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CD-FLUIDICS-WHAT IS IT? 

  A CD player is a microscope, a 
smart centrifuge and comes with 
an inexpensive disposable.   

  A tremendous benefit in using an 
established industrial 
product ,i.e., the CD player. 
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Jim Zoval and Marc J. Madou, Centrifuge Based Fluidic Platforms, Proceedings of the IEEE on Biomedical Applications for MEMS  
and Microfluidics. Issue Date: Jan 2004, Volume: 92 Issue:1 On page(s): 140 - 153  



CD-FLUIDICS-WHAT IS IT (EXAMPLE)? 

  Cell lysis on the CD instead of 
using a vortex ---to make further 
integration possible 

  Motivation: To extract DNA from 
cells in a CD platform 

  Many design were tested. One 
example is RotaPrep 

Blue:   Open Holes 

Yellow:  1.4 mm Deep 

Red:   0.1 mm Deep 

Green:   Metal Disk 



CD-FLUIDICS-WHAT IS IT (EXAMPLE)? 
  We introduced magnetic actuation to assist bead-

beading lysis. In this system, a stationary 
platform embedded with permanent magnets 
was added below the spinning CD. 

  The magnetic disks were placed inside the CD 
lysis chambers along with milling beads. As the 
disc spins, the on-CD magnetic blades were 
actuated, causing greater impaction than 
suspended beads alone. The system also 
performed clarification, whereby lysis by-
products were centrifuged in a chamber, and the 
DNA-laden supernatant transferred from the 
waste through siphoning.  

  CD fluid propulsion is achieved through 
centrifugally induced pressure and depends on 
rotation rate, geometry and location of channels 
and reservoirs, and fluid properties. 



CD-FLUIDICS: BRING IT BACK TO THE CENTER 
  The physical principle involved in capillary valving is based on 

the surface tension, which develops when the cross section of a 
hydrophilic capillary expands abruptly.  

  Liquid will not pass a capillary valve as long as the pressure at 
the meniscus (Pm) is less than or equal to the capillary barrier 
pressure (Pcb). 

  -Pm is pressure at the meniscus 
(centrifugal force) 
-γ is surface energy per unit 
area of the liquid-air interface 
-θc is liquid contact angle 
-Pcb is the capillary barrier pressure 
(surface tension force) 

  But: contact angles change during processing. We did 
consider and patented serial siphon valves, making the action 
less material sensitive, but they are real-estate hungry (see 
next). We now mostly prefer an all hydrophobic CD and active 
valves with some capillary or hydrophobic valves. But how do 
you implement a siphon or go back to the center in general in 
that case? 

Siegrist J, Gorkin R, Clime L, Roy E, Peytavi R, Kido H, et al. Serial siphon valving for  
centrifugal microfluidic platforms. Microfluidics and Nanofluidics 2010;9(1):55-63. 



CD-FLUIDICS: BRING IT BACK TO THE CENTER 
  Beyond serial siphons a way to go back to the center 

without  relying too much on material properties is using 
reciprocating pumping. 

  Schematics of pneumatic pumping. a) Loading of sample 
fluids. b) Spinning the CD causes filling through the 
intake sub-compartment. c)  Continued filling eventually 
traps air the compression sub-compartment. d) High 
speed centrifugation causes compression of the air in the 
compression sub-compartment, which allows near 
equalization of the fluid levels. e.) By returning to a 
lower spin speed, the pressure on the liquid plug is 
reduced, causing the air in the compression chamber to 
expand, which in turn allows sample fluids to be pumped 
back towards the center of the CD.   

  Repeating this cycle also allows for a reciprocating or 
oscillating mixer that we have demonstrated to be very 
effective.  

Gorkin R, Clime L, Madou M, Kido H. Pneumatic pumping in 
 centrifugal microfluidic platforms. Microfluidics and Nanofluidics 
 2010;9(2):541-49. 



CD-FLUIDICS: BRING IT BACK TO THE CENTER 

  A multiplexed immunoassay system 
based on reciprocating centrifugal 
microfluidics 

Loading the 
sample 

Compression of  
air at high RPM 

Relaxation of air 
at low RPM 

Compression of  
air at high RPM 

Priming the 
siphon  

Empty system 



CD-FLUIDICS: BRING IT BACK TO THE CENTER 

  Preliminary design of a lateral flow 
CD with plasma separation 

  Sequence:  
  a) Fabrication,  
  b) Loading of sample, 
  c) Spinning at 3000 RPM, 
  d) Plasma separation,  
  e) Siphoning plasma,  
  f) Ready for lateral flow assay 

  The lateral flow membrane is a 
simple and powerful technique for 
making qualitative determinations 
of unknown analytes. We have 
combined centrifugal fluidics-
based sample preparation with 
lateral flow membranes (CLF) to 
produce a unique sample 
preparation/analysis platform. 



CD-FLUIDICS: BRING IT BACK TO THE CENTER 

  A method to bring fluids to the center of the disc 
would enable for more advanced fluidics on the CD 
platform, enabling the storage of fluids at the 
outer edge. 

  Another solution involves thermo-pneumatic 
pumping: Utilize thermal energy to generate 
pneumatic pressure to move fluids on a rotating 
microfluidic platform to the center for further 
processing or RPM-independent release of 
reagents.   

  Developed Analytical Model relates applied 
thermal energy (ΔT) with meniscus height (R): 

Abi-Samra K, Hanson R, Madou M, Gorkin R. Infrared controlled waxes for liquid handling 
 and storage on a CD-microfluidic platform. Lab on a Chip 2011. 



CD-FLUIDICS: BRING IT BACK TO THE CENTER 



CD-FLUIDICS: BRING IT BACK TO THE CENTER 

  Hydrophobic siphoning. 
  The red fluid is preloaded 

& spun @ 3000rpm to 
equilibrate. 

  The blue fluid is loaded 
next and and spun @ 
2500rpm.  

  The outflow of the blue 
fluid primes the 
hydrophobic siphon and the 
red fluid starts to flow and 
joins the blue stream. 

  Venturi effect? No it turns 
out to be way too small to 
explain the suction.   



CD-FLUIDICS: BRING IT BACK TO THE CENTER 



CD-FLUIDICS: BRING IT BACK TO THE CENTER 

Evolution of the Pressure Profile Along 
Z-axis 



CD-FLUIDICS:  FUTURE DIRECTIONS- PARTICLE 
SEPARATION AND DYNAMIC PHOTONICS 

  Electrical: Electrical forces scale advantageous in the microdomain (l2 
vs l3). With electrical forces we are able to  separate molecules 
whereas with centripetal we can at most separate cells. Suddenly 
smaller particles can be separated we can use electro-osmosis, 
electrophoresis and dielectrophoresis (3D C-MEMS on a CD). 

Martinez-Duarte R, Gorkin Iii RA, Abi-Samra K, Madou MJ. The integration of 3D carbon-electrode dielectrophoresis on a 
 CD-like centrifugal microfluidic platform. Lab on a Chip 2010;10(8):1030-43. 



CD-FLUIDICS:  FUTURE DIRECTIONS- PARTICLE 
SEPARATION AND DYNAMIC PHOTONICS 



CONCLUSIONS 
  New platform technologies like  CD-

fluidics take at least 10 years to lead 
to products. This year Samsung is 
introducing a product based on CD 
diagnostics. 

  Several strategies enable one to bring 
liquids back to the center of the CD.  

  Particle sorting is a new emerging 
application enabled on the CD. 
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