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Abstract:  Inthis paper we present an image sensor hased on uniformly redundant arrays that
have customizable pixel resolution below 20 nm. This sensor has applications in lithography
tools that produce image intensities that cannot be resolved by conventional CCDs.

In some imaging svstenis such as lithography tools. features have critical dimensions (CDs) that are well below
the limit of resolvability of standard image sensors such as CCDs. Although these systems have alternative means tor
evaluating image intensity protiles te.e. resist line-edge profiles in a lithography systemi. it is often desirable to have
access 10 the rue image intensity in the image planc.

One accepted solution 1o this probleny in certain circumstances is to scan a pinhole point by pointin the image plane

and capture the intensity through the pinhole on a diode, as shown in Fige. Ta In this configuration. the pinhole size o
sels the effective sensor pixel size as shown in Fig. 1h.
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Fig. 1. ar Schematic of a pinhole image intensity monitor. bi A sample pinhole nuask with resolution
d.

This setup works well tor when a moderate pisel size is desired: however it extreniely small pixel sizes are needed.
a probleni can arise where low photon tlux incident on the pinhole is insutlicient o overcome the diode intrinsic noise
in 2 reasonable wount of time. The threshold at which this ettect becomes relevant depends on the exact parameters
athand. but as an example. a production LUV lithography ol operating ata rate of SO wafers per hour requiring o 20

nm pixel resolution produces an aserage of 10 photons per millisecond compared to 82 photons of cquivalent noise in
the samwe tinie period.



To inerease the signal to noise ratio we implement @ niask with @ higher efticieney than a pinhole mask. 1t the true
Prage intensity is oy and the mask function is 370xy i then the measured intensity £, x.yv!is now given by

Tpix.y foaxov = Mixoy: il

Solving equation | tor vy represents astandard deconvolution problem. In order tor the solution o be well-
detined. we require that the miask spectrun 40 /. fo have no zeros, Unitornly redundant arrays iU RAs)are mathe-
matical tunctions that have both high etticiency (307 1and a tlat spectruni, and thus are ideal structures 1o use as amask
in the image intensity monitor, A schematic of a URA is shown in g, 2 alongside a scanning electron micrograph ot
A 20-nm URA fubricated by the Center tor X-ray Oplics t CXRO1,
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Fie. 2. ar Schematic 101 x 101 pixel URAL b1 SEN image of URA made in the CXRO nano tabri-
cation lab, Gold on silicon nitride. 20-nm halt pitch.

In this case. the ettective pixel resolution is set by the smallest feature dimension on the URA. However. since the
URA has an etticiency that is several thousand times higher than the pinhole, it serves to enhance the signal well above
the intrinsic diode noise linit.

In summary. the proposed iniage sensor cmplovs a scanning URA mask with photodiode (o capture the inage
intensity protile. The eitective sensor pixel size is set by the smiallest feature on the URA. which can be optintized on
acase-by-case basis, The URA-based intensity monitor outpertorms the conventional pinhole monitor because it has
signiticantly increased efticieney while maintaining o flat spectrum required by the deconvolution routine.
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