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What problem are we trying to solve?

¸ Nucleic-acid based diagnostics hold 

much potential, especially for the more 

rapid and accurate diagnosis of 

infectious diseases.

¸ However, nucleic acid diagnostics are 

still impractical to implement in many 

settings, requiring, to name a few, large 

and expensive labs with sophisticated 

equipment, a well-trained staff, and many 

hours of labor. 

¸ We present a novel CD microfluidic 

system towards sample-to-answer in 

vitro diagnostic applications, to make 

nucleic acid diagnostics a reality by 

overcoming many of the current hurdles. 

Example sample-to-answer devices from Abbott

Labs (i-STAT, i-STAT cartridges, and glucose meter) 
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What problem are we trying to solve?
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What problem are we trying to solve?

¸ A common and general sample-to-

answer process flow for NA IVD 

(1) is as follows: 2) sample 

collection, 3) sample preparation, 

4) amplification, and 5) detection.

¸ In this course we will learn about 

the fuidics involved in each of 

these steps.

¸ Once we understand each of 

these steps we will combine them 

for practical applications.
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What problem are we trying to solve?

¸ With NA diagnostics, the analyte of 

interest is often present in very low 

concentrations and in some cases, 

such as for sepsis, can be as dilute as 

<10 DNA molecules per mL of blood 

when directly targeting microbes . This 

represents a concentration on the order 

of zeptomolar (10-21 M), and requires a 

very specific and powerful amplification 

coupled with a sensitive detection.

¸ Sample concentration dictates how 

much sample needs to be collected. If, 

for example, an assay requires at least 

100 copies of DNA for detection, then in 

the case of sepsis, 10 mL of blood is 

required at minimum. Somewhat 

contradictory, the microfluidic 

disposable must then be able to handle 

and process this macro amount of fluid.
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Why a  CD as a diagnostic platform?

¸ A tremendous benefit in using an established 

industrial product ,i.e., the CD player.

¸ The fundamental job of the CD player is to 

focus the laser on a track of bumps. The laser 

beam passes through the polycarbonate CD 

material and reflects off an aluminum layer 

and hits an opto-electronic device that detects 

changes in light. The bumps reflect light 

differently than the "lands" (the rest of the 

aluminum layer), and the opto-electronic 

sensor detects that change in reflectivity. 

¸ A tracking mechanism moves the laser 

assembly so that the laser's beam can follow 

the spiral track. The tracking system has to be 

able to move the laser at micron resolutions. 
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Why a CD as a diagnostic platform?
¸ It is microscope

¸ It is a smart centrifuge

¸ It comes with a plastic disposable with fluid storage capability (think Yoko Ono, Ricky
Ricardo and Milli Vanilli)

Raw 

sample
Cell 

Separation

bacteria, 

cancer cell,

WBC, et al

DNA

RNA

protein 

Hybridization
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SequencingCell Lysis, 

Purification

Amplification

Sample Preparation

3/3/2011 8



Why a  CD as a diagnostic platform: 

It is a good microscope.

¸ The voltages from the photo detector are sent to a computer using a fast A/D 

converter.

¸ The image is then reconstituted using simple graphics software.
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(H. Kido and J.Zoval).



Why a  CD as a diagnostic platform: It is a 

good microscope.

¸ The optical disc drive is a

sophisticated laser scanning

microscope designed to

characterize and identify

micrometer sized features at a

rate of about a Megahertz (H. Kido

and J. Zoval).

White blood cells

DNA array

Gnat wing

Immunoassays
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Why a  CD as a diagnostic platform: 

It is a good centrifuge/vortex.

¸ 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



A CD as a Fluidic Platform: It is a 

good centrifuge/vortex.

¸ Kido et al. introduced magnetic actuation 

to assist bead-beading lysis. In this 

system, a stationary platform embedded 

with permanent magnets was added 

below the spinning CD.

¸ Additional magnetic disks were placed 

inside CD lysis chambers along with 

milling beads. As the disc spins, 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.  
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A CD as a Fluidic Platform: It comes 

with an inexpensive disposable.

¸ The Compact Disc (CD) is a 

biocompatible ñsolid phaseò 

(plastic)

¸ It can substitute for standard 

consumables such as: slides, 

micro-wells, centrifuge tubes. 
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Fluidics compared

¸ Propulsion Mechanisms-Pumps:

¹ Mechanical
(pneumatic/hydraulic)ðexample is
the blister pouch (Kodak/
Johnson&Johnson)

¹ Electrokinetic

¹ Thermal (shape memory alloy,
phase changes)

¹ Acoustic

¹ Centrifuge

¹ Electrohydrodynamic

¹ Magnetic

¹ Chemical (hydrogel, osmotic
pressure, phase change)

¹ Electrochemical (create bubles
through electrolysis)
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Fluidics compared: pumps.

¸ Mechanical (blister pouch for example):

¹ Scales as l3 (-)

¹ No fluid contact (+)

¹ Generic (+)

¹ Innovation in the blister pouch (+)

¹ Solves liquid and vapor valving (++)!!

¹ Difficult to further miniaturize (-)

¹ Difficult to multiplex (-)
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¸ Electrokinetic (DC)

¹ High voltage source is not convenient (-)

¹ Many parameters influence propulsion 
force (-)

¹ Not generic  (-)

¹ Mixing difficult to implement (-)

¹ Fluid contact  (-)

¹ Scales as L2 

¹ First products (Caliper)

¹ May solve liquid valving but not for vapors ! 

¹ Better for high-throughput screening (HTS) 
and smaller samples (+)

Fluidics compared: electrokinetics.



¸ Acoustic (UCBôs Dick Whiteôs 

flexural plate wave device for 

example)

¹ Scales as L2 (+)

¹ No fluidic contact (+)

¹ R & D phase (-)

¹ Generic (+)

¹Doesnôt solve valving yet (-)

¹ ZnO technology still difficult to 

reproduce (-)

¹ Easy to further miniaturize (+)

Fluidics compared: acoustic streaming.
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¸ Centrifugal

¹ Compatible with a wide range of 
samples (+) 

¹ Mixing easy to implement (+)

¹ Sample preparation easier (+)  

¹ Simple and inexpensive CD player 
for drive (+)

¹ No fluid contact (+) 

¹ Established (+)

¹ Generic (+)

¹ Solves liquid valving elegantly (+)

¹ Scales a bit better than  l3 (+/-)

¹ Most functions demonstrated (+)

¹ Cell work easier (+)

¹ Better for diagnostics (+)

Fluidics compared:  centripetal.

Schematic illustration of  microfluidic structure employed for the ion selective optode CD platform. The fluidic structure 

contains five solution reservoirs, a detection chamber, and a waste reservoir. The reservoirs contain the first and second 

calibrant, wash solutions, and the sample. Upon increasing rotation rates, calibrant 1, wash 1, calibrant 2, rinse 2, and then 

sample were serially gated into the optical detection chamber. Absorption of the calibrants and sample was measured.

Movie starts automatically. Duration: 86 seconds.



Fluidics image acquisition

¸ Different image acquisition systems are used 

depending on the situation:

¹ (1) Native CD optics but the voltages from the photo 

detector are sent to a computer using a fast A/D 

converter. The image is then reconstituted using 

simple graphics software.

¹ (2) Planar Laser Induced Fluorescence (PLIF). A 

time-series of high resolution images of the mixing 

chamber  are analyzed for the spatial distribution of 

light intensities as, for example, two fluids are mixed. 

¹ Microfluidic imaging of CDs was mostly carried out by 

strobe-imaging of the CDs during operation. Volumes 

of various buffer solutions containing a contrast agent 

(food dyes) were placed inside the CD, and the CD 

placed on a spin-stand equipped with a rotational 

motor and an amplifier/controller which enables 

various rotational profiles and precise positioning. The 

servo drive uses a graphical user interface program, 

ToolPAC, to easily configure and program the motor 

for specific applications. 
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Fluidics image acquisition

¸ An imaging system was used that allows viewing of a sequence of color images 

of an area of interest on the CD in real time (while it is rotating) and storage of 

the captured frames on a computer. The imaging system is composed of: a 

camera (Basler A301bc, 640×480 pixels, 80 fps max., 10× zoom lens mounted), 

a strobe light (PerkinElmer MVS-4200, 6 µs duration), and a retro-reflective fiber-

optic sensor (Banner D10 Expert Fiber-Optic Sensor). The strobe light, with a 

100 Hz maximum repetition frequency, is employed to reduce blurry images of 

the fast moving CD. In order to generate synchronized signals, a reflective 

marker (~2 mm × 2 mm) is placed on the surface of the CD and aligned with the 

fiber-optic sensor. When the sensor detects the marker, a signal pulse is sent to 

the video capture board, triggering the camera and strobe light to acquire one 

image frame per CD revolution.
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Fluidics image acquisition
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CD fluidics theory background: centrifugal 

pumping

¸ Flow rates, ranging from 5 nl sī1to >0.1 ml sī1, have been achieved by various 

combinations of rotational speeds (from 400 to 1600 rpm), channel widths (20ï

500 ɛm), and channel depths (16ï340 ɛm).

¸ Reconsider previous picture: (a) Two reservoirs connected by a microfluidic 

channel. (b) Hydrophobic valve made by a constriction in a channel made of 

hydrophobic material. (c) Hydrophobic valve made by the application of 

hydrophobic material to a zone in the channel. (d) Hydrophobic channel made 

by the application of hydrophobic material to a zone in a channel made with 

structured vertical walls (see inset). (e) Capillary valve made by a sudden 

expansion in channel diameter, such as when a channel meets a reservoir.
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