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SELF AL.LGtl"ElJ BITLINE CONTl\.C'I' FOR 4 MHT'I' DRAM 

J{.JJ.J{li.,sters, H.M.1'.uehll>o£f, C. Endors, E.G.Mohr 
and W.Mueller 

Corporate Research Rnc. 'l'echnology,Techn.Center 
tor Mi croel.,ctroni<:s, Sie:nens AG, O<: to-liahn-l>.i11g 6, 
D-8000 Vunich !l.l, c.;errna11y 

A ?.5 % r"duct.i.011 i!l 4 MbiL dRAM cell ;siz" i>< 
1'Chieved by a ,..,:£ aligned bit::i11., conta::t, which 
is ~ully J:J',;erllipping qate and field axide(FC•BIC). 
No additional nasks .:i.re requil.·ed. 'l'he gate .i.s 
encapsulst.,d by oxide usir1g an oxide spscsr 
technique. A thin oxide/nitride/oxide dielectric 
llllows a contact. hole etch, which doeg not. 
signi::ica:"ltly affect the oxide insulation of the 
gate and the field <ixir .... The ni.t:cide serves as 
an etch stop tor top oxide etch, the final etch 
ctep rerr,oves on:y a thin diolcctric. 
A 0.9 ,urn contact bct"'ccn polyc:ide (TaSi) bitline 
"n<l n~ diffuo;i.on (R,0 <50Q), 0.2 ,um diatanr.8 to 
gate is re,.lized without deterioratic~. of tran­
sistor propert:'..es, Ne yiE>ld reductior. due to 
gatc/bitline- shorts occurs. No infl-_,_<>ncc of 
i>i tride on dev:'..ce propert.ies :'..s •Jbser·,·ed for 
nitridD thickness ~sor.m. 

l. Tntr,1ductiun: 

4M DR!'I.~ concepts are based on J dim"nl'li<>n"l cell e;truct.ures 
such as trench capacitor cell (1) and stacked capacitor 
cell. Thei.r in-::cgration :'..nto --:;he pi·ocess flow and t.J-.e i·eal.c­
zation of sub micron design rulcs sot new dema!lds for 
process development. Howe••eL' Lo obLai11 a c;J1ii1 ><iz<-> ,,f le"" 
t.hi'!:-. 1 00 mm~ furt.h<>r innovations are necessary. 
Tn trti,; paper we report a t.r .. nc:h c:ap"c'tor cell with se.L: 
aligned, fully ov.,,rlappi.ng t>itlin"' contact (FCBIC). Tht> cell 
design a.:.icws the contact holG to overlap gate <>nd field 
oxidB; the co'1.t-.act are" ;" independant of lithographO.c 
alignment tolerances. The registration tolerance for bi tline 
c:ontacts is l'>lirnin"t"d (s"" fig. 1) 'l'hus the cell area ca11 
be shritnk by 25 % ccrnpared to a conventional contact 
technique:. 
~'Ice proposed process is different. from p;:;ovious concepts fo:c 
self aligned contacts (2-5) in which cl1e Lherrnai oxide of 
gat.e polysilicon .i.s used as <.ir\ irtt..,r-!ev .. l il'.sulator between 
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gates anC. intcrco1li1ections. The process has to rnatc:h tl1e 
r<'!ql,iremen"Os of rel.'._able submicron LDD transistoo-s, whiCI> 
clre deteriorated by a slrong Lcoxidation ot gat"' poly-
silicon. 
Ir. contrast w.i.LlL a recent 5Clf al.Lgncd COllt'1CL Lec:l1nology 
(G) whicJ1 use,; 11itride J,D[) "l"''"'"'rs and gate Crl<;d.po;ulation, 
un oxicfP spacer technique i~ ut>ed J,ec;,11s<'! of LLlD tra!lsistoL" 
reli'1bi l i t.y. 
fl. new Lecl>r1iq1".e tor cc.chi ng the dielec:t;r;-i<.:: unde;r;-neath thC> 
oit.-ino is u~<0d to e'1Sll>"•' a gorocl insulation of bitline to 
polysi 1 icon '}ates ("'ordline) drtd ,;ul>~t.rqte fo:c- the over­
la.pp.crly c;ont"o:t.~. 'l'he FOBIC co11tacL t-'rt,l::<>ss is integrated 
into tJ-,c 4 ~lbiL t-'ro<;.,ss tlow '~ithout. i'l.-',<liLiOr1cll r1ao;ks. 

2. Proceso; flow 

The~ Mhit. clRAM .i.o; fabric:ated >-;ith i'l 0.9 µ_in lwir1 wcoll pro­
<.::ess. Atler t.rencl1 capac;it<:r Ltnd LDD transistor formatio:i a 
low ,-esisL.cviLy E>oly·c:icle (poly Si/'l'aS.i. 2 ) l"y"r 1-~ llSed for 
hit·lln<0s and loci!! t-'eriphPr"l intcrconilec:Ls. 'I':1e sec:ond 
i11terconnect ],-,•Jrol C<)JLo;io;t" of T:'../TiN/AlSi. n1eLall.czcilion. 
1''0L ~·c>n'Oacts connecting the polycide biLlirie ton< ct<ffnsion 
(souroc_,/drain of Lr<l11~f..,r gates) the POBIC piocaso; (Iig. ?) 
is employe,d. 

2 .1 Oxide <>n""P"'''lation of the gate 
Aftcr paLLeL·z:ir1g "double layer of poly Si/oxide {0.1 11m 
TF:OS) Ltn oxide speccr is ~Orm<'>d hy Ol<.Ld<! deposition (TEOS) 
and RIR "tcl'.ing (CH~_,/o~). The sp?.c<'>r . ..,idth (0.2 µm) is 
deLern\i11ed by 1.on transistor op::.io\i~ation. Th" roly g"'tc is 
in5ulatcd by ilL le<.1,;~ 0. J 5 ,urn oxide. A ve:t:1..Lcal <0tcl1 protile 
ot poly Si/nxicle> w!-:..Lch coan be achi.,,ved hy sequenL.:.al uxide 
otch (CHF3/Q,) unG poly Si etch (Cl~/He) is esser.t.Lal. 
The Silne techniqu0> foe oxide encapsu.:.ciLiun of -:he gate has 
illse bee11 ilppl.ceU -:o " r:o~yc:(de gate with arc ox:'..d0> spacer 
covering thG side"Nalls of d tripl" layer ot poly Si/TaSi~/ 
oxide. 

2.2.l contact. hole eLch 
'::'he dielectric undor the biLlirle consists of a .:riple layer 
of thin oxide/nitride/oxide. ~or 1.he Lop oxide a reflow 
t"c.:l111ique (E'1'! .• -diffusion and backetch of the doped oxide) is 
employed, wi-:h a final thickn0>ss of 0.2/um-
The tripl" l"ye:r <lielectrie allows a conlaeL liole etch, 
wl1icll does not significantly afrect the field oxide and t)LU 
oxide insulation i:if thc gate (see fig. 2). Aft"r pat.terning 
th., c:ont:nct. hole mask the top oxide is etched u,;ing th" 
nitride as an etch stop. ~he oxide etch can Le perfurmed 
a', by d;r;-y etching, b) by wet. <'>t.ching, or a combination of 
boL:o. 
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"-) ~·oL· dry etching " C!Jr3 p.:.asma •:ith a selectivity <>f 4: l 
"''itl: L'espect tc the nJ_tride is '!Hed (fig. 1u). Ourinq 
n·J<>retch tl1e 11itride etch rate reduces rlue to "n Rnh,,nced 
J.,·,eloprrter1L cf a C rich polymer film nn t.hR nit-.ri<l<•. Tlte 
o·Jeretch t.·m" h"~ Lo be sufficient (> 70 ";) to remov" 
oxido c;paoers on th<> nitride. 'l'hereforG a nito:idc t:~ic:k­
'.less :> 70 nrr, i~ rPquired "-" u11 &~ch stop. Aftc::: removing 
the polymer film by l>r p_asm", tl1"' conLncL hole etch 
c:ur,Li<lues wi.l:b etching the n:.tride (Sf'o .,-,,,.~m,,, fie;. :J!J; 
~clocti--vo.:.y -::o tnu u11der_y_ing oxide> (~ 50 run) 'l'o ,::pJQjd 
.:ir11 11iLLi<le sic.:icers alvng the gates an ov,.r<>t-.1:h uf 70 % 
1-Ll Il'--''--''--'"""ry. 'l'lJ·-' L-02nain.:.i1g thir. <1xida .ts removed b}" "­
cl1ort dL"Y et.ch ~top (:::HF~/0~1 

b) lf Llle LOf-' oxide is ""t otchc~d (NH.,F/HF) a n'trid" luy"L' 
of lOruu i~ ~llfficient for the <>t".roh Htt)p. The thir> 
11iLLi::le a11d Lhe Lh.i.n ox::.de (- ~" nm) llnde,-n<>a~_:-_ dL8 
<>t-_,.h,o,:i hy t-.hH ~cl:ne l:H~' 3 /0, d.::y ot:;h step (::ig. 4;o;. 
Tl1t1 ut<o> uf " L'1Ll1aL' Lfi:..n ilitridc a~ an etch stop i_;; alsci 
ciossihle .tt C"Om'.-.ining a dLy eLc'.1 ol tlle top oxide 
(without lorig cveretch) i\nd n "'"t <>t_cl1 to I-eHlC'Je oxide 
s:oac:ers on the :".itrid<>. 'T'h" u"" <>f '-' weL "Loll step occms 
e>isoi proforablc because o~ a taper1 ~g ot t-.he ccintcicL !tole 
edg". ~£ dTiy e,or,\'entional con7,,ct_s are' p11t_ternad ~'( the 
scc1ne n\ask C\lld techniquc, the contacL hole size ;,., r1cot 
nff"c-t_ed liy d .,,.,L eLch sLep for thco top oxide as the 
underlying nitrtd.,/ol<ide i" '--'~L·lic_.d a11isolro1>J.cally . 

. O.tter r-:ol"lpl.,~_ing LtLe 1-'-"'-'cess (see fi;r. 3c,4b,4c) an oxide 
insul,.tion ct thR gnt-.<> > I ?:O r>TIL io, uDL"i11ed, Llle [ield oxide 
thi.nn1ng in 7.':to cocir1tact l1ole is '1L most 50 nn1. The contact 
aren ot t.he "<ORIC r-:ont_a<:t-_ is de[iried !Jy <J'-'-L" u11d fiald ·C>xidc 
edges. The distance ot the cn-t_,,r.t_ t<> t-_h,. ga7_,, i~ 011.:.y 
0. 2 l-\1'1-

?.?:.?: l'.or1LtlcL hole etch-alternative process 
'l'l1e essei>tial fco~tllr:C of -::he contact ho~e e-:ch prop<>><totl 111 
2.2.l is -;:l:<i u~e <Jf drl tlch stop layei- for the t.op C>x:ide. 
Only a thin dielectr:'..c i~ lRft ftir th., find] cLc;l1 3tep by 
which the oxicte insul,,t.i<or_ of ttLe yute dild ~lte field oxide 
Oil.fl be ::hinnod. Bocause i'.1 th<! c:a~R nt n pnr<> <:ry eLc:h of 
lup L~X.Lde the r.,-,qu'rc-rl nit.ride thickness is 7J nm, an 
alternative process "Jlnv.•irg t_h., ''"" nf "t.hir.ner nitI-:.de 
even (or a pt.trc dry etch process has been l.:c~·estiga-t.ed. 
Ins"O<.>o>d uf 11it.t'ide a dccbl" l"Y"'' of ni_t-.r:i_d<'> (::'O nm) ""c! 
r"ly-c~i (30 nn) :Cs u~cd. E'oly Si is a '~ery efficient: etch 
si:op for et:ching ''xid" i11 u CH~'~/o~ plasma (select:Cvi.ty > 
2Ll,1). Ilowev.,r, d <.or.L.i.nous layer of poly Si can call"" 
shorts or probleIPs •:h"'" "tcl1i11g co11LacL hol"s fron1 the 
socond metalli.zaticn level to source/drain ~reas. ~her.,fure 
- att.er top oxid., etch, poly Si eLch (•»e~ or Cl~/He plasn1"), 
and resist strii;-,pir.g - thF! poly ~i i" cl:dnged int<> 005.i.de :Jy 
wet oxidation (900-C,20 min) The poly Si c-an be oxidized 
although buried unc,er the top oxi<l<> b<>c~"""' t.he t<'l' oxide 
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