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We have finished the construction of an automated tool for step and flash imprint lithography. The
tool was constructed to allow defect studies by making multiple imprints on a 200 mm wafer. The
imprint templates for this study were treated with a low surface energy, self-assembled monolayer
to ensure selective release at the template-etch barrier interface. This surface treatment is very
durable and survives repeated imprints and multiple aggressive physical and chemical cleanings.
The imprint and release forces were measured for a number of successive imprints, and did not
change significantly. The process appears to be “self-cleaning.” Contamination on the template is
entrained in the polymerizing liquid, and the number of defects is reduced with repeated imprints.
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[. INTRODUCTION ment of parallel alignment between the template and sub-
strate by compensating for orientation errors introduced dur-
iﬁqg template installation(iv) a fine-orientation flexure stage

) X ! . ) at provides a highly accurate, automatic parallel alignment
with sub-100 nm linewidth. SFIL uses no projection OPHCS, ¢ he template and wafer to the order to tens of nanometers

no lenses, and operates at room temperature. The ProCes8ross an inch;(v) a flexture-based wafer calibration that

relies largely on chemical and low pressure mechanical PI%yients the top of the wafer surface parallel with respect to
cesses to transfer patterns. SFIL is related to other micrq;

. . . . he pl f theXY st (vi that i d
molding or imprint processés’ in that all of these use the ©plane o stagej(vi) an exposure source that is use

' to cure the etch barriervii) an automated fluid delivery
topography of a template_ to define the pattern created on ?ystem that accurately dispenses known amounts of the lig-
substrate. The two key differences between SFIL and othel: | o4 barrier; andviii) load cells that provide both im-

imprint lithography techniques are that this process is base rinting and separation force data.

on a low viscosity, photocurable liquid and a transparent, The multi-imprint apparatus is currently configured to

rigid template. The low viscosity of the photocurable liquid handle 1 in. square template. It is used to produce more than
eliminates the need for high temperature and pressures th% Lo

can lead to substrate deformation, which can be a probleri:ljlti

f ¢ lavi f the | f a device. The riaid on of the template and the loading and unloading of the
for accurate overiaying ot the 1ayers ot a device. 'he Ngid afa are performed manually. The printing operations, in-
imprint template is transparent in order to allow the flood

. cluding X-Y positioning of the wafer, dispensing of etch
T o Mharrier liquid, translation of the template to close the gap
b|nat|or! of rigidity and f[ransparency also enables Iayer'tobetvveen the template and wafer, ultraviolet curing of etch
layer alignment fqr mult|layer_deV|ces. arrier, and controlled separation are all automated. These
We have previously described results from the step an[?nit processes are controlled by a LabVIEW® interface. De-

;Ie}i} pl)r00(=.|§s.t_Care]fuI tallforlrt]g of thfhch.emlgtrgets aII:)v;/e ailed information about the major subcomponent of the sys-
arthiul replication ot any teature on the Imprint template. o4, 5 ayailable in a previous publication by this gréup.
We have patterned 60 nm lines/spatéggh and low pattern

density areas, and produced a functional micropolarizer arra

with 100 nm Ti lines/spacesSFIL has also been used to . BACKGROUND
pattern directly over a nonflat substrdtécluding curved The SFIL process is shown in Fig. 2 and has been detailed
surface$ previously® Following exposure and curing of the pho-

A multi-imprint step and flash lithography machine that topolymer, the imprint template is drawn away from the sub-
can perform repeated imprints on 200 nm wafers was devektrate. In this step it is imperative that the etch barrier remain
oped for the purpose of defect analysis, and is shown in Figattached to the underlying transfer layer, and release easily
1. This machine can imprint high resolutiggub-100 nmh  and completely from the template. Consider a trench in the
features from quartz templates using a step and repeat preurface of the template with an aspect ratio of 1. This trench
cess. The major machine components include the followingcreates a line of etch barrier. Three sides of the structure are
(i) a microresolutionZ stage that controls the average dis-in contact with the imprint template and one side is in con-
tance between the template and the substrate and the impriri&ct with the transfer layer. If the surface energy of the tem-
ing force; (i) an automatecK—Y stage for step and repeat plate and transfer layer are equal, there is a high probability
positioning; (iii) a precalibration stage that enables attain-that the feature will adhere to the template and rip away from
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Fic. 2. Step and flash imprint lithography process. The process employs a

template/substrate alignment scheme to bring a rigid template and substrate

into parallelism(a), trapping the etch barrigb). The gap is closed until the

force that ensures a thin base layer is reached. The imprint is then illumi-

nated through the backside of the templ@ateto cure the etch barrier. The

template is withdrawrid), leaving low-aspect ratio, high resolution features

in the etch barrier. The residual etch barfiease layeris etched away with

. . . a short halogen plasma etch, after which the pattern is transferred into the

the substrate, simply based on contact area considerationganfer layer with an anisotropic oxygen reactive ion el creating high-

The surface energy of the bare quartz template is actuallgspect ratio, high resolution features. These high aspect ratio features in the

higher than that of the transfer Iayer, Ieading to greater adc_)rganic transfer layer can be utilized as-is, or can be used as an etch mask
. . . for transferring the features into the substrate.

hesive forces in the area of greater contact. It is therefore

necessary to modify the surface energy of the template in

order to promote selective release at the template-etch barrier

Fic. 1. Multi-imprint apparatus.

interface.
A. Etch barrier (This section is adapted from Colburn TasLE |. Components and range of composition tested as viable etch barrier
et al. 6) solution.

We formulated our first etch barrier solutions from a freePrincipal component  Weigh®6) Chemical names
radlca! generator dissolved in a solutlon. of organic MONOionomer 2550  Butyl acylrate, methyl acrylate,
mer, silylated monomer, and a dimethyl siloxd®S) oli- methyl methacrylate
gomer. Each component serves a specific role in meeting
these constraints. The free radical generator initiates poly- Meth?ny'(r’lXBI/PIFOPy' |
merization upon exposure to actinic illumination. The or-_. tris(tri-methylsiloxy silane .

. . Silylated monomer 25-50 (3-acryloxypropy] tris(tri-methylsiloxy)-
ganic monomer ensures adequate solubility of the free radi- silane
cal generator and adhesion to the organic transfer layer. The
silylated monomers and the DMS provide the silicon re- (Acryloxypropy) methylsiloxane
quired to give a high oxygen etch resistance. Both monomer , dimethylsiloxane copolymer
types help maintain the low viscosity required during im- Dimethy! siloxane 0-50  (Acryloxypropy)) methylsiloxane
derivative homopolymer

printing [Fig. 2(b)]. The silylated monomer and DMS deriva- Acryloxy terminated polydimethylsi-

tive also serve to lower the surface energy, enhancing tem- loxane
plate release. o
Test formulations were made from a variety of commer-Crosslinking agent 0-5  1,3-limethacryloxypropyt

cially available monomers and DMS derivatives listed in tetramethy disiloxane

Table 1. These were tested for reactivity and surface energy,qe ragical generator  2-10 Irgacure 184, Irgacure 819
properties over the range of concentrations listed. The sily
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Fic. 4. Surface treatment durability. The contact angle of three liquids on a
template through five imprints does not appear to change outside of experi-
mental error(a). The surface treatment lowers the surface energy of the
template, creating a hydrophobic surfadbg The water contact angle does
not change significantly after two months use.

Fic. 3. Template surface treatment sequence. A fluorinated self-assembling

monolayer is used to provide a low surface energy coating that ensures . . .
release of the cured etch barrier. Trichlorosilanes migrate to the template AlKYltrichlorosilanes react with surface bound water to

surface(a), where they react with surface water to form silanol intermedi- form networks derived from the formation of bonds between
ates. These intermediates undergo a condensation reaction with the hydroxyjjacent molecules. The water adsorbed on the glass surface
groups on the quartz surface, as well as a_djacent silanols, to form a ”ef'eacts with the self-assembled monolaysAM) precursor
worked siloxane monolayéb). This layer is oriented such that the fluoroal- . . . L. . .
kane chains are oriented away from the quartz, in a three-dimensional comi@ form a silanol intermediate and an acid in an irreversible

like structure. Annealing further enhances the condensatiprcreating a reactiort*

highly networked, durable, low surface energy coatidy . .
R—-SiCk+3H,0=R—Si(OH);+3HCI.

The intermediate has three —OH groups, which can either
lated monomers, crosslinking agents, and DMS derivatebond to the quartz surface or to adjacent molecules through
were purchased from Gelest, Inc., and used as received. Thee loss of water. Figure 3 shows an example of this network
free radical generators were acquired from Ciba-Giegy Speformation. This networking characteristic of trichlorosilane
cialty Chemicals Divisions. The organic monomers weremakes it appealing for use as a durable release coating. Fol-
purchased from Aldrich. A statistical response surface optilowing the SAM formation, there may be some dangling

mization procedure was employed to develop the preliminary-OH groups on the substrate surface as well as in the film.
etch barrier formulations. Tripp and Haif® have shown that postformation annealing

enhances the incorporation of these groups to form a more
highly networked and highly bonded film.
B. Template surface treatment Zisman and co-worket& 8 predicted that a surface com-
posed of only —CE groups would have the lowest surface
free energy of any system, at6 dyn/cm. Nishincet al. later
verified that the prediction. Their work on perfluorinated
chains demonstrated a surface energy of 6.7 dynichAs a
comparison, Teflon® has a surface energy of 18 dyrffta.
od monolayer film with —CFterminations has the poten-
ial to be a superb release coating for the SFIL template.

Alkyltrichlorosilanes form covalent bonds with the sur-
face of fused silica, or Si§) and can be used to modify the
template surface energy. The —OH groups on the, Si®-
face react with the silane to form HCI. The reaction of func-
tional alkylsilanes with Si@ proceeds very slowly in the
absence of surface water, but quite rapidly in the presence
surface watet®*3 Tripp et al!® studied the reaction of
alkykchlorosilanes and fluoroalkylchlorosilaanes with silica
using Fourier-transform infrared spectroscopy, by monitor-!l- EXPERIMENTAL PROCEDURE
ing the disappearance of glass surface SiO—H bond during The surface treatment procedure used in the SFIL process
the course of the reaction. They found that alkylsilanes das based on the preceding information. The quartz templates
not react with a completely dehydrated surface, and the fluwere first cleaned with a piranha soluti¢h part H,O, to 2
orinated counterparts do react, but slowly. parts HSO,) for 30 min to remove any surface organic con-
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taminants. After the piranha etch, the substrates were blowlying —CF,— groups. A surface composed of mixed —CF
dry with N,. The substrates were then heated to 90 °C, anénd —CF groups should have a surface energy in the range
reacted with tridecafluoro-1,1,2,2 tetrahydrooctyl trichlorosi-of 17 dyn/cm?°
lane[CF;—(CF,)s—CH,~CH,SiCl;] [Gelest for 1 h. The surface treatment must maintain its release character-
The transfer layer used in early studies was fragthyl  istics through hundreds or thousands of imprints in a manu-
methacrylatg (967k MW), spun at 3k rpm from a 2.5% so- facturing process. Preliminary results indicate that the cur-
lution in chlorobenzene, then baked at 180 °C for a minimunyent technique could provide films with the required
of 4 h toyield films ~200 nm thick. 1ul of etch barrier,  durability. Figure 4 shows the change in contact angle of
described in Sec. Il A, was dispensed for each 1 square inojyater, glycerol, and diiodomethane after each of five im-
imprint. The etch barrier was cured at room temperature Usprints. There does not appear to be any systematic degrada-
ing an Oriel 500 W Hg arc lamp running at 300 W und€2  tion. The droplet images show the water contact angle on an
psi of imprint pressure. Curing required approximatelyuntreated template, a newly treated template, and a template
20-50 mJ/crh® The template was withdrawn after cure at anthat was used for a period of two months and was cleaned

average speed of 1,8m/s. vigorously. The template retained its release functionality,
and it can be seen that the water contact angle did not de-
V. RESULTS AND DISCUSSION grade significantly. We have seen no evidence of cata-

strophic loss of release function. Work is currently underway
A. Template surface treatment

The surface treatment reaction has yielded surface ener-
gies in the neighborhood of 12 dyn/cm. These surface ener-

gies do not approach the Zisman prediction, and we believe,
this is due to surface roughness effects which expose undel- -

Fic. 6. Detailed defect region. The defects tracked in the following imagesFic. 7. Disappearance of template-bound contamination can be seen in these
are labeled here. Note the cross pattern; this was the reference point useditvages. Image 1 is a micrograph of the first imprint, etc. Note the rapid
find the defect region on each imprint. Only one such feature exists on thelisappearance of small defects. Even the very large defects shrink upon
imprint template. successive imprinting and completely disappear after the 8th imprint.
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to quantify film durability for a variety of treatment condi- low surface energy self-assembled monolayer to aid selective
tions. release at the template-etch barrier interface. This surface
treatment was shown to be quite durable, surviving repeated
imprints and multiple aggressive physical cleanings without

loss of function. The imprint and release forces were mea-

The Imprint anq release forces were recqrded for mUItIple'sured for a number of successive imprints. The imprint force
consecutive imprints. The template was raised and Iowere\%aS maintained at 2—4 psi, and the release force was less
in position control mode, and the imprint and release force§han 5 psi for all imprints '

were monitored. The SFIL process appears to be self-cleaning. The num-

. F|.glt1re ?hShQWS 'the f|mpr|nt andzreLeasg for(;efhfor mu".'pldeber and size of imprinted defects resulting from template
|m|pr|n S'f © |mpr||n (:rr]ce vg/as_ N pSIf,t an25 ne rgqtuw$_ contamination decreased with each successive imprint. The
release force was 1ess than 5 psi even atter =5 Imprnts. hi?nprint field was contamination free after eight imprints.

release for<_:e shows only randpm fluctuation, '”.‘p'y'”g thals ontamination on the template was observed to be entrained
the properties of the etch barrier/release layer interface '8 the polymerized etch barrier

main effectively constant upon multiple imprinting. The

source of the variance in release force is under investigation.
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