N
type dopant, such as arsenic or phosphorous. A conformal silicon nitride
(Si3N4) layer 24 is deposited to forma liner/barrier |layer. Typically the
liner 24 is deposited by LPCVD to a thickness of between about 500 and 1500
Angstrons. Still referring to Fig. |, a first insulating |layer 26 is
deposited on the substrate and is planarized over the FETs. The first
insulating |layer is typically silicon oxide (Si02) deposited by LPCVD using
t et r aet hosPlekaresi FECS) 2wt t e ffdgeiadritl yashimk efAatfikl y thfopantstsuch
as boron and ghos horus can be added to | ayer, 26 durjing deposition to form

a bor ophosPRESIM'PEaPE I s sPYBPSE . 2Fh& SEG It A 1dsUI R IRY | B9Rr S86 LRSSt hen
| ized, f | hem - i cal | i shin to |,

Phi ckness. BFhet SEen” 35BIELA600 and BB00 L AMGL: r BAE BU8F [eRe. FEY<leviges.
Next I h I 4t I all i sot I |

et ohi ng ar B beaRnel aror Laf RPN ABEIR AL  BRGAEN SEE AP T aY 26

The cOnt ackngpRLRgSLATE: £ ched ko l hey spunee/ dLaknnal eas.d TAd a5 eapact tor

nodes, and to the source/drain areas 1/B for se cont act

openi ngs fanqt ha shasgdeRbliingi R GONERE SaAN &F €Ghkl Ccal fyr C,epéﬂ%kgeg
material 28 is deposited and polished back to concurrently fill thé contact
openi ngs toh&opattklst ngONGUIHIG Yl dIdh £ 0pd 2e1 51 PBAc 96 s CAGaehbOksrsand to
form second plug contacts 28B for the bit lines. Preferably the

el ectri cal pygocondutsinghrateyd ad BBoiksmaBkN dopkdopot ysilycdayvedepasigt ed by
LPCVD using a reactant gas containing silane (SiH4) or dichlorosilane

(Si d 2Hz), thad podepositted t oThishimddnessnisuf f ireisedtc st oifii [thd héiapeni ngs.
The polysilicon 28 is then polished back to the first insulating |ayer 26
to form thehebpgaetphg plagsr28AEwide @8RI9 Contlicui mgdsinlly itfge psecess, as

shown in Fig. |, a second insulating layer 30 is deposited. Preferably the
second i nstPaRLAGINdy e YHF i 8VeFoXthd SPsoREpdsiiedCBRtRPETD Ut hgthe
react ant ggs sgch a§ TEQ@.F T?e second insul.ating | ayer defines the height
of the capatftor66¢tom etecttbaks PRAGOFESdEhosi €' oSG PR cRRESLNIS

determ ned, by circuit desi and nmore s ecifica@ to %.thickness of
e _.surface o

bet ween abdtit 10000°&Ad g%%%@“ﬁﬁa%tf%ﬁ%.qﬁ?rst FodtihgS T &€ efER8EY n t he

second i nst kng.laye alig o] t Lrste-c uct. | ug
contacts Zgggﬁgggéhgon%% tfbnalqgﬁhté%&?%%gra%%%gf?é%hﬁ%%ugggan e%%&?na

et chi ng. 1znsuB§E%?I 16,68 BLG cherd depeleplane olatBhschavent bepnis to
deposit a first phoforeSist layer 34 sufficiently thick to fifl the first
openi ngs lpabd tQ prevede ameesepbialbysphbanai t oRe Stbacss BVesnd he rsecond
i nsul ating layer 30. The first photoresist |ayer is deposited, for exanple,
by spin coahengecand damruiatdiricghdravepasidr viehe Osca@onégplligecbypacts.
photoresist, but is preferably a positivetype photoresist. Still referring
to Fig. 2, Thephetonndk 36shawimgga nevelr dési gmecssssdd tisiegpogpéatshe fir st
photoresist |ayer 34 to form second openings 2 between adjacent storage
nodes (cap8&Fheng-forfhsl ramapehnegslIpt taEsric topehi Agworedr e foar med
by partially exposing the first photoresist 34 through the photonask 36.
Referring E82EPHS, 3 PYafaehiparti a1y €RPBSLhgrt MOt e phot BPE_F sELS4, the
phot oresist is partiall %eveloped to Iean,gortions of the photoresist 34
on the secbRG™F sdfht?%% dySF RPHVEIIT hd L $8RBAd Py Tt ZorSa88B IThe

openi ngs 2, extend _over the.edge of the first opening The .phot oresi st 34
IS exposedtgﬁd%&§3gl8§@§Uf§l€ pégém¥ﬁ§n¥€%aﬁ%'ingh?aEP%BOWaﬁégcgﬁoggﬁween

the capaci 5%5-5%?&&”%‘ Oscgféj% ot gf Sljaslt nés’bﬁﬂosmfa%t aif’l%tov%]'bntdﬁ%ti?ﬁfﬂg

pl ug contacts 2 to protec e secon ating layer 30 frometc
13 layer, such as a doped polysilicon layer, over the second
insulating layer and in the first openings. To further

increase the capacitance, a hemispherical silicon grain
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Referring to Fig. 4, a top view of the structure is showm and the region

| abel ed 3-3" is for the cross section in Fig. 3. Fig. 4 shows a top view of
t he novel photomask 36 (shown in cross section in Fig. 3). The photomask is
designed to formthe second openings 2 in the photoresist |ayer 34 between,
and extendi ng over the openings 1 for the capacitor bottom el ectrodes
(storage nodes). When the photoresist 34 is partially devel oped, as shown
in Fig. 3, the top surface of the second insulating | ayer 30 is exposed in
t he second o enings 2. Referring to Fig. 5, the exPosed portions of the
second insuﬁ Ei ngl3¥Ser 30 abé r%%@%@%d<¥b shgeppdl¥sihiche s@%bﬁﬂ Gﬁenlngs
2. The recess is achjeved by using plasma etching as |nd|cated by

vertical arP6hE3588. Fhe eﬁ%#%qﬁfi grﬁﬁrrledT%%? UBi e gh! 8§H§P§986Iasna

tch d tchant; gas t fl h
et raf | uor FARSTCRD)  CoMB Y achsboy 1ol Luftitci EAERY daep L Boavart pbieshi ng

into the bggggg&gheg duemgo l%ihhp va{Jatl on acrossPthe substrate

e,
at a |l ater process s%egg ﬁeferrlﬁb ePaT ni ng Pr §ecend

phot or esi sbhééotasggwﬂe'% rﬁ"poecélaaq_k,udwggtgg Phigk Orsjcsioddy Lhe first

openlngs 1. For exanpl e, resi st “can renove asm

asking in @xygeR AhOZQBE. &tltﬂuere;fo%r réngrd Qe Figg 811 aogoni oL Ml chlyst
conducting |ayer 40A is deposited over the second insulating |ayer 30 and

in the firshsapesings llajdmt whhilel aliey haeRpbBedCcapaciidr photbe®sist

el ectrodes 40A in the first openings 1, aligned over and contacting the
first conduembhgipbug iconttaed s 28Ast Thepkhnisigsconttuctddigs | ayee 4FAriss an
in-situ N doped polysilicon, and is deposited to a thickness of between
about 300 andd#00iAggderems haAlingr rdts Gy, 1d wyerod 0t sanubéaan . ambophous
silicon layer, which is annealed to forma thin hem spherical silicon grain
( HSG) IayeEXﬂmBl@ﬂ ithe dirmfdcecerddefimer laviereaddhsurtfsacéS@r dayer 1is
(capacitance) of the first conducting |ayer 40A. Referring to Fig. 7,

second phot8Me¥pst Usiyer DiAsma d%tp%fstrt%d tghﬁulﬂ%ﬁséf@\/e@t@m@l%u%tpate@ 10

whi ch |ncludes filling the first _openin d t he recessed, sec
|nsuIat|ng LPayEMCYS i RPet x¥eonf g§8n| a%Hr?%rﬁ?ﬂ ughiBgs ﬁﬁﬁally

pl anar surf n.th substrate The hot or.esi st 42 is preferably a
posi tive-t ﬁggﬁh orgslstSl%%ﬁals paff' 3‘ %xp%%%djténpe a pdFtion” of

(e ProLor s tep UL b o SRR LA 4T PLyspRB L aHer0M

photoresi spakayehed2 48G19in the first openings to complete the
capacitor bottom electrodes. A thin conformal
interelectrode dielectric layer (IDL) is formed on the
bottom electrodes. For example, for the IDL a silicon
oxide/silicon nitride/silicon oxide (ONO) layer can be
formed on the bottom electrodes. Next a second conducting
layer 1is deposited sufficiently thick to f£fill the first
openings and to fill the recessed areas in the second
insulating layer. The second conducting layer is polished
back to the second insulating layer over the second plug
contacts to form the capacitor top electrodes, which are

auto-self-aligned to the second insulating layer over the
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devel oped. The second photoresist 42 is devel oped using a conventi onal
phot oresi st processing to recess the photoresist below the top surface of
| ayers 40A and 40B, as shown in Fig. 8 Then as shown in Fig. 9, the first
conducting | ayer 40A and HSG | ayer 40B are selectively renoved on the top
surface of the second insulating |layer 30, while the remaining second
phot oresi st | ayer 42 protects the first conducting | ayer 40A and the HSG
| ayer 40B in the first openings 1. The first conducting |ayer 40A and the
HSG | ayer 40B are preferably renoved by plasma etching, using an etchant
gas m xtur Be€eReaiMiuty ERNSAICHE -at orfdle agubeppelédabydnhersmrttizall ramr ows
44 in Fig. 9. Continuing wth Fig. 9, and a key feature of this invention
i s that theP8tchHg A EFGenoves &PFor tidh ofUFA§ERs ATA aride 40886/ Che

exposed sidemail .30A:Pf t he se¢cond insul ati ng I?yer 30 around the raised
portions of"tH agéegnd st ati 3lﬁay§5q§6nFﬁ WAt cHPEHEE BT t 599 cHffact

openi ngs wi.ll be_pad Next, as shown in Fig. .10, the renmainin econd
Phot o T eaPBYeTagor F5urE Earatary RS 1 oreEaatol 8 Bg "oRy SR Shski ng,

to expose Eﬁgiﬁg%5%§g%%¥-fhﬁattﬁﬁgdBEELTQnFaXQQnﬁﬁﬂﬁPO%%gtoﬂae?y%B§méﬁA and

40B) in the openi ngs to conplete the capacitor bottom
el ectrodespeyt . A third insulating layer is deposited to
electrically insulate the capacitor top electrodes. Third

openings for Dbit-line contacts are etched in the third
insulating layer and 1in the second insulating layer
aligned over and etched to the second plug contacts. A
third conducting layer 1is deposited to fill the third
openings and is polished or etched back to form bit-line
contacts. A fourth conducting layer 1is deposited and
patterned to form bit lines over and contacting the bit-
line contacts to complete the array of novel memory cells

for the DRAM device.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and advantages of this invention are best
understood with reference to the attached drawings in the

figures and the embodiment that follows.

Figs. 1-13 show schematic cross-sectional views for
the sequence of process steps for making a capacitor-
under-~bit- line (CUB) DRAM cell with improved overlay

8



Still referring to Fig. 10, a thin conformal insulating dielectric |ayer is
farmed on the surface of the first conducting |ayer (40A and 40B) to form
the capacitor interelectrode dielectric |ayer 46. Layer 46 has a high
dielectric constant, and is essentially pinhole free. For exanple, a
silicon oxide-silicon nitridesilicon oxide (ONO) |ayer can be used for the
dielectric layer 46, as is commonly practiced in the sem conductor

i ndustry. Also other nore' exotic materials, such as Taz05, can be used for
the dielectric layer. Typically layer 46 is formed to a thickness of |ess
than 100 ARg5giBnBStREEBr ENARGPES Filges12nd §8P3RdTOENEGRt PAGCITAPELSA8 i s
deposited on the substrate to fill the first openings 1 and the second
openings 2, and is sufficiently thick to cover the second insulating | ayer

30 th ' the bit-li t act [ ill, be f d.
Layer 48 i pr oFPabig &IOS FI PEORTSBaRoS I BF POV st WG SPh o

Si C12H2 as_t react , and_ls in-sit. op L Q _Provi o] _
electricalegggaggaiJﬁ?@?gﬁgfggri%%gto |ﬂfl f%i ﬁ%gﬁg cdh&h%%ﬁ%gchﬁS | ayer
48 is poli _bagk h o] I f of. th ai. i 0 he _.second
insulatinggFgger%géfﬁggiuf? n%l%%t§§§§€i€3§ ?95 J?%gﬂ%ﬁ%%irgg%ggﬁ%Ast at
are auto-sghfi-gl bgpedihe tharsecongehnsukabiregybarer 30 in which the
bit-line contact openings will be formed. To better appreciate the
invention, Fig. 14 shows an enl arged cross-sectional view of the sidewall
30A depicted in Fig. 12. Since the second conducting |ayer 48 is polished
back to the second i pggkatiprgoNayer TRE, PREFERREDe EG@OaIMENT bott om

el ectrode 40A/40B and the thin dielectric |ayer 46 are recessed at |least to
a depth of x (see Fig. 5), the polishing does not damage the thin
dielectric layer 46 at the interface between the top el ectrodes 48A and the
bottom el ect r od&5e404oB! Refemakigichobhese Fisgack®d acabaedtonsumattiing

| ayer 50 is deposited to electrically insulate the capacitor top_el ectrodes
48A. Layer 1BPrryepr ePeeBbty S0 A PstuepssithRl B U PEVReEo 34 hitéieness
of between about 2000 and 5000 gstrons._ Third ppenings 3 for bit-lipe
contacts afF@P3Rit&8Er 5&pc£11eftd?a%?a I{é?]f:h%%w ndEHECE i ?g Pﬁ%’uldﬁtsicr’fdkﬂe&cer 50

and in the,sec d.Hpsul%hin. I%y r. 30 ati ned over anqLetﬁh d to,the second
ol ug cont adhs L 1 hiRepar B - ShBEF DR Fayér K9k REGETEEE AR a
third d i I i i t i i di
ol 1 shed of SHERes SRS uf bt e ubbt bt Lo s 6 Erpo P B D
| ayer 52 i %ogypéfé&yoaééawmat | bapEugnnid# i dg (ThETi Mk indhe ddisdin
conducting 1 | ayer 54 is preferably tungsten (W and 1 s deposited by

CVD. The thhignconduct bng-hayer &dntscehempedd hysechani caldnedol i shegd back
to the third insulating |layer 50 using conmercially avail abl e poli shing

equi pnent andrantappiropgritaten pohirshisg lolricnind f aaadlh cendoaghng thayer 56
is deposited. The fourth conducting |layer 56 is preferably al um num copper
al | oy deposinted fhyeCHttween tthekheps aofd Bettwaen abectr@d99, ahd H00®-
Angstrons. The fourth conducting layer 56 is then patterned using a

phot or esi stsepdsle larih ahhsotcempicd tpirasim ehehixid tblior APHiacki F&Y1%8. The
bit lines are fornmed over and contacting the bit-line contacts 54 to

conpl et e t ABexPLRySof Tkl 1HRRBYGI cBEPSSFSr BafdtlDRAM HefPWer polish-

back defects and provides higher yields over the prior

art, while retaining the auto-self-align feature.

Although the method 1is described for making stacked
capacitors on memory cells having N-channel FETs, it
should also be well understood by one skilled in the art

9



Whil e the invention has been particularly shown and described with
reference to the preferred enbodi nent thereof, it wll be understood by
those skilled in the art that various changes in formand details may be
made wi thout departing fromthe spirit and scope of the invention. 19
CLAIMS 1. An inproved process for fabricating an array of nenory cells on a
dynam ¢ random access nenory (DRAM device conprising the steps of:

provi ding a substrate having partially conpl eted DRAM devi ces consi sting of
an array of device areas surrounded and electrically isolated by field

oxi de regibhet bachHnelusking deldiclel erabhsPhavehg Fitebd afff exddiFEeii §Pors
with gate el ectrodes and first and second source/drain areas depositing a
first i nsuFRespgiragetled é&l&héﬁbﬁmQQQ§quﬁ¢n H Lot § ngt f ARELCBPug

contacts in said first i|ns tin first source/drain areas
for capacitdts? qéﬁdkarﬁ?ﬁg aﬁﬂd 6¥| ségéﬁ (%Pﬁb coﬁ?ﬁbt%ﬁ?%?%ﬁm dg¥econd
source/draLn_areas.for i.ne contacts ge o% cfsr}%a secon sulaalng

| ayer and %F%%%% P|W§§Hoﬁ§ﬁﬁia§3aﬁ|gﬁ%d oV %()Eﬁﬁ%FTIrSF
contacts; geposit] nglagp % MOl SEPaaE/@fI?t%o el L) rﬁgtgﬁem ngs

and havi ng an essent top sur orm second-openi ngs 1 n

sai d first,photor §éh§&ogage£o9vqm@grt '&%ugft§a'§lc??0§§dré8§9£§&' Rg.| ayer

25 bet ween adj acent sal I rst openings, further, said Second openings
ext endi ng g@fiﬁ@éfyloagfc§§tg bhreteOpRAMNGEigNd exposing said second

insul ating | ayer, and 20

Referring first to Fig. 1, a schematic <cross-
sectional view of a portion of a semiconductor substrate
10 is shown having partially completed DRAM cells. These
partially completed DRAM cells are only described briefly
since they are not essential for describing the novel
features of this invention. The substrate 10 is typically
composed of a lightly doped P type single-crystal silicon
having a <100> crystallographic orientation and having an
array of memory cell areas surrounded and electrically
isolated by shallow trench isolation (STI) regions 12.
The cross section through the DRAM cell area shows a
series of closely spaced gate electrodes for N-channel
FETs. A gate oxide, not shown, is formed on the device
areas for the FETs. Next a stacked layer of doped
polysilicon 16, a metal silicide layer 18, a cap oxide
layer 20, and a nitride layer 22 are deposited
sequentially, and ©patterned to form the FET gate
electrodes (16,18) having the <cap layer comprised of

10



| eavi ng portions of said first photoresist |ayer aligned over said second
pl.ug contacts; recessing portions of said second insulating layer in said
second openi ngs over said first plug contacts; renoving conpletely
remai ni ng portions of said first photoresist |ayer; depositing a conform
first conducting |ayer over said second insulating |layer and in said first
openi ngs for capacitor bottom el ectrodes; depositing a second photoresi st

|l ayer to fill said first openings and having an essentially planar top
surface; partially rennvin% sai d second photoresist |ayer to expose said
first condb@Vehy 149erdh £8p surfaeecefdsail seRWMLY nAleRsS nd | af&f whil e
retaining gortions,of sai d second photoresist layer in said first openings;

renovi ng expbeed pbiti'ohe otURMER TS rst¥ cARASTHy IT&yerlren £5Td §8E6nd

[ | ati whi | [ id first cond i I [ id fi
openi ngs: PARBLFATC SonpPerel y PYard ol DT est st |y BYEor BPRCAG an
nterel ectrode diglectile laver o said firo! copdueting Layer -394 gq
exposed porglons of said second i‘nsu éilng ayer; dep03|glng a secon

conducti ngniayedesuf f3icNent tlayfdd | gaid fsrstdeppeditegs; pol i sfumg back
sai d second conducting layer to said 21

liner/barrier layer. Typically the liner 24 1is deposited
by LPCVD to a thickness of between about 500 and 1500

Angstroms.

Still referring to Fig. 1, a first insulating layer
26 1is deposited on the substrate and is planarized over
the FETs. The first insulating layer is typically silicon
oxlide (SiOZ) deposited by LPCVD using tetraethosiloxane
(TEOS) as the reactant gas. Alternatively, dopants such
as boron and phosphorus can be added to layer 26 during
deposition to form a Dborophosphosilicate glass (BPSG).
The first insulating layer 26 1s then planarized, for
example, by chemical-mechanical polishing (CMP) to leave a
thickness of between about 4000 and 6000 Angstroms over

the FET devices.

Next conventional photolithographic techniques and
anisotropic plasma etching are used to etch self-aligned
contact (SAC) openings in layer 26. The contact openings
are etched to the source/drain areas 17A for capacitor
nodes, and to the source/drain areas 17B for self-aligned

11



second insulating | ayer over said second plug contacts to form capacitors
havi ng top el ectrodes auto-self-aligned to said second insulating |ayer
over said second plug contacts; depositing a third insulating |ayer;
etching third openings in said third insulating |ayer and said second
insulating layer, said third openings aligned over and etched to said
second plug contacts; formng a third conducting layer in said third
openings for bit-line contacts; depositing and patterning a fourth

conducti ng Iager to formbit |ines and conpleting_said array of menory
cells. 2. FRBLABENCPOI RIS ACF, Wher iRl dPRtrdtNenstPatRAESH ayePhi s

conposed of _borophosphosilicate.glass and s deposited to a thickness of
bet ween abS&?cgégﬁagﬁﬁ 668@dﬂﬁgégﬂon§@§§r'fﬁe Hﬁ?hoﬂsodePﬁﬁhFTg whdfei n
sai d conducting, fi.rst and second plug.contacts _ are copnposed of .polysilicon
and are doB%%lgP?gpeafg gocéﬁggﬁggﬁi!&ﬁ’&?ég%t%%%ncgﬁgg?gSPBeﬁ}ggfg%gnd 5.0
E 20 atomsigm,. -r%thec%hﬂ%iﬁ% Céfﬁg‘ JC’onl%%rtes' ”ééﬁ' dfzcgrecggga'cri]§glr%t,' ng
| ayer is conposed of borophosphosiTicate glass and i's
and to form second plug contacts 28B for the bit lines.
Preferably the electrically conducting material 28 is an N
doped polysilicon, deposited by LPCVD using a reactant gas
containing silane (SiHﬂ or dichlorosilane (SiCl;%), and
is deposited to a thickness sufficient to fill the
openings. The polysilicon 28 is then polished back to the

first insulating layer 26 to form the conducting plugs 28A

and 28B.

Continuing with the process, as shown in Fig. 1, a
second insulating layer 30 is deposited. Preferably the
second insulating layer 30 1is SiO2 and 1s deposited by
LPCVD using a reactant gas such as TEOS. The second
insulating layer defines the height of the capacitor
bottom electrodes and is deposited to a thickness
determined by circuit design, and more specifically to a
thickness of between about 10000 and 25000 Angstroms.
First openings 1 are etched in the second insulating layer
30 aligned over and to the first conducting plug contacts
28A using conventional photolithographic techniques and

plasma etching.
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deposited to a thickness of between about 10000 and 25000 Angstroms. 5. The
nmet hod' of claiml, wherein said first conducting |layer is polysilicon doped
wi th phosphorus to a concentration of between about 1.0 E 18 and 1.0 E 21 3
atons/cm, and is deposited to a thickness of between about 300 and 700
Angstrons. 6. The nethod of claim5, wherein a hem spherical shaped grain
(HSG layer is formed on said first conducting |layer to increase
capacitance. 7. The method of claiml, wherein said first photoresist |ayer
is patterned by exposing through a photomask and is partially devel oped to
| eave portions BEfsardngi tst Wbt of espskelVay@ativrs 08 £hist loyenitigs. 8.
The nmethod, of claim1l, wherein said first conducting layer is renoved in a

reactive i bf &tThe8PPASithg aanfdtehaRNYeRr ¢t tur é29fPTC1P BELI L2 enddd He .
9. The nethpod of claim.]l, erein_said first phqtoresist layer .is renoved
by pl asna ggk?%g R @éen%fo. ;rﬁﬁgne?%%rblrbqgcﬂai f"nn%, WherEi S <4 d*Cecond
i nsul ati ng . IS recesse artiall t.ching back.in .

hydr of | uorF%gg&t%ﬂgég&utpﬁ‘gﬁ%%ll& hgxﬁg?ﬁod%g cﬁtal}em gc%geréflr?uggit&ngecond

insul ating;Lagyer 4 reggss i . pla tchin in n
etchant gas g){g carogon_-tetrg%%r P%%&?Jiéé{lrﬁ% ?re ﬁgdﬁcf)gf ‘g?g?gnkigémg% n
sai d interegkapbladendi @laet rddadi@¥er dry sbdd con oxidel skl beQRtive- or
nitride/silicon oxidé and has a thickness of between about 40 and 80
Angstroms. a negative-type photoresist, but is preferably a positive-

type photoresist.

Still referring to Fig. 2, a photomask 36 having a
novel design is used to expose the first photoresist layer
34 to form second openings 2 between adjacent storage
nodes (capacitors formed in openings 1). The second
openings 2 are formed by partially exposing the first

photoresist 34 through the photomask 36.

Referring to Fig. 3, after partially exposing the
first photoresist 34, the photoresist is partially
developed to leave portions of the photoresist 34 on the
second insulating layer 30 over the second plug contacts
28B. The openings 2 extend over the edge of the first
openings 1. The photoresist 34 is exposed and developed
to expose the second insulating layer 30 between the
capacitors. The unexposed photoresist 34 is retained over
the second plug contacts 28B to protect the second
insulating layer 30 from etching.

13



13. The nmethod of claim 1, wherein said second conducting |ayer is

pol ysilicon doped with phosphorus to a concentration of between about 1.0 E
19 and 1.0 E 22 3 atons/cm, and is deposited to a thickness of between
about 2000 and 5000 Angstrons. 14. The nethod of claim 1, wherein said
third insulating | ayer is borophosphosilicate glass and is deposited to a

t hi ckness of between about 2000 and 5000 Angstrons. 15. The nethod of claim
1, wherein said third conducting layer is a nultilayer consisting of an
adhesion/ barrier layer of titaniumtitaniumnitride and a conducting
material of tungsten and is deposited to a thickness 24 sufficient to
fill said third openings, and is polished back to formsaid bit-line
contacts. 16. TREIRELABE &P i m 4; Wher®® nvsard Hodith EbREGEYRFRg HSayer
is amltilayer consisting of an adhesjon/barrier |ayer of .

Litani un ¢ PORRPURTA (Fede cahd™a G et &1 FRF e aPGAFAUFEESRRr

| d i it ed_f, hi.ck f b 200 d. 5000
Angst roms, “nfoRs pat t &rmled & O TN S P o FoN | Re 1o 700K 1 ROPGYRA o6 ocess

for fabri cabi ng a.arsay, ol IeunLy ;6el I, opy & dynam ool andomy agoeps sgenory

(DRAM device conprising e steps o providi ng'a subs Vi ng

partially aggﬁbﬁéedt@Rﬁﬂ%ﬁ@Viﬁgss@@BﬁHSb%%&iﬂBsaQ af ¥ ayp8f pevi-c@salseas
surrounded and el ectrically 1solated by field oxide regions, each of said

device areagyBaviy biewder f @Gld t £2NSHELRAES M giaé € RlRGiirdes arg first

and second source/drain areas; depositing a first insulating |ayer on said

substrate; the capacitor bottom electrodes (storage nodes). When the
photoresist 34 is partially developed, as shown in Fig. 3,

the top surface of the second insulating layer 30 1is

exposed in the second openings 2.

Referring to Fig. 5, the exposed portions of the
second insulating layer 30 are recessed to a depth x in
the second openings 2. The recess 1s achieved by using
plasma etching as indicated by the vertical arrows 38.
The etching 1is carried out using a high-density plasma
etcher and an etchant gas that contains fluorine, such as
carbon- tetrafluoride (CF4). The recess x 1s sufficiently
deep to avoid polishing into the bottom electrode, due to
polishing variation across the substrate, at a later

process step.

Referring to Fig. 6, the remaining first photoresist
34 is completely removed including the photoresist in the
first openings 1. For example, the photoresist can be
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form ng conducting first plug contacts in said first insulating |layer to
said first source/drain areas for capacitors, and form ng conducting second
pl ug contacts to said second source/drain areas for bit-line contacts;
depositing a second insulating |ayer and form ng 25 first openings
aligned over and to said first plug contacts; depositing a first
photoresist layer to fill said first openings and having an essentially

pl anar top surface; form ng second openings in said first photoresist |ayer
over portions of said second insulating |ayer between adjacent said first
openi ngs, &RBOVEFt R¥r Pl3gMa 3684RE dPpeRrNgSNeRterdiong -partial ly over said
first openings and exposing said second insulating |ayer, and | eaving
portions of said first photoresist |ayer aligned over said second plug

contacts; recessing.by plasm etching portions of said second insulating
| ayer in sm(jsgéég& oﬁ%ﬁ%ﬁﬁ%%%ertgai %qutgpluﬁ cdﬁ@é%%$a}enﬁﬁFﬁ§

conpletely L.ni paor.t.ions sai.d first photoresist |ayer; depositing a
conf or nal F?ggﬁhg%ﬁgucﬁfﬂéa ayg§onéﬁ sa %pgg%B% iﬁgﬁﬁét?¥%ela§§FO§ﬁd in
said first. L far pagi t bog t el@ctro . .deposit] a_second
photoresis%H?ggéggﬁg ?Fﬁ%qégg% %%?s?ﬁogg%iﬁggsgn%)E%Vfﬁgsa% ggg%nyﬁgﬁly

pl anar top)gHetaces-pardyeal Idélpra%m\alngbéeit@mse&?@ét?!?&égfeédp?ti' Y@het O

expose said first conducting l'ayer on top surface of said second insul ating

llayer whil eipetaidfdtim t 1oNs10fgréed dod6r and contacting the first
conducting plug contacts 28A. The first conducting layer
40A is an in-situ N doped polysilicon, and is deposited to
a thickness of Dbetween about 300 and 700 Angstroms.
Alternatively, layer 40A <can be an amorphous silicon
layer, which is annealed to form a thin hemispherical
silicon grain (HSG) layer 40B on its surface to further
increase surface area (capacitance) of the first

conducting layer 40A.

Referring to Fig. 7, a second photoresist layer 42 is
deposited to fully cover the substrate 10, which includes
filling the first openings 1 and the recessed second
insulating layer 30 in the second openings 2, and forming
an essentially planar surface on the substrate. The
second photoresist 42 1is preferably a positive-type
photoresist, and is partially exposed to remove a portion
of the photoresist 42, sufficient to expose the first
conducting layer 40A, with HSG 40B, on the top surfaces of
the insulating layer 30 when the photoresist layer 42 1is
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second photoresist layer in said first openings; renoving exposed portions
of said first conducting |ayer on said second insulating |ayer while
protecting said first conducting layer in said first openings; renoving
conpletely said second photoresist layer; formng an interel ectrode
dielectric layer on said first conducting | ayer and on exposed portions of
said second insulating | ayer; depositing a second conducting | ayer
sufficient to fill said first openings; polishing back said second
conducting layer to said second insulating |ayer over said second plug
contacts toeYBtAPeApacilb6r $CRRFCh NP B difest AutdveePPedl H§hBE fo said
second insulating,la%ﬁr over said,second glug contacts; depositing g third
i nsul ati ngPRYBRTL8RRhi ngPRRFPECBPEhI ngBTPASATBYt hi FE i n§GF&EFng IE4¥er and
said second insulatipg,layer, .said third openings.aligne ver an t ched
to said seRPRECHFEGSEoRE @Wéfjr%rg?ﬁgsgrgp{Fh ¢ n&ﬁgF?ﬁng§§e?n$nq8§Vd
third openipg jt=ljnegcontacts; depositing and patterning a fourth
conductingggaég;gﬁo??anébi§'lines and conpl eting said array of menory
cells. 18. The nethod of claim 17, wherein said first insulating 27 | ayer
i s conposed of borophosphosilicate glass and is deposited to a thickness of

bet ween about 46Q&nand 6900, ANGHL FARE. 9, the first conducting layer
40A and HSG layer 40B are selectively removed on the top
surface of the second insulating layer 30, while the
remaining second photoresist layer 42 protects the first
conducting layer 40A and the HSG layer 40B in the first
openings 1. The first conducting layer 40A and the HSG
layer 40B are preferably removed by plasma etching, using
an etchant gas mixture containing chlorine atoms, as

depicted by the vertical arrows 44 in Fig. 9.

Continuing with Fig. 9, and a key feature of this
invention 1is that the etching also removes a portion of
layers 40A and 40B on the exposed sidewalls 30A of the
second insulating layer 30 around the raised portions of
the second insulating layer 30 in which the bit-line

contact openings will be made.

Next, as shown in Fig. 10, the remaining second
photo~ resist layer 42 is completely removed, for example
by oxygen ashing, to expose the patterned first conducting
layer (composed of layers 40A and 40B) in the first
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19. The nmethod of claim 17, wherein said conducting first and second pl ug
contacts are conposed of polysilicon and are doped N type to a
concentration of between about 3.0 E 3 19 and 5.0 E 20 atons/cm . 20. The
met hod of claim 17, wherein said second insulating |ayer is conposed of

bor ophosphosilicate glass and is deposited to a thickness of between about
10000 and 25000 Angstronms. 21. The nethod of claim 17, wherein said first
conducting layer is polysilicon doped with phosphorus to a concentration of
bet ween about 1.0 E 18 and 1.0 E 21 3 atons/cm, and is_deposited to a

t hi ckness Pebetd@eh aBoTPTRBBLENENT062RAGSEPENROTEOM ?H%CEEPﬂﬁa'of cl ai m
21, wherein a hem spherical shaped grain (HSG |ayer is fornmed on said
first conducting |layer to increase capacitance. 23. The nethod of claim17,

wherein said fiéétlphoto&gsist Iaygr i%“%atteiyed gy q§QQ§ing &@rgﬁgg a 28
ki FEAdV8 oped t & Feave’ B i sard o

phot omask and is partiéﬁly | oped t 0 1°éave portions 0

phot omask and Iy devel . . m1r
uher einsal B F L6 LoRhiCIng Iyer P8 Pahouga rh &'f G5eri Ve T ot ot Chor

using an efgcbant; 9as MM & i%g ChayBr (468, apd Heop) 2%, The et had of
claim 17, wherein said first photoresist layer is remved by plasma asking
I'N OXygen. capacitor interelectrode dielectric layer 46. Layer 46
has a high dielectric constant, and is essentially pin-
hole free. For example, a silicon oxide-silicon nitride-
silicon oxide (ONO) layer can be used for the dielectric
layer 46, as 1is commonly practiced in the semiconductor
industry. Also other more exotic materials, such as Tazoy

can be used for the dielectric layer. Typically layer 46

is formed to a thickness of less than 100 Angstroms.

Referring to Fig 11, a second conducting layer 48 is
deposited on the substrate to £fill the first openings 1
and the second openings 2, and is sufficiently thick to
cover the second insulating layer 30 over the regions
where the bit-line contact openings will be formed. Layer
48 1is preferably a polysilicon, deposited by LPCVD using

SiH4 or SiCl;% as the reactant gas, and is in-situ doped

to provide good electrical conductivity.

Referring to Fig. 12, the second conducting layer 48
is polished back to the top surface of the raised portions

of the second insulating layer 30, resulting in capacitor
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26. The nethod of claim 17, wherein said plasm etching of said second
insulating layer is carried out using an etchant gas of carbon
tetrafluoride. 27. The method of claim 17, wherein said inter-electrode
dielectric layer is silicon oxide/silicon nitride/silicon oxide and has a
t hi ckness of between about 40 and 80 Angstronms. 28. The nethod of claim17,
wherein said second conducting |layer is polysilicon doped wi th phosphorus
to a concentration of between about 1.0 E 19 and 1.0 E 22 3 atons/cm, and
is deposited to a thickness of between about 2000 and 5000 Angstroms. 29.
The net hodt™8P cPafRrtI?deqheféfn §RRE t AFPd PREQrEELAGa29INePayép | $he

bor ophosphosi licate glass and.is depgsited (o t hi ckness. of bet ween about
2000 and 58600 AIgSrFOME L5 hES retloct bf EESHmUTE MPGT be SaPl CeRT d

conducting laver is a.qyltilay consi sti of,_ap, adhesion/barrier | ayer of
titaniunitPPSﬁﬁﬂ °ni tiide Avd E&EEEEUCtingﬂ%at%??g?rofa?ﬁﬁﬁgﬁgﬁeanﬁhﬁs

deposi ted t0,8,thieknass, suffichepl Lo i), salgl LhbLd-opepings: aad,) s

pol i shed back to torm sdi I ne contacts. claim17,

wherein sapd faurth ceQRdUCIoNg dAViRltd S & 41| gyer §OnSLESthRY koA’
adhesion/barrier layer of titaniumtitaniumnitride and a conducting

materi al otoabubkhndg capRer aldsoy jand gl depasi tiegeko ot higknesscehg
bet ween about 2000 and 5000 Angstronms, and is patterned to formsaid bit
lines. 30 iA@AStAnd. AGWT B S ArhAFe ALhAF AL bottom electrode

. AF. AF. A3. AY. AF. AF. AF. AF. AF. AY. AY. AF. AY. AF. AY. AFght u/ xz}9:u v
40A/40B and the thin dielectric layer 46 are recessed at
least to a depth of x (see Fig. 5), the polishing does not
damage the thin dielectric layer 46 at the interface

between the top electrodes 48A and the bottom electrodes

40A/40B.

Referring now to Fig. 13, a third insulating layer 50
is deposited to electrically insulate the capacitor top
electrodes 48A. Layer 50 1is preferably SiO2 and 1is
deposited by LPCVD to a thickness of between about 2000
and 5000 Angstroms. Third openings 3 for Dbit-line
contacts are anisotropically plasma etched in the third
insulating layer 50 and in the second insulating layer 30
aligned over and etched to the second plug contacts 28B.
A thin barrier/ adhesion layer 52 is deposited and a third
conducting layer 54 1is deposited to £f£ill +the second
openings 2 and is polished or etched back to form bit-line
contacts 54. The barrier/adhesion layer 52 is typically
titanium/titanium nitride (Ti/TiN)}). The third conducting
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photoresist mask and anisotropic plasma etching to form
bit lines 56. The bit lines are formed over and

contacting the bit-line contacts 54 to complete the array

of novel memory cells for the DRAM device.

While the invention has been particularly shown and
described with reference to the preferred embodiment
thereof, it will be understood by those skilled in the art
that various <changes in form and details may be made
without departing from the spirit and scope of the

invention.
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CLAIMS
1. An improved process for fabricating an array of
memory cells on a dynamic random access memory (DRAM)
device comprising the steps of:

providing a substrate having partially completed DRAM
devices consisting of an array of device areas surrounded
and electrically isolated by field oxide regions, each of
said device areas having field effect transistors with
gate electrodes and first and second source/drain areas;

depositing a first insulating layer on saild
substrate;

forming conducting first plug contacts in said first
insulating layer to said first source/drain areas for
capacitors, and forming conducting second plug contacts to
said second source/drain areas for bit-line contacts;

depositing a second insulating layer and forming
first openings aligned over and to said first plug
contacts;

depositing a first photoresist layer to £fill said
first openings and having an essentially planar top
surface;

forming second openings in said first photoresist
layer over portions of said second insulating layer 25
between adjacent said first openings, and further, said
second openings extending partially over said first
openings and exposing said second insulating layer, and
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leaving portions of said first photoresist layer aligned
over said second plug contacts;

recessing portions of said second insulating layer in
salid second openings over said first plug contacts;

removing completely remaining portions of said first
photoresist layer;

depositing a conformal first conducting layer over
sald second insulating layer and in said first openings
for capacitor bottom electrodes;

depositing a second photoresist layer to fill said
first openings and having an essentially planar top
surface;

partially removing said second photoresist layer to
expose said first conducting layer on top surface of said
second insulating layer while retaining portions of said
second photoresist layer in said first openings:;

removing exposed portions of said first conducting
layer on said second insulating layer while protecting
said first conducting layer in said first openings;

removing completely said second photoresist layer;

forming an interelectrode dielectric layer on said
first conducting layer and on exposed portions of said
second insulating layer;

depositing a second conducting layer sufficient to
fill said first openings;

polishing back said second conducting layer to said

21



10 109109 ()-!Y3M 109& ()-!Yf,: ! 109& ()-p+++..//11/2/}724: T

1089109& ()- 79! 109& ()-!39! 109& ()-!1M 109%& ()- S

109& () - YOL09& ()- 2/ 3/ 4/ 0| 444446xj\ = 10FM 109& ()- 1055 1055

1055! { FM 109&5& ()-Z"! FM 109& ()-Z"F: ! 109 ()-' 10 106B8X9[ 9\ 9] 979; } oPFj \ =
10FM 109%M 109& ()-" 10"" 10"" 10""!hI OM 10% " & ()- !'I OM 109%& () -

second insulating layer over said second plug contacts to
form capacitors having top electrodes auto-self-aligned to
said second insulating layer over said second plug
contacts;

depositing a third insulating layer;

etching third openings in said third insulating layer
and said second insulating layer, said third openings
aligned over and etched to said second plug contacts;

forming a third conducting layer in said third
openings for bit-line contacts;

depositing and patterning a fourth conducting layer
to form bit lines and completing said array of memory

cells.

2. The method of claim 1, wherein said first insulating
layer 1is composed of borophosphosilicate glass and 1is
deposited to a thickness of between about 4000 and 6000

Angstroms.

3. The method of claim 1, wherein said conducting first
and second plug contacts are composed of polysilicon and
are doped N type to a concentration of between about 3.0 E

3
19 and 5.0 E 20 atoms/cm .

4. The method of claim 1, wherein said second insulating
layer 1is composed of borophosphosilicate glass and is
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deposited to a thickness of between about 10000 and 25000

Angstroms.

5. The method of claim 1, wherein said first conducting
layer is polysilicon doped with phosphorus tc a
concentration of between about 1.0 E 18 and 1.0 E 21
atoms/cm3, and is deposited to a thickness of between about

300 and 700 Angstroms.

6. The method of claim 5, wherein a hemispherical shaped
grain (HSG) layer is formed on said first conducting layer

to increase capacitance.

7. The method of claim 1, wherein said first photoresist
layer is patterned by exposing through a photomask and is
partially developed to leave portions of said first

photoresist layer in said first openings.

8. The method of claim 1, wherein said first conducting

layer 1is removed in a reactive ion etcher using an etchant

gas mixture of Clz, HBr, 02, and He.

9. The method of claim 1, wherein said first photo-

resist layer is removed by plasma ashing in oxygen.

10. The method of claim 1, wherein said second insulating
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layer is recessed by partially etching Dback in a

hydrofluoric acid solution.

11. The method of claim 1, wherein said second insulating
layer is recessed by partially plasma etching back using

an etchant gas of carbon-tetrafluoride.

12. The method of claim 1, wherein said interelectrode
dielectric layer is silicon oxide/silicon nitride/silicon
oxide and has a thickness of between about 40 and 80

Angstroms.

13. The method of claim 1, wherein said second conducting
layer is polysilicon doped with phosphorus to a
concentration of between about 1.0 E 19 and 1.0 E 22
atoms/cm3, and is deposited to a thickness of between about

2000 and 5000 Angstroms.

14. The method of claim 1, wherein said third insulating
layer is borophosphosilicate glass and is deposited to a

thickness of between about 2000 and 5000 Angstroms.

15. The method of claim 1, wherein said third conducting
layer is a multilayer consisting of an adhesion/barrier

layer of titanium/titanium nitride and a conducting
material of tungsten and 1is deposited to a thickness
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sufficient to fill said third openings, and is polished

back to form said bit-line contacts.

16. The method of claim 1, wherein said fourth conducting
layer is a multilayer consisting of an adhesion/barrier
layer of titanium/titanium nitride and a conducting
material of aluminum-copper alloy and is deposited to a
thickness of between about 2000 and 5000 Angstroms, and is

patterned to form said bit lines.

17. An improved process for fabricating an array of
memory cells on a dynamic random access memory (DRAM)
device comprising the steps of:

providing a substrate having partially completed

DRAM devices consisting of an array of device areas
surrounded and electrically isolated by field oxide
regions, each of said device areas having field effect
transistors with gate electrodes and first and second
source/drain areas;

depositing a first insulating layer on said
substrate;

forming conducting first plug contacts in said first
insulating layer to said first source/drain areas for
capacitors, and forming conducting second plug contacts to
sald second source/drain areas for bit-line contacts;

depositing a second insulating layer and forming
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first openings aligned over and to said first plug
contacts;

depositing a first photoresist layer to fill said
first openings and having an essentially planar top
surface;

forming second openings in said first photoresist
layer over portions of said second insulating layer
between adjacent said first openings, and further, said

second openings extending partially over said first
openings and exposing said second insulating layer, and
leaving portions of said first photoresist layer aligned
over said second plug contacts;

recessing by plasma etching portions of said second
insulating layer in said second openings over said first
plug contacts;

removing completely remaining portions of said first
photoresist layer;

depositing a conformal first conducting layer over
sald second insulating layer and in said first openings
for capacitor bottom electrodes;

depositing a second photoresist layer to fill said
first openings and having an essentially planar top
surface;

partially removing said second photoresist layer to
expose said first conducting layer on top surface of said
second insulating layer while retaining portions of said
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removing exposed portions of said first conducting
layer on said second insulating layer while protecting
said first conducting layer in said first openings;

removing completely said second photoresist layer;

forming an interelectrode dielectric layer on said
first conducting layer and on exposed portions of said
second insulating layer;

depositing a second conducting layer sufficient to
fill said first openings;

polishing back said second conducting layer to said
second insulating layer over said second plug contacts to
form capacitors having top electrodes auto-self-aligned to
said second insulating layer over said second plug
contacts;

depositing a third insulating layer;

etching third openings in said third insulating layer
and said second insulating layer, said third openings
aligned over and etched to said second plug contacts;

forming a third conducting layer in said third
openings for bit-line contacts;

depositing and patterning a fourth conducting layer
to form bit 1lines and completing said array of memory

cells.

18. The method of claim 17, wherein said first insulating
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deposited to a thickness of between about 4000 and 6000

Angstroms.

19. The method of claim 17, wherein said conducting first
and second plug contacts are composed of polysilicon and
are doped N type to a concentration of between about 3.0 E

3
19 and 5.0 E 20 atoms/cm .

20. The method of claim 17, wherein said second
insulating layer is composed of borophosphosilicate glass
and 1s deposited to a thickness of between about 10000 and

25000 Angstroms.

21. The method of claim 17, wherein said first conducting
layer is polysilicon doped with phosphorus to a
concentration of between about 1.0 E 18 and 1.0 E 21
atoms/cm3, and is deposited to a thickness of between about

300 and 700 Angstroms.

22. The method of claim 21, wherein a hemispherical
shaped grain  (HSG) layer 1is formed on said first

conducting layer to increase capacitance.

23. The method of claim 17, wherein said first
photoresist layer 1is patterned by exposing through a
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24. The method of claim 17, wherein said first conducting

layer is removed in a reactive ion etcher using an etchant

gas mixture of Cl2, HBr, 02, and He.

25. The method of claim 17, wherein said first

photoresist layer is removed by plasma ashing in oxygen.

26. The method of claim 17, wherein said plasma etching
of said second insulating layer is carried out using an

etchant gas of carbon tetrafluoride.

27. The method of claim 17, wherein said inter-electrode
dielectric layer is silicon oxide/silicon nitride/silicon
oxide and has a thickness of between about 40 and 80

Angstroms.

28. The methed of claim 17, wherein said second
conducting layer is polysilicon doped with phosphorus to a
concentration of between about 1.0 E 19 and 1.0 E 22
atoms/cm3, and is deposited to a thickness of between about

2000 and 5000 Angstroms.

29. The method of claim 17, wherein said third insulating
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layer 1is borophosphosilicate glass "and 1is deposited fo a

thickness of between about 2000 and 5000 Angstroms.

30. The method of claim 17, wherein said third conducting
layer 1is a multilayer consisting of an adhesion/barrier
layer of titanium/titanium nitride and a conducting
material of tungsten and 1s deposited to a thickness
sufficient to fill said third openings, and 1is polished

back to form said bit-line contacts.

31. The method of claim 17, wherein said fourth
conducting layer is a multilayer consisting of an
adhesion/barrier layer of titanium/titanium nitride and a
conducting material of aluminum-copper alloy and 1is
deposited to a thickness of between about 2000 and 5000

Angstroms, and 1s patterned to form said bit lines.
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