
Droplet 
Microfluidics
DROPLET MICROFLUIDICS ENABLES THE MANIPULATION OF DISCRETE 

FLUID PACKETS IN THE FORM OF MICRODROPLETS 1

Advantages over conventional microfluidics 2

Droplet digital PCR 8,9

NGS

Drug Delivery 12

3D Cell Culture 13

Antibody Screening 3

Droplet Generation: 3,4,5,6,7

Applications
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WITHIN DROPLETS

MONODISPERSE  
PARTICLE GENERATION

HIGHLY PARALLELIZED 
EXPERIMENTS

Microdroplets are generated when two immiscible liquids 
intersect each other, in either a passive or active process.

Passive (continuous) methods use pressure-driven flow 
and channel geometry. Channel geometry can range from 
T-junction (A), flow-focusing (B), or co-flowing (C).

Active (on-demand) methods use additional energy input 
such as from electrical, magnetic and centrifugal fields.

Sample is partitioned into millions of  
picoliter water-in-oil-droplets. 

PCR amplification of template DNA occurs 
in each individual droplet.

Thousands of independent amplification events 
can be measured within a single sample.

This enables the detection of rare-variants 
such as circulating tumor cells and cell-free 
fetal DNA, with applications in prenatal and 
cancer diagnostics.

Sample preparation 10

Amplifying the starting material – By splitting the sample into billions of droplets, 
droplet PCR can reduce competition between different templates, giving better 
representation in applications like exome sequencing.

Single-molecule amplification – In most NGS protocols, the final step of sample 
prep is a droplet PCR to create the thousands of identical template molecules 
needed by the sequencing reaction.

Rapid sequence detection 11

The presence of a single nucleotide in a microdroplet can be converted into  
an intense optical signal

pH-responsive amphiphilic microgels are formed by photopolymerisation of droplets

Enables efficient encapsulation and release of hydrophilic and hydrophobic drugs

Cells are encapsulated in gelatin hydrogels - each droplet behaves as an individual 
microculture for cells

Affordable and easy to manipulate system

Nutrients can easily diffuse into the droplets, cellular products can easily diffuse out

Antibody-releasing cells can be encapsulated into 
droplets for direct screening for inhibition of enzymatic 
drug targets or screening for antibody binding

Low volumes produce concentrated droplets, removing 
the need for clonal expansion

Enables much higher throughput and a faster process
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