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Abstract: Itis shown that, contrary to popular belief, the multiphotdbsorption rate is reduced if
entangled photons are used to reduce the feature size aphaitin lithography.
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One of the main promises of quantum lithography [1], bestdeseduction of feature size, is the enhancement of
the multiphoton absorption rate, since classical multiphdithography requires unrealistically high optical pow.
Botoet al. argued heuristically that, for quantum lithography, agthetons are correlated in space, time, and number,
they are contrained to arrive at the same place and the same [gading to an enhancement of the multiphoton
absorption probability. Here we show that, unfortunatétg heuristic argument by Bot al. with respect to the
spatial domain is not correct. In fact, the opposite is tAleeduction of feature size can only be achieved by spatially
anti-correlated photons, as such, the photons arrive at the same place tesgloéin uncorrelated photons, leading to
a reduced multiphoton absorption probability. ConsiderghneraN-photon state,
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whereg is the configuration-space probability amplitude in the reatam domain ang is the corresponding quantity

in the real space, related to the former byNudimensional Fourier transform. Both are subject to themadization
condition [ dkydky...dky|@|? = [dx;dx,...dxn|@|? = 1. The resolution limit means thai(ks,...,ky) = 0 for any

ki| > 27/A. TheN-photon absorption probability is given Byl N (x) :) = & (W|[AT(x)[NAX)N|W) = | (x,x...,X)[?,
which is theconditional probability distributionwhen all photons arrive at the same place x. Hence, the multiphoton
absorption rate depends on how often these photons arritie aame place. The nonclassical state that achieves the
minimum feature size is given by
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The original nonclassical state proposed by Batal., %) O |N)|0) _ + [0)|N) _i, is equivalent to the state given
by Egs. (2) wherG(k) O d(k—K') + d(k+K'). Because all photons are constrained to have the same mament
G(k) is allowed to have the same resolution limit as the one-phosse, that ist(k) = 0 for |k| > 2m/A, thereby
producing a minimum multiphoton absorption feature siz& /N. However, the ideal state given by Egs. (2) is not
normalizable and therefore not physical. In fact, one camrvsﬂnat(: IN(x) :> approaches zero if one constructs a
normalizable state that approaches the ideal state giv&gby(2). Physically, this is because the photons in thd idea
state have zero uncertainty in their relative momenta, anithé® Heisenberg uncertainty principle, the photons must
have infinite uncertainty in their relative positions, miegrthat the photonsever arrive at the same place together
to produce a multiphoton absorption event. In general, dipihdton state that enhances the lithographic resolution
must have reduced uncertainty in the relative momenta gblio¢ons in order to obey the resolution limit, leading to
increased uncertainty in the relative positions and a redipcobability of all photons arriving at the same place.

In conclusion, while entangled photons can have a highamracg in where they arrive together, they are con-
strained by the resolution limit to arrive together les&oftso there is a trade-off between feature size reductidn an
absorption rate.
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