WD 03/041127 PCT/ US02/ 35425 PROCESS FOR FORM NG METALLI ZED CONTACTS TO
PERI PHERY TRANSI STORS FI ELD OF THE | NVENTI ON [ 0001] The present invention
rel ates twotob@4fieel d of integrated circuits and, in partipcaltaoz/334ke use of
a metal plug structure for contacting doped regions in a periphery

transi stor of a nmenory device. BACKGROUND OF THE | NVENTI ON [ 0002] Conpl ex
integrated circuits, such as dynam c random access nenories (DRAM, have
mul tiple | evel s of conductors above the surface of a silicon substrate
that are used to interconnect various portions of a fabricated circuit.

[0003] For BRQACUESSEBOR FORVEANGME EByCONTHCER (IQ LERTHERY,
transistor fabricated in a substrag i tﬁi&al | y contacted using
polysilicon (poly) plugs, which n@ﬁé N ith a capacitor, a bit line,
or other conductor |ayers. Metal plugs would provide better conductivity
t han poly plugs; however, netal plugs are typically not used to contact

t he doped regions of a substrate because of processing restraints

i ncluding the heat sensitivity of a netal plug to later high tenperature
fabrication processes and [RIEIIDIOF FHEUNVEMTIDONt am nati on caused by
metal diffusing into the active area of the substrate. For instance, in
DRAM nenory [@@dilces, Hhatpresgat vyerfien wiatentadedieldbobimtesinted sgaeirs a1d,
structures formed afiter f.ormul ation of the substrate, contact plugs, which
woul . mel (O R3HRe iekieid BeabeluEracns T g ttipedopet EHOPTE Bubst r at 6
and t her eby.apLAM %E&éfi’hern@ﬁ;oir?/aeﬁé@a and ruin conductivity between the
plug and t'he substrate. Neverthel ess, because of its better conductive
properties, it would be preferable if at |east sone of the conductive
plugs to the substrat e BACKGROEND OHETHE INVENTIQGNead of polysilicon,
particularly for peripheral |ogic transistors where higher speed
operations tV®d |y ofemplexingggragdaireaisss spdra boRNES IFRIONBICES SUMVARY OF

THE | NVENTLON [L00R4k aTRE 1R €38Hp1: RYERLF Ba QY1 IR0E LR, 3P sbge at us.

substrate that are used to interconnect various portions of a fabricated circuit.

[0003] For DRAM memory devices, the doped regions or active area of a
transistor fabricated in a substrate are typically contacted using polysilicon (poly)
plugs, which may connect with a capacitor, a bit line, or other conductor layers.
Metal plugs would provide better conductivity than poly plugs; however, metal
plugs are typically not used to contact the doped regions of a substrate because of
processing restraints including the heat sensitivity of a metal plug to later high
temperature fabrication processes and possible active area contamination caused by
metal diffusing into the active area of the substrate. For instance, in DRAM memory
devices, heat cycles are often used to anneal capacitor structures formed after
formulation of the substrate contact plugs, which would melt a metal plug and cause
the metal to diffuse into the substrate and thereby contaminate the active area and
ruin conductivity between the plug and the substrate. Nevertheless, because of its
better conductive properties, it would be preferable if at least some of the conductive
plugs to the substrate surface were made of metal instead of polysilicon, particularly

for peripheral logic transistors where higher speed operations typically occur.



provi des an integrated circuit, for exanple, a DRAM nenory device, which
utilizes a metal plug structure for contacting doped regions of
transi st owe m34tibe peri pheral |ogic area of the circuitrycTiisesseal plug
structure is fornmed after all high tenperature processing steps utilized in
waf er fabrication are conpleted. In particular the invention provides a
nmet hod for formng netallized contacts to N- channel and P-channel
periphery circuit transistor in a nenory device by formng the netal plug
after a heat cycle process used for capacitor formation and cell poly

activation. The netal I i 1 ng upper cell plate
contacts to the capapiwgfﬁwg%E\%Igg,wﬁst@gquent to high
tenperature [DOOSESSI NGHe HRINE Riveh@bn HhSViGARAGEHIG arfRipphrRESGRIAT| ON OF
THE DRAW NGS [ 0005] These ‘and ot her features and advantages of the

i nventi on pddvideben ifreptaeed cinder, $dboodnfplgm DRAM ahdnowiyniyvidef whichditilizes

description, which is provided in_ connection with the acc npanybng

drawi ngs. % 0BtEPlys structufesfos centgsdng 8epsbieRIOns W aBsistOREINeRE IPFIRISEbs of
fabrication of a m conduct device in.accor.dance widh_an.agxenplary
enbodi rren?logfc *Fﬁae"%tr ecscérﬁflgr}f' n_@%%ﬂc\éar\l.p%f%%ﬁlﬁ%u%l lg?or?cs acgtv% rlllég%se_m conduct or
devi ce of i%lngpcrém?é pRCBIRGERSIsNHilize P wakp FRAEAbN bR ddMdpleedOV in FIG 1.

[ 0008] FIG shows the sem conductor device of FIG 1 at a processing

st ep subsepprentlat thetiha¢ntsmopwovides EinGth@d f¢rfoaangAn&allized vonsmctshte N-

sem conductor device of FIG 1 at a processing step supsequent to that
shown i n Fsl@anngl ansl Dyshamned peripherperevistansisiep 1 a msmiqy @w&e %5 r}%’amg t he

sem conductor ' f . Fl t [ hat
shoun 1 n AramESY pEE sfer phie et RERERE DbncRbERABHASIAAUN BN )
a processi @ivaSéieP ThE RsQAYA0Es iy bR FbrnSdtPPior 1o oldsingSupded@iRplakd G 7 shows
the sem conductor device of FIG 1 at a processing :

contacts to the capacitor of a memory device, but subsequent to high temperature

processing treatment for the capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] These and other features and advantages of the invention will be
better understood from the following detailed description, which is provided in

connection with the accompanying drawings.

[0006] FIG. 1 is a cross-sectional view of the early stages of fabrication of
a semiconductor device in accordance with an exemplary embodiment of the present

invention.

[0007] FIG. 2 shows the semiconductor device of FIG. 1 at a processing

step subsequent to that shown in FIG. 1.

[0008] FIG. 3 shows the semiconductor device of FIG. 1 at a processing

step subsequent to that shown in FIG. 2.

[0009] FIG. 4 shows the semiconductor device of FIG. 1 at a processing

step subsequent to that shown in FIG. 3.



step subsequent to that shown in FIG 6. [0013] FIG 8 shows the

sem conduct or device of FIG 1 at a processing step subsequent to that
shown i n Wb®3/04112f 0014] FIG 9 shows the sem conduct or dewcaasot/3#HkG 1 at
a processing step subsequent to that shown in FIG 8. [0015] FIG 10 shows
the sem conductor device of FIG | at a processing step subsequent to that
shown in FIG 5 according to an alternate enbodi nent of the present

invention. [[DI6] FlI GFIE i thbeermrBhdandudedte 6LVIGEL of a fidcessingat a

processing step subsequent to that shown in FIG 10 according to an

al t er nat e stapsodsenuent of that pleovpn &5EHE. $nvention. [0017] FIG 12 shows the

sem conduct or device of FIG 1 at a processing step subsequent to that
a

shown in FI accordi t,0 al t er nat.e _enfodi ne f, the present
Thvent i on | [0S F & IS st R s BleRRt S BT POR BRI ot PrBESHE,
processi NQe ssqlgper@g%gggﬁpgh(;@n;rhth's@.own in FIG 12 according to an
alternate erEerodi nt of the present invention. [0019] FIG 14 shows the
sem conductor device of FIG 1 at a processing step subsequent to that
shown in Fl d0012]accorBithd stmwvarthals¢reicnatdectondodiaenFI@f1 at hprogessent
i nvention. 3 WD 03/ 0411&; PCT/ U_SOIgéé5425 [0020] FIG 15 shows the

F ehown i

sem condudtPrsURERAYERE b pPocessing step subsequent to that
shown in FIG 14. [0021] FIG 16 is a top down view of a peripheral |ogic

circuitry ar a r I r.di . i Qn.
DETAI LED DE |1gfh ON @@ﬁéﬁ*ﬁﬁ@%ﬁ%ﬁ%ﬁ@%ﬁ ﬁ%‘;‘ﬁ%@g@'ﬁgéﬁ %8“’032%52. ed
descripti Qftp slh@@@fueﬁﬂﬁ) that slaslen IOFM@rr.ous specific enbodi ments in which
the invention may be practiced. These enbodi ments are described with
sufficient detail to enable those skilled in the art _to practice the
[0014] FIG. 9 shows the semiconductor device of FIG. 1 at a processing

step subsequent to that shown in FIG. 8.

[0015] FIG. 10 shows the semiconductor device of FIG. 1 at a processing
step subsequent to that shown in FIG. 5 according to an alternate embodiment of

the present invention.

[0016] FIG. 11 shows the semiconductor device of FIG. 1 at a processing
step subsequent to that shown in FIG. 10 according to an alternate embodiment of

the present invention.

[0017] FIG. 12 shows the semiconductor device of FIG. 1 at a processing
step subsequent to that shown in FIG. 11 according to an alternate embodiment of

the present invention.

[0018] FIG. 13 shows the semiconductor device of FIG. 1 at a processing
step subsequent to that shown in FIG. 12 according to an alternate embodiment of

the present invention.

[0019] FIG. 14 shows the semiconductor device of FIG. 1 at a processing
step subsequent to that shown in FIG. 13 according to an alternate embodiment of

the present invention.



invention, and it is to be understood that other enbodi nents may be

enpl oyed, and that various structural, |ogical, and electrical changes may
be made wwolewei12tleparting fromthe spirit or scope of thecTnsension.
[0023] The term "substrate"” used in the foll ow ng description may include
any sem conductor-based structure that has an exposed substrate surface.
Structure should be understood to include silicon-on-insulator (SA),
silicon-on- E¥Hi re (BES) 1S shyedhssamifeagpe@r devre shhilfet brsa PESFELE al

| ayers of siligQn rted by. se,ssem conduct or foundation, and ot her
seni conduc %Suig? %et%gf?(gg?ats \é’n”?g?% g%l'ce is made to a substrate or wafer
in the follow ng description, previous process steps may have been
utilized to [(mzm I egi OFBGOI6 jsnbidbven ViBwast a@eeipht AeldpasErcuseyrheadddct or or
foundation. [0024] The present invention relates to formng netallized

pl ugs to anemohsirytacopbmg tathegresent orventiamsi stors formed as part of the
peripheral logic of a nenory device. The present invention wll be

descri bed as set f ' ' il ted below. O her
enbodi ments may bﬁ%%%géﬁwﬁb%ﬁ%%%iﬂgé may be nmade

W t hout depafgd fro 1L : 1‘?;?& f r j tion.
[0025] In acL(?)dri‘Jgnce vn\}[% E%t%gb&pllr[gs%%%ﬁ%aﬁ%eégt onrf3 r%ffe%'gltc gdﬁ ?cggl%r%a\??bglgd for
form ng mepadific Zebolinigss frowhkatthe MveAtok ntgirdpracidede THegt embotimdants

peripheral logic 4 W 03/041127 PCT/ US02/ 35425 circuitry area, which is
typi cal | y arodeswsdbed g thdw fiadiertristak wuemablehbopeskillad inghp aertogyactice dhc
Referring .now to the.drawings, where |like el enents are designated, by |ike

r ef er ence MYAAEORH §r,‘g B! %‘i%f’ﬂ?ré‘i?é’ﬁ that ?&FUEWP&H@“W&WVE’F)F%@B%%’ ﬁéﬂt s of
the fabrigatiQ obRIMbhA REHHGHGIMEESma P bR G ARRES W th t he

pr esent int\ij%tn\{al fg)rlll%?géfg?’ I%gﬁgl’r%lng to Fl G % rtnhg rrermrcy array (indicated
gener al | y departirgf @o@inae spiditet adopt@chaidehtienperi pheral logic circuit area
200a, 200b are shown during an early stage of fabrication. The peri pheral
logic circuit area i's tépi cally split between an N-channel transistor area
200a and a PLQ¥atnel t FApssrst Grubstrats” 2eehin the followipg descrmtgn may t he

\-channel ihdi3ae Iar%y ggﬁiclogd&crggr-g%rgg rsé/ru(c:t(?llrcl ot haY ad Q}?poasgg substrate surface.

Structure should be understood to include silicon-on-insulator (SOI), silicon-on-
sapphire (SOS), doped and undoped semiconductors, epitaxial layers of silicon
supported by a base semiconductor foundation, and other semiconductor structures.
When reference is made to a substrate or wafer in the following description, previous
process steps may have been utilized to form regions or junctions in or over the base

semiconductor or foundation.

[0024] The present invention relates to forming metallized plugs to a
substrate, particularly for transistors formed as part of the peripheral logic of a
memory device. The present invention will be described as set forth in an exemplary
embodiment illustrated below. Other embodiments may be used and structural or
logical changes may be made without departing from the spirit or the scope of the

present invention.

[0025] In accordance with the present invention, a method is provided for

forming metallized plugs for both N and P doped active regions in a peripheral logic



peri pheral |ogic area 200a, and the P-channel transistor in the peripheral

| ogic area 200b have been forned. The gate stacks in the nenory array 100
conpri se welmotrietal | y i solated word lines 112, 113. The @gatrasst/aaks 15, 16
are associated with respective N-channel and P-channel peripheral |ogic
transistors. Active areas are provided about the gate stacks 12, 13, 15,
16, such as the doped active areas 21, 22, 23, 26, 27, 25, 29, that form
Fi el d Ef f edtcuitryaarsdovlich i wpirslly formed ppsids obandayround chautssmarp eclyarrey st acks

11, 12, 13, 14 ilLe the perinpheral areas,..200a and 200b. havge respective

gate stac k@eaISB\éQg}“grﬂ‘éwdgttée Efaé‘éﬂ%s’ yper I"a’kea‘?qgnﬁ%‘istar%ﬁgesfg{’étcé@%ye@?p

t ransi st or r ti I t acks
referdnce I éilﬁls1 g@@%@&‘f?ﬁﬂ@ﬂmsﬁ?{e écemﬁ?agg ieglfelmhﬂﬁexﬁ%ﬁd?e

i ncludes a |ayer of ox as silicon I'n contact with the

subst r at e, fabri€@iod Wedps\ead rgailléng syedtuk? in sacerddnlae washi Whe présent Msehd@di.ng cap
| ayer 122, and insulating sidewalls 123. The N-channel transistors are
formed in a E(—)well 160 _of the substrate while the P-channel transistors

are formed i O®&ubst r Beternoged F1G 6k, the orsrmery agray (indiatedsgronsrplyPyrl G 1,

pl anarized first insul.afi l.ayer 1 fiormed of , f ex | e

bor ophosph %’l“fr}cg Ay IZ];(}sd}(ga@S% pgrrll%%clr?li lg%lﬁ “dre% iaffté%a%’ %ﬁﬁ%?%‘d over
the gate shipflSaPOlyadde Vs Raton M fPefiphehNRigiAdiing Ar@a\/ﬁrtyl}jiéau Rpef er ably
pl anari zed by chem ¢al nmechani cal polishing ( or other sui ta%l e neans.
FIG 1 al detgbowm N-gainnebframgpister ata26@a drid a PAchannélaramsisteerarcee2@iity Aells in

a different cross-sectional plane fromthat illustrated, which are used
for self- ahPyRda BGOnd, oy Nachranelprapsiskgrs st mempppeallasiay d)0Angcesses, and

first fiel i regl.an 4 far,isolati nenor.y. L ls.i,n._the menory
oy 10057 BEbA IR T 20 o SO R Rl B RS BT s e ves
as the stayob i beemdsindn T gdthratMARhE %mJ@%rﬁ?Q@)ﬁ%%nﬂfrisEhe_ present

i nvention begins by applying a photoresist mask’ 18 to the first insulating
| ayer 10. BpemdaHgssoldad word fihes hibd K 1defThreegart stacksokgtlicoars assodiasedewith

posi ti oned over. the doped active areas 21, 22, 23. [0029] A first portion
of the fi ri§tPerieuNAEaRgel -channel perapher#ldagig pnpistore AEEEIERS B pose t he

active ar %?8viag'd aggut t?l% g‘ﬁ@é s%gckgrl%, 'l\lé', fjﬁoﬂ%(,j 51f181r asttlﬁ% d[})l'p(é\cri] %Qtri]v%l areas 21, 22,
23,26, 27, 25, 29, that form Field Effect Transistors (FETs). The memory array
includes the gate stacks 11, 12, 13, 14 while the peripheral areas 200a and 200b
have respective gate stacks 15, 16. The gate stacks 12, 13 are part of the access
transistors 51, 53 for respective memory cells. Each of the gate stacks includes a
layer of oxide 120, such as silicon dioxide in contact with the substrate, a conductive
gate layer 121 over the oxide, an insulating cap layer 122, and insulating sidewalls
123. The N-channel transistors are formed in a p-well 160 of the substrate while the

P-channel transistors are formed in a substrate n-well 161.

[0027] As further shown in FIG. 1, planarized first insulating layer 10,
formed of, for example, borophosphosilicate glass (BPSG) or silicon dioxide has
been formed over the gate stacks and active areas. The first insulating layer is
preferably planarized by chemical mechanical polishing (CMP) or other suifablc
means. FIG. 1 also shows a pair of gate stacks 11, 14 or for other memory cells in a

different cross-sectional plane from that illustrated, which are used for self-aligned

/



transistors 51, 53. Plug openings 31, 32, 33 are thus provided, as shown in
FIG 2. It is also possible to dope the areas 21, 22, 23 after the etching
oper at i orwDnspedad? of dopi ng these areas prior to etchi ngPCrA®8D}5485

di rectional etching process such as reactive ion etching (RIE) may be used
to etch openings 31, 32, 33 (FIG 2). The etchant conditions are such that
only the insulated layer 10 is etched without any or mnimal etching of the
active ar dalwiction pRocea@s, atkfipefi¢ldvardel regions ddtfpy isaladag ndd0eryaats MOOb ar e
not etched at this tine. [0031] As shown by the structure illustrated in
FIG 3, aftpém%ﬁiaﬁ'ﬁ‘é 189. " 32,733 are etched, the photoresist 18 is
renoved and openings 31, 32, 33 are filled wth an N+ doped pol ysilicon

lug 30. Th It Sl 3026 L ZE Y buc le, CMP.
b’ ug eg{)@%g ! “gggé %%gétgéees&lggven dﬁgﬁl@ 1386 h e io¥l but svaa?&‘saﬂFE €

The pol ysili | ugs ter or during plug eposition and

the plugs stin® @ IRRAASH fedRYinEboa! THewoceposhd preidtemluntigl &ginsas known
inthe art. A second insulating | ayer 40 of, for exanple, BPSGis then

deposi t ed hywpplyitga phamﬁiszmasgll@g@.th?@mzl}smﬁ@gﬂa%]sliq i @peningrol 63 ipl ugs 30
shown in FJG 3 gan be rther identified as pol | ugs 41, 43, i.ch will
connect witbh ek Seetich ogphs s ThEsEosd DI e Rl 3r A Huddry cel
capaci torsyzand poly plug 42, which will connect with a subsequently forned
bit line. 52[0033] Referring nowto FIG 4, a directional etching process

t hrough a photoresist mask (not shown), such as RIE, is next used to etch
t hrough the E®2001d BPSGritgyetiod Of drdfipainsulafing hyepdl wsidxt eanoyeldugs 41, 43

to formcapacitor container openings 51, 53. [0034] ReferrieglgI now to FIG
5, after (CHOURHENEXNASH tet active arapadi 22r23 whisharn d+ dorast fog shaN-chagng]

it t r.uct s f d t ' duct devi
Caneral 1y TRECER AL 5 Phie Gt Hs S2omprrctes sraiher FUERECERR 21 ayer
or plate gpjs 4 odﬂc%kigfctﬂb! &bﬂeﬁdﬁ%%re@? 2@}’2{, 2?%&&%5 Q_{maugaéﬁeraﬁ&girﬁtcﬁ@wuc“ ve

&
upper plate 50." A barrier |ayer nmay al so be provi ded between the bottom
pl at e and dopeng these areas prior to etching.

[0030] A directional etching process such as reactive ion etching (RIE)
may be used to etch openings 31, 32, 33 (FIG. 2). The etchant conditions are such
that only the insulated layer 10 is etched without any or minimal etching of the
active areas 21, 22, 23. The peripheral circuitry areas 200a and 200b are not etched

at this time.

[0031] As shown by the structure illustrated in FIG. 3, after openings 31,
32, 33 are etched, the photoresist 18 is removed and openings 31, 32, 33 are filled
with an N+ doped polysilicon plug 30. The resulting structure is then planarized by,
for example, CMP. The polysilicon plugs 30 may be doped after or during plug
deposition and the plugs may be deposited by CVD or other deposition techniques,
as known in the art. A second insulating layer 40 of, for example, BPSG is then

deposited over the planarized plugs.

[0032] The polysilicon (poly) plugs 30 shown in FIG. 3 can be further
identified as poly plugs 41, 43, which will connect with subsequently formed



poly plugs 41, 43 to prevent mgration of the material form ng the bottom
plate into the poly plugs 41, 43. The bottom plate 55 of each capacitor
struct ur ewpsperieed by depositing a conductive |ayer w thipaTasenssags 51, 53
and then planarizing the upper surface of the structure to renpove any
conductor |ayer material on the upper surface of the structure, |eaving
the bottom conductive layer only in the openings 51, 53. The bottom
conduct or nmbds @8 capacitoes diegle Pluypod Y sithick ovill kaywdct anidh asubsequentlper

i nclude an HSG | ayer. The dielectric layer 57 and the upper capacitor plate
50, as shéﬁﬁn@hb¢%eﬁ-5, are bl anket deposited in sequence. The upper
capacitor plate 50 is a comon |ayer for all capacitors of a nenory array.

The bottom ctiv ate 55 h ver, s deppsited and tterned by
planarizatioﬁ”}tégl]I pro?ﬁ%%"Fﬁﬁ%v?&a§w§¢§5%%¥?%?§1 ﬁﬁJW§§E39$??ﬁH8H%%_y pl ugs
41, 43. [ Qp3RdresifiansshRast sfwn Tuadh RRE) MR dsdPrPecRithRflghtRe sttbhgh
requires a |arge anmount of thermal energy. For instance, heat processing
or heat c\BlISéslazeret0 ayppamlof yhaipassiiwnaptgyal et dro Eirfreciphaisircoataimkuct | vel y
dope the | ower cgll | ate when the lower cell plate is polysilicon. Heat
processi n@PRBPEEPLODe used to activate or effectively dope and fix pin
holes in the dielectric layer in cases where the upper cell plate is mde

of pol ysilic@pagfccor di . cess DRy | 4 ly the 7
VO 03/ 041127@&4\1’1\ usoz%i}%lé & ‘Fﬁo"weéE o FIg, fﬁeg?% o@?ﬁgwéhmggap%%“?ppl ate and
di el ectri gon@inet @pthi@gehl| 53 acapaitot Mructaid 48 {sUbmed 8paNHe BgnRBnHEOr

materials used to formthe capacitor structure. In any event, the

i nvent i on devicert 00 h&eneradly Ithe eapacivpriinicorrs 4docanprisgs & icopdyuayic bostonn t he
substrate,after the_heat. processi IS lied. [[0036], 1 n agccardance with
The' i nventibhoLPIE: 5% peticla ot 87 @rer B barEomiRtate: it CalBERVCRRERT bl ugs
are formed Losphe Nk b ] Sl j L pher al

| ogi c aregg 2004, 26OE@%2§M?%P9ﬁg ggﬁaﬁﬁﬁgaﬁﬁﬁgh3%?6?%%§9T&%§ngﬁgan in FIG
6, a diregblygslags 1,648 ropRranasipradorndfite matetidlfbeming e &®stons pli&ethtd 0 et ch
t hrough a photoresi st mask 80 and the BPSG | ayer 40 to define bit line

openi ng 52he poldiplugstdlodtdt Ehehorgnpplateds obeachtdapacitnistrapluge srfoused  al so

ocour s I Ny L g, BEE PRe Ak, MGt Wl 83309 49, & S .o, Lg glotoresi s

upper surface of the structure to remove any conductor layer material on the upper
surface of the structure, leaving the bottom conductive layer only in the openings
51, 53. The bottom conductor plate 55 may be a doped polysilicon layer and may
further include an HSG layer. The dielectric layer 57 and the upper capacitor plate
50, as shown in FIG. 5, are blanket deposited in sequence. The upper capacitor
plate 50 is a common layer for all capacitors of a memory array. The bottom
conductive plate 55, however, is deposited and patterned by planarization to

produce individual capacitors 61, 63 over the poly plugs 41, 43.

[0035] The capacitors must be annealed to be effective, which requires a
large amount of thermal energy. For instance, heat processing or heat cycles are
typically used to activate or effectively conductively dope the lower cell plate when
the lower cell plate is polysilicon. Heat processing may also be used to activate or
effectively dope and fix pin holes in the dielectric layer in cases where the upper cell

plate is made of polysilicon. Accordingly, heat processing may be applied to only the



80 and BPSG | ayers 10, 40 to define the peripheral plug openings 55, 56
thereby exposing the active areas 25, 26 for the N-channel and P-channel
transi st owe odn4ttibe  peri pheral areas 200a, 200b. The phot ecedisst/3ssesk | ayer
80 is renoved after the etching process. [0038] As shown in FIG 7, a
metal layer 70 is deposited over the menory array 100 and the peripheral
circuitry area 200. Accordingly, the netal layer is forned over the
exposed oldweer cclliplacas the laetn ol plateand Axle@fi¢, owhibahe andreRapaaped for the
P-channel transistors_or N+ doped for N channel transistors to_form netal
per i pher aPtrBfts depending omithe mratenialy uspdtoitQrn ghe aRacier sy t& e ANRRE Dbi t

line poly plug, 42 to.faormnmetal bit line.plug 7 Preferably,. the netal

| ayer " 70" el inedbvioatpi B e Bll-siheARaPr e OinngeRirtRimin ¥

mol ybdenum@irat @it tHEhe RProdddYing W ippkg. metal  may be used. [0039]
Referring to FIG 8 the resulting structure is planarized by, for exanple,
CWP. The netal |ayer 70 and the upper capacitor plate 50 may, for exanple,
be pl anari zdd®086] r enpMe acterdaptcawith alye mvEotiem aft¢ renhe lcapgmrers @hggcirt or  pl at e

50 down tp at |east, a thi ckness .of apou 0 Angstrons after CVP. In
addi ti on, g?ﬁé’roéesm’@@tg@j‘i@?afp@f @é‘ﬁi\gﬁhm&ﬁ' RBE trFRannglig3nsistors iy upper

(0040} as x el e SegdE 200 £ LA LHE REIMIALE S, £ 0% 6psis ayer

60, is deposited over the upper capacitor plate 50. A photoresist layer is

then appli @03Ay pat tAsrshedntia FIQ. m, etdidttighd peshimgsroevgrortdikernitable pl ugs
72, 75, 76 and _a directional etching or other suitable etch process is
next per f Brofses is psast eretch Hirough atfiwteresistamphty ard dre BBSGdJayex f8ge cont act

f th tal pl 72, ., (6. The. et chant diti h t hat
oty the HAges B B PaplReds: i £ duectiais! Shiarocn T orish AR PEOER ng of
the et al aph ol fo iperibfiers] B EKDARSLAPD! ek cBRBASODLEREAELEK P! UOS

75, 76 in the peripheral "areas 20 200b are prefe r
surface aBéantlBISG hgedildydlan defint hiee paiplerylplgs opdningdd55 [SHehtlebfs furt her
shown in FIG 9, once the photoresist |ayer (not shown) ) .

exposing the active areas 25, 26 for the N-channel and P-channel transistors in the

peripheral areas 200a, 200b. The photoresist mask layer 80 is removed after the

etching process.

[0038] As shown in FIG. 7, a metal layer 70 is deposited over the memory
array 100 and the peripheral circuitry area 200. Accordingly, the metal layer is
formed over the exposed outer surfaces of active areas 25, 26, which are P+ doped
for the P-channel transistors or N+ doped for N-channel transistors to form metal
peripheral plugs 75, 76. The metal layer is further formed over the bit line poly plug
42 to form metal bit line plug 72. Preferably, the metal layer 70 comprises titanium,
titanium nitride, tungsten, cobalt, molybdenum or tantalum, but any suitable metal

may be used.

[0039] Referring to FIG. 8 the resulting structure is planarized by, for
example, CMP. The metal layer 70 and the upper capacitor plate 50 may, for
example, be planarized to remove the metal layer 70 and level upper capacitor plate

50 down to at least a thickness of about 500 Angstroms after CMP. In addition, the



is renoved, a conductive |layer 90 formed froma suitable conductive

mat eri al such as tungsten or other netal, is deposited over the third BPSG
| ayer 60 wo oBo#rmt he contacts 92, 95, 96. The contacts 92cTAB02/8G@25mmy be
of any suitable size and shape so as to provide a | ow resistance vertical
and lateral path to the active areas 22, 25, 26. The contacts 95, 96 in
the peripheral areas are preferably of a smaller area than the peripheral
met al pl ugheld@ric Hyer IRangeppaheilgilate Gtk ac esch8d badbawayefrpmethe cabdyctiveound i n
top down cross-sectignal shape as shown in FIG 15, even though the netal
pl ugs 75, PSS *arfSoval top down cross-sectional shape. [0042] An
alternate enbodinent is described with reference to FIGS. 10- 15. Like

nuneral s f romd‘}[lbﬂ firsk, desei bﬁfb%qg]\rgg{fsteuéﬁ@)eg 1%%'6;02?%??’?@la er

appropriate, w di f f'erences being’in uaneral s or

Wi th diff&oentdepdbie®] e¥es thehfperdpasldR phar@spr %@&bmisﬂa%r Semguct ed
subsequent to the processin steps shown in FI 5. As Showmn in FIG 10, a
di r ect i onappkedandhpatmroed ssfavm arhiag opsoingalover gheonaslsploge 2 575, 7 6t dnel
peripheral gircuitry area 200 to etch Lhrou h. a Eho%oresi st sk 380 and
the BPSG PAJEFEORY cthing RY8 BP‘h‘itﬁ’g‘fB iPSRESHIS NSKLBCTIASS WRgdciss5, 356 and

exposi ng i : I 1
PCT/ US02/ %@‘?ﬁ‘éﬂ i TR ﬁ??ﬁ‘?&‘%‘fﬁ"oﬁ‘ﬂsﬁp %fﬁ@“ﬁ%ﬁ%ﬁ g’rf g?eg‘é‘%gég’ﬁ%@ 3goou The
phot or esi 6. rMBtsdketcByttlcondRidnk rd RIFAV RS @fly e hh@aRUINIRGONS OBES. Unl i ke

the processing step shown in FIG 6, the bit line is not etched at this
time. [00adthoréfay or mynineal EtaBingl of the metebplugsy2y 73 79. i Ehalexpesed eantodter t he
menory array 1 and, t he riopheral circuitr a . Accardj ngly, the
roral . ol PbteRRablksPS: B R pvadhati afcis ApFE DY Ridh ok hitns e,
26, whichgarg.R 5 I [ rggor N+ doped for the
N- channel Sl?lrag%sslﬁgagér)ﬁsl{ég'tt%ﬂ?‘%?%rﬁ%tgg?pggr?%{]agﬂggZ?UZ% 375, 376.
Preferably, the nmetal |ayer 370 conprises titanium titaniumnitride,
tungsten, colf@4id] nol yadfmber giowmint BIGNY, dite thaphowudsisalidyer (ritahoway be

used. [0044] As shown in FIG 12 the netal layer is planarized by, for
exanpl e ©VPMOYRE, heenductixg layerHid farmedfsomaysairable coadpitiveanitesd sueh pemove

the netal tlllr?é/s%crn or other metal, is deposited over the third BPSG layer 60 to form the
contacts 92,95, 96. The contacts 92, 95, 96 may be of any suitable size and shape
so as to provide a low resistance vertical and lateral path to the active areas 22, 25,
26. The contacts 95, 96 in the peripheral areas are preferably of a smaller area than
the peripheral metal plugs 75, 76. The peripheral contacts 95, 96 are preferably
round in top down cross-sectional shape as shown in FIG. 15, even though the

metal plugs 75, 76 have an oval top down cross-sectional shape.

[0042] An alternate embodiment is described with reference to FIGS. 10-
15. Like numerals from the first described embodiment are utilized where
appropriate, with differences being indicated by 300 series numerals or with different
numerals. FIG. 10, shows a processing step conducted subsequent to the processing
steps shown in FIG. 5. As shown in FIG. 10, a directional etching process or other
suitable process occurs in the peripheral circuitry area 200 to etch through a
photoresist mask 380 and the BPSG layers 10, 40 thus forming peripheral plug
openings 355, 356 and exposing active areas 25, 26 for the N-channel and P-



370 and | evel the upper capacitor plate 50 down to at |east a thickness of
about 500 Angstrons after CMP. In addition, the dielectric |layer 57 and
upper celwopBata2b50 are etched back away fromthe conducticraispt/sgyss 375 and
376. [0045] As shown in FIG 13, a third insulating |ayer 360, e.g. BPSG

| ayer 360, has been deposited over the substrate to fill openings around
the capacitors 61, 63. A photoresist |layer 318 is then applied over the

t hi rd i nsghannahgrahsisters iarttie ppapharalreehst2®0p02 00t The phoupesistmpskdayer t he bi t

line poly _plug 42 and the netal periph | ugs 375, 376. [004 shown
e R R0 R B e P R hin graresbt Fiofike Hid Soces Beair tobtue s

performed 4 o,£% Ar.ough . PSG | ayer 360 to formnetal plug
cont act ogéﬁ?ngghgggﬁni édgﬁﬁn#%mé?%ﬁ t hrough the second and third BPSG

| ayers 40, 360 to formthe bit line opening 352 so as to expose cont act
areas of the0vdBal plRgbrrhigxo HG 1dnd nidgl 1bydr 370rie dpsisiteddlovgr he. The

etchant conditions are such that only the insulated |ayer 360 is etched
Wi t hout amenaeryrrsy #e0, and Hicppripherah eirgritryjareapd Ay s A-ay, thaanattle poly

plug 42. The al plu ontact .openin 385, 386 ar referably_of a
Crmbl o alaebapesERYeHES Ruftird SREG s a5t Saee hoepgSodponepard PP

PCT/ US02/ 35425 for @0 4$7thAReSRAMS oFNG ddfed fr ERORUALNKE! dra¥RFord0tof O Med
froma suitable conductive material such as tungsten or other netal, is
next depos$orechenal@keripheral plugs37 BRSG. | PaetaratdGOchie andtal laydri37 Onangprispd ug
contact openi.ngs 385, 386 and the bit |[ine opening 352 so as to form

cont act s Sgniumggtamyg nitrigle, BEEsEas sobplly mydybdenyay or gntalumy, Busi®e and shape
so as to QrgﬁhdeeglﬁaNgéﬁﬁztance vertical and lateral path to the active
areas 22, °25° 98 ﬁhe’%on?a ts 395, 396 in the periphery are preferably of
a smaller cross-sectional top view area than the peripheral netal plugs
375, 376. THeoreli phergy shomtia®I&s. 325 the3RraP 96 €k PRIn¥ril@V By Fof Skithit 0P Vi ew

cross-sectional shape as shown in FIG 16, even though the netal plugs
375, 376 f@Phaihe matablagér 3% bmay f@vexempisbes platarimal toghajpee tidmMes] layar

accor danc ith.th resent inventjon e netal periphery plugs re fornmed
after thes7d) Fﬁatl?"cﬁﬁdgcfuﬁﬂ?é HRRFUELT P feos0 ngépa?b fopste %@11(3@6&%% 6ht P8P ni ng
Angstroms after CMP. In addition, the dielectric layer 57 and upper cell plate 50

are etched back away from the conductive plugs 375 and 376.

[0045] As shown in FIG. 13, a third insulating layer 360, e.g. BPSG layer
360, has been deposited over the substrate to fill openings around the capacitors 61,
63. A photoresist layer 318 is then applied over the third insulating layer and
patterned to form etching openings over the bit line poly plug 42 and the metal
peripheral plugs 375, 376.

[0046] As shown in FIG. 14, a directional etching or other suitable etch
process is performed to etch through the third BPSG layer 360 to form metal plug
contact openings 385, 386 and to etch through the second and third BPSG layers
40, 360 to form the bit line opening 352 so as to expose contact areas of the metal
plugs 375, 376 and the bit line poly plug 42. The etchant conditions are such that
only the insulated layer 360 is etched without any or minimal etching of the metal
plugs 375, 376 and the poly plug 42. The metal plug contact openings 385, 386
are preferably of a smaller diameter than the metal plugs 375, 376.
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the netal periphery plugs begins after the conpletion of all high
tenperature processing steps utilized in wafer fabrication and after any
ot her tenwermtourie7 changes that affect netal plug formati eeT/Riesaeabl y,
the process begins after the heat cycles wused for cell poly activation and
capacitor formation. The netal plugs may be fornmed prior to form ng upper
cell plate contacts to the capacitor of the nenory device but subsequent
to high tenpE®7]re prAsessimg Fi@atiyerontloctivieHeyer formed fronfFastitedlaror e,
the present inventionis not limted to the il|lustrated |ayers. Any

sui t abl e FOROBFIVETBRGHAbSUCH 3y BHRESendIr ABFIIERLVEDEH epﬁgmd?ev.cﬁqu 4 s may
be  used ViSOl ASER1S kNS LR LI ARl topdliblSabMYELAR 0 (iPRIS] FIG 16
shows a general “tTop down cross-sectd onal view a~’ peripheral [ogic

Circui try gpeBmgOf5Bso BRI fbrlcoatacB35, 4DBY396 The cBh@eRMhay BweMdyon.  The
metals plugs in the peripheral circuitry area 200 are shown as oval netal

pl ugs 225nit@slé sizeand lshapreopi adeo poodde @ lox resisthoen versicBhangl latdral pagetd act i ve
areas 25, 26 respectjvely, Three condugti routing. channels 214, 216, 218
are shown ‘E?(f‘%‘ﬁ’&iaﬁ"g“ Z&eﬁér 264 ;tf he éﬁ@%aﬁw%?ée \é%rw £hg P";‘}'}P(ik‘iﬁéafﬁrpfﬁé’faély o
insulatin verl. . j l,5 <2 216, 218.
Beneat h, '(E:L hslg?% éé—o?sageglbg?{a%tﬂ er %E%{%%Elgaﬁ %lg%eglgﬁéﬂag%e%ggﬁ%gI3253$€6'f or med

ext endi ng Tenriphtial Wbitabsizoe, 396 pediaubly Habea iRl toplvidh Ok Qdckibhal
PCT/ US02/ 35425 contact 96 provides for an electrical connection to be nade

bet ween t lsbapeastshayn ig idlndb, 018 thadgh te metal phigad@a, 366 mayhevahn ovdlt act 95
provides for an electri.cal , connection to be nmade between the routing
channel 219P XI5 AS-SSEHPRA slIEa 25, [0050] One of the advantages of the
present invention is the use of nmetal plugs down to the active areas of

th bst r at i | ] - - Lpns
e substratgo4ghi s prll?lVch&%ahgéWftﬁ%é Eﬁt‘séﬁtﬁﬂ?&ddﬁ m@ﬁllfét?.%&@;@@f%ﬁélgg{] di ng

bet ween routing Channels and the active areas. According

met al pl ugse fdonwed tafiet te facmbtien af drscapiciddie Brefishblatlee procasadifomniag Wit h

t he present invention electrical connections can _be nmade wi thout bridging,
whi ch  al Ithgunetad periplery olugsi heginsafisr eherqarepletion phalt highrtsmperttaigdi ti on, by

provi di ng _oval e el ectri connections can be nade to

mil tipl e Ip6%<ielssr'1]ngg5 %}%g%ﬁtgl{irzg%dadl 3 alf%gr‘glaré%_uon an((i%lfter any other temperature ghangcs

that affect metal plug formation. Preferably, the process begins after the heat cycles
used for cell poly activation and capacitor formation. The metal plugs may be
formed prior to forming upper cell plate contacts to the capacitor of the memory
device but subsequent to high temperature processing treatment for the capacitor.
Furthermore, the present invention is not limited to the illustrated layers. Any
suitable number and /or arrangement of conductive and insulating layers may be

used without departing from the spirit of the invention.

[0049] FIG. 16 shows a general top down cross-sectional view of a
peripheral logic circuitry area of a memory array according to the present invention.
The metals plugs in the peripheral circuitry area 200 are shown as oval metal plugs
225, 226, which provide conductivity down to P+ or N+ doped active areas 25, 26
respectively. Three conductive routing channels 214, 216, 218 are shown extending
generally lengthwise. Typically, one or more insulating layers overlay and separate
the routing channels 214, 216, 218. Beneath, the BPSG layers, other conductive

routing channels are formed extending generally widthwise. As shown, the metal
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[ 0051] The above description and drawings are only to be consi dered
illustrative of exenplary enbodi nents, which achieve the features and
advant agewoaB/o4tie present invention. Mdification and sulpstriuser/ssans to
specific process conditions and structures can be nmade wi t hout departing
fromthe spirit and scope of the present invention. Accordingly, the
invention is not to be considered as being limted by the foregoing

descri pti epnewdddpasidgsior btklecgicandonnkcunrt eobbynatibbesepeahe ofutinge appended
claims. 12 WD 03/041127 PCT/ US02/ 35425 CLAI M5 [0052] What is clainmed as
new and deBrnred 248 apd the actdtaser B9 Aanetal contguiy ér@rowgics @r%%fwél of

formng a nenory device id method conp Sl
porti on of °8"APAc Oty made E%WGF% therou hmneq%é#lm%ﬁ?% earﬁae ry array
area of said nenory device; heat treating said capacitor structure; and

form ng met ajooloygs dophe P tRCIdviRragéLarThe pré&ah CinSaRedd BltRe adel SImé@RL
treating said capacitor structure, wherein at |least a portion of said netal

pl ugs f ophegs dbovntd theswiide achs vfrhasebssrage. e This iprovddés fed otratuesbtancedin

P-channel peripheral . logic transistaors gf a sem conductor subst
| ocat ed ol C%ra}eaﬂ%%wwaw%@a @w‘aﬁma‘f@vgaﬁasw&%&ly 2. A

met hod of F&V H?n@gPé’taF;‘rf}eﬁgoﬁo%‘q)‘iﬁe 2R d JX?%??:%&;%@HSH -ord QLAY a | over

el ect rode P ayer capaC| mng" a ric layer in

contact Withdipgesdrtt lhcam;oneélacehwdanﬁaﬁeﬁs canG@natié aaﬂnoﬂgbﬁagﬁkgl OnRh
el ectrode and dielectric layer; after said heat treating operation, formng

an upper ellews fQIdegHtay[etchlcd clastivahoanngitidonss dincrddiitebrg dtyrpirovikdingesval and after

form ng saj electrode | ayer,  form cts . ous to
active aré %Pegf ugt cleptricalqpnrperons fan gga*?gi?rfamtl&&ﬁsﬁ%ﬂasc ﬁ“‘getf
peri pheral, thQie‘a. ar ea.

[0051] The above description and drawings are only to be considered
illustrative of exemplary embodiments, which achieve the features and advantages of
the present invention. Modification and substitutions to specific process conditions
and structures can be made without departing from the spirit and scope of the
present invention. Accordingly, the invention is not to be considered as being
limited by the foregoing description and drawings, but is only limited by the scope

of the appended claims.
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3. A nethod of fabricating netallized plugs in a nmenory device, said

nmet hod conprising the steps of: providing a substrate having a nenory cell
array arewoand4m2peripheral circuitry area, wherein each paff/isa/ss4enory
cell array area and said peripheral circuitry area conprise at |east one
transistor of a first conductivity type and said peripheral circuitry area
further conprises at |east one transistor of a second conductivity type;
said at |east one menory cell array GEABEMS ansi stor being an access
transistor for a nenory cell; 13 WO 03/041127 PCT/ US02/ 35425 further
processi ng sai nor ell array area, form at | east one capacitor
which is ass@@gaﬁd Wi a@éf@“ﬁ%‘{%%%cw 'flréci]gfsé‘iﬁgrt? eé’ﬁBF%Fet‘?Sb)h%%ff o anneal
sai d capagi,fQkis:defining nultiple plug openings in material |ayers over
said substrate at said periphery circuitry area of said substrate, wherein
at | east one of said plug openings exposes an active area of said

transi stor havi ngl.sai d\ frietlsdd obfodmirig ¥ inteyndry plevicgndidahe thedstongrsirgf:  sai d

pl ug openi ngs exposes an _active area of said transistor having said second
conductivity typdOrBing at dsast HPOHIGRRA capagEr sHVsure fork mGPXY egle and into

sai d plug_openi ngs cont act. sail jye.areas after said heat is applied
to said rrévrlmr@ace ni“grgrarrré‘ga{écraeoaf.sgl .’gggﬁé't%%’bceas in claim3 wherein said

first conductiVideyr tr¥dtthg s%id\%apaéitop%tﬂiéﬁd}@,darﬁfs in claim4 wherein said
second conductivity type is P+. 6. A nmethod of formng a nenory device,

sai d net hod conprfosnhimg: metabplrgndownpaiactiaf arspafedidvembstrite nést hdaor m ng
source and drain_regions on opposite. si c{es of said goa'rlfg lines to define a
pl ural i tyUGRURS AN GIRASIPT SRS, Whsredt 3t 6ast apor B OhSHE MY PSS arr ay

PR o SRR o SRS PSR 8 B ARSNARR LeT o
logic transistors of a semiconductor substrate located outside said memory array area
containing said memory cell.

2. A method of forming a memory device, said method comprising;:

forming a lower electrode layer of a memory cell capacitor;

forming a dielectric layer in contact with said lower electrode layer;

heat treating said lower electrode and dielectric layer;

after said heat treating operation, forming an upper electrode layer in
contact with said dielectric layer; and

after forming said upper electrode layer, forming metal contacts
contiguous to active areas of each of an N-channel and P-channel transistor in a
peripheral logic area.

3. A method of fabricating metallized plugs in a memory device, said
method comprising the steps of:

providing a substrate having a memory cell array area and a peripheral
circuitry area, wherein each of said memory cell array area and said peripheral
circuitry area comprise at least one transistor of a first conductivity type and said
peripheral circuitry area further comprises at least one transistor of a second
conductivity type; said at least one memory cell array area transistor being an access

transistor for a memory cell;
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formng a pair of capacitor polysilicon plugs and a bit line polysilicon
plug through said first insulating |ayer to said source and drain regions
of said awoesm411eT ansi stor; formng at | east one second i mswlEmb2/B8y23 ayer
over said polysilicon plugs; formng container capacitors, respectfully
associated with one of said access transistors in said second insulating

| ayer over and in electrical commrunication wth respective capacitor

pol ysi licon pl ugsfurdeapregessing sad suwmpry 68l aﬁrwr%égégm G eastieni ng
N-channel and.P-channel peripheral .,ogic transistors outside said nenory
cel | array?Bie¢® ™ %aﬁg)fﬁﬁqyﬁ%ﬁiﬁg@sﬁ%@gg’ after said heat treating,
formng netal pl ugsifife hemt @nn@aAGRidapadidd; N channel and P-channel

peri pheral | ogic trans%stors through said first and second insulating

| ayer; form ng atdé¢feasg noneple pluglopasngsahimgetiayareromer sadisdbstant ati ner
capacitors;  and formng netal contacts through said third insulating |ayer
to cont actsaiReEiPhgtAICUBRE2 of salhSyRstREY VHEre R ieay ore i sy lekyi ce, sai d
nmet hod conprising. form nmenory..cel cass. transkstors,;in . ry cel
oy ar eq PRPr Kot TN et R RS R Tl AR ] PRy BB

peri phery Jn@G Geakt GRtSHShRY ﬁlug RBDpRninR§ ExpRey # adtRelafeadsfR@datarsatgt menory
device; formng at |east portions of capacitors associated with said access
t ransi st ormving ss@l sicommhoonduweality gypegandar ea; heat treating said capacitor

portions; and after said heat treating, formng first nmetal conductors.
whi ch contact wit rmat&w&tazrl%g%?r%%%L&r@ﬁaﬂﬂémtomwgmﬁw&SS&ériphera|

logic tranglsl-Plid active areas after said heat is applied to said memory cell array area.

4. A method as in claim 3 wherein said first
conductivity type is N+.
5. A method as in claim 4 wherein said second

conductivity type is P+.

6. A method of forming a memory device, said method comprising;:

forming a pair of spaced word lines;

forming source and drain regions on opposite sides of said word lines to
define a plurality of memory cell access transistors within a memory cell array area;

forming a pair of access transistors sharing a source/drain region;

forming at least one first insulating layer over said access transistors;

forming a pair of capacitor polysilicon plugs and a bit line polysilicon plug
through said first insulating layer to said source and drain regions of said access
transistor;

forming at least one second insulating layer over said polysilicon plugs;

forming container capacitors, respectfully associated with one of said
access transistors in said second insulating layer over and in electrical communication
with respective capacitor polysilicon plugs;

heat treating said container capacitors;

forming N-channel and P-channel peripheral logic transistors outside said

memory cell array area;
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8. Anethod as in claim?7 further conprising: form ng capacitor conductive
pl ugs between said capacitors and a first active area of a respective
access trapasstae7 and formng bit |ine conductive plugs teca/ussgssansl active
area of said access transistors; and form ng second netal conductors to
said bit line conductive plugs at the sane tinme as said first netal
conductors are fornmed. 9. A nethod as in claim7 wherein said heat treating
occurs after all gfertsiidisaofreanig) foapaginaalsplagetd amad cadlOof said®dt hod as in

claim7 wherein said first netal . conductors have_ an, oval t do

cr oss- sectchyg aad pehanpgl PCA‘Pﬁi‘é{aﬁ B?f‘ca%ra?ﬁlﬁte{sépfﬁ%hf%’rq ﬁ‘/fé'i' a’&‘ﬁ%ﬁ??@? ng the
step of Br%%ilgé{;l% %%?,er metal plugs to contact said first netal conductors.
15 WO 03/ Ig‘ US02/ 35425 12. A nethod as in claim11 further

conprising the st@pmafg {:qe4t BHc HiIREInsUREAL 19t @tertsidcntatér Gpadicdad;t |ine
conductive plugs. 13." A nethod as in clarm 11 wherein said upper netal

pl ugs havend smaller dianmeter than said first metal conductors. 14. A
method as in claim 12 wherein said upper netal,. plugs have a snalle

di aneter than resBERI&BCHHEANGELs Lo Bisaid i infiieFY G dopPRGEt SR sai d
first metal tglcmg ctors. 15. A nethod as in claim13 wherein said first

metal conductiors have an oval top down cross-sectional shape. 16. A nethod

as in claim15 wherei M s@thod BPRIrniiBE almerpbiygevitayRidmieeistt! t op down
cross-sectional shape. 17. A nethod as in claim8 further wherein said
first comdwprisng: and said bit |ine conductive plugs are N-type plugs. 18.

A nethod of form a mem)r¥yd vi ce, said net hod corrprlsi n}g: fogn‘i.ng a
pair of spaced PEM{N g AEMO cell'access transistors 1n a memory cell array“drea of said

memory device;

torming N-channel and P-channel periphery logic transistors in a
peripheral logic area of said memory device;

forming at least portions of capacitors associated with said access
transistors in said memory cell array area;

heat treating said capacitor portions; and

after said heat treating, forming first metal conductors which contact with
active areas of said N-channel and P-channel peripheral logic transistors.

8. A method as in claim 7 further comprising;:

forming capacitor conductive plugs between said capacitors and a first
active area of a respective access transistor and forming bit line conductive plugs to a
second active area of said access transistors; and

forming second metal conductors to said bit line conductive plugs at the
same time as said first metal conductors are formed.

9. A method as in claim 7 wherein said heat treating
occurs after all portions of said capacitors are formed.

10. A method as in claim 7 wherein said first metal
conductors have an oval top down cross-sectional shape.

11. A method as in claim 8 further comprising the step

of forming upper metal plugs to contact said first metal conductors.
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form ng source and drain regions on opposite sides of said word lines to
define a plurality of nenory cell access transistors within a nenory cell
array areapo3perini ng a pair of access transistors shari ngpraTdmsaz/satdrai n
region; formng at |east one first insulating | ayer over said access
transistors; formng a pair of capacitor polysilicon plugs and a bit l|ine
polysilicon plug through said first insulating |layer to said source and
drain regions of baid Acebed as madlainsi bferth¢roomprying thestapt one second

i nsul ating layer over sai ol ysilicon . formn ont ai ner

capaci t or Of forEUBE YpPEY F’;‘?taigg’(ﬁéit%tcﬁﬂmﬁ TEEA E&i’l‘?cGPng%ﬁ Plt&ess transistors
in said second i n?gjl at}\%’cth?éf% i PMSH RPN HePeif QG ipgia}ne&cl)mmni cation wth
respective capacitor polysilicon plugs; heat freats ng sal d contai ner

capaci t or %)h(ljgs(l{a% agndilehdinmeter ahth &id haoastalpentdphiersal | ogic transistors
out si de sai menory cell array area; 16 WO 03/041127 PCT/ US02/ 35425

f ormi ng peri pher al4.netAlmghadgs inhelaioygh2 sdiecein sadngpenmgtadt i ng | ayer to

cont act eaﬁ:h f said channel ﬁ-‘?nd P- channel %eri(ﬂhe .al logic transistors
after sai QUG BRHIFIAMELT MHYreReFEE Pe NSk P inF nsul ati ng | ayer over

sai d cont %Pﬁﬁctﬁéﬁﬂﬁ%stﬂéls%idﬁr@fmepﬂcéﬁx@ﬁ&?n.lsi ne contact through said second
al It 0

i nsul ati ng layer to I ne polysilicon plug after said heat
treating; and forh.ng Awicthodaninacliisn 1 Bmdiegdin Saiddirdchhedl i nsul ating | ayer to

said peripheral nmetal plugs. 19. The nethod as in claim 18 wherein said
bit 1ine sondagorskave gnmwal topfdavet eross-segtiopalgbtnfed of forming a netallized
contact o s per | phery L anSh St o i AR SSRGS, ProvT o ng 8
transi st Olfigs have a round top down cross-sectional shape.
17. A method as in claim 8 further wherein said first
conductors and said bit line conductive plugs are N-type plugs.
18. A method of forming a memory device, said method
comprising:
forming a pair of spaced word lines;
forming source and drain regions on opposite sides of said word lines to
define a plurality of memory cell access transistors within a memory cell array area;
forming a pair of access transistors sharing a source /drain region;
forming at least one first insulating layer over said access transistors;
forming a pair of capacitor polysilicon plugs and a bit line polysilicon plug
through said first insulating layer to said source and drain regions of said access
transistors;
forming at least one second insulating layer over said polysilicon plugs;
forming container capacitors, respectfully associated with each of said
access transistors in said second insulating layer over and in electrical communication
with respective capacitor polysilicon plugs;
heat treating said container capacitors;
forming N-channel and P-channel peripheral logic transistors outside said

memory cell array area;
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provi ding a peripheral array area on said substrate for formation of first
and second conductivity type transistors; formng first conductivity type
transi stowe mi4m2ai d nenory array area and in said periphecalusazssags ar ea
wherein said first conductivity type transistors are associated with a
first conductivity type active area; form ng second conductivity type
transistors in said peripheral array area, wherein said second
conductivity typdormmgspesirbesl arasalplugschEugh sid secand srsohdingdyisERt i vi ty

type active area:, provi.di.ng a plangyi,zed first |ayer of an ingul ating
material  SYBPCSHCH qfis?lggk 'Cgﬁ%mgﬁflg%;%hcagﬁe %Ccr)%%ﬁf:a??/?ﬁ“f ?fra’ilillsﬁgrsta?tarn%lmst ors and
over saidpkidgdaiggd second conductivity type active areas; etching

openi ngs through Said first insulating layer to expose active areas of

sai d first condudbimirgyattlypeonatlsal thsmenng Jayar oey saideantdfindr] capayitoss; d
openings with a conductive material having said first _conductivity type to
format |east thrf@émﬂgrasblté’@ﬁﬂ@&'ﬁ@ﬁ/ﬂ‘t‘?‘lgfyﬁé‘? pcegd ingasing laveato ped it 17 wo

03/ 041127 ,.PCT/ 2/ 35425 . one ,qf e P conductivity type plugs is a
nit line E}f’fjgo};’% “At P& ertsﬁlg%gf‘fsggﬁg‘éh?é conductivity type plugs is a

capaci tor plug; moaMidd ﬂgtagc&h@m&h@agh%ﬁaqmdIiﬁmrm@la@a_tb@ﬁul ating
material over said first insulating l'ayer and said bit Iine and capacitor
pl ugs; et phiiplieralmoetabplugai d second i nsul ating | ayer and portions of said

capacitor plugs to fqrm capacjtar contai ner openj , form ng capacitor
structures in sai]cP-cag]étl‘i’F’G laicfi‘é’F' @p@ﬁ?rﬁﬁ’ssmdcg\%z‘l“le§Pﬂ¥jcrt1ﬁ§°r§{)“égs of
deposi ti ngrd %ﬁnducti ve layer within said capacitor container openings to
forma bottf ayer, planarizing an upper surface of said capacitor

containers to remune aNynGROdYEfdritng AyeitaliBdEEdrithct@B aSRripheyRednsStorf ace;
depositing a dielectric |ayer over said substrate, depositing an upper
capaci t or sp amethod epmpaisidg: di el ectric | ayer; annealing said capacitor
structures by applying heat to at |east one bogmtsafiogform cion of first
providing a memory array area on a substrate a S
conductivity type transistors;
providing a peripheral array area on said substrate for formation of first
and second conductivity type transistors;
forming first conductivity type transistors in said memory array area and
in said peripheral array area wherein said first conductivity type transistors are
associated with a first conductivity type active area;
forming second conductivity type transistors in said peripheral array area,
wherein said second conductivity type transistors are associated with a second
conductivity type active area;
providing a planarized first layer of an insulating material over said first
and said second conductivity type transistors and over said first and second
conductivity type active areas;
etching openings through said first insulating layer to expose active areas
of said first conductivity type in said memory array area;

filling said openings with a conductive material having said first

conductivity type to form at least three first conductivity type plugs, wherein at least
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bottom | ayer, said dielectric layer, or said capacitor plate; after
anneal i ng said capacitor structure, etching through said second insulating
| ayer to wefmmelias bit |ine opening to expose a surface of pearubobss423 i ne
plug and etching through said second insulating |ayer to define peripheral
pl ug openings in said peripheral array area to expose active areas of said
first and second conductivity type; and depositing a metal |ayer over said
subst r at € 96 ORI TRPSRCEITIGYPR Dl & 2 RERGF plug T aclFaloya olait B sai o
surface of o BN oY P g f nmetal plugs in said peripheral
array ar eacotﬁgh%é)n at%ﬂt)é g@lg?\k/%g%pgggbrég%% of said first conductivity type

and said second crashdihg ¥iplanatiydqitsecdid lafeneft dioeiswlhtif@nakdizl aversiidlfirsized
contact to a periphery transistor, said nethod conprising: providing a
mermory ar rasplaingdayny aadsaidshit bnearbeappgEreRligy of first conductivity type

formati on of [l rstehaRdnBE R OPE S 156 ARSI of 84 1P
03/ 041127#)?%/tg§9%%%orEgﬁmnggog&_{iﬁ S;conducti vity type transistors in
y p

said neno rray area and sal ripheral array area wherein said first
conductivity typeformansidphaciter stinetassincant @pasitdrivoatdindrsipeamgsiuct i vity type
active area; formng second conductivity type transistors in said .
per i pher alcomprisipgahe ateps wficlcppsitisg P §OBGRSHE 1A dudrR taid yapagiier ¢QIUMEFSt or s
are associated with a second . conductivity type active.area: oviding a
ol anar 1 zcdvrer o Ry SBPAR rEuPdRtdh ke S by SR Gna’sdi o
second conghgideH t/ rdnyBe &Fv%eﬁaé&%qaﬁp thaevi®ll oBahidl dppes burdie; &ﬁﬁ@mg
conductivity type active afeas; etchi'ng openings through said first
i nsul at i ng didyatic laycenpaseidsubitvac pdepasitingfansgipdr tapasitocplaguner viidy type in
said nenory array area; filling said openings with a conductive materi al
havi ng saidiel¢qtrigtayer;
annealing said capacitor structures by applying heat to at least one of said
bottom layer, said dielectric layer, or said capacitor plate;
after annealing said capacitor structure, etching through said second
insulating layer to define a bit line opening to expose a surface of said bit line plug
and etching through said second insulating layer to define peripheral plug openings
in said peripheral array area to expose active areas of said first and second
conductivity type; and
depositing a metal layer over said substrate to form a metal plug in said
memory array area to contact said surface of said bit line plug, and form metal plugs
in said peripheral array area to contact active areas each of said first conductivity type
and said second conductivity type.
21. A method of forming a metallized contact to a periphery transistor,
said method comprising;:
providing a memory array area on a substrate for formation of first
conductivity type transistors;

providing a peripheral array area on said substrate for formation of first

and second conductivity type transistors;
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conductivity type to format least three first conductivity type plugs,
wherein at |l east one of said first conductivity type plugs is a bit line
pl ug and wo lBeagk7 two of said first conductivity type pl ®ga/nise2/as4empaci t or
plug; providing a planarized second |ayer of an insulating nmaterial over
said first insulating |ayer and said first conductivity type plugs;

et ching through said second insulating |layer and portions of said capacitor
pl ugs to form capcining firsopomdurerity ppei tragsistare imdasdy meayay atray arse 20ét ures in

conduct |y G EEPRGE PESY 68 SPEHASTS SPLCONRMNEY DRpERVEESAE 1 or m a_bot tom
| ayer, pl {2l NQ: - f i apacitor containers to renove
any condu%%L?)\r?ieayld;\glet?qnfgg{gﬁngﬁy%\hggtgpg%%%é?eagurface; depositing a

dielectric layer @)‘{@En%‘iﬁkﬁn@ dbsdudivy tfjrnesisistorg irdshid ppephaapani taeda, pl at e
over said dielectric layer; annealing said capacitor structures by

appl yi ng héwreinsaidise¢anastonshugtivity &Rk dranpisoroire [agspeiatedswith ageedngct ric | ayer,
or said capagitor plate;. after annealing said capacitor structure, etching

t hrough s&PHASEEEHAYPS #EWFAt9ng | ayer to define peripheral plug openings in

sai d peri pheral : . i | (¢ nd second
conductivity typzégogbﬁlﬁgg%g%éﬁ%ﬁg%a@&#%%%/ 3 4glt5‘1\té§%ag\6gsri8%l?tr%&a nmet al

| ayer ovenrndaiid ssedist caidecticinf gpmtrambisdorpind)sver Baidldirst qpeldepdiat al array area
to contact respective active areas of said first conductivity type and
sai d secos@ndeHBUYIYRA Ve pFas; 22. A nmethod as in claim21 further

capci tor pl ate: SraRBiogeBiEn thigha e e R Rina LG  GPBRERRR %Gy o
o T e S gl oeron 1o 3 10
openi ngs t hrough fing sdidiopdnings whidht 4 aghduayies ntan:r'ﬁkh:mﬁg sad dirstnet al plugs in
said perl %ggcrh?cltiv?tryrt?ge técl)r f%?r;n at least three first conductivity type plugs, wherein at least
one of said first conductivity type plugs is a bit line plug and at least two of said first
conductivity type plugs is a capacitor plug;
providing a planarized second layer of an insulating material over said first
insulating layer and said first conductivity type plugs;
ctching through said second insulating layer and portions of said capacitor
plugs to form capacitor container openings;
forming capacitor structures in said capacitor container openings
comprising the steps of: depositing a conductive layer within said capacitor container
openings to form a bottom layer, planarizing an upper surface of said capacitor
containers to remove any conductive layer material on said upper surface; depositing
a dielectric layer over said substrate, depositing an upper capacitor plate over said
dielectric layer;
annealing said capacitor structures by applying heat to at least one of said
bottom layer, said dielectric layer, or said capacitor plate;
after annealing said capacitor structure, etching through said second

insulating layer to define peripheral plug openings in said peripheral array area to

expose active areas of said first and second conductivity type; and
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etching contact openings through said second insulating | ayer and said
third insulating |ayer to expose said bit line plug in said nenory array
area; andwodspesti ng a conductive | ayer over said substr @ca/so2as2io fill
sai d contact openings and form conductive contacts to said netal plugs and
said bit Iine plug. 23. A nenory device conprising: a nmenory array area
and a peripheral circuitry area, said nmenory array area conprising at

| east one access dapanisingtaomend lagerf oves said gnbhtate o foymt mpwl phigs it sdidast  one
capacitor faor storing a data value which .is asso iagﬂfﬁd Wi tJ] sai d_access
transi st oPCPRYRIPIFNAEEG SantastresRee Ny "’éF‘?é%la@SWE? Gt SRRGUEHEY BiRE

transi stor_of . i tivity type and at |east one transistor of a
second co%ﬂgé%‘?\??‘lt‘{fﬁicy‘%‘?,&?gﬁ‘ﬁ’ %E'I east one first netal plug electrically

connected to an agl.i veA ai@Bo@hs Badlflni 2 RAsStlsdr @oniprish@ die sicpsbf: conductivity
type and at |east one second netal plug electrically connected to an
active area of sailanarizarssad orctdflaysatalexpososadd caprgiter platty type. 24. The
menory device of claim23 wherein, said fi.rg}e and second tal, .pl ugs have

an oval top down QFYE8sTG@PUHRS Pl sask GBSV AR Sidmdlai m 24

wherei n sajy d,.f.l : LyLty type is N+. 26. The nenory device of claim
25, Mere?%%gbg%%gg@ﬂgﬁggk Uctivity type is P+. 20 WD 03/041127

PCT/ US02/ 35425 2epofitingrihjtddgier o€ at anplatiapigitedalpaer said sepaaed word

| i nes; source and é)r_ai n regions on opposite sides of said word lines to
define a pl ural iatghisg captast 9perings theeugdssaid Brgd wsdasngdayp 10 aPeehsid cel |
array area; air. of. access transistors sharing a source/drain region; at
| east one“"f‘:it?{fl uﬁf&fﬁ‘;&f %F?;é‘fraxm‘:ﬁed over said access transistors; a

P b SOPS eSOl b Al sl o o
sai d acceslsird insahsingtl®fer to expose said bit line plug in said memory array area; and

depositing a conductive layer over said substrate so as to fill said contact
openings and form conductive contacts to said metal plugs and said bit line plug.

23. A memory device comprising:

a memory array area and a peripheral circuitry area, said memory array
area comprising at least one access transistor of a first conductivity type and at least
one capacitor for storing a data value which is associated with said access transistor,
said peripheral circuitry area comprising at least one transistor of a first conductivity
type and at least one transistor of a second conductivity type, and at least one first
metal plug electrically connected to an active area of said transistor of said first
conductivity type and at least one second metal plug electrically connected to an
active area of said transistor of said second conductivity type.

24. The memory device of claim 23 whérein said first and second
metal plugs have an oval top down cross-sectional shape.

25.  The memory device of claim 24 wherein said first conductivity
type 1s N+.

26. The memory device of claim 25, wherein said second conductivity

type 1s P+.
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at | east one second insulating |ayer formed over said polysilicon plugs;
contai ner capacitors, respectively associated with one of said access
transi st owe 34827 d second insul ating | ayer over and in elpeatusozad42s

conmmruni cation with respective capacitor polysilicon plugs; N-channel and
P- channel peripheral logic transistors outside said nenory cell array area
wherein said N-channel and P-channel peripheral logic transistors conprise
first netal plugs?%o cbnweararysigvige ROPREHAB! peripheral |ogic transistor and
second net al plugf to contact sai.d P-channel peripheral |ogic transistor,
said first netal %?ﬁ%@mgﬁﬁﬁgﬁT Stond metal plugs being forned through

said first and secQRd anlNfbnalkkidds bANPHOsitedsidds ottsaill worldi INRs ¢9 M a f or med
t hrough said second insulating layer to said bit |line polysilicon plug; at

| east one pliralitgt of asanh@yicaly at@yerramiseors sathin e omtraoryarellaapgardapr s; and et al
contacts forned through said third insulating |layer to said first netal
pl ugs, said secorfdPWePAcCHS GeasisRhaany apPREE/dian [qgRMNcont act . 28. The

deviice of ol al m 20 0hessl RapAlthalbl e ARGnRRG000PLAL AL AR have an. oval

top down cross-sectiona evice of C erein said

netal contacts haygigof QpRdroripysdRYA phlgdahd aasit h@@F&yﬁn@cﬁﬁpm Gornlte device
of claim 27 wherein said netal contacts have a smaller dianeter than said

first andtseaghdaiddirst inpilatgsg lapdr t0Gid3004tb2d PG/ roS0Rs 8b8dd ac®ss. The
device of claim30 wherein said first nmetal plugs and said bit |ine plugs
are in anMP¥HFnel transistor area. 32. The device of claim27, wherein

said bit tine contagk: QLB ind BRI Frlekitst 014 Bl OBk Ouh

said insulating l'ayer are a uni ructure. e

conprising: a mergnyaiddr@padiops r Ve§ji Beodidred St SHeSofMhidPackéss St

conductivity type, wherein said first conductivity type transistors are

associ at etramsisthrsanfspidstcawhihsalaiing fayer over and in electrical communication with
respective capacitor polysilicon plugs;

N-channel and P-channel peripheral logic transistors outside said memory
cell array area wherein said N-channel and P-channel peripheral logic transistors
comprise first metal plugs to contact said N-channel peripheral logic transistor and
second metal plugs to contact said P-channel peripheral logic transistor, said first
metal plugs and said second metal plugs being formed through said first and second
insulating layers,

a first bit line contact formed through said second insulating layer to said
bit line polysilicon plug;

at least one third insulating layer over said container capacitors; and

metal contacts formed through said third insulating layer to said first
metal plugs, said second metal plugs, and said first bit line contact.

28.  The device of claim 27 wherein said first and second metal plugs
have an oval top down cross-sectional shape.

29.  The device of claim 28 wherein said metal contacts have a round
top down cross-sectional shape.

30. The device of claim 27 wherein said metal contacts have a smaller

diameter than said first and second metal plugs.
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type active area; a peripheral array area conprising transistors of said
first conductivity type and further conprising transistors of a second
conduct i vwiy3type7 wherei n said second conductivity type tPcansoysaes are
associated wth a second conductivity type active area; a first insulating
| ayer fornmed over said nenory array area and said peripheral array area; a
pair of capacitor plug§ and a bit line plug forned through said first

[

i nsul ating | ayer 3In sdihg desiepof claim 30 whereissaigdirssmietnl plugsand stddit i vity
type active I3 & SeRO d insulating |ayer fornmed over said first
insul_atinén?&}l R 8&8&8?‘8?“8“5 “%and said bit |ine plug; capacitor
cont ai ner s 07 Mecksi.n afnd gaRte SFRlfinSoCUMriRSHI RSt LR ARG _cont ac

with said capacitor plugs; a nmetal plug in said nenory array area fornmed
t hr ough saispgesme mmdal dansadt dbinngl thayegh $ad osoléaagp |8t dreli dinitarperrpdrug,. et al
plugs in said peripheral array area forned through said first and second
i nsul ating | ayer 330 re‘Sﬁ@@tqué‘C‘élé%E%Pﬂ%Bgii ve areas of said first
conductivity typqn%%d sai d second cond%ptLvityéé%?F. 34, A.neno&y devi ce
conpri sing: a merdPY ISR AR CUBRITIE RGP RN & 0T SOBFUCHIYY RS
conduct i vigh¥relly Rd firstRBA&AIVES tfpd irfifilstGORAUEESMALY WidPLfikst 8O RIOLy are
associated with a first conduCtivity type active area; 22 WO 03/041127
PCT/ US02/ 8pé26tiveaarper | pheral array area conprising transistors of said
first conductivity tyReaind further caonprising transistors of a second
conductivity typd REGPHETAHILEY Y CRBHRESING SHASBIOTY Pt $piq {isecondisEVisY BIPS ar e

associ at egh dihih B SEEA00.GONINELL Y] Y. DURS AGNINE OLERhefbid LiFlecbRTU! ati N0
ayer forned over sai mory - art 8y area- and-sard”y

conductivity type transistors are associated with a second conductivity type active

area,

a first insulating layer formed over said memory array area and said
peripheral array area;

a pair of capacitor plugs and a bit line plug formed through said first
insulating layer in said memory array to contact said first conductivity type active
area,

a second insulating layer formed over said first insulating layer, said
capacitor plugs and said bit line plug;

capacitor containers formed in at least said second insulating layer and in
contact with said capacitor plugs;

a metal plug in said memory array area formed through said second
insulating layer to contact said bit line plug,

metal plugs in said peripheral array area formed through said first and
second insulating layer to respective contact active areas of said first conductivity
type and said second conductivity type.

34. A memory device comprising:

a memory array area comprising transistors of a first conductivity type,
wherein said first conductivity type transistors are associated with a first conductivity

type active area;
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peri pheral array area; a pair of capacitor plugs and a bit line plug forned
through said first insulating layer in said nenory array to contact said
first cormoaBioviity type active area; a second insul ati ngpcayson2/ssaesred over
said first insulating |layer, said capacitor plugs, and said bit |ine plug;
capacitor containers conprising a bottomplate, a dielectric |layer and an
upper capacitor plate fornmed in at |east said second insulating |ayer;

met al plugs in said penimery hemylarearqoayprasingatriisten of kaid digé cswai:idcti\iltrygwf)@nd
second insul,ati | ayer .t o respective confact, active areas of sai j rst
conduct | vty Tur g HoReRonefeoRaL f iy Y PhBPe S HORE PAURRECTA | ng

| ayer for 3 L it | [ o] d said
semond i neul gy o cer ARGk R o fORMRURGIE, @b PEUAL R HREARES §
second andrdabi rd insulating |ayer to contact said bit line plug; and netal
contacts formed through said third insulating layer to contact said netal
plugs in said perdpiserahlatingdayenfamed3mer The mpmnoryarny apdagind s3igl wher ei n
said nmetal_ plugs, have an oval top down cross-sectional shape. 36. The

devi ce ofpﬁﬁﬁg "XEF%i n said metal contacts have a round top down

coes.seeonel S Sk U B b By,
38. The déwuteingflayeh ai mid herief airfy saicdnfact siid Gandoedudtvity tipepetive N+ 23

area;

a second insulating layer formed over said first insulating layer, said
capacitor plugs, and said bit line plug;

capacitor containers comprising a bottom plate, a dielectric layer and an
upper capacitor plate formed in at least said second insulating layer;

metal plugs in said peripheral array area formed through said first and
second insulating layer to respective contact active areas of said first conductivity
type and said second conductivity type;

a third insulating layer formed over said capacitor containers, said metal
plugs, and said second insulating layer;

a metal bit line contact formed through said second and third insulating
layer to contact said bit line plug; and

metal contacts formed through said third insulating layer to contact said
metal plugs in said peripheral array area.

35.  The device of claim 34 wherein said metal plugs have an oval top
down cross-sectional shape.

36.  The device of claim 35 wherein said metal contacts have a round
top down cross-sectional shape.

37.  The device of claim 34 wherein said metal contacts have a smaller
diameter than said first and second metal plugs.

38.  The device of claim 37 wherein said first conductivity type is N+.
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