
In his now celebrated lecture on the 29th December 1959
Richard Feynman pondered the potential of miniaturiza-
tion in the physical sciences [1]. His vision, based on
known technology, examined the limits set by physical
principles and proposed a variety of new nano-tools in-
cluding the concept of “atom by atom” fabrication. In the
intervening decades, many of these predictions have be-
come reality; microelectronic systems have shrunk to
sizes close to the molecular level, scanning probe micro-
scopes (e.g. STM and AFM) enable us to image and ma-
nipulate individual atoms, and the molecular machinery
of living systems is now being more fully understood and
harnessed.

Surprisingly, it is only within the last decade that the
concepts of miniaturization have been seriously applied to
chemical and biological problems. Of particular focus and
interest has been the development and application of lab-
on-a-chip technology. These microscale analytical instru-
ments employ micromachined features (such as channels,
electrodes, reactors, and filters) and are able to manipulate
fluid samples with high precision and efficiency. Micro-
fluidic chip devices have been used in a wide variety of
applications including nucleic acid separations, protein
analysis, process control, small-molecule organic synthe-
sis, DNA amplification, immunoassays, DNA sequenc-
ing, and cell manipulations [2, 3]. In a fundamental sense,
chip-based analytical systems have been shown to have
many advantages over their conventional (larger) ana-
logues. These include improved efficiency with regard to
sample size, response times, cost, analytical performance,
process control, integration, throughput, and automation.

Much of the pioneering work in microfluidics has fo-
cused on the successful transfer of established analytical

technologies from conventional to microfluidic (chip-
based) formats. In particular, huge leaps in the efficiency
and application of separation techniques have been facili-
tated by miniaturizing column dimensions and creating
monolithic fluidic networks on planar substrates. Indeed,
a survey of the current literature demonstrates that almost
all separation methods (based on electrophoretic or chro-
matographic partitioning mechanisms) have been success-
fully transferred to micromachined formats [3].

Small volumes of sample and reagent (pL–nL) are rep-
resentative of most miniaturized systems. This character-
istic has clear advantages associated with cost and analyt-
ical throughput, but does pose constraints on appropriate
detection methods. Consequently, much research has re-
cently focused on the development of detection tech-
niques that are highly sensitive, universal, miniaturized,
and cost-effective. Although the vast majority still utilize
fluorescent schemes (because of exceptional sensitivity)
other approaches to “on-chip” detection have been intro-
duced. These include electrochemical and electrochemilu-
minescent methods, absorption, indirect fluorescence, re-
fractive index variation, plasma, and thermal conductivity
methods [4]. Although many novel detection methods
have been reported for on-chip applications, future studies
must focus on improving concentration detection limits
and complete integration of the detector with the rest of
the analytical system (Fig.1).

Of notable current interest is the use of microfabricated
structures for chemical and biological synthesis. Because
of the unique environments afforded within microfluidic
networks, a variety of synthetic processes can be per-
formed in continuous flow and batch formats. Increased
efficiencies of mixing and separation combined with high
rates of thermal and mass transfer make microreactors
ideal for processing valuable or hazardous reaction com-
ponents and improving reaction selectivities (thus yield-
ing “higher quality” products). DNA amplification, com-
binatorial (and high throughput) chemistry, immuno- and
bioassays, and tissue and cell culture are areas which have
all recently benefited from advances in microfluidic chip
technology [2, 5, 6].
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One of the primary advantages and goals of microfab-
ricating analytical instruments is the large-scale integra-
tion of functional components on a single monolithic de-
vice. Indeed, the ability to extract the required informa-
tion from a chemical or biological system almost always
involves performing a number of distinct analytical oper-
ations. Consequently, a complete device will ideally in-
clude all relevant steps in a complete analytical procedure
(including sample handling, sample pre-treatment, reac-
tion, analytical separation, analyte detection, and product
isolation). Although, this objective is widely recognized
few studies have yet embraced the concept of integration
fully. Of these the focus has primarily centered on the am-
plification and analysis of DNA fragments [2, 7, 8]. Fu-
ture work in this area will need to address integration in a
more general sense and solve problems associated with
materials compatibility and the handling of real-world
samples. It is also likely than many future microfluidic
devices will be constructed from polymeric materials
(rather than silicon or glass), because of the wide avail-
ability of base materials and highly cost-effective fabrica-
tion methods (such as injection molding and hot-emboss-
ing) [9].

It is fair to say that the envisaged applications of mi-
crofluidic analysis chips have undoubtedly expanded well

beyond those originally defined in the early nineteen-
nineties. The first commercial devices have been intro-
duced to market (see Table 1 in Ref. [3]), and it is almost
certain that the base technologies defined over the past
decade will have a high future profile in the fields of pro-
teomics, drug discovery, cellomics, clinical diagnostics,
genomics, and chemical production [10].

References

1.Feynman RP (1960) Eng Sci 23:22
2.Krishnan M, Namasivayam V, Lin R, Pal R, Burns MA (2001)

Curr Opin Biotech 12:92
3. Jakeway SC, de Mello AJ, Russell EL (2000) Fresenius J Anal

Chem 366:525
4.Schwarz MA, Hauser PC (2001) Lab-on-a-Chip 1:1
5.Mitchell MC, Spikmans V, Manz A, de Mello AJ (2001) 

J Chem Soc Perkin Trans 1:514
6. Jensen KF (2001) Chem Eng Sci 56:293
7.Woolley AT, Hadley D, Landre P, de Mello AJ, Mathies RA,

Northrup MA (1996) Anal Chem 68:4081
8.Burns MA, Johnson BN, Brahmasandra SN, Hanique K, Web-

ster JR, Krishnan M, Sammarco TS, Man PM, Jones D, Held-
singer D, Mastrangelo CH, Burke DT (1998) Science 282:484

9.Becker H, Gartner C (2000) Electrophoresis 21:12
10.Sanders GWH, Manz A (2000) Trends Anal Chem 19:364

Fig.1 An integrated analysis system
in which DNA and reagent solutions
are placed on the device and elec-
tronic signals corresponding to ge-
netic information are the primary out-
put. Image taken from Ref. [8]


