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Overview of Microfluidic Devices

Continuous Flow Microfluidics Digital Microfluidics
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Basic Idea: Electrowetting

Dielectric Insulator 
covered with a 
Hydrophobic Material

Metal Electrode
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Host-Pathogen Molecular 
Biology Automated Molecular Biology

Background/RapTOR concept

DNA:
• Genomic DNA
• cDNA from polyA RNA
• cDNA from non-polyA RNA

Samples:
• Host NA
• Pathogen NA
• Other microbial NA

Fragmentation FormattingSuppression

Process 
feedback

Data Analysis & Knowledge 
Discovery

Experimental 
& process 

parameters

Data 
product

Ultra-High Throughput Sequencing
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Digital Microfluidic Array for Central Hub

• Central hub architecture with surface-bound 
microdroplets 
– Input and output of suppression and formatting 

modules controlled through automated DMF hub

Droplet

• Flexible approach
– allows the efficient transfer of small quantities of DNA 

sample with precise temporal and spatial control 

Renzi & Claudnic

Microfluidic
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The DMF platform for manipulating of DNA 
samples 

•Sandia manufacturing abilities
• Fabricate DMF housing and devices 
for prototyping and testing 

• Programmable interface
• Automatic fluid handling and routing

Renzi & Van De Vreugde

5 mm

200 µm 200 µm 

• Demonstrated basic droplet 
operations (splitting, mixing, merging, incubation)

– 600 nL dispensing

– Precise actuation and mixing

3 mm
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RapTOR platform for processing 
nucleic acids samples

DMF Hub

Suppression
module

Formatting
module
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DNA  library out to 
8-lane flow cell

Renzi & Claudnic

single & paired-
end reads
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Clean Room Fabrication

MF-319 Developer Hydrochloric Acid 
Acetone Wash

1. Photoresist  Coat

2. UV Exposure
3. Develop in Solution

4. Etch with HCl
5. Strip Photoresist

6. Dielectric Coating

7. Teflon AF Coating
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Clean Room Fabrication

1. Dielectric Coating

2. Teflon AF Coating
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Fabrication Modifications

• Exposure time

• Etching time

• Plasma Etching

• Dielectric (SU-8 vs. Parylene)
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Mechanical Stage

Fluid Enters DMF Hub from Side

What about injecting fluid through 
top?
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Femtosecond Laser Machining

Conventional Laser Femtosecond Laser

Conventional Laser Femtosecond Laser• Photons absorbed on 
femtosecond timescale

• Complete 
resolidification after 
1μs elapsed

• Result Is cleaner 
machining

• No slag, cracking
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Machining: Mechanical Stage

• Concept: used to 
move DMF platform 
for hole drilling

• <1 micron resolution
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Mechanical Stage
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Mechanical Stage: Finished Product
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1st Attempt at Moving Cells

• Fluorescent 
P388D.1 
Cells

• Chrome

• Parylene
dielectric

• HIGH 
VOLTAGE  
(160 Vrms)
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Challenges with PBS and F127

1% Pluronic F127 in 1X PBS, 
SU8 dielectric

2% Pluronic F127 in 1X PBS, 
SU8 dielectric
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Live Dead Assay Using DMF



19

How long will the cells survive?
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