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A STACKED ELECTRI CAL DEVI CE HAVI NG REG ONS OF ELECTRI CAL | SOLATION AN
ELECTRI CAL CONNECTI ON ON A G VEN STACK LEVEL, AND RELATED METHODS FOR I TS

. MANUFACTURE Technical Field The present invention relates generally to

sem conductor devices, and nore particularly, to highly integrated,
multi-level devices requiring discrete areas of electrical insulation and

el ectrical contact in proximty to eath other. Background The integration
density of sem conductor devices has quadrupl ed over a short period of

tinme. Thisfeaths,P i b 'i':t i E ize of the
Pl e g e lidied e )
features on o ¢ 0 Vi -~ [ or:) OB ation
trenches, and wri Wt AcK FEVEL, 4ND) RELATED mxm%%9ﬂy close to
each other. The extrene proxini t JI8f MoONUFAGCTERE erents may result in
serious problens if the elenments are designed to be insulated from one

anot her. I nadvertent contact can lead to electrical shorts and failure of

t he sem conductor device. In a nmultirebByRhl @galdce in which each | evel

contai ns various conductive el enents, the problemcan be especially
difficult. For exanple, in a given device, sone of the conductive el enents
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functions ang#isrly, SR Ghpatkdf ramiURPEr dbare red@mRetdEsorbtcChehapgen
to be situated i medi atel'y above them However, in preparing the device,
convent i onalelgriticad rinsgtiamendetlesifipy contast iy @roximityi tocgach GkeAr- reacti ve ion
etching (RIE)) may not discrimnate

Backeground

The integration density of semiconductor devices has quadrupled over a short
period of time. This feat has been accomplished by miniaturization of the size of the
device, according to deﬁxanding ground rules for fabrication. Common features on
or within a typical device, such as electrical studs, isolation trenches, and .wiring

patterns, have had to be positioned unusually close to each other.

The extreme proximity of conductive elements may result in serious problems
if the elements are designed to be insulated from one another. Inadvertent contact
can lead to electrical shorts and failure of the semiconductor device. In a multi-level
device in which each level contains various conductive elements, the problem can be
especially difficult. For example, in a given device, some of the conductive elements
on a lower level are designed to contact conductive elements on an adjacent upper
Ievel, while other lower level conductive elements perform different functions and
must remain isolated from upper level elements which happen to be situated
immediately above them. However, in preparing the device, conventional patterning

and etching steps {(e.g., directional reactive ion etching (RIE)) may not discriminate



-2- between el enents which are designed to contact each other, and those
requiring separation by way of an intervening insulating Iayer O course,
vari ous nmasking steps could be enployed to prevent the unwanted exposure of
one particular conductive el enent to another. However, increasing the
nunber of masking and patterning steps often adds conplexity to the overal
device fabrication process. This in turn gan decrease manufacturing
productivity and increase overall costs. One exanple of a sem conduct or
structure susceptible to this problemis a dynam ¢ random access nenory
(DRAM device. High density DRAM s often utilize stacked capaci tor (STC)

cells, which OVI d 85 geal O‘%f ié)rage capabi An i|lustration of
DRAM devi ces ? f‘zf’ fig© r’r‘ﬁiuf; Sighec (1R CFRTHIO f© s° Furdddi thosg T£quRSEnt 5
5,196, 910 an B a8t WelidteRenind & Ghfr by ey
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above describes a "bit-1ine shielded" STC cell, in which or age
capaci tor - @ gyhicadrdecbsenmdaufectutingiprodictivity | andfiocieest ovezall aodis.t - | i ne.
The cell also contains the other necessary functional term nal for nenory,
i.e., awrdline. The article also includes the description of a method

for fabricating thseSh@naie ofal de @oﬂ&%ﬁ:&oﬁr&fuésw 68l BhiC Bdbldrm i
provided in FIG 1, l\e/any of the fénétures in 3 fi ure gre sfmi}‘ar tolst ose

in the devi céymdmichmniemasnsess memory @MM@ hitligh edepsitph RRAMs SF@ncel |
utilizes a buﬁhze s eckséh%gp&:?tgr fS’lcé)D cc?llstvc\)r c pl%gwd;:r relzegrea% %cz(ﬂfofssgorage capability.
An illustration of DRAM devices utilizing some form of STC technology is found
in U.S. Patents 5,196,910 and 5,140,389, as well as in an article by Y. Kawamoto et
al in the 1990 Symposium on VLSI Technology, pages 13-14, entitled "A 1.28um?
Bit-Line Shielded Memory Cell Technology for 64Mb DRAMSs". The general design
and function of STC cells utilized in random access memory is known in the art.
These cells represent key elements in the design of high-speed, low-power DRAM’s
of the 64 megabit class. |

The Kawamoto article mentioned above describes a "bit-line shielded” STC
cell, in which the storage capacitor - a cylindrical node or “chimney" - is formed over
a bit-line. The cell also contains the other necessary functional terminal for memory,
i.e., a word line. The article also includes the description of a method for fabricating

the storage cell.

A version of a typical STC cell is provided in ¥IG 1. Many of the features
in this figure are similar to those in the device of the Kawamoto article, although this

version of an STC cell utilizes a bit-line stud and a capacitor stud. The use of studs
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-3- can result in a denser, nore integrated cell. Such a cell often tends
to function with lower bit-line and word |ine capacitance, which is usually
very desirable. Al so, the overall process involved in formng a
stud-structure type of cell utilizes intermediate (i.e., as-forned)
surfaces which are nore "planar”. In contrast, the type of cell described
in Kawanoto involves internediate surfacgs which are | ess planar, i.e.

nore conformal. G eater planarity allows for easier focusing of printing
tool s during photolithographic steps. Mdst of the techniques for formng
such a cell wll be described further on in the specification, with
reference to FIGS, 3-6, which are based gn the present invention. Wth

ref erence t 62FFault{n acdenser; gee pregaied Gell. GRcBrasqll oifmsisadete Hmction matn
bstrate 1 Iy s Whti i 1. i 2
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etch stop | ayemllifiodess inwhled yin ffonming acsnet-strineu® Rype efjicelh stilizzsdntehaediate

insulating region_18 is applied over IayerFéG. y\brgyline 20 (forned as
described b&iowpS{amed) SBURTRS VBN #EUratS rigaedp | By sputsast, BRdyRa P!l @ler
spacers 27A : | barhd and; j : yd I ted
within regi 8%}%3‘2‘5% are dstggg?%ltvgsd ?/ oxf%gp{ag%%% %ﬁ%né%g]e%%ﬁa?%%% O of
i nsul ating kege oonfbnalBaldeatef plaharitytalidsvsaoe exsietefootisisg oDpntaial toelstkgi al .
St ud differentigtion hayer 34 is deposited or formed on a portion of the
exposed sur PARQYhELraPRC 18RS ng region 18. Bit-line 36 can be forned as
descri bed bel ow, and contacts a portion of the upper surface of bit-line
stud 22. The bit-line is usually covered by an insulating bit-line cap
| ayer 38. Storagdlesaphittiettochnipee fortfbramig dhcooet Milibe dedveibad ifurtisr andge
el ements | nﬁltehgpeciﬁcaﬁon, with reference to FIGS. 3-6, which are based on the present
invention. With reference to FIG. 1, this type of cell is generally disposed on silicon
substrate 10, in which shallow trench oxide (STI) regions 12A and 12B are formed.

Impurity diffusion regions 14A and 14B abut the STI regions.

An etch stop layer 16 is usually formed over the STI regions, and then
insulatihg region 18 is applied over layer 16. Word line 20 (formed as described
below) is surrounded by insulating cap layer 26, and cap layer spacers 27A and 27B.
Bit-line stud 22 and capacitor stud 24 are situated within region 18, and are separated
by oxide layer 28 and a portion 30 of insulating region 18. Both of the studs are
made of a conductive material. Stud differentiation layer 34 is deposited or formed
on a portion of the exposed surfaces of insulating region 18. Bit-line 36 can be
formed as described below, and contacts a portion of the upper surface of bit-line

stud 22. The bit-line is usually covered by an insulating bit-line cap layer 38.

Storage capacitor nodes 40 and 42 constitute the main storage elements in the
STC. They can be prepared by various techniques, such as the one described in the

Kawamoto article. The nodes themselves are usually formed of a material like
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STC. They can be prepared by various techniques, such as the one descri bed
in the Kawanoto article. The nodes thenselves are usually forned of a
material |ike -4- polysilicon, surrounded by a node dielectric |ayer 48.
A conductive "plate" or |layer 50 covers each of the nodes. In a highly

i ntegrated device such as this one, conductive elenents may be very cl ose
to each other, but performvery different,functions, and can in fact be

i ndependent |y connected to very different parts of the same device, or to

ot her devices within an integrated circuit. Thus, despite their proximty,
el ectrical contact between two el enents has to be prevented sonetines to,

in turn, prevent shorting and failyre of the deyj As a_ specific exarrple
sone types oPolgsthcons spgonnded ktyh%fm‘g‘? S’F eﬁm"lgyé’dﬁéré"ﬁ?ﬂﬂ“ﬁ%’fe bRletRe o 1afesr age

node 42 and QhchS gbor proper operation. At the sane ting,
however, theggggf/éﬁges&o 6%%%% réeqw re that storage node 40 be separated,

i.e., eI ectrically isolated, frombit-line stud 22. (Node 40 nay be

el ectrically connected to_an enti ferent feature in the cell, or to
a different devi cﬁ') bbby i @fﬁtégr‘{ﬁ)’ %’0 c?st)&és 8PS GORALSH Ve SlPmEnts BEY PF om
each ot her i Yiol I y se
of the st eps@err q‘ﬂuél)gre e %%ﬁ% ggﬁ&fﬁ@] vebS dﬁfé.éa?tnﬁﬂ%{el&escx gln Blggﬁok‘ %FP Be

word |ine Zmndemdézawercoﬁrﬁ:,cteantb swéxydmﬁ?e?ezanﬂar% ofirthe esanie ﬂ@lidfﬁ?cbtwtd htH&:r

insul ating region 18 by separate, cony nal, e s. The studs are
subst anti al |<§e ViqES | VathiR an-presTated Fircuy- c;ﬁéﬁ aﬁ?“f’ ’éPT""&)‘P‘Wh@%‘é’“P‘ﬂa&%ﬁé‘% are

usual |y prepg rﬁ%{mgﬂ%)éh@%étosw #rﬁe@?ﬁ&eﬁxgg &L id RYE %ﬁ?hsﬂ}ﬂ}i‘@hd and

then patterni ng t otoresist t I ne "nens| ons o eni ng.
failure of the device.

As a specific example, some types of STC cells like that of FIG. 1 require

contact between storage node 42 and capacitor stud 24 for proper operation. At the

~ same time, however, these types of cells require that storage node 40 be separated,
ie., electrically isolated, from bit-line stud 22. (Node 40 may be electrically

connected to an entirely different feature in the cell, or to a different device).

Keeping nearby conductors electrically isolated from each other in a highly

" integrated STC cell is a very difficult task because of the steps required to fabricate
such a cell. In the example of FIG. 1, word line 20, cap layer 26, and studﬁ 22 and
24 are each formed within insulating region 18 by separate, conventional steps. The
studs are substantially coplanar. The required openings for all of these features are
usually prepared by applying a suitable photoresist layer (not shown), and then

patterning the photoresist to define the dimensions of the opening.

The defined area is directionally etched using, for example, reactive ion
etching (RIE) techniques. The same types of procedures are used to form bit-line

36. The bit-line 36 is isolated from the capacitor stud 24 by the stud-differentiation
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The defined area is directionally etched using, for exanple, reactive ion
etching (RIE) techniques. The sane types of procedures are used to form
bit-line 36. The bit-line 36 is isolated fromthe capacitor stud 24 by the
stud-differentiation | ayer 34, which initially was a continuous |ayer
over insulating region 18. Bit-line 36 is isolated from subsequent!y-forned
storage capacitor nodes 40 and 42 by spaggers 37A, 37B, and by cap oxide

| ayer 38. The storage nodes are usually forned sinultaneously, via a
techni que such as that set forth in the Kawanoto article. As in the case of
the studs, formation of the nodes of a desired size, and at a desired

| ocation, usual Ly r ires.precise patterning of an lied.resist.in the
appropri at _eﬁ?%% & B\ﬁ"g&fl ’Inbtﬁngv@ﬁs Bf°§?%‘fﬂ“ﬁ§"a¥%e°vﬁéﬁlﬁ¥§a§%a%mfé-H%Wé@%? ,
the steps i m¢dk wamhtddroadebdeqiidilyl PEmed Rtdrégdicdpaciidttesdes abhed 2y 80 spiers
bet ween node 40 and bit-line stud 22. Wen Stud differentiation [ayer 34 is
first etched7fe ¥B,camdbby -gap mxids laver cifnt adihebstorage neodss Lage 2guallytfommed
capacitor stud 24, the alignment nay,be |ess .t .exact. This results,in a
ot on of  cHEEEeriE, e 28T TS B 5t PR of R KA ol PR n Abrn
resul ts in thens pReaFURE siuddNdBThdRRl 6f BRNdHet J7el ¥aaad RELE add aBBehirdd | | Ne
stud 22 (see area 32). As nentioned above, this contact nmay, at a m ni mum
cause an el dotaticnatisusHp rrequifési previs¢ ipetieming bé ap\applied resissbhnethe appropeiate al |y
not possi bl e when usjn rrent ot old t hogr.aphi ¢ i magi ng techni ques to
define a nuﬁ??aflﬁﬁ%%,flo‘%?cggﬁl f@bﬁ@gﬁ#ﬁﬁ?@%&&gls, nce these techniques
require a certain mnimumtolerance in the alignnent of a given mask to a

pattern on a substrate. In fact, the_ extreme enphasis on high densit
i ntegration has AiRrevehdhesiers iapolyed in redeiprmatien egreleafaandesirablg overlap

sinpli fied, yarAnhi col. AP B bl heOluB %o Ny stHAIRREAARMBOVSE! 3R i first

etched to allow bit-line 36 to contact bit-line stud 22, but not capacitor stud 24, the

alignment may be less than exact. This results in a portion of the upper surface of
stud 22 being left exposed, which in turn results in the subsequent, undesirable
contact between node 40 and bit-line stud 22 (see area 32). As mentioned above, this

contact may, at a minimum, cause an electrical short.

Elimination of the overlap problem is generally not possible when using
current photolithographic imaging techniques to define a muititude of closely-spaced
features, since these techniques require a certain minimum tolerance in the alignment
of a given mask to a pattern on a substrate. In fact, the extreme emphasis on high

density integration has made the overlap problem more severe.

FIG. 2 is a simplified, graphical depiction of potential, undesirable overlap
between various regions on the planar surface of an STC cell being prepared (and
within the cell itself), as varioué, sequential stages of photolithographic imaging are
carried out. The figure is a plan view, as taken from the top of the structure, and

includes the relative positions of capacitor stud 52, bit-line stud 53, first bit-line 54,



bet ween various regions on the planar surface of an STC cell being prepared
(and within the cell itself), as various, sequential stages of
photol i t hographic imaging are carried out. The figure is a plan view, as
taken fromthe top of the structure, and includes the relative positions of
capacitor stud 52, bit-line stud 53, first bit-line 54, -6- second
bit-line 55, word |ine 56, first capacitef- node 57, and second capacitor
node 58. In brief, the inability to ensure perfect alignnment during imging
results in unwanted overl ap between areas being defined and then etched. An
illustrative area of this overlap is designated as region 59. One techni que

for dealing widdy gerbas A tile sundRs ichabhis; GRASSIUERE R2one oM AP HBd:

i nvol ves the use of an additional mask specifically appli pat terned
on the top si#f doebrief, thet mlabnhxey 3o unlsﬂa pdrfect alipnmpni dorihg ifmaghmwt ranitofint he

capaci tor nodes not above, the use of additional masks
usual |y adds‘“%ﬁ‘?fﬂ@‘f@@ qugasageats S?f 1?15?1 ei‘}lhﬁ)‘ge%‘ Ulpstrative; areg po
use of masksdQfs JJakigp RYEEQSED e S | y becone inpossible as the

di mensi ons of sem conduct or structu%es are dramatically reduced. It should
t hus be apparent that a need exists for a nethod of efficiently isolating

conductors which ha 0 tuated very. clos t o,each other, and

whi ch are formed WE%CSM&? otef)ﬁjte‘flg’rm“ﬁﬁ‘ Qrdiap: ‘fﬁ%ﬁ B HRBIG SONSPHRETREY hod

shoul d be apphiccalhe ﬁ\%lw)’éért}ie DéeOdd an dd'&itﬁﬁzl%ﬁhﬁgk speé; ﬁdaﬂ& ? Jied Eﬂd E%méimh

as stacked capacitors, wthout decreasing the densit device, or

exceedi ng t loa thodnﬁamfetse of bitilinh aturdapRi(FIGapibpridrt § rmmreoﬁehq caEaeitoes

prepared by nso gsh aAge;[ur)]tg asbrz)(\)/gl %mrfv%;[n?rl nthg h% ' o@e c{d?tri.onn% masks usually adds
complexity and cost to the fabrication process. In fact, the use of masks for this
purpose might actually become impossible as the dimensions of semiconductor

structures are dramatically reduced.

It should thus be apparent that a need exists for a method of efficiently
isolating conductors which happen to be situated very closely to each other, and

which are formed by standard patterning and etching techniques.

The method should be applicable to very highly integrated, multi-level
devices, such as stacked capacitors, without decreasing the density of the device, or

exceeding the boundaries of lithographic capabilities.

Moreover, devices prepared by such a method should retain their performance
capabilities. In the case of an STC cell, for example, a large storage capacitance

should be maintained.
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capabilities. In the case of an STC cell, for exanple, a |large storage
capaci tance shoul d be nai nt ai ned. -7- Disclosure of Invention The needs
di scussed above have been satisfied by the discovery of an inproved

sem conductor structure, conprising (a) a first |ower conductor disposed in
an insul ating region, and having an upper surface and a | ower surface; (b)
a second | ower conductor disposed in the gnsulating region, electrically
isolated fromthe first | ower conductor, "and havi ng an upper surface and a
| ower surface; (c) a first upper conductor disposed over at |east a portion
of the first |lower conductor; and electrically isolated therefrom and (d)
a second upper conductor disposed over at |east a portion of the upper
surface of the second | ower conduRissipsurgref Imventien cal |y connected thereto.
In this device, the first |ower conductor has a recess in its upper surface
that is self-aligned to the first upper conductor. The recess is at |east
partially filled WHehnédtsi 8i3tiseddoraboteh daed\been esatisfiedalbl ythe s@kedvien dfhen
first lower conductor fromthe first upper conductor. An exenplary device
based on t hi dmpypedoremicondustor siryadurs, SRR capaci tor cel |, in which the
upper conductors are storage capacitor nodes, one of the | ower conductors
is a bit-line stud, and the other | ower conductor is a capacitor stud. The
uni que features of(a} hifisti lwentconducedr| dispcaed v phiiasdatgetcione ahd dRimgCin

bet ween t he
upper surface and a lower surface;

(b) a second lower conductor disposed in the insulating region, electrically
isolated from the first lower conductor, and having an upper surface and a lower

surface;

(c) a first upper conductor disposed over at least a portion of the first lower

conductor; and electrically isolated therefrom; and

(d) a second upper conductor disposed over at least a portion of the upper

surface of the second lower conductor; and electrically connected thereto.

In this device, the first lower conductor has a recess in its upper surface that
is self-aligned to the first upper conductor. The recess is at least partially filled with
an insulator, thereby electrically isolating the first lower conductor from the first

upper conductor.

An exemplary device based on this type of structure is’ a stacked capacitor
cell, in which the upper conductors are storage capacitor nodes, one of the lower
conductors is a bit-line stud, and the other lower conductor is a capacitor stud. The

unique features of this invention allow appropriate electrical contact between the
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capacitor stud and an overlying storage node, while preventing electrical
contact between the bit-line stud and the other storage node. Another
aspect of this invention is based on an inproved nethod for electrically
isolating a first |ower conductor disposed in an insulating region froma
first upper conductor disposed over at |east a portion of the first |ower
conductor, in the presence of a second | ower conductor and a second upper
conductor. This nmethod finds particul ar usfkeful ness in fabrication processes
whi ch involve nmultiple lithographic and etching steps to formel enents

whi ch are designed to be extrenely close to one another, yet electrically

i solated fromeach other. As described in the text which follows, the

met hod i nvol vezpatitemstod adodn avesbiiig storageenodegodsls prevedtinguglpericslucdmae of
one of the |ower condu rs,.f.ol Loyed by at |east partially filling the
recess with aﬁgtiwﬁgﬁlrﬁget gﬂﬁl’ﬁ% %‘Fiaé‘fl.tﬂeffﬁ‘gysg’&gii? ®and features of this
invention will becone clear fromthe foll ow ng description of the preferred
enbodi ments, taken in conjunction w th the acconpanying draw ngs. Bri ef
Descri ption of Drawnager Rsmet 1of] thiy ivyestisn sisc basghapn vdnewmproved smeibkédfor
capaci tor cel e .ent t ke .event. overl ap
bet ween a bi tgll’eftlrr]l(ga1 Iggsgﬁéﬁg aa@?%’?%éggrz%%gogicg%ménagl egn IE—’?%&{% S fesign gbﬁi cal

pl an vi ew depfiest pgernneidtoradisposed sveriat Qaest b ppriioat ofehe figsthbwed éd@usbridnand

a storage capacitor node in a_stacked capacitor cel].
the presence of a second lower conductor and a second upper conductor.

This method finds particular usefulness in fabrication processes which involve
multiple lithographic and etching steps to form elements which are designed to be
extremely close to one another, yet electrically isolated from each other. As
described in the text which follows, the method involves formation of a self-aligned
recess in the upper surface of one of the lower conductors, followed by at least

partially filling the recess with an insulator material.
Other details and features of this invention will become clear from the
following description of the preferred embodiments, taken in conjunction with the

accompanying drawings.

Brief Description of Drawings

FIG. 1 is a cross-sectional view of a stacked capacitor cell, in the event that
steps are not taken to prevent overlap between a bit-line stud and a storage capacitor

node.

FIG. 2 is a graphical plan view depicting potential areas of overlap between

a bit-line stud and a storage capacitor node in a stacked capacitor cell.



-9- FIG 3 depicts a stacked capacitor cell based on this invention, in the
prelimnary stages of preparation. FIG 4 depicts the stacked capacitor

cell of FIG 3 in continuing stages of preparation, based on the present
invention. FIG 5 depicts a conpleted stacked capacitor cell, based on the
present invention. FIG 6 depicts an alternative enbodi nent of a stacked
capacitor cell based on this invention. Begt Mdde for Carrying CQut -the
Invention FIGS. | and 2 have already been” di scussed above. FIG 3 is a
cross- sectional view depicting an STC cell according to the present
invention, inits initial stages. Substantially all of the features shown

can be identical i or nd function to the anal ogous features in FIG 1,
except as ot herwi sgqbotg]fep’f’ﬁeap?%a PR colln S2SECOB IS fmyention fpihe

part, be carripedifidhryDitade9 DY @RijaRBhL. t €Cchni ques. Shal I ow trench isolation
(STI) regions 62A and 62B can be prepared by first etching trenches in the

desired areas within substrate 60 (which itself is usually a silicon
material). The.tr_elﬁ such as

t b il i t i terial
CVD- deposited sili co%’eai %e%?case%eegﬁ%fiﬁé ia?ﬁ%ﬁ%ll g&eﬁlé’?mg%’f g‘%?égruin%f SegRst Sfon

regardi ng spegidpataids] bisks oafthSplesé ih@adiohy available in the art, e.g.,
see the article by B. Davari et at in the 19S8 | EDM 88 Techni cal Di gest,

Cat. No. 88 CH2528-8, p. 92-95. However, those of ordinary skill in the art
under st and FIG. 5 depicts 2 completed stacked capacitor cell, based on the present
invention.

FIG. 6 depicts an alternative embodiment of a stacked capacitor cell based on

this invention.

Best Mode for Carrying Qut the Invention

FIG’S. 1 and 2 have already been discussed above. FIG. 3 is a cross-
sectional view depicting an STC cell according to the present invention, in its initial
stages. Substantially all of the features shown can be identical in form and function
to the analogous features in FIG. 1, except as otherwise noted. The preparation of
the STC can, for the most part, be carried out by conventional techniques. - Shallow
trench isolation (STI) regions 62A and 62B can be prepared by first etching trenches
in the desired areas within substrate 60 (which itself is usually a silicon material).
The trenches can then be filled with an oxide material such as CVD-deposited silicon

dioxide, and planarized to the surface.

Information regarding specific details of STI is readily available in the art,
e.g., see the article by B. Davari et al in the 1988 IEDM 88 Technical Digest, Cat.
No. 88 CH2528-8, p. 92-95. However, those of ordinary skill in the art understand
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-10-" t hat other conventi onal types of isolation are possible for the base
of an STC. LOCOS isolation is one exanple of such an alternative. Gate
oxi de layer 63 is next formed, usually by thermal oxidation of the
substrate. This oxide layer typically has a thickness in the range of about
50 Angstrons to about 200 Angstrorns. Follow ng formation of the gate
oxide, word line 70 is formed. The word I e is often made of polysilicon,
but it could alternatively be formed of ot materials, e.g., a refractory
netal |ike tungsten or nolybdenum or an aIon of a refractory nmetal with
any conventional material, e.g., disilicides of nolybdenum tantalum or
chem cal

tungsten. It ca e fornmed by an ntlonal echni_que, .

vapor de_posrt 05%\9@0“"?’3%9“? r?{i&%a?fﬁ %“ﬁl?&sﬂégefﬂfaﬁée@sw BPEAG/D) |
evaporation, aptddoldiss- lstgeemﬂeldf@ﬁcmaﬁta&@ referred to as a "gate
el ectrode conduct or" because of its function 1n a transistor, as nentioned

bel ow. Follow ng formation of word line 70, insulating cap Iayer 76 |s

formed. This |ayer 0Si as a nket
material over all S’rats \CI[%Q e@léﬁl‘?’gc eéznﬁs“(f‘ﬁegbyné%%‘é‘a %ﬂﬂmé?‘c

t he appropri ams&ttapethg bﬁ@tll@f@l typically s DyhiBhss fi0the 8f Ab@ﬁlﬁ/@é cap
| ayer spacers 77A and 77B. Thus, the continuous |ayer forned by the cap

| ayer and s pad@esrosesy teabouh 20P AREETENT. he word |ine from other conductive
regions of the structure, e.g., the studs described bel ow. Next, diffusion
regi ons 64A and 64B are forned. These- regions often serve as the source
and drain el enent sFeilloveing doveeinioh ofidle gmed atidgxiatd 1@ M0de st OThe Wlrd Ligé f ect

e o Dl b B el o S e oo
dopant ¢.g., a refractory metal like tungsten or molybdenum, or an alloy of a refractory metal
with any conventional material, e.g., disilicides of molybdenum, tantalum, or
tungsten. It can be formcd by any conventional technique, e.g., chemical vapor
deposition (CVD), low temperature-CVD, plasma-enhanced CVD (PECVD),
evaporation, and the like. The word line may also be referred to as a "gate electrode

conductor” because of its function in a transistor, as mentioned below.

Following formation of word line 70, insulating cap layer 76 is formed. This
layer is advantageously deposited (e.g., by CVD) as a blanket material over all of the
exposed surfaces, and then masked and etched to the appropriate shape. Directional
etching, by RIE, for example, leaves cap layer spacers 77A and 77B. Thus, the
continuous layer formed by the cap layer and spacers serves 10 insulate the word line

from other conductive regions of the structure, e.g., the studs described below.

Next, diffusion regions 64A and 64B are formed. These regions often serve
as the source and drain elements of a conventional metal oxide semiconductor field
effect transistor (MOSFET), with word line 70 serving as the gate. Techniques for

forming the diffusion regions are known in the art. Usually, an appropriate dopant
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is inplanted into the sections of the substrate which are to becone

di ffusion regions. The choice of dopant will of course depend on the
particul ar type of device being fornmed. For exanple, boron is usually

enpl oyed as the dopant whén an -FET device of the p-channel type is desired.
Arseni c or phosphorous is usually the dopant when an FET device of the

. n-channel type is desired. Methods of inplanting the dopant are well-known
in the art and described, for exanple, inlthe follow ng references:

M croel ectronics, by J. MIlman, McGawHill, 1979; Fundanental s of
Sem conductor Devices, by E. S. Yang, MG aw- Hill, 1978; and VLSI
Technol ogy, SSM Sze (Ed.), McGawHiIl, 1988. An ion inplanter is

typical |y enpisdgpiintedrintonihe aedtioas of thel substedre evhichrare itobedoneeadiffusibn gegiossich

as nitrogen i al | sed tq br in the. inp r|t urce, )
di bor aneg phoib ﬁ% yf ﬁ%?%ﬁ‘ el qﬁjai‘?g‘ﬁ?a‘#ip%d °% ‘CPE“ B °§ﬁ%‘1‘?“'e8€m§ his
layer is prefﬁ:‘i&@&VE@r a&aiﬁﬁxéi%o&a&pg WIRAIEY &R 1oyea<ss &ie'd mm&rmTa_erﬂcés '

relatively thi e.g., about 50 Angstrons %o about 10 0 Angst romns
passi vation | e@fbp prnbanmhtt}qu igiesiradnt Arsemit ©r fphosphernus i pgpatly sheSiopaok wlien

regions. It al s&rﬁe% 2‘? X tcrtl31 t op. The#ommn met hods can be used to
apply the pas% HeP < Iengan PGt enperat ure CVD. | nsul ati ng
region 68, as depicted in FIG 3, can also be deposited by conventi onal

techni ques. As an exanpl silicon_ dioxide or reactive precursors_like

si | ane coul d be deMstdeaf mplayneihe mmhﬁe@ evibe aptiapd degsaibag, for

deposi t ed, ég!g 8 P
chem cal - mechanl th% q%o eﬁgk&&nb?mu&% oc 5 Iéls':'crl beagllll%la{lhie)&époﬁ“rgiv{nuh
U. S. patents, 1949 Fofidantentahs afSemmoig:_rmraIDadcdxebplEh SbVangfMeGrameHill). 978;

51292, 052, U S EaSt e, S S heR il R0 B e

typically employed for the actual implantation. An inert carrier gas such as nitrogen

is usually used to bring in the impurity source, e.g., diborane, phosphine, or arsine.

Passivation layer 66 is next applied. This layer is preferably a nitride-type
ﬁaterial like silicon nitride, and is relatively thin, e.g., about 50 Angstroms to about
1000 Angstroms. The pa-ssivation layer prevents ionic materials from entering the
STI-oxide regions. It also serves as an etch stop. The common methods can be used

to apply the passivation layer, e.g., CVD or low temperature CVD.

Insulating region 68, as depicted in FIG. 3, can also be deposited by
conventional techniques. As an example, silicon dioxide or reactive precursors like
silane could be deposited by CVD or low temperature CVD. After being deposited,
insulating region 68 is usually planarized, e.g., by chemical-mechanical polishing
(CMP), which is described in the following U.S. patents, all of which are
incorporated herein by reference: U.S. 5,292,689; U.S. 5,234,868; U.S. 4,944,836;
and U.S. 4,910,155. As planarized, region 68 usually has a thickness of about 3000



-12- Angs't‘"r oms to about 15000 Angstrons, although this will depend in part
on the designed size of the STC cell. Bit-line stud 72 and capacitor stud
74 are then fabricated. They are usually formed during the same step, for
t he sake of process efficiency. Typically, a mask (not shown) is used to
define suitable vias through insulating region 68, followed by conventional
etching procedures to bring the vias to the depth of passivation layer 66.
Fol I owi ng renoval of the mask, a conducti v material is deposited to

simul taneously fill the vias. The conductor is usually a material |ike
doped polysilicon, or a refractory netal or netal alloy, such as

nol ybdenum tungsten, platinum tantalumdisilicide, or titanium

di silicide. Neta@astrpmatfpoa:bouédha%wggstroms pﬂ@mhn@u-‘f wall (depend itk partetralthd ¢
studs are vveII kné) t|3nfg1he ﬁg ﬁnd descri bed, for exanple, in VLSI
Technol ogy. 2rifS0 5 of ghep 1988, McGrawHi |l Publishing Conpany.
(Chapter 9 of this reference rel ates specifically to this topic, but the-
entire content of the Sze text is generallléfé rel evant, and is therefore

i ncor porat ed her ei Bib}ing gnd drang) cappmitos| St b a1 then fabiisalsd. cEheyiasel uswallyby
k t ech
ovapor at on. - doined e 18E Sefle SEUDRAINEMAKCOr fofkss cffitneg PLTLARUYY 2 mask

process par anghershovay isdspdsi defme s(ntahih wikis rthrotipie imdejatisg tregion 68, followed by

pol ysilicon stud can be deternmped b e skille e conduct
processing, wi 10pA FifRbing IPIBF?‘{] tq“’cﬁllaéfog‘f" Pfi*' ﬁ%ss&?h?%gayﬁ g6

wi Il depend ort:oﬁowol etnssvaf offtﬁ@trag@ a édﬁﬁbctﬁf% hberisl i @epsitd & &@hﬁt&%&hﬂ& STC

cel | bei ng manufact ured general, each stud is approximte
m ni num f eat urfdl ghe aiasf ti'h@ Cpaduqtqruisanstgﬁptea anatmmloﬁkmébpedarpolarylhbem,ngr a

whi | o an excedSRATY ehay B GERD iy whl o mFRERRLG PRy PREpYS: AR as

a non-|i m ti ngisilicide, or titanium disilicide.

Metallization techniques for preparing features like metallic studs are well-
Known in the art and described, for example, in VLSI Technology, 2nd Edition, S.M.
Sze, 1988, McGraw-Hill Publishing Company. (Chapter 9 of this reference relates

specifically to this topic, but the entire content of the Sze text is generally relevant,
and is therefore incorporated herein by reference). Metal deposition can be carried
out by known techmiques like those discussed above, e.g., CVD, sputtering,
evaporation, and' the like. The selection of particular equipment and process
parameters for deposition (including the deposition of a polysilicon stud) can be

determined by one skilled in semiconductor processing, without undue effort.

The particular dimensions of the studs will depend on a variety of factors,
such as the size of the particular STC cell being manufactured. " In general, each stud
is approximately the minimum feature size of the particular generation of cell array
being fabricated. If a stud is excessively tall, capacitance may be too great, while an

excessively short stud may result in insufficient capacitance. As a non-limiting



¢ L3

illustration, the height of a stud for an STC cell of a DRAM of 256
nmega-bits will usually be in the range of about 3000 Angstrons to about

10, 000 Angstronms, while its width will usually be in the range of about
2000 Angstrons to about 4000 Angstrons. The upper surfaces of studs 72 and
74 are usually planarized, e.g., by the CW techni que nentioned above. Stud
differentiation layer 84 of FIG 3 is then applied over the exposed surface
of the studs and insulating region 68, antP-patterned with a stud
differentiation mask (not shown). As patterned, this |ayer ensures that the
bit-line (described below) contacts bit-line stud 72, but does not contact
capacitor stud 74. Stud differentiation |ayer 84 should be thick enough to
reduce par asiHlustratiopatiet keight of @ stk faregraSTC arelisafUd DRAM dfI156 meguipits (vl

ermt easy etching. .The thickness, q er._ 84 shoul d al be | ess than
Ito hat of ca)p/) o‘ﬁuglb’ ?3% eé@?ged?g%l?ggé@i%ﬁ%°%%$@)‘éﬂ&@§$&@@9ﬁ Whiden
bei ng "pul | edirdlouh, @I qulﬂﬂl?E_@e € QGRS SartleCHE RGBT Q@W?@gg}&&d 19%1&9%466@? eby

exposing the bit-line. The i ckness of the stud dif ntiation yer is
usual | y aboutAngromsgstheowmper gudtrss of 5009 7Bragsk Tore fisvally plenbiAl] sigzcby

menti oned ab . [ Bvge) formed of silicon dioxide, but it
could alter n%?&@#@x‘ﬁ%hn%}? rrnzeé&%&a\c/géc%%m other materials, e.g., silicon
nitride, or a conposite of silicon oxide and silicon nitride. The |ayer may

be deposited by the usual techniques, e.qg., some formof CVD. Bit-line 86
of FIG 3 is next S’T“é‘ilr?éf%‘?m}i‘%%sﬁa&‘ﬁt g‘hqugﬂﬁ)nau&th%aﬁﬂ!@r Pedr ths expestdt o

formthe bit i offiahesd AEUNE Aol dREhobYIRIAbR US dfd?/ffi S0y

a refractory netal -silicide conpo I'ne 1s usua

conf or mabl y, masy.(notiphowhl Aspattrines, QiPlayertsings ehatithe bitliod (dshited kelow)
material is dc%gt%gtistb?tglir%vs%.rxd 72, but does not contact capacitor stud 74. Stud differentiation
layer 84 should be thick enough to reduce parasitic capacitance to the capacitor stud,
but thin enough to permit easy etching. The thickness of layer 84 should also be less
than that of cap oxide layer 88, discussed below, to prevent spacer. 89A from being
"pulled down" during the recess-etching step described below, thereby exposing the
bit-line. The thickness of the stud differen.ﬁation- layer is usually about 200

Angstroms to about 1000 Angstroms for the DRAM size mentioned above.

Layer 84 is typically formed of silicon dioxide, but it could alternatively be
formed of various other materials, e.g., silicon nitride, or a composite of silicon oxide
and silicon nitride. The layer may be deposited by the usual techniques, e.g., some
form of CVD. |

Bit-line 86 of FIG. 3 is next formed. A substantially conductive material is
used to form the bit-line. Examples include a refractory metal such as tungsten, or
a refractory metal-silicide composite. The bit-line is usually deposited conformably,

e.g., by the use of a CVD technique, in which a blanket material is deposited over



-14- the entire surface and then patterned and etched to desired

di mensi ons. The function of the bit-line in an STC cell is also well-known
inthe art. Cap oxide layer 88 is also forned by initially depositing a

bl anket-1i ke, confornmal |ayer, e.g., by CVD, and then patterning and
etching to the appropriate dinensions. Spacers 89A and 89B are forned when
t he bl anket |ayer of cap oxide material is4 etched in a direction
substantially vertical to the substrate surface. The cap oxide |ayer
insulates bit-line 86 fromthe storage capaC|tor nodes which w ||
subsequently be built above the bit-Iline. is usually made of silicon

di oxide, alth h.other in atin erlal opbinations of materjals
coul d be util g‘ﬁ‘ aﬁﬁa?cﬁg’eﬁé'f’q@?’ﬁé ﬁﬁdSFgf)#)P &?Sﬁ'éd HritPEag 1B SR ay er
88, bit-line sfud HERRSH BASTE RUMBASR Wl ¥nbwh NBGRe IR stud recess is
depicted in FIG 4, filled with oxide after a subsequent step. The presence
of the recess is a critical aspect of the present invention. Those skilled

in the art reallze fer h ) for ng gcess

avai | abl e, and selg & | éﬁgoiayer P cu ggmtl f@‘?’sd%fl BFiti g‘&ﬁa -I§e: an
i |l ustration, cédfernia defs, €.9, Hytcvmrahai th&y p El@erfli@bnﬁﬂ QERIBE t6 Ghd ng}M Briat®f

t he mask (not shown) being used to etch b|t-||ne “86 and cap oxi | ayer 88.

Over - et chi ng SFeasigns. e SpaEH 8%k rad B0Beare dormad yhenthealankst mrg oﬁmp pxide

stud 72 (e. 9., 2:6Pd AGkQri% a”&i?r 108rsu T%%ﬁr gol:éfﬁ!zziwﬁqgen @?84 lmm Iﬁgo"e)

wll create the recess he de ecess
great er than tdpeotile dkyeesnsubftess bmdmdl 86 cmoentheattomngel tay}mtoﬁéhoﬁésX'\',vhildh RiiG

4). This ensur S er d the bi.t-1li cer des |bed
bel ow are sub dﬁ%ﬁ%%&wgeﬁﬂb °v§tﬁ? EB??veglﬁsﬁwggiﬁgﬁ?éyé? n|px
in the recessSaithohbh tied nsubting Gndt&VAS oP cBMBHafodd18f materials could be utilized.

During the patterning of bit-line 86 and cap oxide layer 88, bit-line stud recess
94 is purposefully formed. The stud recess is depicted in FIG. 4, filled with oxide
after a subsequent stép‘ The presence of the recess is a critical aspect of the present
invention. Those skilled in the art realize that different methods for forming a recess
are evailable, and selection of a particular technique is not critical. As an illustration,
the recess (or "trench") may be formed prior to removal of the mask (not shown)
Scing used to etch bit-line 86 and cap oxide layer 88. Over-etching with an etchant
selective to the material forming bit-line stud 72 (e.g., a refractory metal or doped

polysilicon, as discussed above) will create the recess.

The depth of the recess ("Y" in FIG. 4) must be greater than the thickness of
stud differentiation layer 84 ("X" in FIG. 4). This ensures that when layer 84 and
the bit-line spacer layer described below are subsequently removed, a protective
insulating layer will remain in the recess. This insulating layer prevents the

undesirable contact between the bit-line stud and an overlying storage capacitor node
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undesi rabl e contact between the bit-line stud and an overlying storage
capaci tor node -15- during subsequent manufacturing steps. In preferred
enbodi ments, the depth of the recess is at |east 100% greater than the

t hi ckness of layer 84. After bit-line stud recess 94 has been forned, the
bit-line/cap oxide mask is renoved, and a bit-line spacer layer 90 is
applied over all of the exposed regions, e.g., over stud differentiation

| ayer 84 and cap oxide |ayer 88. Spacer ré?er 90 is usually formed of an
oxide material, and can be deposited by conventional nethods, like CVD. It
is usually relatively thin, e.g., about 200 Angstrons to about 1500
Angstrons for the exenplary DRAM size specified previously. Bit-line spacer
| ayer 90 is t Hemngsuseqiedt maoufacmehg steps.. én profered embodimentse theudepttr af the

surface) by a_suitable te jque, such.as, RIE T orgion of the spacer

| ayer 90 whi cﬁecFﬁnﬁiaﬁgeaﬁtefWwéeafeﬂwg?rhﬂ‘&%h%‘?sslﬂqﬁ?%f t protects the sides
of bit-line 86. Second, it fills (or partially fills) recess 94, insulating
the underlying bit-line stud froman overlying storage capacitor node, as

nenti oned above. THdST bi-line phudatesesyeidichagdesn dormada ke bigrlipe/cep eyide gngskosect
the stud duri i Of 1 o ) L 1 stud_ .
differentiati %nc{vgg,g?& %grblltgﬁ% gcé}e%g%e%d %ygpﬁ 1r%{;,ﬂcdtvlgitr) haleil%l%r}h é;e)tg ’é?ﬁs%% R eby
exposi ng capaeit, avetktud differehidtionoly@XPPO8hd)gad bkide i layer B8UdSHater Idyes 9UHs
enbodi ments of this invention, an alternative sequence for sagnme of the
steps descri bed2hkdoensdsofpnagxide, wateriply andican b denpsited by canysptipnal rastheds. st ep

to formthe rgeegams 1 ol Loy Rutayomal A & tSZtOUdAﬂ&sftEoﬁ'{seﬁé%% k qBopayer

in the manner described above: Bit-Tine spacer layer 90 isS t eposited
and renoved bngstroms foyrthe exermplariyi DRAM Isizetspedfied pevimassiyve t echni que, the
| ast - menti oned step only
Bit-line spacer layer 90 is then etched directiomally (i.e., vertical to the
" substrate surface) by a suitable technique, such as RIE. The portion of the spacer
layer 90 which remains performs two functions. First, it protects the sides of bit-line
86. Second, it fills (or partially fills) recess 94, insulating the underlying bit-line stud
from an overlying storage capacitor node, as .rnentiox_xed above. Thus, a separate
mask does not have to be used to protect the stud during formation of the nodés. In
a similar fashion, stud differentiation layer 84 is also removed by directionally

etching, thereby exposing capacitor stud 74, but not exposing bit-line stud 72.

In some embodiments of this invention, an alternative sequence for some of
the steps described above is preferred. In this instance, the over-etching step to form
the recess is followed by removal of the stud differentiation layer in the manner
described above. ' Bit-line spacer layer 90 is then deposited and removed by
directionally-etching. In this alternative technique, the last-thentioned step only
involves removal of the thickness of the spacer layer - not the removal of the
thickness of both the spacer layer and the stud differentiation layer. Thus, there is

less concern about inadvertently pulling down spacer 89A during the recess-etching



i nvol ves renoval of the thickness of the spacer |layer - not the renoval of
the thickness of both the spacer |layer and the stud differentiation |ayer.
Thus, there is | ess concern about inadvertently pulling down spacer 89A
during the recess-etching -16- step, and exposing the bit-line. The need
f.or the thickness of layer 84 to be less than that of cap oxide layer 88 is
also elimnated in this alternative enbodinent. FIG 6 and an ‘accompanyi ng
expl anation provided below clarify this emfdodi nent. At this point, a very
desirable interimstructure for further construction of the STC cell has
been prepared. The word line and bit-lines are in place, as are the bit-
line stud and capacitor studs, with appropriate isolation between the

vari ous el enestes. andrxpasing shecbibling. héhe neadcfonithe thickakssoofdayrs B840 ibe llésy than

pl anari zed. F roore.. th pacitor._stud is,exposed. for  eyentual
connect i on tol&g‘g‘trt\ @g\?%? P’?‘Pﬁtéaygf g?é%%lsélgg@?#?ﬂ }nemfsh%%ﬁ‘?ag‘y PicTRbodimppty FIG. 6
protected by théapraesefieayial epiahfionbt@i®d ba6wsdariflithisashytimar!ial |y

filled with oxi.de. The storage capacitor nodes depicted in FIG 5 can now
be formed. It should be understood that the design and shape of the

capaci tor nodes is AR@t; o'{ic,;%?,g : 2R I, mg% el L zknown
structures are descriﬁgfag&gnﬁ % ar?sé{agl%o@{reé géueéﬁg%g&e.g.e,rc . .gtﬁpzﬁ 8#1?‘3

5, 140, 389, i nSFCpwildias betrepreparetly Thefvesrdrie. andi bit-lingsl are iv plabQUS dre elerbigues
for form ng the stqrage %glgacitor nodes ar.e al()s‘o,known inthe art. FIG 5

depi cts -an excRpFYf§® o Fdsy @tk‘GPPmB’P?t_EW atippcheiwesn the ¥arigus edgmpents.
i nvention. |t TRECOMASS $2Stht rushudd 39 SRSk 4aN Oﬁl%%aﬁzyﬂe ?&g%ﬁ?& ,i{ﬂ@

fornmed by, first, depositing a very thick blanke ayer of a con
mat eri al by coapeeiar surhis expesed ifopeventuglictnngsti@/p, adfonerlyingrsteragd ngde; whilet hen
patterned, bythe bit-line stud is protected by the presence of a self-aligned recess, filled or

partially filled with oxide.

The storage capacitor nodes depicted in FIG. 5 can now be formed. It should
be understood that the design and shape of the capacitor nodes is not critical to the
present invention. These well-known structures are described in a vaﬁety of
references, e.g., U.S. Patent 5,140,389, incorporated herein by reference. Similarly,

various techniques for forming the storage capacitor nodes are also known in the art.

FIG- 5 depicts an exemplary STC structure (or “array") based on the present
invention. It encompasses two storage capacitor nodes. The nodes can be formed
by, first, depositing a very thick blankef layer of a polysilicon material by
conventional techniques, such as CVD. The blanket layer is then patterned, by
etching, into two rough chunks which encompass the eventual dimension of each
node (100, 102). Additional patterning steps can then be carried out to shape the

nodes into the more-uniformn dimensions depicted in FIG. 5.



etching, into two rough chunks whi ch enconpass the eventual dinension of
each node (100, 102). Additional patterning steps can then be carried out
to shape the nodes into the nore-uniformdi nensions depicted in FIG 5.
-17- A node dielectric material 106 is then deposited over the entire
surface of the array. Such a layer of material is knowmn in the art to be a
necessary conponent of a storage capacitor._ It can be formed of a variety
of materials, such as silicon dioxide, sifi’con nitride, a refractory netal
oxide filmsuch as tantalum oxide, or a conposite material. Conventional
techni ques can be used to apply such a |ayer, e.g. CVD, sputtering, or by
way of a spinning technique. Selection of the best technique will of course
depend partly on t Henode deleetric seateral dO6Js theaceppsitpdegvsr thecentire bwrtice iof the

mat erial for i ts | it.e.of silicon oxide and silicon
nitride. It can be ?gefpggﬁ%gg?gﬁ%ﬁqgﬁ , ébeg?gﬁgllbglaoﬁcﬁsjarﬁfr”é’&ﬁ?ﬁ?tso f
the two conpounstsrabércapditon rieashitenfhribel a VA8 bAma@lYs, JubR dsaBéon -
could be forned by a. conbination of CVD and anot her process, e.g., CVD of

the nitride mdiQ¥feasilicar Hirde; §&ekaitoR ngeiheEidealilm sich apkptaim axadaior e
‘thermal oxidatg fe LG vedkioh! 1] [ i tor nodes,
e.g., polysil }cgglﬁ?gseu%_% gﬂ?g‘é n%élgféai t?:ﬂ% L&%eﬁaﬁrﬁgﬁfgéaﬁwg@%?‘g@ %%b'gl—sieﬁ"’on,
diel ectric | ay@¥D,1fbttering) at bg waydbfanshimting ethhiyjuat Sadatich d£1b HestUuechridue
generally confarmito the shape of capacitor nodes. 100 gnd 102. As finally
defined, | ayer‘mgd’é ﬁOEIS?éIIe%‘ﬂ%’V@ yt"ﬁi"ﬁ? mategial %gglgufﬁepgﬁ}te ngstrons to about
500 Angstrons for the DRAM size nentioned above. A plate conductor nateri al

.i's then deposited conformabl.i/ over dielectric |ayer ]
A preferred dielectric material for some embodiments is a composite of stlicon

oxide and silicon nitride. It can be deposited solely by CVD, e.g. by flowing
precursors of the two compounds through a reaction chamber. Alternatively, the
layer could be formed by a combination of CVD and another process, e.g., CVD of
the nitride material (or hitxide—forming material), in conjunction with thermal
oxidation of the material forming the underlying capacitor nodes, e.g., polysilicon.

Such a teéhnique 1s known 1n the art.

After deposition, dielectric layer 106 is patterned and etched by standard
techniques to generally conform to the shape of capacitor nodes 100 and 102. As
finally defined, layer 106 is relatively thin, e.g., about 50 Angstroms to about 500
Angstroms for the DRAM size mentioned above.

A plate conductor material is then deposited conformably over dielectric layer
106, fom_xing layer 104, which in effect completes the structure of the capacitor itself.
The plate .could be formed of a variety of conductive materials, ‘such as a refractory
metal or doped polysilicon, e.g., n-doped polysilcon. It can be deposited by CVD,

for example, and then patterned to generally conform to the underlying surface of



’ L)

106, form ng |layer 104, which in effect conpletes the structure of the
capacitor itself. The plate could be forned of a variety of conductive
materials, such as a refractory nmetal or doped polysilicon, e.g., n-doped
polysilcon. It can be deposited by CVD, for exanple, and then patterned to
generally conformto the underlying surface of -18- dielectric |ayer
106. The thickness of the plate for the M si ze nentioned above ts
usually in the range of about 500 Angstron® to about 3000 Angstrons. It
shoul d agai n be enphasi zed that nmany ot her types of capacitor storage nodes
could be utilized in the present invention. One type is described in the
above- nentioned article Y. Kawanoto et al (1990 Synposi um on VLSI
Technol ogy), <sleeticilayer r’l@é{ poe dhicknese péthe Higtefof tedPRAM Fhenmdetionddsatiove

il a ot andard SRR Heledq e P ARl s ot POF Areemar o | i e

and an overlying oxide coating, |s depi cted (studs are not used in the
Kawanot o structure W‘E l;]ce t he capacitor nodes will be connected direcily to

active regions in & f Agita bR ePRasiEade thit Yt ethAT &Ypes 1n6 @P@m@gestmgles is
~delineated i Mpes beﬂd%@%ﬁgedp&'t}iéﬁt &thﬁv&;m&v[g&%' B i &9&1&8%5%% aen

deposited on the_ exposed surfaces exa Gt es
in the Kawar rmcmitoapdlactﬁ@e ayex. |Lﬁa&mm:tb|eteall(m991338pmpmmg dri”IWS.SSGFéHEM@}Q
fabrication) EQ S|I|cgﬂhla eg then etched away, using a refilled
resi st mask vﬁvl?lﬁ >t %”P‘F@tﬁ %?I\E/a 561“’ PracSt r e detells feraprkige ey syne ebn
only on the habidfidr alvde dodgdvehdve ©f be B@alp‘%}ﬁﬁ' mde dltnr&rgfh ps@ﬁ:fdﬁ{f ﬁagp-ggﬁor

- resist and the polyimde material are then renove e. g, and a
i nsul at or natSEUFREFS, dprdtding 2 birding) mmor,&hm and anlepcrbrmgdmdveoatmgpmsieﬂxcted

surfaces by 3(51§1H§ LAPLE heshnl gy Watioto & 9'&/11'6 é?‘nce the capacitor nodes will be

connected directly to active regions in the substrate).

A reverse pattern of the storage nodes is delineated in a spin-coated polyimide
layer. A polysilicon layer is then deposited on the exposed surfaces by way of CVD, .
for example (the figures in the Kawamoto article are instructive in describing this
sequence of fabrication). The polysilicon layer is then etched away, using a refilled
resist mask within the trench area of the structure, leaving polysilicon only on the
bottom and sidewalls of the polyimide trench pattern. The resist and the polyimide
material are then removed, e.g, by ashing, and an insulator material such as tantalum
oxide is deposited over exposed surfaces by a suitable technique, such as CVD. A
conductor plate formed from a material such as tungsten is then applied over the

Insulator material to complete the STC cell structure.

A key aspect of the technology described in the Kawamoto reference is the
use of a synthetic material like polyimide as a sacrificial layer for storage node
formation. This temperature-resistant type of polymer can endure the heat treatment

inyoivedlin CVD deposition of polysilicon. Those skilled in this area of DRAM
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conductor plate forned froma material such as tungsten is then applied
over the insulator material to conplete the STC cell structure. A key
aspect of the technol ogy described.in the Kawanoto reference is the use of
a synthetic material |ike polyimde as a sacrificial |ayer for storage node
formation. This tenperature-resistant type of polyner can endure the heat
treatnent involved in CVD deposition of pglysilicon. Those skilled in this

area of . DRAM -19- fabrication understand that many variations on the
materials and process steps and conditions of Kawanoto are possible, while
still producing that general type of STC. Another alternative which is also

w thin the scope of the present invention involves the use of capacitor
node st r uct urfabricatipe Rinderstand s thay ragnyd variaiiops learthoueraterials and) pedcasst stepd gnd
rect angul ar i C .. 102 .in FlIG, 5 co be
repl aced by gcgg&\%hllksg%f 1?‘%8 u%tlési}%? gﬁsgdalé’tr@ ﬁ&%gﬁg%n?%%ﬁémggﬂgﬁletﬁ%‘? Bﬁgjﬁhl ch
are connected to each other in the base region, i.e., the horizontal

portion of a "U'. This type aof nqQde shape y be preferable in certain
i nstances, e.g. widRtEr AFTRNY: é‘gﬁl‘:j‘ Fﬁ%ﬁo n@’i“é@fée scopacftihe peesemrtsinvension |t s

constructi on ;\piHdd he uyefeéﬁ’ca?héﬂolx' Hodé Qrhhifes HA3E1 me@"%?gge%_ fﬁrotﬁér%v?%% ode

usi ng standard fabrication techniques. After conplete mat 1 on of
structure (i asubstargiaigoatarngnlaEicépactpr node suohiss elehent HilaorddR2dn FIGnSabins

for the STC cell ,can be for .. For ex le, several wiring | evels can be
‘connect ed, di%FéERI?%?,g &t °I?en‘€fgﬂ%gdf‘?l§}‘,iest %qf’n%é DR Fhigpeyy; or og$ vaush prej
the art undekcsh@eRdithabc HBedRthé 6ieakgiodPES, Bk HoARARAARRod OF ¥ 8k OYPis
peripheral structures will of course depend on the intended design and

function of #¥Re eSmodeshape may Reprefergblsnin dsetaigeinptgrreas e-ghwhen @ cansideprbiy
high storage capacity is desirable. Its construction would be very similar to that

described above for FIG. 5, using standard fabrication techniques.

After complete formation of the node structure (i.e., as shown in FIG. 53),
various other standard connections for the STC cell can be formed. For example,
several wiring levels can be connected, directly, or indirectly, to the cell aray. Those
of skill in the art understand that the particular types of connection to various
peripheral structures will of course d'epend on the intended design and function of the
STC cell, as well as on the design of the overall DRAM.

FIG. 6 represents an alternative embodiment of an STC cell based on the
present invention. Most of the features are identical to those of FIG. 5. In other
words, the alternative structure includes substrate 110, STI regions 112A and 112B,
source/drain diffusion regions 114A and 114B, passivation layer 116, insulating
region 118, gate oxide layer 120, word line 122, insulating cap layer 124, bit-line
stud 127, capacitor stud 129, a portion 130 of insulating region 118, a residual

portion 135 of the stud differentiation layer, bit-line 136, cap oxide layer 138, spacers
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FIG 6 represents an alternative enbodi nent of an STC cell based on t.he
present invention. Mst of the features are identical to those of FIG 5.
In other words, the alternative structure includes substrate 110, STI
regions | 12A and 1 12B, source/drain diffusion regions 114A and 1 14B,
passivation |ayer 116, insulating region 118, gate oxide |layer 120, word
line 122, insulating cap |layer 124, bit-ljne stud 127, capacitor stud 129,
a portion 130 of insulating region 118, %0 esi dual portion 135 of the stud
differentiation layer, bit-line 136, cap oxide |ayer 138, spacers - 20-
139A and 139B, first storage capacitor node 140, second storage capacitor
node 142, plate conductor 144, and node dielectric |ayer 146. The STC
structure of 16P& angd 138Buffirst sforags capeditengeds 444, second (fterage cagfack@vendal 1431 eps,

as discussed _pr.eviously.,l.n_oth h r-etching step which was
used to for mpga}t?-cf"f’&jnuéﬁ%tﬁﬂé’ ratéé:gg%e %[fﬁéicpltg% g‘?/qey or conpletely filled wit
an oxide or other insulation material at this point) was followed by '
renoval of the stud differentiation |layer, a portion of which renains as

el ement 135. The Hibe-3EGatrugyue of FlGy 6 reqults e achangeyin tehtrasencgsofoeverale
' f XN - i i
e o CoEsReR Sl BN st e U8 Sl SRRAILE 14

renmoved by directiona bet ween structure of
FIG 6 and thatfof tit-khe Studrrecenot] 2Vl (@artialy Soraddmpsietelyl fided 43th ef dxb or

bit-1ine spacer |ayer  is present, aqverlying the porfion of insulatin

region 118 wiftlHh W“lém’hégﬁfnﬁoatr &g sRoift 7‘2@5 %Pg‘g","e Y BrRoval ngt chep 5%@8 is
thicker than gifgeaoadaHs, 4 F&Eiblﬁ &f WhidH Bmaths ds-emdt 11351 NG 42R1IRABspacer

Mor eover, spacer 139B directly contacts the upper surface of capacl'tor stud

129, rather f4ygn (substaitiadlyi reqroyed ehel thedimriof coumpletiati of heatmictare imfkG. €35,

as occurs 1n w'?als cf\hen deposited and removed by directionally-etching.

The differences between the structure of FIG. 6 and that of FIG. 5 are not
major. A small shoulder 137 of the bit-line spacer layer is presént, overlying the
portion of insulating region 118 which is adjacent to recess 127A. Also, the bit-line
cal; 138 is thicker than the analogous fea_tufe in FIG. 5, ie, bit-line cap 88.
Moreover, spacer 139B directly contacts the upper surface of capacitor stud 129,
rather than terminating at the residual stud differential layer 135, as occurs in FIG.
5. Again, though, the primary advantage of this alternative embodiment relates to
processing, ie., there is less concern about pulling down spacer 139A (and thereby
exposing the bit-line) during the recess-etching step, as discussed previously. The
bit-line stud recess is still situated to perform its function, i.e., isolating the bit-line

stud from the overlying storage capacitor node 140.

It should be clear that the applicability of this invention is not limited to

STC’s. Thus, another aspect is directed to a semiconductor structure, comprising:
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5. Again, though, the prinmary advantage of this alternative enbodi ment

relates to processing, i.e., there i's |l ess concern about pulling down
spacer 139A (and thereby exposing the bit-line) during the recess-etching
step, as discussed previously. The bit-line stud recess is still situated
to performits function, i.e., isolating the bit-line stud fromthe

overlying storage capacitor node 140. It should be clear that the
applicability of this invention is not | t3ht ed to STC s. Thus, another
aspect is directed to a sem conductor structure, conprising: -21- (a) a
first lower conductor disposed in an insulating region, having an upper
surface and a | ower surface; (b) a second | ower conductor disposed in the
i nsul ati ng regi on,(2et Scstripwer topdietor disposeflrioantihsuldtingstegionywbaviog mdupper
and havi ng an uggercfurfaceugpd_a | ower surface; (c) a first upper
conduct or di SPEEEABVEIONTE SHES% a portion of the upper surface of the
first lower conductor; and electrically isolated therefrom (d) a second-
upper conductor di sposed over at |east a portion of the upper surface of
the second | ower dbhauetadd; oy capdistor disnosed & tife MSWlgting, segien . elpairiedibyul d
be apparent f; i=fd | BN i i y ek I ISt

| ower conductl%)o?ﬂhcys}%g?E@eggégstqf)ﬁg??gd uppg’r %%?@%%q?ﬁ%?}% glﬂziec?éfa-ngl ?gl{)}vg%r to
the first upperfaeponductor. The recess is at least partially filled with an
insul ator, thereby electrically isolating the first |ower conductor from
the first upper conductor. This insulation structure is of great val ue when

the conductors hayg Aﬂﬁ&méé;fce; BB d;ilsgg%réiv@pEﬂég@ﬁ%Gﬂ%téﬁﬁ@{xﬂ&rE%ﬂﬁace

I

T
etching techni ques,” as d ri bed abo
of the first lower conductor; and electrically isolated therefrom;

{d) a second upper conductor disposed over at least a portion of the upper

surface of the second lower conductor; and electrically connected thereto.

As should be apparent from the specific embodiment discussed previously, the
first lower conductor has a recess in its upper éurface that is self-—a]igne_d to the first
upper conductor. The recess is at least partially filled with an insulafor, thereby
electrically isolating the first lower conductor from the first upper conductor. This
insulation structure is of great value when the conductors have been formed by

lithographic-based patterning and etching techniques, as described above.,

While preferred embodiments of this invention have been disclosed, it should
be understood that various modifications may be made. Itis intended that the claims
which follow cover all such modifications which fali within the true spirit and scope

of this invention.

All of the above-referenced patents, articles, and texts are incorporated herein

by reference.



Wil e preferred enbodinents of this invention have been disclosed, it
shoul d be understood that various nodifications my be made-- Lt -i-s-i ntended
that the clains which foll ow cover. all such nodifications which fall wthin

the true spirit and scope of this invention. Al of the Tﬂ ﬂﬂﬂﬂ"ﬁﬂ:ﬁm
patents, articles, and texts are incorporated herein by | cEaiiny i C
L M S * -22- CLAIMS 1. A sem conductor _structure, conprising: (a) a
first |ower conductor disposed in an insdlating region, having an upper.
surface and a | ower surface; (b) a second | ower conductor disposed in the
insulating region, electrically isolated fromthe first |ower conductor,
and- havi ng an upper surface and a |ower surface; (c) a first upper
conduct or di sposed over at |east a por€LABM& the first | ower conductor;

and electrically isolated therefrom (d) a second upper conductor disposed
over at |east a portion of the second | ower conductor; and electrically

connect ed theret oy VMe&RicHndueRr fdtiuburd, WRlprisRduct or is isolated fromthe
first upper conductor by a recess in the upper surface of the first |ower

conductor, said recess being self- aligned to the first upper conductor,
and being at |eas Ea) %atg}s{ ?olvslfe}{ c]:Jrllcuc?oq' cl./ills;gors]edle th 'ar?%ﬁjslu?atn%(g'region, having an upper

surface and a lower surface;

(b) a second lower conductor disposed in the insulating region, electrically
isolated from the first lower conductor, and having an upper surface and a lower

surface;

(c) a first upper conductor disposed over at least a portion of the first lower

conductor; and electrically isolated therefrom;

(d) a second upper conductor disposed over at least a portion of the second

lower conductor; and electrically connected thereto;

wherein the first lower conductor is isolated from the first upper conductor by
@ recess in the upper surface of the first lower conductor, said recess being self-
aligned to the first upper conductor, and being at least partially filled with an

insulator.

2. The structure of claim 1, wherein an insulating layer is disposed over a

portion of the surface of the insulating region.

3. The structure of claim 2, wherein the thickness of the insulating layer is

less than the depth of the recess in the first lower conductor.



2. The structure of claim1, wherein an insulating |layer is disposed-over-a. ___
portion of the surface of the insulating region. 3. The structug | ai m
2, wherein the thickness of the insulating layer is less than t "HW:, MI”H"
the recess in the first | ower conductor. -23- 4. The structure @f J
|, wherein at |east one of the first and second upper conductors is a 5o
st orage capacitor node. 5. The structure 9§ claim1, wherein the first
| ower conductor is a bit-line stud. 6. Th& structure of claimb5, wherein
the second | ower conductor is a capacitor stud. 7. The structure of claim
6, wherein the first and second upper conductors are storage capacitor -
nodes. 8. The structure of claim7, wherein the capacitor nodes are forned
of a material conpfi PRHEHEESAfIclaBl, whereim at least one @f theofirstaag sacond wpparei n
the capacitor Hades 2is& $6M48E %g?ggﬁo@nﬁﬁr)ducti ve layer. 10. A stacked
capacitor cell according to claiml, erein the first | ower conductor is a
bit-line stud, the second | ower conductor is a capacitor stud, and the
first and second upp conduct o s, are, st.orage, capaci tor nodes, said .
capacitor cell furghg[rrhecsgr‘ff)tt”f%f’ﬁ(jla&nb]i’t‘yqﬁirﬂ the 3883188'%8? Rripe bighiaei t or
nodes, and isgjated therefrom and a word |ine situated within the
insulating region. 11. A dynam c random access nenory (DRAM device,
conprising at | east

6. The structure of claim 5, wherein the second lower conductor is a capacitor

stud.

7. The structure of claim 6, wherein the first and second upper conductors

are storage capacitor nodes.

8. The structure of claim 7, wherein the capacitor nodes are formed of a

material comprising polysilicon.

9. The structure of claim 7, wherein the capacitor nodes are covered by a

conductive layer.

10. A stacked capacitor cell according to claim 1, wherein the first lower
conductor is a bit-line stud, the second lower conductor is a capacitor stud; and the
first and second upper conductors are storage capacitor nodes, said capacitor cell
further comprising a bit-line disposed between the capacitor nodes, and isolated

therefrom, and a word line situated within the insulating region.

11. A dynamic random access memory (DRAM) device, comprising at least

one stacked capacitor cell according to claim 10.



L]

one stacked capacitor cell according to claim 10. -24- 12. A pethod for -———
electrically isolating a first | ower conductor disposed in an insulatin ‘

]
region froma first upper conductor. di sposed over at |east a mﬂmmmm Hm ,
first |ower conductor, wherein a second |ower conductor is di S0l ,,
insulating region and electrically isolated fromthe first |ower conductor;
and a second upper conductor is disposed over at |east a portion of the
second | ower conductor, and electrically @anected thereto, said nethod
conprising the step of formng a recess in the upper surface of the first

| ower conductor that is self-aligned to the subsequently-fornmed first upper
conductor, said recess being at |least partially filled with an insul ator,

thereby el ectrical lip i%@aletdd@r blRetrichll isol 2Bl RN @bnduc®IN diffdséd ir5dn
upper conductor. 13. The nethod of claim 12, wherein the first and second

upper conduct dangtiating egiondtbnby farst uppln copducian idésposssinpiver b teadti 3 hogion piitioe

steps, pattermd st eps,. and et chi ng._st .14, Th hod _of ¢laim,12
wherei n ¢ he- f P Sgtopgt EtandRt et pe b Buref fondl i TR jn eliplciee
conduct or and :s86Qndd ERREIcaBPISHIAED Hrod eheSEHRE APCerCaRAaEtbA and0L SscondNfhptihe
second | ower conductor is a capacitor stud, said conductors and studs

conpri si ng t heopdustasnissdisgosed overcklelsastap aertionr ol el secamyl lovgs eandhetar, ofnd

clai m 12, " wher gl B fif HERERS direlr M0 by et chi ng.

said method comprising the step of forming a recess in the upper surface of
the first lower conductor that is self-aligned to the subsequently-formed first upper
conductor, said recess being at least partially filled with an insulator, thereby

electrically isolating the first lower conductor from the first upper conductor.

13. The method of claim 12, wherein the ﬁfst and second upper conductors
are formed by a technique which comprises lithographic steps, patterning steps, and

etching steps.

14. The method of claim 12, wherein the first lower conductor is a bit-line
stud, the first upper conductor and second upper conductor are storage capacitor
nodes, and the second lower conductor is a capacitor stud, said conductors and studs

comprising the elements of a stacked capacitor cell.

15. The method of claim 12, wherein the recess is formed by etching.
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16. In a method for preparing a semiconductor structure which conprises at

| east two conductors at a |lower level and at | east two conductors at an

upper level, wherein the first upper conductor is at |east partiraldy- ———n
di sposed over the first |ower conductor, and the second upper, i S i
at least partially disposed over the second | ower conduct orLHﬁMM‘ﬁ"M,',"I" :
the steps used to formelectrical connection between the sec er g
conductor and the second | ower conductor-3ould nornally also result in

undesi rabl e el ectrical connection between the first upper conductor and the
first lower conductor, the inprovenent conprising: formng a recess in the
upper surface of the first |lower conductor that is self- aligned to the

first upper condudtborin ssmetiiod doreprepdraigng sexhicombistor pamutiued iwptichi dongdlised b an

insul ator, t ereq% ele t{icall¥ isanHin th first %Pper conductor from
the first | oWt e ?1&&%‘{“6@?5 372 ot ERLI750 Bt BP9 FOBIUCIRRS AR Uppes Isyalps .
used to for myglee&h th€ &rst GRPRLESHdARoP §§ WE RAst! HRtiABF eggogé@wsr GRNAUE Qe ANd
t he second | ower conductor conprise |ithographic  steps, patterning steps,

and et chi ng sea@stor] 8nd The sgpondowpper cemductor 136, at itast @artialladispesed @velt dieor

structure is_a stacked capacitor,cell. .
sSeond AGWEL GRS or; and Wherein the steps used to form electrical connection

between the second upper conductor and the second lower conductor would normally
also result in undesirable electrical connection between the first upper conductor and

the first lower conductor, the improvement comprising:

forming a recess in the upper surface of the first lower conductor that is self-
aligned to the first upper conductor, said recess being at least partially filled
with an insulator, thereby electrically isolating the first upper conductor from

the first lower conductor.

17. The method of claim 16, wherein the steps used to form electrical
connection between the second upper conductor and the second lower conductor

comprise lithographic steps, patterning steps, and etching steps.

18. The metheod of claim 16, wherein the semiconductor structure is a stacked

capacitor cell.



