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Abstract:Micro fluidic devices are gaining increasingly popularity owing to their many advantages. Microfluidics varies in 

terms of forces operating from other domains as well as from macro-scale fluidic devices. Effects which can be omitted on a 

macro scale are dominant when fluid dynamic faces the issue of scale. With the recent achievement in the biotechnology, 

microfluidic devices promise to be a big commercial success. To have a better understanding of the various types of 

microfluidic devices, their application areas, basic design and manufacturing issues, a brief review is carried out and 

reported in this paper. Few devices and their applications are discussed. 

 

Keywords: Microfluidics, Design, Micro-Machining, Bonding, Interfacing. 

 

I. Introduction 
Microfluidics deals with the behavior, precise control and manipulation of fluids that are geometrically constrained 

to a small, typically sub-millimeter scale. Typically, micro means one of the following features, 

 small volumes (nL, pL, fF) 

 small size 

 low energy consumption 

 

The behavior of fluids at the microscale can differ from 'macrofluidic' behavior in many aspects such as surface 

tension, energy dissipation and fluidic resistance dominating the system. Microfluidics studies how these behaviors change 

and how they can be worked around or exploited for new uses. In particular, the Reynolds number (which compares the 

effect of momentum of a fluid to the effect of viscosity) can become very low. A key consequence of this is that fluids, when 

side-by-side, do not necessarily mix in the traditional sense; molecular transport between them must often be through 

diffusion. High specificity of chemical and physical properties (concentration, pH, temperature, shear force, etc.) can also be 

ensured resulting in more uniform reaction conditions and higher grade products in single and multi-step reactions. [1, 2,3, 9] 

Micro domain varies not only from the macro domain but also from each other in basic characteristics. The microfluidic 

domain differs from other domains in terms of area, which is indicated by difference in the whole design process, as well as 

in design support and manufacturing. Effects which can be omitted on a macro scale are dominant when fluid dynamic faces 

the issue of scale. Lack of proper understanding of this area creates difficulties and causes error prone designs. In 

comparison to the macro-domain, where precision in many cases is required and tolerances can be tight, in the micro-scale, 

dimensions are in the scale of macro-scale tolerances. Due to this, the majority of manufacturing methods start to be costly 

and the selection of materials for new devices is constrained. Fig.1. shows the macro and micro scales and devices for some 

application areas. Since, the application of microfluidic devices are continuously increasing, to have a better insight about 

this area, a brief review about the application areas and applicable manufacturing process and various issues  is carried-out 

and presented in this paper.[6,7,8] 

With the recent achievement in the biotechnology, microfluidic devices promise to be a big commercial success. 

Microfluidic devices are tools that enable novel applications unrealizable with conventional equipment. The apparent interest 

and participation of the industry in microfluidic research and development show the commercial values of microfluidic 

devices for practical applications. [10,11] 

In response to the commercial potential and better funding environments, microfluidics quickly attracted the interest 

of the scientific community. Peoples from almost all traditional engineering and science disciplines have begun pursuing 

microfluidic research, making it a truly multidisciplinary field representative of the new economy of the twenty-first century. 

The classification of microfluidic devices based on the application areas such as pharmaceutical, biotechnology, chemical 

energy, cosmetics etc., is shown in Table.1 [12, 13, 17, 22] 

 

 

Application and Manufacturing of Microfluidic Devices: Review 
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Fig.1 Macro and Micro Domain and Application Areas[11] 

 

Table.1 Application Areas of Microfluidic Devices [10, 17, 18, 20] 

Application Area Benefits Application 

Pharmaceutical High shear particle size reduction, uniform particle 

size distribution, Reliable scaleup 

Vaccines, Cancer, Antibiotics, 

Injectables, Inhalables, Steroids 

Biotechnology High shear particle size reduction, Uniform shear 

rates, Rapid cell rupturing, Ease of use 

Quantification of E. coli, Yeast, 

Algae, Bacteria, Plant, Insect, Fungi 

Chemical Energy Reduces  particle size to a submicron level to create 

stable nanoemulsions and suspensions 

Inkjet inks, conductive inks, toners, 

Carbon nanotubes, Resins 

Cosmetics Precisely controlling particle size reduction to the 

optimal level with a uniform distribution 

Sunscreens, makeup‟s and 

mascaras, waxes and lipsticks 

Nutraceuticals Utilize chemistry to deliver benefits and nutrients 

from plants, fish oils and other natural sources 

Vitamins, weight loss powders, oral 

vitamin sprays and functional foods 

Energy Reduce reliance on fossil fuels, never degrade, and 

emit minimal greenhouse gases. 

Fuel cells, batteries, photovoltaics, 

biodiesel 

 

 

II. Applications 
Microfluidics has large number of applications. In the following sections, some of the extensively used devices are discussed 

here. 

 

1.1. Rapid Quantification of Bacterial Cells (Cytometer) 

A simplified microfluidic device for quantification of bacteria in potable water by the microfluidic system and by 

epifluorescence microscopy is shown in Fig.2. [1] Bacteria in natural mineral water and in purified household tap water were 

accurately enumerated by using this system within 15 min after fluorescent staining.The dimensions are the channels with 

Long & short lengths, width & depth of the channels are 28.5mm & 14mm and 60μm & 25μm, respectively. Samples are 

injected at inlet A, and sheath fluid at inlets B and C. sample flow: 0.5μl/min; sheath flow: 2.5μl/min. The Critical features of 

the systems are biocompatibility of material, surface finish, length, width and depth of channels.[1,2] 

 

1.2. Particle Size Reduction (Microfluidizer) 

There are several ways to reduce large particles into smaller ones - but Microfluidizer high shear fluid processors 

stand alone in their ability to achieve uniform target particle sizes on the nano-scale. Some of the reliable features are small 

particle sizes, narrowest particle size distribution, repeatable and consistent results and improved processing efficiencies. As 

depicted in Fig.3, product is input into a reservoir which supports high solid content. A high pressure pump generates forces 

up to 40,000 psi (2578 bar) in order to force the product stream intoprecisely engineered microchannels within the unique 

interaction chamber. Inside the chamber, product is exposed to consistent and intense impact and shears forces and then is 

immediately cooled. This repeatable process results in tiny particles with a uniform distribution. The critical features of the 

systems are pressure and cross section of channels.[5,23] 
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Fig.2. Design of the on-chip flow cytometer. (A) Microfluidic   device with simple cross microchannels. (B) Schematic    

representation of the on-chip flow cytometer 

 

 
Fig: 3 Schematic of particle size reduction 

 

1.3. Fuel Cells 

The operation of a fuel cell involves the chemical interaction between hydrogen and oxygen to produce water, heat 

and electrical energy. Typically, a fuel cell consists of a pair of electrodes (the 'anode' and the 'cathode') separated by a 

membrane that allows protons (hydrogen ions) to pass through the membrane but does not allow an electric current to pass. 

A main objective of current research is the application of micro scale fuel cells to portable electronic devices such as cell  

phones and computers. The main problem with applying fuel cell concepts to mobile devices is that the power source 

(battery or fuel cell) must be able to deliver around 300mA of current at 3.6V. [4, 25, 26] The critical features of the fuel cell 

are compact size, operating temperature and electrolyte substance. 

 

 
Fig: 4 Block Diagram of Fuel Cell 

 

III. Design of Microfluidic Devices 
The obvious discerning characteristics of micro-reactors are compact size, light weight, and lower material and 

energy consumption. Secondly, smaller linear dimensions lead to increased species gradients which are particularly 

important for chemical reactor processing. This results in rapid heat and mass transport, and short diffusion lengths. Faster 



International Journal of Modern Engineering Research (IJMER) 

www.ijmer.com              Vol.3, Issue.2, March-April. 2013 pp-849-856             ISSN: 2249-6645 

 

www.ijmer.com                                                                  852 | Page 

system response gives better process control and high product yields. Besides these, the attractive feature of micro-reactors is 

their high surface to volume ratio compared to conventional chemical reactors. Because of smaller passage size, flow 

through micro-reactors usually remains laminar. Thus, the heat/mass transfer coefficients become inversely proportional to 

the channel hydraulic diameter; however there is an increase in pressure drop. [11, 13, 29, 30] 

The higher heat and mass transfer characteristics of micro heat exchangers are an added advantage for utilizing the 

full potential of catalysts used, especially during endothermic/exothermic reactions. Thus, local hot-spot formations are 

avoided because of high heat removal capacity. Additionally, because of higher reaction temperature, catalysis can be 

utilized effectively, thus requiring a smaller volume. Finally, because of smaller reactants and products inventories, high 

level of safety is achieved. In the following sections, the importances of the critical design features are discussed with two 

types of microfluidic devices.[27, 28] 

 

1.4. Micromixer 

In micromixers, diffusion or mixing time depends upon square of the mixing path. Because of their small size, 

micromixer decreases the diffusion time significantly. In general, fast mixing can be achieved with small mixing path and 

large surface area. Design considerations of micromixers are fast mixing time, small device area, integration ability in a more 

complex system. Mixing time is proportional to the square of the channel width and the velocity is inversely proportional to 

the channel width. The residence time is determined by flow velocity and channel length as given in Eq. (1). [20, 31,32,33] 

 

𝑳 =
 Qw +  QE ∗ 𝒘

𝟐 ∗ 𝑨 ∗ 𝑫
………………… . 𝒆𝒒𝒖𝒂𝒕𝒊𝒐𝒏𝟏 

Where, Q=flow rate, A=cross sectional area, D=diffusion coefficient, w=width of channel. Hence, the smallest 

cross-section and longest channel length are desired. Fig.6 shows typical geometry of micromixer in which width of micro-

channel is 300μm, depth is 90μm and length is 3m. 

 

 
Fig.6 Typical geometry of micromixer (90 ͯ  30 ͯ  5mm) 

 

1.5. Heat Exchangers 

The heat exchanger are of two types 1) The high temperature heat exchanger takes high temperature gas and uses 

that gas to boil and superheat working fluid. 2) The second type of heat exchanger uses ambient air to cool down and 

condense the working fluid. The parasitic pump power required to flow the air through the heat exchangers is taken directly 

from the power turbine and is proportional to the product of the air volumetric flow rate and the pressure drop across the heat 

exchanger. [19, 34] 

 

 
Fig.5 Multi-stack heat exchanger 

 

There are eight sets of parameters that must be determined to establish the design of a specific heat exchanger, air 

inlet and outlet conditions namely pressure, temperature and mass flow, the working fluid inlet and outlet conditions, heat 

exchanger channel width, channel depth, channel length, total number of channels, heat exchanger fin thickness, number of 

stacks. [19, 43, 46] The most critical futures are smallest cross-section and longest possible length. 

Micro-Channels 
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IV. Manufacturing 
1.6. Manufacturing Methods 

The manufacturing capability of device depends upon material selection.Following materials are generally used for 

manufacturing of microfluidic devices. Table.2 shows the different manufacturing processes and material capabilities. [7, 11, 

13] 

 

Table.2. Microfluidic Channel Manufacturing Methods 

Manufacturing 

Methods 

Principle Materials Features 

Wet silicon etching Chemically removal of 

layer 

Silicon,Silicon Dioxide, 

Silicon Nitride 

Low cost, High surface area, low 

aspect ratio 

Dry silicon etching Plasma assisted etching Silicon, Silicon 

Dioxide, 

Silicon Nitride 

High surface area, minimum feature 

size, High aspect ratio 

Lithography Series of Chemical 

Reactions 

Aluminium , Steel, 

Glass 

Minimum feature size, Maximum 

surface area, Choice of geometry 

Laser Ablation Bond-Breakage by 

Pulsed UV Source 

Copper, Steel High aspect ratio, Choice of 

geometry, Minimum feature size 

LIGA Uses X-ray or UV 

Light 

Silicon wafer, PMMA, 

SU-8 

Minimum feature size, High aspect 

ratio, Choice of geometry 

Micromachining Cutting of materials 

with tool 

Steel, Copper, 

Aluminium 

Maximum lifetime, Choice of 

geometry, maximum surface area 

µ-EDM Melting and 

evaporation of material 

Aluminium, Copper Maximum life time 

High aspect ratio 

 

1.7. Materials 

Commonly used materials for the microfluidic chip manufacturing are Low fluorescence Schott Borofloat glass, 

Corning 0211 borosilicate glass Fused silica, Quartz Silicon, PMMA, SU-8, PDMS, Steel, Aluminum, copper, etc. [7, 14, 

35, 36] 

 

1.8. Effect of Surface Roughness 

Pressure drop during internal flow is one of the most important considerations in designing a fluid flow system. 

Surface roughness was identified as an important parameter in fluid flow as early as in the nineteenth century by 

Darcy,[21,37,38,39] who carefully conducted experiments with pipes of varying roughness. The Darcy friction factor for 

laminar flow (Reynolds number less than 2000) is given by the following Eq. (2). 

 

𝑓 =
64

𝑅𝑒

…………… . . 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2 

 

Where, „f‟ is the Darcy friction factor and „Re‟ is the Reynolds number. [21] 

Wall roughness can be increased to promote mixing of the fluid, or reduced to eliminate flow disturbances. 

Recently, the effects of surface roughness became of interest from the point of view of passive/active flow control strategies, 

where one is interested in determining the smallest possible surface modification that may induce the largest possible 

changes in flow field.[40,41,49,50] 

 

 
Fig:6 Comparison of surface roughness of different micro-manufacturing processes 
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V. Bonding Techniques 
Bonding methods can be divided into mainly two categories: direct wafer bonding or bonding with intermediate 

layers. As shown in table.3 [8,15,16] “Wafer bonding” refers to the phenomenon that mirror polished, flat, and clean wafers 

of almost any material, when brought into contact at room temperature, are locally attracted to each other by van der walls  

forces and adhere or “bonds” to each Other. [15, 16] „„Wafer bonding‟‟ refers to the phenomenon that mirror polished, flat, 

and clean wafers of almost any material, when brought into contact at room temperature, are locally attracted to each other 

by van der Waals forces and adhere or „„bond‟‟ to each other. [41,42,44] 

 

Table.3 Bonding Techniques 

Direct Wafer 

Bonding 

(Without 

Intermediate 

layer) 

Fusion Bonding 

(same 

materials) 

 Surfaces must be flat and clean 

 Substrate washed with piranha solution and immersed in ammonium 

hydroxide (500C, For 30 min) 

 Two wafers pressed together for few hours 

Anodic Bonding 

(Different 

Materials) 

 Use of electric field 

 surface topologies greater than about 500 Å 

 300 to 450 °C and high DC voltage (500-1000V) 

Indirect 

Wafer 

Bonding(With 

intermediate 

layer) 

PDMS Bonding  irreversible PDMS bond with an O2 plasma treatment before bonding 

 siloxane bond created between two wafers 

SU-8 Bonding  Substrate is cleaned using piranha solution.  

 Layer of SU-8 photoresist is spun onto the substrate 

 The cross-linked SU-8 structures are sealed by a second cleaned   substrate. 

 

Above bonding techniques used for silicon, glasses, polymers, ceramics, and metals. Ceramic green taps and metal 

sheets structured by serial techniques can be directly bonded together at high pressure and high temperatures. Ceramic green 

types are typically bonded at 138 bars, 70
0
C for 10 minutes. Stainless steel sheets are typically bonded at 276 bars, 920

0
C for 

4 hours.[45] 

“Diffusion soldering” bonding process is an advanced type of solder bond that can form high- quality hermetic seals 

at lower temperatures than other bonding technologies. This technique uses one thin metal layer (typically 1-10µm thick) 

which during a thermal process inter-diffuses with its bonding partner forming an inter-metallic compound layer with re-

melting temperature higher than the bonding temperature.[47,48] 

In thermo-compression bonding process the two surfaces adhere to each other due to a metal bond established 

between two metal surfaces pressed together under heating. The bonding mechanism is enhanced by the deformation of the 

two surfaces in contact in order to disrupt any intervening surface films and enable metal-to-metal contact. By heating the 

two metal surfaces the contact force applied for the bond process can be minimized due to metal softening. High force 

uniformity across the bonding area enables high bonding yield. Several metals are used for metal thermo-compression wafer 

bonding, as Au-Au, Cu-Cu or Al-Al. [24,51,52,53] 

The important issues in bonding are, maintaining surface finish & flatness of bonding surface and bonding of metal 

surfaces for which bonding techniques are not well developed.[59,60,61] 

 

VI. Interfacing with Micro-Systems 
Fig.6.illustrates the use of the PDMS connector chips The connector chip self adheres to the micro fluidic 

component. Aligning is easy due to matching surface relief. The single lithography mask needed for mold fabrication is 

almost identicalto the one that defines the inlet holes on the microfluidicchip. The only difference is that additional cutting 

marks forseparation of individual chips have been added. Misalignmentof microfluidic chip and PDMS connector causes 

airbubbles to remain at the interface, but because PDMS istransparent they can be seen and realignment is 

easy.Whenalignment is satisfactory, the capillary tube are gently pushed tothe holes in the connector chip. Depending on 

pressure toleranceneeded, an additional jig can be used to compressesthe connector chip against the microfluidic chip. [17, 

54, 55, 56] 

 

 
Fig.6 Connector chip usage. (a) Connector chip is aligned to matching surface relief of the microfluidic chip and capillary 

tubes are pushed to the holes. (b) If higher operating pressures are required, additional mechanical jig provides required 

tightness. 
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The design of connector chip mechanism include easy of assembly, reliability, chemical compatibility, minimal 

dead weight, minimal pressure drop.[57,58] 

 

VII. Conclusion 
Micro fluidic devices play important role in the pharmaceutical, biotechnology and chemical energy sectors. There 

are several issues in design & manufacturing of microfluidic devices and hence selection of material & manufacturing 

process are important. The material should not participate in the reaction process and hence, they should be chemically inert 

on the fluid flow passage. Since most of the devices undergo larger pressure, the selected material should withstand such 

pressures. Most of the microfluidic devices are small cross-sections and long length of channels; similarly extremely flat and 

high level of surface finish is required on bonding surfaces. 

 

VIII. Acknowledgement 
I would like to thanks Mr.Shinoy, Mr.Dandekar, Mr.K.K.Singh, Chemical Engineering Division, BARC, Mumbai 

for their kind and continuous support.  

 

References 
Journal Papers: 
[1] Chieko Sakamoto, Nobuyasu Yamaguchi, Masumi Yamada, Rapid quantification of bacterial cells in potable water, Journal of 

Microbiological Methods 68 (2007) 643–647 

[2] J. Tan, J.H. Xu, S.W. Li, G.S. Luo, Drop dispersion in cross junction microfluidic devices, Chemical Engineering Journal 136 

(2008) 306–311 

[3] Holger Becker, Laurie E. Locascio, Polymer microfluidic devices, Talanta 56 (2002) 267–287 

[4] Erik Kjeanga, Ned Djilali, David Sintona, “Microfluidic fuel cells: A review” Journal of Power Sources 186 (2009) 353–369 

[5] Agustin Gonz´alezCrevill´en, Miriam Herv´as, Miguel Angel L´opez, “Real sample analysis on microfluidic devices” Talanta 74 

(2007) 342–357 

[6] Mark Bown, Jordan Macinnes and Alexander Vikhanshy, “Reynolds and Peclet Number effects in folding flow mixers”, Chemical 

process engineering 78 (2011) 110-119 

[7] A.A.G. Bruzzone, H.L. Costa, P.M. Lonardo, D.A. Lucca, “Advances in engineered surfaces for functional performance” CIRP 

Annals - Manufacturing Technology 57 (2008) 750–769 

[8] Susana Aura and TiinaSikanen, “Novel hybrid material for microfluidic devices”, Sensors and Actuators 132 (2008) 397-403 

[9] Erik Kjeang, Ned Djilali and David Sinton, “Microfluidic fuel cells: A review”, J. Power Sources 186 (2009) 353-369 

[10] Chieko Sakamoto and Nobuyasu, “Rapid Quantification of Bacterial Cells in portable Water using a simplified microfluidic 

devices”, J. Microbiological Methods 68 (2007) 643-647 

[11] Agustin Gonzalez and Miriam Hervas, “Real sample analysis on microfluidic devices”, Talanta 74 (2007) 342-357 

[12] Sang Youl Yoon and Sung Yang, “Microfluidic device for refractive index measurement of fluidic sample”, Procedia Engineering 5 

(2010) 1340-1343 

[13] Erica D.Pratt, Chao Huang and Benjamin G. Hawkins, “Rare cell capture in microfluidic devices”, J. Chemical engineering science 

66 (2011) 1508-1522 

[14] Birgit Ungerbock and Gunter Mistlberger, “Oxygen imaging in microfluidic devices with optical sensors applying color cameras”, 

Procedia Engineering 5 (2010) 456-459 

[15] Manoj Kumar Moharana, NageswaraRaoPeela, Sameer Khandekar, “Distributed hydrogen production from ethanol in a microfuel 

processor” Renewable and Sustainable Energy Reviews 15 (2011) 524–533 

[16] Chunsun Zhang, Da Xing and Yuyung Li, “Micropumps, microvalves and Micromixers for Microfluidic Chip: Advances and 

Trends”, J. Biotechnology Advances 25 (2007) 483-514 

[17] Holger Becker and Laurie E. Locascio, “Polymer Microfluidic Devices”, Talanta 56 (2002) 267-287 

[18] H. A. Stone, S. Kim, “Microfluidics: Basic Issues, Applications, and Challenges” IEEE 14 (2007) 

[19] Sang youlyoon, sung yang, “refractive index measurement” Procedia Engineering 5 (2010) 1340–1343 

[20] EugenAxinte, “Glasses as engineering materials: A review” Materials and Design 32 (2011) 1717–1732 

[21] Lingxin Chen, GuoanLuo, Kehui Liu, Jiping Ma, Bo Yao, “ Bonding of glass based microfluidic chip at low or room temperature” J. 

Sensors and Actuators B 119 (2006) 335–344 

[22] Chung-Xia Zhao and Anton P.J.Middelberg, “Two-phase microfluidic flows”, Chemical Engineering Science 66 (2011) 1394-1411 

[23] Mario Castan˜o-A´ lvarez a, Diego F. PozoAyuso b, Miguel Garc´ıaGranda b, “Critical points in the fabrication of microfluidic 

devices on glass substrates” Sensors and Actuators B 130 (2008) 436–448 

[24] A.A.G. Bruzzone, H.L. Costa, P.M. Lonardo, D.A. Lucca, “Advances in engineered surfaces for functional performance” CIRP 

Annals - Manufacturing Technology 57 (2008) 750–769 

[25] T.Rogers, J.Kowal, “ Selection of glass, anodic bonding conditions and material compatibility” Sensors and Actuators B 130 (2008) 

436–448 

[26] M.M.R. Howlader, Satoru Suehara, TadatomoSuga, “Room temperature glass/glass wafer bonding” 

[27] Tamer Sinmazçelik, EgemenAvcu, Mustafa Özgür Bora, OnurÇoban, “fiber metal laminates and bonding techniques” Materials and 

Design 32 (2011) 3671–3685 

[28] A.S.Rawool and SushantaK.Mitra, “Numerical Simulation of flow through microchannels with roughness”, microfluidic 

nanofluidics 10 (2005) 1007-1040 

[29] Osamu Tonomura, masaru Noda and manabu Kano, “Optimal Design Approch for Microreactors with Uniform Residence Time 

Distribution”, APCChE, 4B-07 (2004) 17-21 

[30] Yu Chang Kim, JooH.Kang and Sang-Jin Park, “Microfluidics biomechanical devices for compression of cell stimulation and lysis”, 

Sensors and Actuators 128 (2007) 108-116 



International Journal of Modern Engineering Research (IJMER) 

www.ijmer.com              Vol.3, Issue.2, March-April. 2013 pp-849-856             ISSN: 2249-6645 

 

www.ijmer.com                                                                  856 | Page 

[31] Gerardo Perozziello, FrederikBundgaard, Oliver Geschke, “Fluidic interconnections for microfluidic systems” Sensors and 

Actuators B 130 (2008) 947–953 

[32] Manoj Kumar Moharana, NageswaraRaoPeela, Sameer Khandekar, “Distributed hydrogen production from ethanol in a 

microfuelprocessor” Renewable and Sustainable Energy Reviews 15 (2011) 524–533 

[33] Pádraig Mac Suibhne,aToshkoZhelev,aErzengXue, RegMannb,”Micro reactor design for Distributed Fuel generation” 

[34] E. Vásquez-Alvarez, F. T. Degasperi, L. G. Morita,” Develpoment of Micro-Heat Exchangers With Stacked Plates” 

[35] Viorel DR¸AGOI1, Erkan CAKMAK2, Eric PABO2,” Metal Wafer Bonding for MEMS Devices, Volume 13, Number 1, 2010, 

65{72} 

[36] Ackermann KR, Henkel T, Popp J, Quantitative onlinedetection of low concentrated drugs via a SERS microfluidic system. 

ChemPhysChem    8:2665–2670 (2007) 

[37] Agrawal A, Zhang C, Byassee T, Tripp RA, Nie S, Counting single native biomolecules and intact viruses with color-coded 

nanoparticles. Anal Chem 78:1061–1070 (2006) 

[38] Albrecht MG, Creighton JA, Anomalously intense Raman spectra of pyridine at a silver electrode. J Am ChemSoc 99:5215–5219 

(1977) 

[39] Alivisatos P, The use of nanocrystals in biological detection. Nat Biotechnol 22:47–52 (2004) 

[40] Aubin KL, Huang J, Park SM, Yang Y, Kondratovich M, Craighead HG, Ilic BR  Microfluidic encapsulated nanoelectromechanical 

resonators. J VacSciTechnol B 25:1171–1174 (2007) 

[41] Bailey RC, Kwong GA, Radu CG, Witte ON, Heath JR  DNA-encoded antibody libraries: a unified platform for multiplexed cell 

sorting and detection of genes and proteins. J Am ChemSoc 129:1959–1967 (2007) 

[42] Banholzer MJ, Millstone JE, Qin L, MirkinCA  Rationally designed nanostructures for surface-enhanced Raman spectroscopy. 

ChemSoc Rev 37:885–897 (2008) 

[43] Bell SEJ, SirimuthuNMS  Surface-enhanced Raman spectroscopy (SERS) for submicromolar detection of DNA/RNA 

mononucleotides. J Am ChemSoc 128:15580–15581 (2006) 

[44] Benchaib A, Delorme R, Pluvinage M, Bryon PA, Souchier C Evaluation of five green fluorescence-emitting streptavidin-

conjugated fluorochromes for use in immunofluorescence microscopy. Histochem Cell Biol 106:253–256 (1996) 

[45] Biswal SL, Raorane D, Chaiken A, Birecki H, Majumdar A, Nanomechanical detection of DNA melting on microcantilever 

surfaces. Anal Chem 78:7104–7109 (2006) 

[46] Bizzarri AR, Cannistraro S (2007) SERS detection of thrombin by protein recognition using functionalized gold nanoparticles. 

NanomedNanotechnolBiol Med 3:306–310 

[47] Bonham AJ, Braun G, Pavel I, Moskovits M, Reich NO, Detection of sequence-specific protein-DNA interactions via surface 

enhanced resonance Raman scattering. J Am ChemSoc 129:14572–14573 (2007) 

[48] Braun G, Lee SJ, Dante M, Nguyen TQ, Moskovits M, Reich N Surface-enhanced Raman spectroscopy for DNA detection by 

nanoparticle assembly onto smooth metal films. J Am ChemSoc 129:6378–6379 (2007) 

[49] Briggs MS, Burns DD, Cooper ME, Gregory SJ  A pH sensitive fluorescent cyanine dye for biological applications. ChemCommun 

23:2323–2324 (2000) 

[50] Bruchez M, Moronne M, Gin P, Weiss S, Alivisatos AP  Semiconductor nanocrystals as fluorescent biological labels. Science 

281:2013–2016 (1998) 

[51] Bunimovich YL, Shin YS, Yeo WS, Amori M, Kwong G, Heath JR Quantitative real-time measurements of DNA hybridization 

with alkylated nonoxidized silicon nanowires in electrolyte solution. J Am ChemSoc 128:16323–16331 (2006) 

[52] Burg TP, Godin M, Knudsen SM, Shen W, Carlson G, Foster JS, Babcock K,Manalis SR Weighing of biomolecules, single cells and 

single nanoparticles in fluid. Nature 446:1066–1069 (2007) 

[53] Cai H, Wang Y, He P, Fang Y Electrochemical detection of DNA hybridization based on silver-enhanced gold nanoparticle label. 

Anal ChimActa 469:165–172 (2002) 

[54] Chan WCW, Nie SM Quantum dot bioconjugates for ultrasensitive nonisotopic detection. Science 281:2016–2018 (1998) 

[55] Chan WCW, Maxwell DJ, Gao X, Bailey RE, Han M, NieS  Luminescent quantum dots for multiplexed biological detection and 

imaging. CurrOpinBiotechnol 13:40–46 (2002) 

[56] Chang-yen DA, Myszka D, Gale BK  A novel PDMS Microfluidic spotter for fabrication of protein chips and micro-arrays. J 

MicroelectromechSyst 5:1145–1151 (2006) 

[57] Chen L, ChooJ,Recent advances in surface-enhanced Raman scattering detection technology for microfluidic chips. Electro-phoresis 

29:1815–1828 (2008) 

[58] Cheng MM-C, Cuda G, Bunimovich YL, Gaspari M, Heath JR, Hill HD, Mirkin CA, Nijdam AJ, Terracciano R, Thundat T, Ferrari 

M  Nanotechnologies for biomolecular detection and medical diagnostics. CurrOpinChemBiol 10:11–19 (2006) 

[59] Cheong KH, Yi DK, Lee JG, Park JM, Kim MJ, Edel JB, Ko C Gold nanoparticles for one step DNA extraction and real-time PCR 

of pathogens in a single chamber. Lab Chip 8:810–813 (2008) 

[60] Chinowsky TM, Soelberg SD, Baker P, Swanson NR, Kauffman P, Mactutis A, Grow MS, Atmar R, Yee SS, Furlong CE Portable 

24-analyte surface plasmon resonance instruments for rapid, versatile biodetection. BiosensBioelectron 22:2268–2275 (2007) 

[61] Cross SE, Jin YS, Rao J, Gimzewski JK, Nanomechanical analysis of cells from cancer patients. Nat Nanotechnol 2:780–783 (2007) 


