Ultrahigh resolution of calixarene negative resist in electron
beam lithography
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A nonpolymer material, calixarene derivatiflteexaacetate-methnylcalix6]arene was tested as a
high-resolution negative resist under an electron beam lithography process. It showed under 10-mm
resolution with little side roughness and high durability to halide plasma etching. A sub-10-nm Ge
quantum wire was perfectly etched off without defects. Such a performance is suitable for nanoscale
device processes. @996 American Institute of Physid§0003-695(96)00609-0

The recent trend in device fabrication processes is toare shown in Fig. 2. We used the JXB-5REEOL) electron
ward ultimate miniaturization. In particular, reproducibility beam writing system to measure the sensitivity, and a high-
and easy process techniques for structures less than 10 mesolution SEM S-500@Hitachi) for nanopattern delinea-
seem to be the biggest target for quantum devicdion. To measure the sensitivity, an electron beam current of
applications:? While atom manipulation by scanning tunnel- 1 nA at a 50 kV acceleration voltage was used. The test
ing microscopy STM* seems to be a promising technique pattern for sensitivity measurements was a checkerboard ar-
for these future requirements, there would, however, b&ay with 20 um periodicity with 5um squares to reduce
many practical difficulties due to its long processing time. delineation time. The threshold of sensitivity was about 0.8

We found the calixarene derivative, hexaacetatemC/cnt and the required dose for practical usage was about
p-methylcalif6]arene(hereafter referred to as MC6AOAc 7 mC/cnf, which is almost 20 times higher than that of poly-
works as a negative electron resist, and shows ultrahigh resgethylmethacryhlatéPMMA). The typical line dose was 20
lution and high durability to halide plasma etching. SuchnC/cm, when we utilized the S-5000 with a beam current of
characteristics seem to be convenient for nanodevice fabritO0 pA at 30 kV acceleration voltage. Film thickness reduc-
cation processes. In this letter, we present detailed techniquéi@n by electron beam irradiation was estimated to be below
for handling MCBAOAC as a high-resolution negative resist, 5%, which is comparable to other high sensitivity phnenol-
and demonstrate a fine pattern transfer to Ge films. based resists.

MC6AOAC has a cyclic structure as shown in Fig. 1. It ~ Figure 3 shows the typical dot pattern on a Si substrate
is roughly a ring-shaped molecule with ab@ul nmdiam- delineated by the S-5000. The electron dose for each dot was
eter. The basic component of MC6AOAC is a phenol deriva-2bout 0.2 pC. This figure shows a top viéw and a tilted
tive which seems to have high durability and stability, origi- View (b) at the same place. The diameter of the dots was
nating from the strong chemical coupling of the benzenebout 20 nm and their height was 60 nm. Such high aspect
ring. As a result of this chemical structure, the melting pointfatio in a nanosize dot pattern is one of the superior charac-
of MC6AOAC is about 320 °C and it is quite stable in air. teristics of MCBAOAC resists. The relatively smooth side

MCBAOAC powder was dissolved io-dichlorobenzene. Wall of the pillar in Fig:3(b) should also be noted.

After this was filtered through a 0,2m Teflon mesh, acon- _ The etching durability of MCEAOAC resists was tested
ventional spin coater was utilized to make thin resist films USing the DEM-45YANELVA) plasma dry etching system.
Typical spin-coat conditions were as follows; a 60-nm-thick The durability of the resist strong_l;_/ depend on each etching
film was prepared from 2.5 wt. % of MC6AOAC solution SyStém's setup and etching conditions; gas pressure, plasma
treated with 3000 rmp for 30 s spin coating and a 30-nmflow style, and blasmg. Flgure.4 shows typical durablhty
thick film was prepared from 1 wt. % of MC6AOAc solution data for related materials obtained from the same etching

treated with the same spin coating. These spin-coated film@yStem and under the same etching conditions. The typical
were then prebaked for 30 min in a,Ngas flow oven at condition was 5 Pa of GfFgas and an incident microwave
170 °C. power of 50 W with a 200 V dc electrode bias. The etching

The resist surface roughness after the prebake proce§&€ of MC6AOAC was estimated to be about 10 nm/s, which
was extremely smooth, the maximum roughness was meaS almost comparable to that of Si, and the durability is about

sured to be less than 2 nm in a 2h square area using atom four times higher than that of PMMA. This durability seems
force microscopy. After electron beam irradiation theto be sufficient to make semiconductor or metal nanostruc-

MCB6AOAC resist was developed by dipping it in xylene for
30 s, and then in a isopropylalcoh@PA) rinse for 30 s. IPA CH,
alone can also develop the resist, but it took a longer time.
Moreover, from our experience, quick development with
strong solvent seems to give a better shape in nanostructure CH,
fabrication.

The sensitivity characteristics for the MC6AOAC resist
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dElectronic mail: fujita@qwave.cl.nec.co.jp FIG. 1. Structure of MC6AOAC.
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FIG. 2. Sensitivity to electron dose characteristics for MC6AOAC. FIG. 4. Etching durability of MC6AOAC to the GFplasma.

tures, since the thickness of the nanostructure is scaled do
with its width. Well known highly durable novolak resist
such as SAL(chemically amplified negative resist for elec-

tron beam, SHIPLEY, ZEP (positive resist for electron S . :

. roughness limits the line width.The smoothness of the
beam, NIPPON ZEON and AZ (photoresist, HOECHST  \,6x0 ¢ side wall enables the line width to be narrowed
are based on phenol and contain benzene rings as the frargglow the 10 nm region by overetching. MCBAOAC is a
structure, and show high durability to plasma etching. The_. 9 Y 9.

same structure in MC6AOAC is presumably the origin for its smgle molecule and thus is monodispersed with a molecular
high durability. weight of 972. In contrast, other phenol-based resists have

Germanium pattern transfer is shown in Fig. 5. The 20_dlsperswe weights from 1000 to 100 000, which set a reso-

nm-thick Ge layer requires at least 5-nm-thick MC6AOAc to lution  limit. We think  the mole.culgr unlfqrmlty of

be etched down, and the resist thickness was 30 nm. Figu CBAOAC and its small molecular Size 1S the_orlgm of S.UCh
5(a) shows the line patterns of the resist on Ge film. De”n_surface smoothness, and the resulting ultrahigh resolution.
eation was done using the S-5000 with a beam current of 100. In summary, we found MCGAOAC can be used as a

PA at 30 KV acceleration voltage and the line dose was >@igh-resolution negative resist under an electron t_)eam_li—
nC/cm. A 10 nm line width and a smooth line edge werethography process. It showed under 10-nm resolution with

clearly observed. This smoothness is the key point in fabrilittle side roughness and high durability to halide plasma

cating quantum nanowires by etching processes. Figiime 5 etching. A_sub—lO—nm Ge quantum wire was _etch(_ad down
shows the transferred pattern treated by 1 min of overetct‘PerfeCtly without defects. Such a performance is suitable for

ing, followed by oxygen plasma treatment to remove the@noscale device processes.

Wesist residues. A fine Ge line of 7 nm width was clearly
observed without short cutting. Narrowing by overetching is
a standard technique to obtain a fine line, however, side wall

30.0kV

FIG. 3. Typical dot pattern on Si substrate). plan view of dot array an¢b) FIG. 5. Pattern transfer to Gé) SEM image of resist pattern on Ge, and
tilted view. (b) SEM image of transferred Ge pattern.
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