SCIENCE ADVANCES

(meth)acrylates (Fig. 3, F to H). Note that other two-color irradiatioexposure. Projecting blue images of variable intensities (i.e., varying
schemes have been demonstrated puesly for subdiffraction, direct- the intensity on a pixel-by-pixel basis) against a constant UV back-
write photolithographyZ0, 26 27). These systems used CQ and EDAground affords spatial variation by o/l biue,0 cONSequently varying

as a blue light photoinitiator system and tetraethylthiuram disulfidbe inhibition volume thickness according to Eqg. 1. This modulation
(TETD) as a UV-active photoinhibitor. Unfortunately, the utilitycreates a complex 3D patterned inhibition volume and enables local-
of TETD in rapid AM is hindered by its participation in chain transfeized surface patterning of features, both of which are currently un-
reactions with propagiag radical specie28), resulting in significantly attainable by contemporary methods.

reduced photopolymerization rates at raised TETD concentrations everFFigure 4A shows a schematic of this procedure where the single-
under exclusively photoinitiating adiation, while co-irradiation at the exposure topographicahiterning was deonstrated with resin formu-
photoinhibition wavelength yields reduced polymerization rates Hated with CQ/EDAB and-CIl-HABI contained between two glass
does not completely cease polymerizatiéf). (Moreover, TETD has slides. The resin was exposed to a blue image of varying intensity,
only been shown to effectively inhibit methacrylate resins, limitiragnd this image was superimposed on a uniform, collimated UV light

the palette of compatible monomers. source (Fig. 4A). A single 10-s exposure yields cured features with a
thickness variation of up to 70@in and height differences as small as
Single-exposure surface topographical patterning 125mm (Fig. 4B); however, these magdes can be readily varied by

A significant and unique attribute of our system is that, by using tleeljusting the UV- and blue-absorbing dye loadings to refine the

concurrent photoinitiation and photoinhibition in conjunction with wavelength-dependent absorption characteristics of the resin (i.e.,
spatially specific variation in light intensity, our system has the alily adjustinghyy andhye). The ability to use this technique to pro-
ity to produce complex 3D surface features with a single, two-cothuce patterned features with 3D structures is demonstrated with%\
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Fig. 4. Two-color photoinitiation and photoinhibition enable controllable, far-surface patterning of complex 3D structures. (A) Setup used for intensity-patterned
printing. (B) Use of variable intensity images enables pixel-wise adjustmentf dlpiue 0 Producing variation in inhibition height and, therefore, printed part topography.
(©) Four-level intensity image of the University of Michigan sedD)(Variable thickness part produced by a single intensity-patterned exposure.
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