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o 1- 10 Met hod of forming bit line contacts in stacked capacitor
drans. WO 514663 The invention relates generally to tRETAS 480N of
Dynami ¢ Random Access Menory devices (DRAMs) and nore particularly
to a nethod of formng bit Iine contacts in stacked capacitor DRAMs.
20 Generally, integrated circuits are nmass produced by form ng
many identical circuit patterns on a single silicon wafer. Integrated
circuits, also comonly referred to as sem conduct or devices, are nade
of various terials that may be electrically conductive, electrically
nonconductive 25 (insulators) or electrically sem conductive. Silicon,
in single crystal or polycrystalline form is the nost comonl y
used sem conductor naterial. Bot hq_forms of silicon can be made
el ectrically conductive by adding I mpurities, comonly referred to as
dopi ng. Silicon is 30 typically doped with boron or phosphorus. |f the
silicon is doped with boron, which has one | ess val ance el ectron

than silicqp electron "holes” become the doninant char ge carrier and
“the doped silicorMathod ofoforming biss]ine gontacts insptacked. CﬂIPFC'tm dnamseon i s

doped wi t h phosphorous, which 35 has one nore val ance el ectron than

silicon, electrons beconme t he dom nant charge carriers and the doped
silicon is referred to as N-type silicon.
15 The invention relates generally to the formation of

Dynamic Random Access Memory devices (DRAMs) and more
particularly to a method of forming bit. line contacts in
stacked capacitor DRAMs.

20 Generally, integrated circuits are mass produced by
forming many identical circuit patterns_on a single silicon
- wafer. Integrated circuits, also commonly referred to as
semiconductor devices, are made of various materials that
may be electrically éonductive, electrically nonconductive
25 (insulators) or electrically semiconductive. Silicon, in
single 'crysta; or polycrystalline form, is the most.
commonly used semicondﬁctor material. Both forms of
silicon can be made electrically conductive by adding
impurities, commonly referred to as doping. Silicon is
30 typically doped with boron or phosphorus. If the silicon
is doped with boron, which has one less valance electron
than silicon, electron "holes" become the dominant charge
carrier and the doped silicon is referred to as P-type
silicon. If the silicon is doped with phosphorous, which
35 has one more valance electron than slllcon, electrons
become the dominant charge carriers and the doped silicon

is referred to as N-type silicon. -
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-2- . DRAMs conprise arrays of nenory cells which contain

two basi Gye9syeesents -- a field effect access transistor PCT/USINMS6S
capacitor. Typically, one side of the-pransistor is connected to one
side of the capacitor. The other side of 5 the transistor and the.
transistor gate electrode are "connected to external connection |ines
called a bit line and a word line, respectively. The ot her side of

t he capacitor is connected to a reference voltage, Therefore,

formation of the DRRMMeRMPIISS FHAYS R BIRFND ceYif nihich GPhgain
'It[ainzl séor ta@@pq&%gp;; @é\ﬁbmﬁt wCts-te® fieldesfeeotl accessi transistor
advant ageous to faor.minte rc ) diyid
{1 20vant agcops |G Olent oBBLed ) Cahd S aMd g o SHRbATRebROLNI dual
single chip. cdnnedtiesi @y one side| oft e caraiphent T@@cmrsﬁéﬁﬁe?fand
per for mange. | T ag Lo ol S B R e, ecodes grecul!
itor is, us
el enent  of %“eqtrﬁdeg‘?%t%’&te’fﬂ (FEnnegHipn %“ s()o‘r‘ée’tﬁ?en I@lgeﬁéne
devel opnent ofarﬁirahl eiordRAMINE pcrespechively. | arfee pther @ideheof the
capaci tor . (RA05116 LUARBotah o o FERANAY YdYitadisedTharDRNE, -

pl anar capaci to Capaci tors and stacked capacitars
| arge capaci t ythe fopmafofis ot i@ d AP cPEBPEY bekts e HMRIRESS g ﬁt er
25  capaei t anesymatiin abf | fat Veraiisanag 0d tapaetitop. and F@asntacts stacked

capacitors, the side of .the.capacitor connected to t he transi stor is
.commonl y r ef erPEPTR L EITFRIES: o e node" or "storage poly" and the
side of the capacitor connected to the reference voltage is called th

'(':gﬁlnlac??onsppl v arIet 1% a%‘r’%ngene&jéalaédrg?ﬁ?%gegﬁg?lghﬁstél baen
areas, which sEvadler é%‘Eﬂ'Y:’ed 5’ ?\XY%gFSnﬁ‘F r 855 many :a%g?‘g%‘i?g agCt1 Ve
consi st ak di yeoiiblpesayl by dormedr dgi omssingle chip. In this way,
electronic equipment becomes smaller and more reliable,
assembly and paCkaging costs are minimiied and circuit
performance is J.mproved. The capacltor is usually the
largest element of the 1ntegrated circuit chip.
20 COnsequently; the development of smaller DRAMs focuses in
large part on the capacltor. Three basic types of
capacitors are used in DRAMs -- planar capacitors, trench
capacitors and ‘stacked capacitors. Most large capacity
DRAMs use stacked capaciters because of their greater
25 capac1tanee, reliability and ease of formation. For
stacked capac1tors, the 51de of the capacitor connected to
the transzl.stor is commonly referred to as the '"storage
node" or "storage poly" and the side of the capacitor
connected to ‘the reference voltage is called the cell

30 poly."

The areas in a DRAM to which electrical connections
are made are generally referred to as active areas. Active
areas, which serve as source and drain regions for

35 transistors, consist of discrete spec1a11y doped regions in
the surface of the silicon substrate. As the size of the



‘the surface of the silicon substrate. As the size of the WO 96/ 14663
- PCT/ US95/ 14568 . - 3- DRAM i s reduced,
fthe size ovovbre6exti ve areas and the ‘corridors avai | apCHUS514568nt act s
to reach the active areas are al seszteduced. The chances for

| eakage or short circuits between the contacts and transistor and
capacitor 5 conponents increases as the cell .spacing decreases. Hence,
it is desirable to effectively isolate the contacts from t he

transi stor and _capacjtor conpqnents while optim zing . t he space

avail able to hes cERENCEE, thmeSpERsOft the agﬁ%@ﬁtﬁﬁ?%%kﬁ%%sggethe
probl ens associctirad derish aiaidablelfor tHRtaEOLE atd ok dhd Retive hreasand

an active areaa&tggﬁo reé&?éc}rate BT ORI Ak é" g “Qeéﬂéée" B LhBge

contact" and ating 1 rom He capaC| or °co
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n e It
T contact T d¥ %8 GeaBiqlhe ro, BPeSEE Sl QP 1e8YRe €S RontartR EERm:

met hod re¢Mew§rdnsu5tonﬁan¢teppachhurocbmponenhsdwhlle opdimieing0
formng and et C&Hégsﬁéléé” ﬂ%'ﬂﬂaﬁﬁﬁc}fos lhéké hepdi tco'nlt%%ts. @R&t ?‘i‘resent
corridor. ormng a ' ne conta

disclosed in TWH“GFE&Q&ﬂﬂﬂQq%§§QQmﬁﬂ% REPPLens ?EFESlésed witha&orRdng and
Sel f- Ali gned BitHd rontaritadetiWeant thei Byt 11neG.e:hd aﬁlacﬂ-_:(vaAErrBEChnf Q.he64

Mo DRAM STC. Cel It t 199 Ly YL
Technol ogy, A‘ﬁ)b%(}‘q erl roces%murpq ﬁgjgss ab cgﬁ%gg& ?Hg
passes thrms:jmmm dasl Ifrpol yheTgapngmtarecomom:ntm ne fromthe 30

cell poly, sidewall spacers are forned between the - transi stor
gate el ectrodes. These ﬁgﬁcers narraow t he .. corridor fqr the g I.i ne

contact and, conseqfift I SRFTHRG Rt NG conbeckssis G1FSI6REY) i ne

since netab in\nms.dpmmt Noop8y; R92f BT, t heswed roov enmiistor .on Marchvery
5 1994. Dennison describes a DRAM formation process using
an etch stop layer to self-align the bit line contact to
the transistor gate electrode. Although this method
requires fewer mask steps than other methods, it requires

20 forming and etching insulating spacers in the bit line
contact corridor. '

Another method of forming a bit line contact is

. disclosed in Two-Step Deposited Rugged Surface (TDRS)
25 - Storage Node and Self-Aligned Bitline-Contact Penetrating
Cell Plate (SAB-PEC) for 64 Mb DRAM STC Cell by H. Itoh et

al. in IEEE 1991 Symposium on VLSI 15 Technology, pp. 2-10.

This process utilizes a bit line contact that passes
through the cell poly. To insulate the bit line from the

30 cell poly, sidewall spacers are formed between the
transistor gate electrodes. These spacers narrow the
~corridor for the bit 1line contact and, consequently,
require the use of a poly-silicide bit line since metal
would not prbperly fill the narrow corridor. For very

35 small cell spacing, as in a 64 Mbit DRAM, the bit line
corridor would be cémpletely closed off if the cell poly



35 smal |
~woul d be conpletely closed off if the cell poly WO 96/ 14663
PCT/ US95/ YWIGLH4663 - 4- FEIASOIAS]y cat er

than 0.1 [err]m Such- thin spacers ar&e . difficult to formand may
I n an unacceptably | arge nunber of devices with cell poly to
| eakage. 5. -One object of the invention

result
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is to
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spacing, as in a 64 Mt DRAM the bit line corridor
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_ Another object is to eliminate the need for a spacer
etch inéide deep bit line contact copridcrs.

According to the present invention, these and other
objects and edvantages are attained by a method of forming
a contact area between two vertical structures. In
accordance with one aspect of the invention, a first layer
of material conforming to and extendihg between'vertical
sidewalls is covered with a mask layer. The mask layer is
patterned and etched to remove the horizontal region of the
mask layer betweeh the vertical sidewalls, thereby exposing
the first layer of materlal at the desired location of a

- contact area, while retalnlng at least a portlon of the

vertical regions of the mask layer. Using the remaining
vertical regions of the mask layer as an etch mask, the
exposed portlons of the flrst layer are then etched awvay to
form the contact area.

Another aspect of the inveﬁtion provides a method of
fabricating a DRAM that utilizes a capacitor insulating
1ayerjcver the capacitor second conductor (or cell poly) to
self-align the bit line contact to the capacitor second

4R

3



*Anot her aspect of the invention provi des a net hod of fabricating a

DRAM that utilizes a capacitor insulating 35 | ayer over the capacitor
-g§second coMRAWEFE3(or cell poly) to self-align the bi PIYIRESME act to
t he capacitor second WO 96/ 146635~
PCT/ US95/ 14568 -5- conduct or. I n
accordance wth this aspect of the i nvention, a capacitor is
formed over a sem conduct or waf er . The capacitor includes a first
conduct or, Al 2ot 11 | WRAA® Wikh! | §3100008peRR7 BeoCgRad S
conductor on t%e oFe ectri c capaci tor insu é ffayer i s

formed on the m%ndactféﬁpaCl% dgpakeumpd over| n%ul%w-ﬁ@nld&?éiprl S
patterned and waifdied to'rnépoa&rp@@iﬁduonanclude%f hhes spEONECHEBLTQr at the

desired | ocation .of he | i ne _copt ac Th u3| n he capamtor
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second 5 ccnn.m:mqrotam ghehddedewapria layeny eaklaammn hmsmulatlmge
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i nvention, using the capacitor, I nsul at1 er as a mask

subsequent et cHisHtating layer é‘f"l%%t‘?’iﬂeq r?ﬁ#do?&& Sﬁlﬁﬂf@fﬂ°§%P@F5—ﬁE’§§

bet ween t he bidf the decm:dcmmubtandatheraea@s@iwd Iopaianicy ah@ bit

el i m nates & or aceyl. i t
corridors whi Ilelﬁgnlgrrhﬁgéljcr% cuﬁ‘r%‘r)ft q’f!ee{%a Q%Jpq%l %%Dd.t?-nshlartg&g g'g%%%ween
the bit RAOne camt &t hard t maskapdehe orexposedcoppghenng of the second

Adﬂ tlb onal tOPJ éﬁtfﬁcﬁacﬂV&fifeaﬁQt&ﬂéﬂdaﬁdein fard dEes ?fﬁ y[vh%clll}ﬂ% 'Bl\’tegtlh@n t
Wi e set for part. i n.the de an at follows, and in par
will become ap‘f)%f?r\'eafﬁrk lt%o%‘é’seq“e“?fi B PA™ffe art upon exanination of

the follow ng or be | earned by practice of the I nvention. The
obj ects and adﬂ?&t fdehoaf ch‘et'h'&V‘aﬂHré‘ﬁ‘t{@é/ b%s 'Eﬁé‘ g:%%&:”ed
neans t he I nstrumental 1 t1es | nati on

by
particul °y pHPer]&f-’dlﬁ 13yeneaspFe RARK cfox rrgubsequent etching, thus

allows for improved alignment tolerances between the bit
line contact and the capacitor components and eliminates
the need for a spacer etch inside deep bit line contact
corridors while minimizing current leakage and short

20 circuits between the bit line contact and the capacitor
components.

Additional objects, advantages and novel features of
the invention will be set forth in part in the description
25 that follows, and in part will become apparent to those
skilled in the art upon examination of the following or may
be learned by practice of the invention. The objects and
advantages of the invention may be realized and attained by
means of the instrumentalities and combinations

30 particularly pointed out in the appended claims.

Figs. 1-7 are cross section views of a portion of a

DRAM memory cell at various stages of <formation

. illustrating the preferred embodiment of the invention.
35 Fig. 6A is a cross section view taken along the line A-A in



Figs. 1-7 are cross section views of a portion of a DRAM nenory cel |

at various stages of formation illustrating the preferred enbodi nent
.of the i nveeideansess 35 Fig. 6Ais a cross section view takeporuasesngsehe |ine
A-Ain WO 96/ 14663 -6- - PCT/ US95/ 14568
- 6- Fig. 6B. Fig. 6B is a top down cross section view taken

along the line B-Bin Fig. 6A Figs. 8-14 are cross section
views of a portion of a 5 DRAM nenory cell at various stages of
formation il lustrating another enbodi ment of the invention.

The figures ar &iflot BReaftid-o R IRt Baltop AM¥nofcross sectimmy tyiaW dfakpn ti on
of a DRAM but aabAgnehel yindep+Bzed Hily. éxpresentations .used to depict the
structure and nethod of the invention. The present
“invention will be described in terns of Conpl enentary Metal Oxide

Seni conduct or ( CMOSFigeehfiokéggrescrospi sectian cviewstof) a tpertian of a

comﬂgnly L%ed DRAMEU Sty ceIll Cuitt t@fmé)gystaessl n\béfntlp&mmer
may De used I n

integrated circuit technolq general ly
refers to any F?lllgﬁFﬁ?gan‘él?'&%&?an W‘i’d“% t?q\l-t@ﬁaﬁ'g‘éfﬁntmn'and P- channel
Met al Oxi de Sem conductor Field Effect 20 Tr ansi stors (MOSFETs) are used
in a conplenentary g\%l at.ed
formed with a ffﬁé E?B“ﬁﬁﬁear -typemse:a :i:ct(;% su #3 %eev}ﬁy@tﬁa%r{y
doped N—t?BE"—éFP E‘én%ﬁ’ﬂ"at aTRRAM, o SR aﬁeemeir@aymde zed

descr i b;adlo us: pepresghthyionepesked Ao )dﬁpltﬂﬂbkhéoatr_ﬁ&t?i'éeaﬂ@dmeﬁic?’ tdfnhg

mat eri a a u invention may be i mpl emented with ot her
substrate mat e?’?%l ane;\?f.ont her substrate materials are wused, ‘
then there my be corresponding differences in materials and

structure of the che present invention will be described in terms of
Complementary Metal Oxide Semiconductor (CMOS) technology
15 which is currently the most commonly used integrated
circuit technology. The invention, however, may be used in
other integrated circuit technologies. CMOS generally
refers to any integrated circuit in which both N-channel
and P-channel Metal Oxide Semiconductor Field Effect
20 . Transistors (MOSFETs) are used in a complementary fashion.:
CMOS integrated circuits are typically formed with a
lightly doped P-type silicon substrate or a lightly doped
N-type silicon substrate. The present invention will be
described using 1lightly doped P-type silicon as the
25 starting material, although’ the invention may be
' implemented with other substrate materials. - If other
substrate materials are used, then there may be
corresponding differences in materials and structure of the

device as is well known in the art.

30

The formation of integrated circuits includes
_ photolithographic masking and etching. This process
consists of creating a photolithographic mask containing
_ the pattern of the component to be formed, coating the
35 wafer with a light-sensitive material called photoresist,
exposing the photoresist coated wafer to ultra-violet light



‘device as is well known in the aft. 30 o The formation
integrated circuits includes phot ol i t hogr aphi ¢ g&%
7et chi ng. wol?ﬁ"s‘“sprocess consi sts_of creating a phot mgrap i ¢ mask

cont.ai ni ng the pattern of the corrﬁonent to be formed, coating the 35
wafer with a light-sensitive material called photoresist, exposi ng the -
phot oresi st coated wafer to ultra-violet |ight WO 96/ 14663

PCT/ US95/ 14568 -7- t hrough the nmask to
sof_tte_n or harckﬁﬁ.»tdixynsafethask topPgbﬁfgﬁ'Sér(qmn ta\%‘té/\hﬁfheﬁ:ge t
positive or ative ., otoresist is rerm\zn e_sof tened parts
b the © * piacraaiet  [SRRRRgIng o oy Reeher | BoRtEIde s HegAtiye”

unpr ot ect ed byphdimqﬂa:tstress Sisedlo, stemqiping the sefitemedigparts of the
~photoresist. My AR T T hogty © EBSk'r%Slxo%@d ) NHaterjaPs 0Cqest! S

referred to herein as "patternlng and ¢hi ng Referring to
Fig. 1, wlfer WPRRGhekedyathey PP§°{6515H0%%‘31 $eripRing the r@P‘i‘éP&P‘J
silicon subst rp}icﬂ:o]r.&sdymh hpisis phobemntmgﬁmerbtmaéniﬂgthhd @a:uung
insul ating |ay ck f X ons r are’

I nplanted in °éet%1e SuFf ggggrcg)fi Jgﬁ'bis1 8 i% aeg%rmll\ldéc?of){% slé)"tt‘}rh e/"dral n
regions 18a and 18b for access transi stors 20. Transistor 15 gate

el ectrodes 22 CO”ere'ﬁz%ﬁdgf Sﬁodﬁﬂ.@d po! yghEé£OR ol aé’cﬁﬁprlses 24 161gh%ngsten
silicide_|laye ecti

Cop of t Mlget AIPERd ape Sihgle)crvasal abideR mpnthrale 14 et Bfed on

either side beerofoxidized stor fogmt d:hm! e;atra)dmsumung Ghayer i hdulaatli ng
20 protecti V&l«#lé‘yﬁlr e1d%x %@d g@gﬂgaggng I a.mﬁ:lan?gd 1n

preferably nmade | con | oX| Lower i ns t ng ayer
bor 0- phospho- s¥h¢ SHEE LR (EbsErates kh&e form depsaresy wcq/]dra n
necessary, pl aregiorsl.18a and 18b fornatbesaboyensiskdd |20V Nrr@insdstoron,

coe vel LykNMhee apR38565, 95 SOAUL (0TS 63,008 LRl (Bl bl
24, a tungsten silicide layer 26 and gate 1nsu1at1ng
protective layer 28 formed on top of tungsten silicide
layer 26. 1Insulating spacers 30 are formed on either side
of transistor gate electrodes 22. Gate insulating
20 protective layer 28 _and insulating spacers 30 are
preferably made of silicon dioxide. Lower insulating layer
36, made of boro-phospho-silicate glass (EPSG), is then
deposited and, if necessary, planarized.

25 In the above and following discussion, some well-known
aspects of DRAM fabrication have been simplified. For

. example, the structure of the doped source/drain regions
generally will be more complex.than shown. In addition,

the particular materials, structures and processes are

30 intended only to illustrate the invention so that it can be

~fully understood. Other materials, st_ructures and
processes may be substituted for the particular ones
described. For example, silicon nitride may be used

instead of silicon dioxide for insulating protective layer
35 28 and spacers 30. Spin-On Glass (SOG), Polyamide
Insulator (PI), Chemical Vapor Deposited (CVD) oxide or



generally wll be nore conplex than showmn. |In addition, t he
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materials, structures and processes are 30 I ntended only to

i Il ustrat ewolvé/nneessenti on so that it can be fully undeCHUSSH4568 O her
materi al s,
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I nstead of silicon dioxide for insulating protective |ayer 35 28 and

spacers 30.
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bitagdewri coatact orriddr bpluglidne  c@EBwE 3eordndlodil and,

corTr _
capacitor storage nodes 42 and bit 1line contact 34,

respectively (shown in Fig. 7). Plugs 39 and 41 are
planarized as necessary to provide a flat surface for the
subsequent deposition of the storage poly. In an
alternative embodiment of the invention described below and
as shown in Fig. 14, capacitor storage nodes 42 and bit
line contact 34 are formed in direct contact with the
source/drain regions. The use of poly plug 41 reduces the
aspect ratio of the bit 1line contact corridor and,
correspondingly, eliminates the need for a spacer etch
inside a deep bit line contact corridor.

Referring to Fig. 3a, etch stop layer 43, made of

silicon nitride or other suitable material, is deposited

over the structure previously formed. Thick insulating
layer 45 is deposited over etch stop layer 43. Thick

" insulating layer 45 is patterned and etched with the etch

continuing down through etch stop layer 43 to define
capacitor container 56. '

recfh AR} CSohhct 80t 8/ Br SRR Fhg Ftd) 122 ah8S1EE RoTeeP
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*30 Referring to Fig. 3a, etch stop |layer 43, nade of silicon

nitride or other suitable material, is deposited over the structure
iprevi ous| WO /4663 Thi ck insul ating |l ayer 45 i s deF&IRYI4BR, et ch
stop | ayer 43. Thi ck i nsul ati ng®rayer 45 is patterned and etched
with the etch 35 continuing down through etch stop |ayer 43 to define
capaci tor contai ner 56. W96/ 14663
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doped pol ysiligon or do rQug ?ured :qul ysilican. Stora%e poI y 40

is patterned Storagg Jc‘ﬁe’tp RPY cﬁ%%c‘?q dte ny»r doped-i 5
insul ating | ayssudtd textermy qiblyil imomXi dtedaje (gudly 40 is pattiextiedve to

Poly 0.2 nolah SrERehN P PGSR by seoblld nlibs ¥Y0° i ©
§§ Ses ?%

renove thick insulating |a

I eri pheri es o
storage nddes la%ammlayer 45 ¥g gremv%degmn m@rﬁ% Wﬁ%r"@é&ést he

capacitance ar@@lé&lvé)fté hgotg! ko .a¥ qmgetaoaeah4%har RxPored’ @‘tﬁfﬂa@@ to
her ei n as_t acitar, flrsct conduct

Ref Fi
4, capacitor dP® %tt A fXide e 80§an833 t’&éf)’éc‘}?%lflﬁﬂircﬁyn% Af?f' 6
made of silicoexpeses rihe e p@m-@hemlesablfesmregeamcdemz aso|showd | s

t hen depo§htf§b' G hn30£y?ﬁﬁfiéaﬁ%%ynﬂﬁéyaaaa% Eﬂehéiﬁﬁéhﬁﬁﬁﬁé“irea

capaci tor second conduct. or osited so

bri dges B3 weePt Jth®iR1y st%&;ené’&é‘§5422a§r§h63\ﬂ° refexyeq fp thareizy
and right portasnshefcdpacitbrmrfirmst 2dndudtiestrated in Fig. 6B. Bridging
i s:not necessary but it . is preferred because it nmakes the process nore
r obust. That is, bridgin heI ps protect the inter-node areas durjng
etching: of  the Referring n&o cBigact4, RRAGUdGOr gdiglectric 44 is

- correspondi ngl Jep&eFesal he casditsr onse pectnsesat cﬂseslnaaé ofcmﬂddif
i nsul ati | ayer, 48,1 sode sited over é:elalltém]é' %]?}G [ tort
i nsul ati 2%’ I ayﬁftﬁﬁd?s 5r ?’éb"?’f/" dpater ]S| i ¢ Fut br?ég/ be
made of - silicodeposited. orcell poly 46 is also referred to herem as the
‘capacitor second conductor. Cell poly 46 is deposited so
that it bridges between adjoining storage-nodes 42 as shown
on the far 1left and right portions of Fig. 4 and as
20 illustrated in Fig. 6B. Bridging is not necessary but it
is preferred because it makes the process more robust.
That is, bridging helps protect the inter-node areas during
etching of the bit line contact corridor and,
correspondingly, eases the restrictions on those etches.
-+ 25 Capacitor insulating layer 48 is deposited over cell poly
.46, Capacitor insulating layer 48 is preferably made of
silicon dioxide, but may be made of silicon nitride or
" other suitable insulating material.

30 Referring to Fig. 5, capacitof insulating layer 48 is
| patterned and etched, using a wet or dry isotropic etch, at
least back to the sides of storage nodes 42, to expose cell

poly 46 at bit line contact area 49 and thereby create a

hard mask along the tops and sides of storage nodes 42.

35 ° Fig. 5 shows capacitor insulating layer 48 after it has
" been etched and before the removal of photoresist mask 51.



ot her suitable insulating material. 30 Referring to Fig. 5,

capacitor insulating |layer 48 is patterned and etched, using a wet or
dry i sotr ONDO6MR466R, at | east back to the sides of st oPEHESHAH®E 42 to
expose cel | poly 46 at bit line cd®act area 49 and thereby create a
hard mask al ong the tops and sides of storage nodes 42. 35 Fig. 5 shows
capacitor insulating |ayer 48 after it has been etched and before the
renoval of photoresist mask 51. WO 96/ 14663

PCT/U895/14568?he timin%-of tqe etch gf.capaciégi insulati wahﬁéfnJEJfg the
etch of capacitor rnsulating layer 48 is, .not critical”as ‘capacitor

i nsul ating | ayBPt4grikiFalces ;capaciteon Mswlating Havemdd widl @At a8 |

pﬁl y _eé ch dgscéhbédfectivbehﬁmfde}gﬁs]d ftor tive etebdpbagk caitth squBBYiIdedlp

t he sides 0 t Qr age. poges, N e [ tQ Fj.0. usi ng
capacitor ins uP%i?'?\ggY%%é%P FE lﬁ8e%%h%d h%ar%}( n%%‘g,é%({aﬂk{%olu& z#égl ss%ecs}‘ned
and t he et&ch naf storagemddes: 4wn.t hr ough capacitor dielectric 44,

st oppi ng on 10 etch stop layer 43. Fig. 6B is a top down cross section

view illustrating the devjce strycture after the cell pol ., etch. This
cell poly etch is pREFEFEHIG tihFdge  oht disifig capacitor, rpsulating ayes: ch
may al so be us48l.as dhmardanadk, cellcppdyi #6r isnetithéed nand aghes ethmsnay hard
mask for the c ] ' éﬁfgh | [y N t,ar ]

cl eared of 8“6%#’3“? 0&?{%' e quJf c?ré%F tailt%fnggglgge%\n h%ﬁ‘[ %\?ﬁp?vlter% nb',g‘ t he
vertical Ybortiekchf SEaPadpYe¥ #3 el eFific SPajsr afon fowshross Saghienzi ng
the needffoL reﬂéﬂ:dﬁ;imllﬁtn@aqﬂd l@!avdbgloeei—ﬁbeure.af.i:@yetzhéléhenﬂiio_ay «
aspect of the ipventign. r tQ.renyi

| arge and el rr?ﬁ%l?és ?ﬁégnéggffgér’iy J.;{'S% %‘T’oa%’gé)fge c%lfna?l?iaseog%o elecﬁnggn act
corridor. The &artgamed isogyepig netehnmant at2e el owsed.or JFheatuse of

m sal i gnment  capad Pt&F AR AR A dyrald A of Hdva RideM iftr e a1l 25
Referri n%st © Fxlagiy 7étcahtahif§wsu%pietr ]Jirrl-xseu'c%'galtggtl aréa :158 to he cleared of
poly to the edge of storage node 42 without uncovering the
vertical portion of capacitor dielectric layer 44, thereby
minimizing the need for reoxidation of capacitor dielectric
layer 44. This aspect of the invention allows bit line
20 contact area 49 to remain large and eliminétes the need for
a spacer etch inside a deep contact corridor. The larger
bit line contact area allows for greater misalignment
tolerances during formation of the bit line contact. |

25 Referring to Fig. 7, a thick upper insulating layer 50
of BPSG or other suitable insulating material is formed
over the exposed upper surfaces of the structure previously
formed. Upper insulating layer 50 may be planarized using
CMP or other suitable processes prior to etching. Upper

30 insulating layer 50 is patterned and etched to form an
opening-fbr pit line contact 34. Bit line contact 34 and
bit line 54 are formed using metal deposition techniques
well known in the art. S _ -

35 ‘The particular dimensions of the.various layers and
components described above can vary widely. The following



her suitable i nsulating material is fornmed over the

Sof BPSG or ot
exposed upper surfaces of the structure previously formed. Upper
ii nsul at i nWO %1466350 may be pl anarized using CVP or oPSEfUSIY4Seh)|

processes pri
and etched to
contact 34 an
t echni ques
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ers .and onents des
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driforidmes congache 34ade abouho8ed usmdwide. describe the

odi nent . The materials and processes used to formthe

own |n Fi
aQ%ernaglve embodiment of the invention will now be

~descrlbed with reference to Figs. 8-14. In this

20

25

30

35

embodiment, capacitor storage nodes 42 and bit line contact
34 are formed in direct contact with source/drain regions
18a and 18b. For convenience, the reference numerals for
the various components are the same as those used to
describe the preferred embodiment. The materials and
processes used to form the components shown in Figs. 8-14
are essentially the same as those used for the preferred
embodiment described above.

Referring to Fig. 8, substrate 12 is oxidized to form
thin gate insulating layer 14 and thick field oxide regions
16. Impurities are implanted in the surface of substrate
12 to form source/drain regions 18a and 18b which serve as
source and drain regions for access transistors 20.
Transistor gate electrodes 22 comprise a first polysilicon
layer 24, a tungsten silicide léyer 26 and gate insulating
protective layer 28. Insulating spacers 30 are formed on
either side of transistor gate electrodes 22. Lower



25 are essentially the same as those used for the preferred

enbodi nent descri bed above. _ _ Referring to Fig. 8, substrate 12

i s oxi di zewi 96m4663r M thin gate insulating |ayer 14 and®CIfises14sé&| d

oxi de regi ons 30 16. Inpurities arei2splanted in the surface of
substrate 12 to formsource/drain regions 18a and 18b which serve as
source and drain regions for access transistors 20. Transi stor gate

el ectrodes 22 conprise a first polysilicon | ayer 24, a tungsten
silicide layer, 26 .and gate insuyl atjing 35. rotective |ayer 28. Insulating
spacers 30-afé“ﬁ8}ﬁ§&ngnaayer iQEﬁﬁgkﬂ?RBQ§§?§%ﬁﬁés? + ght e"BFEEER YIS

22. Lower  planavi@edl4663 _ ' :

PCT/ US95/ 14568 _ _ -12- . _ i nsul ating | ayer
36 is then deposited and, if necéssary, - planarijzed. .
Referring to Fig. BefPsRaPdi foul B9 ng°k aykawess irsubating dayREd 38ndi®t ched
to defi nescappatternednaadn@tched to defirw\atapdditdritddiftairterse 3tn and

"to expose pQqrtions, . S ate 12 sourc rai n_regdi 18
Referring to afﬁkglo}"§§%?%b%gp3$§k%% ?g d%§%§i§:xié¥é§§% sP8§§%§R%o|?€AO
may be doped pubgsrpteoh2ortdepercelrmin regiang ke&d pol ysilicon.
Storage poly 40 is. patterned and etched to form capacitor storage
nodes 42. This storage . oly etch may be followed wifh ariial oxide
etch of IomerRF%gHFéP9n§QI5§€Y 36 §ﬂ¥QQ$:ﬂéi&n?QmQ?ogﬁg?ﬁﬁ?? ton 15
SO as noioto stolratke poyoss sayr kgedppkey. polisidieonde®r dopest clowposes
much of the o [ ' . St or g6 42 A é%#?y%. 9. 11,
whi ch si gnifigae%tl&flgg?n?}gyssgglgﬁg: ‘capaci %%1 e4gr'§as f)q he cée I@“ﬁ 20
Referring to Btghed2tocfordh [GRAPEHIEOZ SHAFagsy diodes 2. Thirpskerage over
storage nodes p#dyanstdrovkdy | Beulfallildgelaydth a partial oxide etch of

lower insulating layer 36 which is selective to polysilicon

15 so as not to etch the exposed storage poly. This oxide
etch expoSes much of the outer peripheries of storage nodes

42 as shown in Fig. 11, which significantly increases the
capacitance area of the cell.

20 Referring to Fig. 12, capacitor dielectric iayer 44 is
deposited over.storage nodes 42 and lower insulating layer
_36. Cell poly 46 is then deposited over capacitor
dielectric layer 44. Capacitor insulating layer 48 is
deposited over cell poly 46. Referring to Fig. 13,

25 capacitor insulating layer 48 is patterned and etched at
least back to the sides of storage nodes 42 to expose cell
poly 46 at bit line contact area 49 and thereby creating a
"hard mask along the tops and sides of storage nodes 42.

30 -Referring to Fig. 14, using capacitor.insulating'layer
48 as a hard mask, cell poly 46 is etched and the etch may
continue down through capacitor dielectric layer 44
stopping on 1lower insulating layer 36.  Thick wupper
insulating  layer 50 of BPSG is formed over th; exposed

35 upper surfaces of the structure previously formed. - Upper
insulating layer 50 is then patternéd and etched to form an



" 36. Cell poly 46 is then deposited over capacitor dielectric

| ayer 44. Capacitor insulating |ayer 48 is + deposited over cell poly
3 46. RefW@P6/HHg63 to Fig. 13, 25 capacitor insulating BS54

patterned and etched at | east baci3t-o the sides of storage nodes 42 to
expose cel | poly 46 at bit line contact area 49 and ther eby creating a
hard mask al ong the tops and sides of storage nodes 42. 30

Referring to Fig. 14, using capacitor insulating Iayer 48 as a hard

ok, cell bl yodfidg ELENEML ANthd NG Rlal Y. nye SO NUig sloun Jiuot

capaci tor diel ric on BJI OWEr ~ insu i Ng ayer
36. Thick bppetine 54| arel fiormed a&%m%metﬁalBIfEﬁPQ%lﬁmmqm

exposed 35 UREEL 1ohehacESs e tdi& structure previously forned. Upper

insulating layer 50 is then patterned and etched to form an WO
96/ 14663 PCT/ US95/ 14568 _
-13- 5 openi Theferhas bekennshoentad dd&crilibed ansoveb) acimpBlAl foired

bit |ine 54 arﬁé@éﬂ@ﬂe&sm&cﬁfi&a' PQYrla®l he% which"Etan Kigawn in

the art. ere has been shown an esc a novel, si rrpllfled
integrated ci r8tilized ¥8r faPrifabroReTe REMPACEaANKe bettex Rertorming
fﬁgrh cate mrﬁnmact Thed pactiienlper embddigents shioais. J.nThﬂ'xepadﬁfavia‘lﬁﬁ
enbodi nents s cri '

pur poses of exgwngl%g%%{li %?’I\Mﬁﬁ% ars ofglgcet’&g) ns ersggg ?%ﬁ’%e esq'l{c’r'ilvlgntl on
as set fd h inothee constgmeshedlémitnthe imwent isik hseaetnfon'eham they now

gake bed nugﬁaggéna@&sfaaﬂmavdl fﬁh‘t?%fe' mquedt hﬁa segei b€ @ OQioWe'Ba_‘ircﬁ .
escri be W arti n from SCO | nven 1.0Nn e
process steps™ a T“ﬂ& gbﬁ%tg‘?)ns qéﬁ?‘&nﬁ@%"lﬁb" SRRAIMANES |

a different deslerlbemd/wmthout edepant éng sfrumt uthe amhopeoceﬁsesthaay be
subst i t ut ed fo;nve i6RE VRS pRLEUCLLI S0l QURGASAES HERCT LR Lond
di ?? P Totia

vari ety erent_dinensfons and,
instances be performed 1n a dlfferent order and/or

equivalent structures and processes may be substituted for
the various structures and processes described. A variety
of different dimensions and materials may also be used. -
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- 14- CLAI M5 1. A nethod of making an integrated
circuit doWO@@M663  conprising: 5 (a) form ng"@’?@ﬁﬁ
structures each having aldrertical sidewall

formng a first |ayer of-—sateral—eoenftoermng to, 10 and

ext endi ng between the vertical

4%8 second

(b) .

1%@“8' c) formng a mask

ween the vertical sidewalls and

| ayer conformng to the fqﬂluunﬁiﬁu" muu. | ayer, mhérein t he mask | ayer
* - C

has a h_orizonteLAI

15

H : , A
vervlcal regions along the vertical sidewalls and

vertical regions along the.vertical sidewalls; (d) pattern
and etching the mask,| ayRrmé€hd®B¥ Ghaking an integratf8 ELFEGDOIRvIRG On

of the mask | ayer

| ayer between
|l east a -5
| ayer; 25

; &)
etching away the expo%ed portions, of,

ayer. 30
2. A nethod of meking af YeEEHFat fidewaddist device = according to Oaim
1, wherein the first layer is _preferentially etchable with respect to
the mask layer. (b) forming a first layer of material, conforming to,
10 " and extending between the vertical sidewalls;

15

20

25

30

35

vertical sidewalls, while retaining at
portion of each vertical region of the mask

EShfifng @ii‘%ﬁ& P?er{.i_?ﬁ&( sENR e rba“:fr? RSy

(c) forming a mask layer conforming to the first
layef, wherein the mask layer has a horizontal
region between the vertical sidewalls and
vertical regions along the vertical sidewalls and
vertical regions along the vertical sidewalls;

(d) patterning and etching the mask layer to remove
the horizontai region of the mask layer, thereby
exposing portions of the first layer between the
vertical sidewalls, while retaining at least a
portion of each vertical region of the mask
layer;

(e) using the remaining mask layer as an etch mask,
etching away the exposed portions of the first
layer. '

2. A method of making'an integrated circuit device
according to Claim 1, wherein the first layer is
preferentially etchable with respect to the mask layer.

according to Claim 1, wherein the first layer is made of

ng

b ngﬁgpy 20 exposing portions of the first

. 3. A method of making an integrated circuit device



35 3. A nmet hod of maeking an integrated circuit device according to

Claiml, wherein the first layer is nmade of WO 96/ 14663
PCT/ US95/ 1WO@8/14663 | -15- o PETIUSPIL4E8,
conductive material and the mask tayer-3% nmade . .of electrically

e e TR " e S e

first electribl 9Cé&H%PéE§Ué”ﬁ§€€?f%1'QXSrtﬁE'ﬁJEk‘féi§f }Q made
~ conductor and a _second” _conductor ,on the | Ielectric
| ayer, wher eby°fhelsetphgatdyidieselating material. has 3 vertical portion

parallel to the first conduct or; 15 (b) formng a

itor insulating | th . . d.cond -
(&) patterni ng and Stchi RREHBAREMEng AR integgated Cifllit atlice,

expose por%i onsowprikéngecond conductor 20 at a location of a
bit line contact; and (d) using the capacitor insulating |ayer
as a nask, et ¢ching away the exposed portions of the second
conducting |ayer. 242) formingsa cap@eihel BVeraRi AGmARONAREEPEt ¥ALeTr cui t
devi ce accordi ng tothkai Bapacitterei rcanpricdmaci tor vestiedl ngfirst

layer i's etched back to LBfqNEELECAla POYLd LI 1d "9 3R5°"en the first
10 conductor and a second conductor on the
dielectric layer, whereby the second conductor
has a vertical portion parallel to the first

conductor;

15 (b) - forming a capacitor insulating layer on the
' second conductor;

(¢) patterning and etching the capacitor insulating
layer to expose portions of the second conductor
20 ' ' at a location of a bit line contact; and

(d) using the capacitor insulating layer as a mask,
etching away the exposed portions of the second
conducting layer.

25
5. A method of making an integrated circuit device
according to Claim 4, wherein the capacitor insulating
layer is etched back to the vertical portion of the second
conductor. '
30

6. A method of making an integrated circuit device
according to Claim 4, wherein the capacitor insulating
layer is made of silicon dioxide. '

35 ’



conductor. 30 6. A nethod of making an integrated circuit
devi ce . according to Claim4, wherein the capacitor insulatin

| ayer is Wﬁ@ﬂﬁEﬁﬂbf++ﬁﬂﬁ~d+e*kde—%&i\ MD 96/ 14663 PCT/US9S/1
PCT/ US95/ 14568 7. A ﬁEthOd

of ek ng. an e cor SN MK ... accorting to @aima, werern

8. A nethod of making an |ntegrated circuit device according to Caim
4. wherein the capgel Lof haeHLA! 6P Ipaking! 2YCint 8afd COPL 1N Ak 50 T OPI ©
et ch. 10 makl' ng an rnt egrated circuit devi ce,
conpri si ng: accordlng t0y) CL3iMi g ¥herSidhi EBRJFARGC ikerer insylakin dty of
15 ' layeanssshadé eficdiTieg imitide.gate insulating

| ayer on a substrate and a gate el ectrode on the gate

I nsul ating | ayer; ~(b) formng first and second source/drain

regi ons dn 20 the substrate adjacent to sides of at |east one
of the gate el ectrgdes;a method of méﬁingfaﬁniﬂeegﬁaté&wncumt&éhw
layer  over Lgce:ordlng to C;La:.mSLA Stvsl?etreéln the capac1tor insulating

layer is etched using an. isotropic etch.

10
9. A method of making an integrated circuit device,
comprising: .

(a) forming on a semiconductor wafer a plurality of
15 transistors each comprising a gate insulating
layer on a substrate and a gate electrode on the

gate insulating layer;

- (b) formlng first and second source/draln regions on
20 _ the substrate adjacent to sides of at least one
of the gate electrodes;

(c) forming a 1lower insulating layer over the
substrate;
25
(d) patterning and etching the lower insulating layer
to define a capacitor coptainer_ in the 1lower
insulating layer and to expose portions of the
first source/drain region within the capacitor
30 container;

(e) forming a ,ve;tical first conductor in the

_capacitor container so that a portion of the

o first conductor contacts the first source/drain
35 region; '



" 25 (d) patterning and etching the [ ower insulating |ayer

to define a capacr%ee—een%a+net—+n_the | ower I nsul ating

; layer andwoges o first SCHUSEUAEH n
regi on within the c l jl Hu 'ﬂ -17-  container; (e)
formng a vertical n the capaci tor
container so that a portlon of the . first conductor contacts
the first source/drain 35 regi on; WO 96/ 14663
PCT/ US95/ 14568 7- (f) m ng
a dielectric | ay«gr‘) on tJhrlg ar— dielectrit layex on"aln tgpe eirdd
(g) fornming a second cd%RERHQﬁ°Wm1 the dielectric 5 | ayer,
whereby the second conductor has a vertical portion

parallel to the fi &ai ) Pﬁ&%k’cﬁg?r s second con 8‘1(3%5{18‘%%} _ ggﬁdgfgfggép{c

insul ating |layer o second-con
(i) patténing and et chla¥elhe WRgRRWY orthesuseqondy conductor has | @er to

expose portions of the ¢&FOIhT YHHGH parallel to the fiksh sl of a
bit line contact. 15 10. A nmethod of making an |ntegrated

circuit device according to daim9, wherein the capacitor insulating
| ayer is etched back to the vertical portion of the second 20 conduct or.

(h) forming a capacitor insulating layer on the
10 ' second conductor; and

(i) patterning and etching the capacitor insulating
layer to expose portions of the second conductor
at a location of a bit line contact.

15

10. A method of making an integrated circuit device
according to Claim 9, wherein the capac1tor insulating
layer is etched back to the vertlcal ‘portion of the second

20 conductor.

11. A method of making an integrated circuit device

according to Claim 9, further comprising, using the

25 capacitor insulating l&yer as a mask, etching away the
exposed portions of the second conductor.

12. A method of making an integrated circuit device
30 according to Claim 9, further comprising:

(a) forming an upper insulating layer over the
capacitor insulating layer;



11. A method of making an integrated circuit device according to Caim

9, further conpri-sing, using the 25 capacitor insulating |ayer as a mask

et chi ng avi 96114663 exposed portions of the second condu S95/14568

. 12. A method of maki g“,ﬂ ""lmnmlmﬁmcﬂr%‘wt device 30 according to Caim
9, further conprisin ) form ng an upper insulating |ayer

over the ca aC|toF i hsul ating | ayer; WO 96/ 14663

PCT/ US95/ 14568 -18- (b) patterning and etching the

upper insul ating |aygy patternlng an @Qgh§9§tﬂﬂ&“dﬁ§ekolﬁéﬁfagfﬂgl%é&é%Xpose

portions of second sourceldral n"fregion
(c) forring a bit line %B‘F\t%&ﬂtld'ﬁ’rit“&:ltpnﬁt?]h@@fébd?eﬁxPO% portions of

portions of the second stheécséchmd nsdwiiey@rain region; and Wherein the bit
| ine contact is aligned mnth and parallel to the vertical

portion of the second ' conductor. 10 : 13. A
met hod of Sraki ng an(Eht eferming & Pigi Linedantact contenpihgi the exprsed

(a) formng Onha Se”1COﬁ§H§i6ﬁsVWHﬂ” ﬁﬁep|§bébhay 8burce/drain reglon
transi stors eac conpr|3|£?%%§%qaf Inﬁyllne %ontacpa§§rallgneé Y&, an

gate el ectrode on the ga
parallel to the vertical portion of the second

conductor.

10

© 13. A method of making an inte'grated circuit device, ‘
_comprising:

15 (a) forming on a semiconductor wafer a plurality of
transistors each comprising a gate insulating
layer and a gate electrode on the gate insulating

. layer; ' '

20 (b) forming a plurality of source/drain regions on
the substrate adjacent to sides of at least one
of the gate electrodes,

(c) forming a lower insulating 1layer over the
25 _ substrate;

(d) patterning and etching the lower insulating layer

to define a bit line contact corridor above one

.of the 'source/drain regions and to expose the

30 ' source/drain region within the bit line contact
corridor;

(e) depositing electrically conductive material in

the bit line contact corridor to form a bit line

35 contact corridor plug contacting the exposed
source/drain region;



'20 (b) formng a plurality of source/drain regions on

the substrate adjacent to sides of at |east one of the gate
;el ect r ode WO 96/14663— (c) forning a Iomer insul at i ngPCTH§AS4S68y o

t he 25 substrate =19~ patterning and etching the

| ower insulating | amml”" ull,umuum to def| ne a bit |line contact corridor
above one ce/drain regions and to expose the 30
source/ drai n region mnt inthe Bit*line contact : corridor;

(8) depositing <l ecif cHLERAOPYERREAL ddhauctor, gyp pra g,

| i ne contact corrid

pl ug contacting the exposmﬁnlatlng layer; source/drain region; MD
96/ 14663 PCT/ US95/.14568

-19- ' rmnpg a vertj.cal flrst conduct or over the_ ] ower

i nsul ating |ayer; & fgrmlé%g)a fﬁpﬁﬁﬁﬁ ric gilavRL rien | Ahe TiFsthe
first 5 s ' condemtductor; +(h) formng a second conductor
on the dielectric | ayer, mhereby t he second conductor has a
vertical portion parallel to the first conductor; 10 (i) formng
a capacitor insul affthg ferping oA tecond conductor aepckhe cdiRlREWric and

(j) patterning and etchingydbge cmmﬁpr tie Ul Sdddlt 13conductor had ayer to

expose portions of the S%gg{%ka f%lon parallel to the first conductor;
10 _ '
(i) forming a capacitor insulating layer on the
second conductor; and
(j) patterning and etching the capacitor insulating
15 ' ' layer to expose portions of the second conductor
over the bit line contact corridor.
14. A method of making an integrated circuit device

20 according to Claim 13, wherein the capacitor insulating
layer is etched back to the vertical portion of the second
conductor.

25 ' 15. A method of making an integrated circuit device
according to Claim 13, further comprising, using the
capacitor insulating layer as a mask, etching away the
exposed portions of the second conductor.

30

16. A method of making an integrated circuit device
according to Claim 13, further comprising:

(a) ‘forming an upper insulating layer'mover the
35 capacitor insulating layer; ' '



over the bit line contact corridor. 14. A nmethod of making an

I ntegrated circuit _device 20 according to Claim 13, wherein the capacitor

i nsul ati nQVOMIMSaWO the vertical port iRGFUSOS14568 second .
conduct or . A et hod-20-nmeking an integrated circuit

devi ce accord|4y”' BW urther conprising, using the

capacitor insulating*l aye L et ching away t he exposed

portions of the second conductor * 30 16. A method of naking an
integrated circuit accor m 13, further conp sin

(a) form-ng an dggerpaFﬁgﬁPb ?ﬁﬁ‘ F gﬁngc%gﬁ uﬂﬂﬁflﬁgsuqatlng ayer ¥

capacitor insulating | agsd;continuiig 3% &46B3down to expose portions of

PCT/ US95/ 14568 the b#P-line contact cddbid¥d Y ;"@nANd etching the
" upper insulating | ayer and continuingto etch down to expose
portions of - the bit line contact corridor plug; and 5

(c) fornsng a bit (k)nefopningta &t adhiengoht®ce quratting the exposed
D O I ne X ot nBaRRIER P PHE nHBOSEhE corriqor pryg, HEFELY |1 1C

contact is aligned with ara v Car portion
of the second conduct or the h!t line contagt isalignes withrarinparallel

integrated circuit devi g8, the vefO{dd1l Sidttion of the second conductor.

10
17. A method of making an integrated circuit device, ‘
comprising:

(a) forming a plurality of -‘capacitors over a

15 : : semiconductor_wafer,'each capacitor comprising a

vertical first conductor, a dielectric layer on

the first conductor and a second conductor on the

dielectric layer, wherein the second conductor

has a vertical portion parallel to the first

20 conductor and a horizontal portion bridging
between adjacent capacitors;

(b) forming a capacitorj insulatihg layer on the
second conductor; '
25 _ o
(c) patterning and etching the capacitor insulating
layer to expose portions of the second conductor
at - a location of the bit line contact; and’

30 (d) using the capacitor insulating layer as a mask,
etching away the exposed portions of the second
conducting layer.



z(a) formng a plurality of capacitors over a 15

sem condug‘hﬁﬂ er, each capacitor conprising a i cal
first con uctd@@ﬁa dielectric layer on ' L the!FF}st conduct or
and a second conductor—on—the di el'ectric layer, wherein the
second conduct or has a2¥ertical portion parallel to the
first 20 zmll“H“! m&’mgﬂjm‘or and a horizontal portion bridging

bet ween adj y (b) formng a capacitor]

i nsul ating | dyef oh the second conductor; 25 (c)
patterning and etching the capacitor insulating | ayer to
expose portions of the second conductor at a location of

the bit |ine contadd-; anaethgd of making) anydinfgorasedapicrudt Asvireating

Iayerdas a Mydoording to Claim abGhivier¥ay the e%pasefopOihsanathgt he
secon

PCT/ US95/ 1 456]81yer'is e%%plgﬁcyacn:ﬂ Lgygtrlé vertic ?p%/r %.%?13 of the segond
met hod of naldarmgiusmtomt egrated circuit device according to Claim17,
wherein the capacitor insulating | ayer is etched back to the verti cal
portion of the second 5 conduct or.



