Multilayer resist methods for nanoimprint lithography on nonflat surfaces
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Five multilayer resist methodghree positive tones and two negative toniesve been devised for
nanoimprint lithography on nonflat surfaces. Three of the methods have been demonstrated
experimentally on a Sigsurface with 100 nm deep sharp steps. The advantages and disadvantages
of each method are discussed. Our results should be applicable to nanoimprint lithography with 10
nm feature size on nonflat surfaces. 1®98 American Vacuum Socief$0734-211X98)10106-3

I. INTRODUCTION for NIL. One key point is that the glass transition tempera-
ture (T4) of 2 k polystyrene is at about 0 *Bwhich is much

Nanoimprint lithographyNIL), a new approach to nano- .

lithography, patterns a resist by physically deforming the re-:OWer th;an ttheTg of thz P.MMA igi ?9(-; t]gref?rze Tz t]? P
sist’'s shape with a mold, instead of modifying the resist,s_aye:hpot))/st%/rentla can P?\AISKrIr]I'E a vgl ou ?tﬁ fm-
chemical properties with radiation as in conventional!nd € botlom 1ayer - |N€ process began Wl an
lithography® NIL has demonstrated 10 nm feature size on almprlnt to pattern the top layer at a temperature of 90 °C and

flat surface and the potential for low-cost and higha pressure of 600 p_si. Then the pattern in_ the_ top Iay_er was
throughpuf One key issue for NIL to become a major li- transferred to the middle layer Sj®y reactive ion etching

thography tool is to imprint on nonflat surfaces. This artide(silr?é)fu?rr:%g:rt'Eavglg\]/v:rgoafslfslgvrl\/ra;g;iSetScfr?irr?é ?a?ereosf-G
resents five multilayer resist methods for solving this prob- ! ' ' . .
P ve mitiay ! ving this p nm/min. A second RIE transferred the Si@attern into

lem. PMMA using O, with a gas flow rate of 6 sccm, a pressure
of 3 mTorr, a power of 200 W, and an etching rate of 60

II. FIVE METHODS FOR NIL ON nm/min. SiGQ has an extremely low etching rate in oxygen

NONFLAT SURFACES RIE, serving as a good etching mask for PMMA.

Figure 2 shows rectangular holes in the middle layer after

We have devised five multilayer resist methods for NILprocessing with the trilayer resist scheme. The bottom layer

on nonflat surface§Fig. 1). The five methods start with the is invisible in the scanning electron MICrosco@EM) im-

same first step: surface planarization, where a resist thicke&ge Figure 3 shows a resist pattern on a 100 nim Si@rp
than the height of the steps on a wafer surface is cast on théqep after processing. The resist pattern consists of a 250 nm

wafer. This resist, called the planarization layer, can be plafhick PMMA layer (bottom laye), and a 30 nm thick SiQ
narized by(a) a free viscous flow of the resist at an elevatedIayer (middle layey. As shown, the top surface of the resist

baking temperature db) a forced resist flow through press- at the 100 nm step is flat, the side wall is straight, and the

ing a flat mold on th_e resist surface while heating. Thelateral dimension of the resist pattern is unaffected by the
samples for our experiments have 100 nm deep sharp ste ?ep

of SiO, on Si. Polymethylmethacrylape(PMMA) and modi-
fied novolak resin 250 or 300 nm thick were used as the
planarization layer. The free viscous flow approach work
well for PMMA, when heated up to 175 °C for 24 h, but not
for the novolak resin because it is a thermal-set plastic and The second method is an imprint and lift-off scheme that
has a high viscosity. The forced flow approach works wellhas a negative tonfgFig. 1(B)] that uses two resist layers.
for both PMMA and novolak resin, when heated at 175 °CThe bottom layer is a modified novolak regiBrewer Sci-
for 20 min, with a pressure on the flat mold of 600 psi. Afterence XHRi 16* previously used as antireflection coating

removing the mold, the resist over the sharp steps waARC). It is a thermal-set polymer so that it hardens after a
planarized. bake. It will not dissolve in acetone, therefore it can survive

a lift-off process. The top layer is 15 k molecular weight
PMMA. Since theT of the modified novolak resin is much
The first method is a trilayer resist scheme that has igher than that of the PMMA, the imprint on the top layer
positive tong Fig. 1(A)]. The bottom layer is a 250 nm thick will not deform the bottom layer. The process started with
15 K molecular weight PMMA as the planarization layer. imprinting a pattern into the top layer with a temperature of
The middle layer is a 30 nm thick SiOfor the purpose of 175 °C and a pressure of 600 psi, then using lift-off to trans-
transferring patterns. The top layer is a 250 nm thick 2 kfer it to a metal, which served as a mask for the subsequent
molecular weight polystyrene, which is the patterning layeroxygen RIE pattern transfer to the planarization layer. The
metal used in this scheme is Cr, which is a good etching
dE|ectronic mail: Izhuang@ee.princeton.edu mask. The etching rate for the novolak resin is 30 nm/min.

8. Imprint and lift-off scheme

A. Trilayer resist scheme
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Fic. 1. (A) Trilayer resist schemépositive tong; (B) Imprint and lift-off schemenegative tong (C) Imprint and RIE schemépositive tong; (D) Imprint
and print schemépositive tong; (E) Imprint and etch back schenfregative tong

Figure 4 shows a resist pattern on a 100 nm,3farp  The process started with an imprint to pattern the top layer.
step after processing with the imprint and lift-off scheme.Then the pattern was transferred to the bottom using
The resist pattern is a layer of 300 nm modified novolakRIE with the top layer as the mask. The bottom layer is
resin. Again the surface of the resist at the 100 nm step i250 nm thick PMMA with a molecular weight of 15 k. The
smooth, the side wall is vertical, and the lateral dimension ofop layer is 250 nm thick polystyrene with a molecular
the resist profile is not affected by the step. weight of 2 k. Since polystyrene has a lowigythan PMMA,

Figures %a) and b) show a 190 nm period resist grating imprinting on the top layer will not deform the bottom layer.
on a 190 nm period SiQgrating after processing with the After the imprint, oxygen RIE was used to etch PMMA, with
imprint and lift-off scheme. Again, the steps on the substratea gas flow of 6 sccm, a pressure of 3 mTorr, and a power of
have no effects on the resist linewidth and the vertical side150 W. In this recipe2 k polystyrene has an etching rate of

wall. 25 nm/min, which is lower than that of 15 k PMMA
(60 nm/min), therefore it can serve as the etching mask for
PMMA.

C. Imprint and RIE scheme Figure 6 shows a resist pattern on a 100 nm ,Sit2p

The third method is an imprint and RIE scheme usingafter processing with the imprint and RIE scheme. Again, the
double layer resists and having a positive t¢r&g. 1(C)]. surface, the side wall, and the lateral dimension of the resist

$i0,~30 nm
-k o T A 3 ! 250 nm
1191 25KV X60,008 168nn WD € L S e PMMA
Fic. 2. Rectangular holes in the middle layer in the trilayer schérig. Fic. 3. Resist pattern on a 100 nm Si6harp step in the trilayer scheme

1(A)]. The underneath bottom layer is invisible in the SEM photo. [Fig. 1(A)].
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Fc. 4. Re_sist pattern on a 100 nm $i€harp step in the imprint and lift-off Fic. 6. Resist pattern on a 100 nm Si€harp step in the imprint and RIE
schemgFig. 1(B)]. schemdFig. 1(C)].

are not affected by the SiGstep. However, due to the ero-

sion of oxygen RIE, the polystyrene surface is rough. layer is first patterned by NIL. Then a second layer is printed
only on the top surface of the imprinted pattern by a roller.
D. Imprint and print scheme The second layer will serve as the etching mask for the fol-

lowing RIE pattern transfer into the whole planarization

The fourth method is an imprint and print scheme that hagayer.”A careful selection of the material for the second layer
a positive tongFig. 1D)]. In this method, the planarization 4nq the RIE recipe can give a high RIE selectivity between

the roller printed layer and the planarization layer. Thus, the
roller printed layer can be used as a RIE etching mask to
transfer the NIL pattern.

E. Imprint and etch back scheme

The fifth method is an imprint and etch back scheme that
has a negative tond-ig. 1(E)]. In the first step, the same as
that in the fourth method, a pattern was imprinted into the
thick planarization layer. Instead of applying another layer of
resist by rolling, a second layer of resist was cast by spin
coating and was planarized. A uniform etch back of the sec-
ond layer resist transferred the pattern into the second layer,
which in turn, was used as a mask in another RIE etching of
the bottom layer.

lll. DISCUSSIONS

The advantage of the first method is that it is very flexible
and many materials can be used to achieve optimum results.
The disadvantage is that the process is complex, requiring
more processing steps and hence higher cost. For the second
and third methods, the processes are less complicated, but
they have more stringent requirements on materials. The sec-
ond method requires the bottom layer to be insoluble in a
chemical solvent such as acetone for the lift-off process, and
requires that thd y of the top layer be lower than that of the
bottom layer for the NIL process. In the third method, the top
layer should have both a lowdiy and a higher etching re-
sistance than the bottom layer. The two requirements may be
difficult to satisfy at the same time. For the fourth and fifth
methods, the processes are also simple. The disadvantage for
the fourth method is that it might not be easy to achieve good
(b) coverage of the top surface when the second layer is printed

by a roller. The fifth method requires the surface of the sec-

Fic. 5. 190 nm period resist grating on a 190 nm period,Sjeating in the Ond_ resist layer to be very flat, otherwise it is impossible to
imprint and lift-off schemdFig. 1(B)], viewed from(a) 70° and(b) 40°. achieve good results for etch back.
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