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Musashlno EtrectrlcaL Conuunlcatlon Laboratorlrr Nflf

Musaehlno-shl, Tolcyo 18O Japan

MOS LSI fabrtcatlon process uslng dlrect electron bean wrLtlng has been

developed and has been epplled to fabrlcate the 1k UOS RAM rith a nlninun pattern

dlnenslon of 2pn.

Optlnun etqlosure condltlons for posltlve reslst PMli[A are deternlned to obtaln

rrndercut reslgt proflle for llft-off and accurate Ilne wldth, conslderlng ttre

proxtnlty effect and reslst tlrlckness d,ependence. To satlsfy the requlrement for
bottr undercut proflLe and line rldtlr for slngle L1ne, dose range ls llmlted to

1.5-t.rxlO-4C/cr2 "" shown ln Flg.1. Flgure 2 shows changes of e:cposure lntenslty
distributl.on at varlous polnts al,ong 2l'm-wlde slngle llne, due to lntra-proxlnlty

effect. Optlnuq dose for undercut proflle at every poLnt 1e obtalned ln the above

mentl.oned doee range. No correctlon for proxlmlty effect ls necegsary for 2;rn-rule

LSI patterns Ln thls case. The reLatlon betreen reslst thlckness and optlmun dose

ts l-nportant, because resLst thlckness varies rLth surface steps. Thls relatlon 1g

deternlned, by tlre developlng characterlstlcs of resist, and le not crLtlcal, for
PMMA, as shown Ln F1g.5. Thickness of Al wlll be llnlted for fl.ner Ilne wLdttrt

because tlre shape of remalned AL ln llft-off step ls tapered by t'he growth at the

slde of Al on the reslst.
Amounts of onlde trapped charges and fast surface states lnduced by EB lrra-

dlatlon are aensl.tlve to ttre gate oxldatlon proceas. Ory OZ oxldatlon at 1OOO"C

waE selected because of less sengltlvlty conpared wlth hlgher tenperature oxl.da-

tlon, The danage ln two typtcal wrltlng stagee 1.e. pattern!.ng of gate electrode

and Znd l,evel electrode has been studled. For tlre gate electrode wtrere tbe S1-SiO,

interface Ls lrradlated ttrrouglr polyslllcon and PMII{A reslstr lnduced oxide charge

denelty of txlOlzcn-z trust after lrradlation of 2O keV EB wlttr a dose of 2x1O-4

C/c#r ls alnost ellninated by arureallng above 7OO"C. For tlre 2nd level electrode

where the anneaLing tenperature ls J.lnlted to about 5OO"C because of ttre netal-

sllLcon reactlon, ttre soaller anount of trapped charge ls lnduced' and is annealed

out by the Lorer tenperature heat-treatnent at about 45O"C. Fast surface states

crcated in both stagee are easlly annealed out by tne heat-treatnent at IOO-5OOoC.

Ttre baslc processlng steps are shoun Ln Table I, and are baeed ulton 64k RAl,l

p"o"""Jtxcept for llthography. Even after removal of A). naek, resldual Al atons

on SlrN4 and po1yelllcon surfaces were detected by SIilS analysls. In order to

avoLd AL contanlnatJ.on, ttrln oxlde J.ayers are groun on tlrose ftlns prlor to Al
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6eposltlon and, are etched off after Al rcnoval. The oBtlnun plasna etchLng cond:L-

tlons for such double-layered structtrres are attalned by controlllng o:rygen concen-

tretlon in reaetant gas (CF4-OZ). P|OIA was used as a nask for contact hole etchlng

of pSG vlttr buffered, HF. Postbake at lt5o1 glves good adheslon betveen PMIIA and

pSG and llttle geonetrlcal change in reslst shape. Aecurate patternlng of Mo ls

reatized by wet chenilcaL etchlng vitlr ilre sol,utlon nade of Kr(Fe(Ctt)6),(WftO)rCrOU

and HrO whlch scarcely etches Al. nask (Fi8.4)r

Applytng gre mask transfer procesa developed and optinlzlng tJre processing

schedlrles to anneal out radLatLon danage, tlre 1k !,lOS RAM has been produced. Char-

acterlstics, such as hold. tlue and FET threshoLd voltage, are the aeme as ttrose of

devlces fabricated by photollthography. The outLook ln ttre satlsfactory chlp yleld

has been obtalned, W utlltzatLon of ttre accurate reelst pattern generatlon and

nagk transfer process€so t) u.arat anil N.Ieila: Digest of tech. Popere of RSSCIRC '77 p.74.
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