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1. Executive Summary: The Lab-on-a-Chip Miniaturization Paradigm

In the rapidly advancing field of Point-of-Care (POC) biomedical diagnostics, the ability to manipulate

nanoliter and picoliter volumes of biological fluids (such as whole blood, blood serum, or saliva) with

absolute precision is critical for rapid pathogen detection and metabolic analysis. Traditional laboratory-

based  diagnostic  assays  require  massive  sample  volumes,  extensive  centrifugal  preparation,  and

prolonged  thermal  cycling.  Microfluidic  "Lab-on-a-Chip"  (LOC)  architectures  condense  these  entire

diagnostic workflows into a portable, disposable cartridge, delivering real-time clinical results directly at

the patient interface.

To construct these complex micro-channel networks, biomedical engineering groups overwhelmingly

specify  Polydimethylsiloxane  (PDMS)—a  highly  cross-linked,  optical-grade  silicone  elastomer.

Compared to rigid thermoplastics or glass substrates, silicone offers unparalleled optical transparency

for  fluorescence  detection,  inherent  gas  permeability  for  on-chip  cell  culturing,  and  exceptional

replication fidelity during soft  lithography molding. However, deploying PDMS in commercial  IVD (In

Vitro Diagnostic) medical devices requires overcoming the polymer's native hydrophobicity, calculating

precise  capillary  flow  dynamics,  and  ensuring  strict  compliance  with  ISO  10993  biocompatibility

mandates.

Microfluidic Diagnostic Axiom: High-fidelity diagnostic assays cannot rely on active mechanical

pumps.  True  POC portability  demands  a  passive,  super-hydrophilic  elastomeric  channel  that

harnesses capillary physics to draw fluid autonomously across complex biochemical matrices.

2. Microscale Fluid Dynamics: Reynolds Number and Laminar Flow

Control

Fluid behavior within microfluidic silicone channels measuring 10 to 200 micrometers in width deviates

entirely  from  macroscopic  fluid  mechanics.  In  these  confined  geometries,  viscous  forces

overwhelmingly dominate inertial forces, creating a strict laminar flow regime where fluids flow in parallel
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streams without turbulent mixing. This flow state is mathematically defined by the Reynolds Number

(Re):

Re = (ρ • v • D) / μ 

Where ρ represents  the fluid  density,  v  is  the kinematic  velocity  of  the sample,  D is  the hydraulic

diameter of the micro-channel, and μ represents the dynamic viscosity of the biological fluid. In PDMS

diagnostic chips, the Reynolds number is typically far below 1.0. Because mixing in a laminar regime

relies  entirely  on  passive  molecular  diffusion  rather  than turbulent  convection,  Reemane engineers

integrate  sophisticated  geometric  micromixers—such  as  herringbone  ridges  or  serpentine  channel

layouts—directly  into the silicone mold to force chaotic  advection and accelerate reagent-to-sample

binding reactions.

3. Overcoming Hydrophobicity: Capillary Action and Surface

Modification

Uncured and natively cured PDMS networks exhibit strong hydrophobic characteristics, presenting a

static water contact angle of approximately 109°. If blood or aqueous reagents are introduced into a

native  silicone  micro-channel,  the  severe  capillary  resistance  acts  as  an  absolute  fluidic  barrier.

Furthermore,  the  hydrophobic  siloxane  surface  aggressively  adsorbs  circulating  proteins  via

hydrophobic interactions, which causes target analyte depletion and catastrophic biofouling that ruins

assay sensitivity.

To enable spontaneous, pump-free capillary wicking inside POC diagnostic chips, the silicone surface

must  be  modified  to  become  highly  hydrophilic.  The  driving  capillary  pressure  (ΔP)  dictating  fluid

transport speed is governed by the Young-Laplace equation:

ΔP = (2 • γ • cosθ) / r 

Where γ represents the surface tension of  the bio-fluid,  θ  is  the contact  angle at  the fluid-silicone

boundary, and r represents the channel radius. Reemane subjects cured PDMS chips to high-energy

Oxygen  Plasma  (O
2
)  bombardment.  This  process  cleaves  the  surface  methyl  groups  (-CH

3
)  and

introduces reactive silanol groups (-SiOH), instantly reducing the contact angle to below 20° (super-

hydrophilic).  Because plasma-treated silicone suffers from "hydrophobic recovery" over time as low-

molecular-weight siloxane chains migrate to the surface, Reemane stabilizes the hydrophilic state using

wet-chemical PEGylation (Polyethylene Glycol grafting), ensuring a perpetual >12-month shelf life for

medical diagnostic cartridges.
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4. Soft Lithography DFM and Optical-Grade Replica Molding

Manufacturing commercial quantities of microfluidic silicone chips requires migrating from glass etching

to highly scalable Soft Lithography replica molding. Reemane utilizes deep reactive-ion etching (DRIE)

and  SU-8  photoresist  on  silicon  wafers  to  create  extreme-precision  master  molds.  Liquid  Silicone

Rubber (LSR) formulated with a specific 10:1 base-to-crosslinker ratio is vacuum-degassed to eliminate

micro-bubbles and then cast over the master wafer.

The  platinum-catalyzed  addition-cure  process  accurately  replicates  nanometer-scale  topological

features with zero dimensional distortion. To assemble a closed fluidic network, the molded PDMS layer

is aligned and irreversibly bonded to a glass substrate or a secondary silicone layer. By exposing both

mating  surfaces  to  an  atmospheric  plasma discharge,  the  oxidized  silanol  groups  form permanent

covalent Si-O-Si interconnects when brought into contact. This bonding strength routinely exceeds 300

kPa (43 PSI) burst pressure, ensuring zero inter-channel cross-talk or reagent leakage during pneumatic

fluid propulsion.

5. Biomaterial Substrate Performance Comparison

Performance

Attribute

Medical-Grade PDMS

Silicone

PMMA (Acrylic

Thermoplastic)
Borosilicate Glass

Gas Permeability

(O
2
 / CO

2
)

Extremely High

(Optimal for cell

culture)

Zero (Causes cell

asphyxiation)

Zero (Impermeable

barrier)

Optical Clarity (UV

to Vis)

Excellent (Zero auto-

fluorescence)

Moderate (Prone to UV

degradation)

Perfect (Reference

standard)

Rapid Prototyping

& Molding

Rapid (Replica

casting < 4 hours)

Slow (Requires hot

embossing tooling)

Expensive

(Dangerous HF wet

etching)

6. ISO 10993 Biocompatibility and Cleanroom Metrology

Microfluidic  chips  utilized  in  human  diagnostic  arrays  are  strictly  regulated  Class  II/III  medical

components. Uncured oligomers or residual platinum catalysts migrating from the silicone matrix into

the  bio-fluid  can  induce  false  positives  in  PCR  amplification  assays  or  trigger  immediate  cellular

apoptosis in cell-based screening. To certify absolute biochemical safety, Reemane utilizes USP Class

VI approved silicone materials processed exclusively within ISO 14644-1 Class 7 cleanrooms.
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Following the primary molding phase, all silicone components are subjected to a multi-stage thermal

post-cure  bake  in  HEPA-filtered  vacuum  ovens.  This  procedure  vaporizes  all  low-molecular-weight

siloxanes, guaranteeing that the final chip produces zero extractables or leachables. Finished batches

are subjected to rigorous ISO 10993 validation, specifically testing for in vitro Cytotoxicity (Part 5) and

Hemocompatibility  (Part  4).  Dimensional  fidelity  is  verified  utilizing  white-light  interferometry  and

Scanning  Electron  Microscopy  (SEM),  ensuring  that  channel  geometries,  micro-pillars,  and  mixing

features conform to theoretical designs within a ± 1-micron tolerance threshold.

Accelerate IVD Development with Reemane Optical-Grade PDMS

Platforms

To coordinate a Young-Laplace capillary physics modeling review, evaluate automated O
2
 plasma

surface activation metrics, or request certified ISO 10993 biocompatibility testing data logs, contact

our medical engineering desk at sales@siliconefactories.com or inspect our cleanroom facility at 

www.siliconefactories.com. 
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