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An lnterest for scannlng focused ion-bearn-lithogfapW has been stlmulated by researches on

hlgfr-intenslty scaruring lon-probel) and on lon-beam exposure of reslst2r3). rnowr, the m1n]mum

Ilnerrldth whlch 1s used ln \[,SI and other device technolory 1s decreaslng, electron scattering

effect both 1n reslst and substrate severely llmlts the rnirrirdz,atlon of reslst pa.ttern-wldth

achleved by electron beam llthography.

In 1on bearn libhogapfry, the high resolutlon is expected because the lateral spread of

deposlted enerry ln resist is negllglbIy snall colrpared w'ith that of el-ectrrcn beam llthograptry due

to stnal-l scatterlng angle of ions.

In thls report, the exposure characteristlcs and resolutlon of reslst ratrlal by 5O keV H+

beam 1s studled to derpnstrate the exellent e:rposlrg characterlstlcs and the app1lcablIity to

nd.crofabrlcation of 1on beam lithogaphy.

A conventlonal 1on-Irplanter was used to expose reslst by 5O keV tt+ beam. PMIvIA f1ln (0.34 Um

thick) on Sl substrate was ralnly used as reslst naterlal for ion beam expos6e. Flgure I ls the

e)q)osure characterlstlcs of PMMA by 50 keV H+ beam together w'tth that for 20 keV etectron beam fYrm

referrence 2. The apparent sensitlvlty of PMIttlA reslst is shovm to be rpre than one onder of ragnltude

hlgler for 50 keV H+ bearn ttran for 20 keV electron beam. Tkre y value correspondlng to the slope of

cha-racterlstlc clusre In Flg. 1ls 3.J for a developer of MIBK:IPA=I:3 and 3.0 for that of MIBK and

l-s alrpst the sane as 2,T for 20 keV electnon beam. trtgure 2 shows developed thiclo:ess of resist

of whlch the lnltlal thlclmess ls sufflclently thlck to stop the lncldent 1ons. Thre lon range ln

PUnvlA can be estfumted about 0.7 Um Jhrm the saturated reslst thlclmess renoved 1n Flg. 2.

In order to lrrvestlgated the resolution of lon beam llthograplry, Au fbee standlng mask (0.2

-0.4 um thlck) was used for the repllcat.1on of patterns. Ttre Au pattern mask wlth supportlng rC.m

of 51 was fabrl-cated by chemi-cal etchlng of a part of 51 substrate u:der the Au patterns. Etgure 3

(a) shows the schematlc arangerent of rask and wafer, and the mask and the wafer were 1n contact

w"lth each obher. Flgure 3 (b) and (c) show SM photographs of top vlews of Au nrask pattern and the

repllcated PMtvlA pattern, respectlvely. Ihe thlclcress of Au pattern ls 0.4 pm and ls sufflcient for

the transfer of the pattern wlth hlgh contrast. ELr:e stmcture (less than 0.f um) at the rougfr edge

of the Au llne pattern 1s aceurately transfered to PMI{A and hig! resolutlon of thls method is con-

flrned. Eigure 4 also shows a repllcated PMIvIA pattern whlch 1s viewed ob11que1y to see the slde

wall of the pattern. The vertlcal walled edge of the pattern lnd.lcates that the scatterlng effect

of incident lons has llttle effect on the repllcated PMIvIA pattern. The littl-e effect of back

scatterlng of lons 1n 1on beam llthogaptty is also clearly seen ln Flg. 5. Figure 5 corpares SEM

photographs of repllcated PMMA patterns on sl and Au on sl substrate. Thouglr wiatrr of the PMMA l1ne
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pa.ttern by electnon beam llthography 1s dlfferent between that on Sl substrate and that on Au sr-rb-

strate, but the dlfferenee ln lon beam llthography is not observed in F5.e. 5 (b).

In sumnary, !0 keV H+ beam exposure techrnlque of PMlvlA reslst has excellent features of high

resolutlon (Iess than 0.1 u*) and hfgh sensl-tlvlty (-1x10-6 C/ry'f) . At a npdest H*-curent denslty
)of 1 UA,/cm' at 50 keV, the tlne necessarXl for exposlng PMII{A 1s -6 s. Fl"om those characterlstlcs,

1on beam libhography 1s e:<pected to becore usef\rl technlque for mlerofabrlcatlon of submlcron

strrrctwes.
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Fte. 3. (a) schenatlc a:rargerent of Au rask
and wafer ard SEM photographs of top views of
(l) au pattern (0.4 um thlck) and*(c) the r"e-
pllcated PMltlA pa.ttern by 50 keV H' beam.
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Flg. 5. Conparlson of PMn4A-pattern-wldth
on Sl ard 0.I unr-thick Au on Sl subsf,rates
between (a) electron and (c) ion beam
ltthography.
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