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more flexible fabrication. Thermal reflowing

after photolithography of non-cross-linked

ABRSTRACT: Microlenses are the basis of diverse modem instruments, which demand for ] I
. e 3
- *\.'\H‘

pulrmﬂsisrh:mmﬁd&rlpplhdsmlzyﬁrmmfmingﬁn:lFMarFrinw o

mclds of microlenses with desired microcurvatares. Howewer, this approach can commaonly
ﬁmwﬂ}runespedﬁrnmfwﬂuﬂmpmrm,hdhgmmﬁrmrhg
fexibility. Here we report the direct growth of microstructures with Bexible control of the
curvature after ane-slep 'Phnlnllﬂm-gmpl\r Thiz method relies on rplhal v mdumn
which induces network rearrangements in 2 dynamically cross-linked hydrogel. Upon
:u]u:qnenr. ‘waler !W:]EJIS, the irmadiated locations dn!lnp microstructures with tunable
curvature controlled by the iradiation time. Following by a secondary ionic cross-linking, the
hrdrcg:k ane rIlEEhiﬂI.I:ﬂ]l" sl:r:ngﬂ'u:n:d for Pcrlctlﬁl microlens IEFE‘:II:iDD. Cou'lsn:]u:nlh«,
microlens arrays with 2 roughness around 20 nm are rapidly molded from the hydrogel
I.u'nlia.l.u. Mulr.ipl:ﬁ:-nna are uuﬂ’urm}] P:ml]l:l:tn\‘.l on 1tlrgchnd pl.rn:_, indn:t.ing the fme

v
e i

.D_ Optical praparty

im:.g:inga.p:lllﬂilrnfﬂum.l'nu]mumemu,Iﬁzﬁnllﬂbﬂ.hsmf;:ﬂelradﬁﬂ:hhmlnulriﬂaﬁdzru&g&huta}m ina
spatially selective manner. Chur growth strategy paves a versatile and efficient method for the Bexible fabrcation of unctional optical

devices.
EEYWORDS: meﬁnFaHﬂ'm'rlg &b-umir h,dmgc{, nd‘_f-gmdﬁ, microlens array, F!#I‘l:ﬂll mnfd.l'rlg

1. INTRODUCTION

Microlens arraps (MLAs) are crun:l for diverse o-pl.i::l
systems, mdnrlm% image scanmers, " confocal microscopes,
and solar cdls™ With growing d.:m:nds for MLAs, the
development of manufacturing strategies has Il.lnclzd
attention from both academics and industries. Phn-lnlilhng—
raphy is a dominant mil:rnmm'td’:cm.ri:ng tudmnlny that is
employed o fabricate polymeric MLA=™" Generally, the
photosensitive precursor is sp:r.i:l}r pus},m!ri:ﬂl an a substrate
through Bght exposure. After development, microstructuses
with a sharp boundary are formed. Fﬂ“ﬂwi!’ls}bﬂll:illb the free
standing Enear polymer reflows inte dome-like shapes, thus
an:l'liz\lu'ng the construction of MLAs” While the process is
ﬁlglzlrprunsg,rhemmmofﬂumﬂnhnss which are
critical for optics, can hardly be flexibly manipulated, since they
mrﬂh:ubedbyﬁemtrmsu:w:ﬂ:hlhtr of the & m'plnl:,red
materials on the substrates. Tuning the carvature commonly
requires alteration of the precursors or the subsirates. In
addition, the developing and thermal reflowing processes are
both time- and ENETEy-COMSUming, and the obtained MLAs can
|'|arc|.|':,r tolerate I:ng:h temperatures due to the linear chemical
structure.'” Although template replication methods (eg., soft
Erbu-grxp}q} have been dzv:lurpﬂl to realize slmp|.= and

T

- ACS Publications

efficient fabrication of MLAs of diversified materials beyond
the linear 'pul'pnm-,”_u flexible fabrication of the m'.ig:inll
templates is still a major concem. It l'y'pu:]}r depends on
photolithography or other micromanufacturing techniques w
create masters, which are then wsed to l\eplin:a’l.g the 1.gmph1.u.
As a result, adjusting the optical properties of microlenses & a
time-consuming process. M:n:r other strategies, :im:l'uding
inkjet printing,'*'” 3D prnting,'*™™ and high-precision
mid‘lim'ng,“ have been deweloped to achieve Hexible
fabrication of the convature. |.n.l'_i:l printing fabricates the
microlenses dot by dot, which has low efficiency. Meanwhile,
b printing and high—pmcisim nurJ'nnmg require expensive
equipment and offer low throughput in comparison with the
thermal mﬂmrmg strategy.

In a broad sense, the basic requirement of fbricating MLAs
is the construction of microstructures with specific carvatures.
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