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Microscale tools example: MEMS microgripper

» Prof. Tim Dallas (Texas Tech)

« SUMMIT V™ (Sandia Ultra-
planar Multi-level MEMS
Technology V)

2.0 um sacox4 (CMP)

0.2 um dimpled backfill
2.25 um mmpoly3

0.4 um dimple3 backfill
1.5 pm mmpoly2

0.3 ym Sacox2 1.0 um mmpolv1

0.3 pm mmpoly0

Substrate
6 inch wafer, <100>, n-type-
0.5 um dimple1 gap

« Multistep, proprietary, expensive

* CINT user project: Dynamic MEMS
Fabrication using Two-Photon Printed
Nanostructures



Untethered grippers Tethered grippers

Body
temperature
triggered |[
actuation

« 3D print on fiber tip

» Tether for guidance
and optical feedback
(interferometry force

Ghosh, A., Liu, W., Li, L., Pahapale, G.J., Choi, S.Y., Xu, L., Huang, Q., Zhang, R., Zhong,
measurement).

Z., Selaru, F.M. and Gracias, D.H., 2022. Autonomous untethered microinjectors for
gastrointestinal delivery of insulin. ACS nano, 16(10), pp.16211-16220.

pH, thermo, magnetIC responS|Ve Power, M., Thompson, A.J., Anastasova, S. and Yang, G.Z.,

2018. A monolithic force-sensitive 3D microgripper fabricated
on the tip of an optical fiber using 2-photon
polymerization. Small, 14(16), p.1703964.



Tethered objects built from optical fibers
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Bachelot, R., Ecoffet, C., Deloeil, D., Royer, P. and Lougnot,
D.J., 2001. Integration of micrometer-sized polymer elements

Zmyslony, M., Dradrach, K., Haberko, J., Natecz-Jawecki, P., Rogéz, M. and Wasylczyk, I r S
P., 2020. Optical Pliers: Micrometer-Scale, Light-Driven Tools Grown on Optical at the end of optical fibers by free-radical
Fibers. Advanced Materials, 32(33), p.2002779. photopolymerization. Applied optics, 40(32), pp.5860-5871.

« Liquid crystal elastomer grown on tip via UV light output - . .
. Actuated with light Limited complexity of objects



Design concept for a fiber optic tethered actuator

Mechanical Transducer o~
tools ~

Fiber optic
tether
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responsive

gel




pH/temp responsive microgels

Common gels

UV ‘on’ (video) ) Iacoaam)  ®) [0 | () NaOH

WY >
« temperature-responsive:
+  poly(N-isopropylacrylamide) (PNIPAAmM) E :
« pH-responsive — s104m .
. poly(acrylic acid-co-acrylamide) (poly(AAc-co-AAmM) — K
Multiphoton lithography of : :
PNIPAAmM and poly(AAc-co-AAmM) o @
C) —~
5 800 5x10° o
% 004 % 4x10°4
% E—J’zoo‘ ‘sgm 1x10°4 a”
) %’ 0 o{oa" °
Add NaOH (video g ® FEEDT
Experimental setup

T<30°C

2.5 mL square Light
cuvette

——

Zarzar, L.D., Kim, P., Kolle, M., Brinker, C.J., Aizenberg, J. and Kaehr, B.,
2011. Direct Writing and Actuation of Three-Dimensionally
Patterned Hydrogel Pads on Micropillar Supports. Angewandte
Chemie, 123(40), pp.9528-9532.

o
Bath solution

Microscope
objective




Stiff-soft tethered microgripper

‘on’ (vi Add NaOH, then HCI (video)
* 200 um diameter fiber optic cannuIaUeV on’ (video)

* Adhesion to tip by O, plasma; silanization in 1%
(v/v) 3-(trimethoxysilyl) propyl methacrylate
* Fiber held in a customized device using COTS fiber
holder and SLA printed tooling.
» fiber tip was lowered into IP-S photoresin deposited
Small, 14(16), p.1703964. on 25X objective (Nanoscribe GT2)
* Printand develop UV off

pH induced actuation
i lpH: neutral ii l (+) base iii| (+) acid

o - — -

(b) ——Fingers (c)
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Stiff-soft tethered microgripper

‘on’ (vi Add NaOH, then HCI (video)
* 200 um diameter fiber optic cannuIaUeV on’ (video)

* Adhesion to tip by O, plasma; silanization in 1%
(v/v) 3-(trimethoxysilyl) propyl methacrylate

* Fiber held in a customized device using COTS fiber
holder and SLA printed tooling.

» fiber tip was lowered into IP-S photoresin deposited

Small, 14(16), p.1703964. on 25X objective (Nanoscribe GT2)

* Print and develop

(b) ——Fingers () Object manipulation

Flexure arms

Gel chamber Breakaway

joints

/

Center gap

Base ring 200 pm




Stiff-soft tethered microgripper (thermal)

Design considerations for thermal response
i IHorns

— Center flexure
Gaps

pH <425

Set gripper span (video)

actuator

T<30°C

Tool Open

Clear Chamber Gel Pressing 100 pm




Stiff-soft tethered microgripper (thermal)

Design considerations for thermal response
IHorns

— Center flexure
Gaps

pH<4.257 . pH=>4.26

actuator

Tool Open

Clear Chamber Gel Pressing 100 um



Stiff-soft tethered microgripper (photothermal)

. (d) i cClear i
...or sputter the whole thing chamber Gel Filled

N

Photothermal gel additives:

. Gel \
Pigments, dyes, a;uator (a) As printed resin (c)
NPs (metal, carbon, etc.)
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Lo, C. Y., Zhao, Y., Kim, C., Alsaid, Y., Khodambashi, R., Peet, M., ... &
He, X. (2021). Highly stretchable self-sensing actuator based on conductive
photothermally-responsive hydrogel. Materials Today, 50, 35-43.

8 mW 4000K correlated
color temperature LED




Horn Displacement (um)
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Light induced pinching (video)

Stiff/soft tethered microgripper: a modular platform
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CAD design

FEA Analysis

Printed design

Bird-inspired

Cutting Press

Scissor-inspired
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