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Micro-Milling and Forming (Embossing) Process

Generating Section Observation Section

' Liguid inlet  Gas inlet Pressure sensor port 1 Outlet '

Micro-milling of mold inserts Hot-embossing

Metrology
Cutting, drilling

@ and cleaning

M2TF

Thermal fusion bonding

Embossed Polymer plates
(PMMA, PC, COC)

Polymer chips
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Micro-Milling and Forming (Embossing) Process

Generating Section Observation Section
' Liguid inlet  Gas inlet Pressure sensor port 1 Outlet '
P e rport 2

Metrology
Cutting, drilling

@ and cleaning

M2TF

Thermal fusion bonding

Embossed Polymer plates
(PMMA, PC, COC)

Polymer chips
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Mold Insert Fabrication: LiGA Process (X-Ray)

XRLM1 Beamline in CAMD — 1.3 GeV
UV Exposure

Optical Mask Exposed with Kapton®
/ -
. X-ray mask
__— Photoresist on SI F
- _, Kapton®or
v . Kapton® Graphite
\ Graphite X-ray mask

50 um channel

Standard NIST ring

CAMD

Exposed with Graphite

Cathode: Sample Anode:
Platinized PMMA Resist Plate X-ray mask
\ ( g electrode /
:§ Plating Bath
B - Anode bag
/ | (Ni fillet)
Gold Bath: TG-25E

Cathode
(Ni fillet)

Steel Substrate

3.2mm deep pocket

Plating jig

7

SIF

Steel Substrate 3.2mm thick Ni overplating
mold insert
Mold Insert 2 2
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Mold Insert Fabrication: LiGA Process (UV in SU-8)

UV exposure

y Optical mask system SU-8
- = procu:vefsing Prog:l(jsSsed Example:
* _ SU-8post  SI|F

HEEEN
2 Mask— il

| aser writer = - -mr Les:
Resolution: 2.5 um B ;ﬂrﬁw
CAMD

array

Mold Insert

2 | |le Sl Plating
- | e wa Bath &
: Cell

Steel Substrate
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AM?F &

Plating jig

. M2TF
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High-Resolution, Multi-Layer Mold Inserts

SU-8, multi-layer lithography process

suU-8 Seed Ia].rer ¢ I:> ¢
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Nickel molds in 13 layers have been made by electroforming with smallest features of 5-um
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Replication-based Forming (Embossing) Nano/Micro/Mezo-Fabrication

Example Outcomes in Metals

Cllgf

Lsu Department of

Mechanical & Industrial Engineering



Consortium for Innovation in Materials and Manufacturing

G

Cnmi: Multi-Scale Metal Forming

Coatings and Interfaces
Replication-Based Manufacturing
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Thin-Film Coatings for Mold Inserts I

Hard, low-friction coatings through Inductively
coupled plasma (ICP) assisted PVD.

Coating: Enabling Technology

Ni micro-post mold insert
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Solid/Solid Interfacial Mechanical Integrity rfm

SN

Measure & Understand MD Simulations and Dislocation Dynamics

Interfacial Strength & Failure

Edge dislocation HPC, Loni
ICME Approach “unlocks” interface
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Diamond punch on
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Metal Micro-Forming (Embossing) (ZﬁMM

Gas-Chromatograph Chip in Aluminum (ACC) Cu cover Sheet
i Textured Metal ,,

Surfaces

Formed
Channels

f? - Transient Liquid J.
;;c nd rolhn% /‘ Phase (TLP)
‘, “ | A bonded cover

Micro-Channel
Heat Exchanger
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Mold Insert 400um
AM?F & M2TF
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Micro-Scale Reverse Extrusion ff’jﬁmﬂm

\
] Continuum Plasticity FEA Simulation Result ~ Experimental Result Reverse Extrusion Experiment
FEA Domain
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SEM image of transverse cross-section of extruded Cu samples
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Nano-Scale Replication (Forming / Embossing) ¢V

Material structure
underneath imprint
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Replication-based Forming (Embossing) Nano/Micro/Mezo-Fabrication

Example Outcomes in Polymers
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Polymer Products for Applications

MIC[DFHbI’ICﬂtIUn/HUIdICS I]rnplet MicroFluidics Single-layer embossed products in

PMMA and PC for BioTechnology
applications (features down to 25 um)

o st H , =Sy 4 Daniel Park, Mike C. Murphy,
Bi[]TECh[][]l[]gu e N7 Dimitris E. Nikitopoulos

3D products in SU-8 by means of UV 30 Microkabrical Microfabrication of Polymer Optics
. . i S FEN Ly’ 1 Out-of-plane
lithography for BioTechnology . . ot m,cm,ef,sarray
applications (features down to 75 um) ‘

Inserted optical

fiber pair
Wanjun Wang’s Group
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Complex Embossed Assembled Products for Applications

; & i Fhe *Double-Sided Embossing

Polumer MicroFabrication/Huidics T R
with Complex Features

*3D Bonded Micro-Chip
Assemblies

*Integrated Alignment
Features

MicroAssembly Technologies

Distribution Mold Insert
for BioTechnology for BioTechnology
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High-Resolution, Multi-Layer PMMA Embossed Product

Original Design

5-um features on plane,
5-um depth resolution
(13 layers) PMMA
embossed and covered
micro-chip

Embossing in PMMA
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The general strategic objectives of the rock-based micro-model experiments
are to further the understanding of nanoparticle mobility phenomena in realistic,
yet controlled, porous media geometries and to provide benchmark
measurements for the validation of pore-scale flow and particle mobility models
and codes.

Objectives

Tactical Objectives:
# Quantify particle velocity distributions in 3D and/or particle trajectories.

# Quantify particle number density distributions in 3D

# Quantify particle deposition/retention rates at appropriate locations
# Measure 3D micro-model geometry in situ

# Develop algorithms needed to achieve the above.

The Intent is to:

QUse the measurements to validate computational models of particle mobility
g interactions of nano-particles with the micro-model walls (adsorption,
on)

# Explore effects of particle characteristics (size, concentration), and flow rates

# Extend the experiments to application-specific particles, application-specific
working fluids, and application-relevant micro-model materials (e.g. rock

\malerials‘ clays, etc.) .

[

# Laser Scanning confocal microscope

Some Experiment Details

#Blue laser (488 nm) excitation by Argon-ion Laser &
# Photo-Multiplier Tube (PMT) recording
# Micro-model placed on inverted microscope stage

# Fixed volumetric flow rate of deionized water
filtered by 0.1 um filters driven using syringe
pumps

#10X, 40X air & fluid immersion objectives

# Fluorescent-labeled (absorb 488m, emit 612nm) polystyrene
spherical particles with @300nm

\-
AAREN

Bright fekd View showing various Fluorescence image from Boise-rock-based micro-model

layerad 5"“%“;:;‘” e micro; filled with Rhodamine dye at various depth

% AR

LN

»Average Fluorescence Single Image for Depth Measurement

J

Fluorescence image from
Boise-rock-based micro-model
filled with Rhodamine dye

In-Situ Micro-model Depth Measurement
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" Pseudo-color rendition of dye
fluorescence intensity reflecting
depth variation in the micro-model /

Depth relation to fluorescence intensity from the
micro-model dye-flooding experiment
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Boise-Rock-based Micro-model

Injected Particle Concentration:

\

3D Particle Velocity Distributions

Flow Rate: 1 nL/min
(High Resolution BR-07)

6.13 x 10" particles/mL
(0.087% by volume)
Average Brownian Velocity:
6.71 um/secs (T = 298 K)
ROI 61.82 x 61.82 pm?
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f 3D Particle Concentration Distributions \
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# Velocity distributions at Various Depths
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# Particle Counts at Various Depths

PAN..

Summary
# Particle flow experiments were conducted in Boise-Rock-based high
resolution micro-models

#* New algorithm was developed to measure depth in high resolution
micro-models.

# 3D micro-model geometry was measured in situ from fluorescent dye-
flooding.

#* Particle velocity distributions along fast moving region were measured
in 3D.

#* Particle number distributions were measured in 3D at high resolution.
# 3D micro-model geometry was measured in situ from fluorescent dye-
flooding.
# Future Works

#* Experimental protocol and perform experiment with AEC-developed
particles in high resolution as well as real rock based micro-models.
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3D Nano-Scale Replication (Forming / Embossing)

Two-level 3D Nano-molding Replication-based Superhydrophobic Surface Fabrication Through
Soft UV-Nanoimprint Lithography and Silane Deposition

Primary PDMS
Ultra-thin intermediate stamp

PDMS stamp ‘

4
TR frrrrrrrrrre e == et ) e e, e
PMMA e Sk g ]
Pre-nanopatterned PDMS spin coating Primary molding Demolding Removing ultra-thin _é‘éA é
PMMA surface and curing primary PDMS stamp PDMS stamp A A é—é
Natural or artificial Casting POMS Peeling off POMS
superhydrophobic template from the template

Original Nano-Patterned

. Micro-Pyramid

3 um

Original Primary Stamp (Left) and
Nano-Patterned PMMA Surface (Right)
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Replication-based Forming (Embossing) Micro/Mezo-Fabrication

Example Outcomes in Ceramics
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Ceramic Synthesis and Forming Process

Precursor Batching Embossing
Extrusion - CAMD

Powder
J + Heatlng
element

DR

ceramic

Polymer Binder

SIF

. Solvent
Final Embossed : : Thermal :
Sinterin -
Product J Debinding Extraction
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Multi-Layer Embossed Ceramic Product

25-um feature on plane,

. , ] . 5-um depth resolution
covered micro-chip _—

Ceramic embossed and

13 layers
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40
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Overall view Detail .
Profilometry result ’
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