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In today’s technologically advancing environment, miniaturization is the name of the game.  With the myriad advances in microfluidic devices, the possibility to create “lab-on-a-chip” devices had become an ever increasing reality.  While there are very few true lab-on-a-chip devices due to the equipment necessary for performing analysis, there are many promising advances in the features that can be included on a microchip.  A look will be taken at these technologies, and at detection schemes that have been developed to allow simple all inclusive analysis systems.
The first technology to be discussed is a microchip reported by Broyles et al. that incorporates a filtration and solid phase extraction portion into one microchip [1].  This microchip incorporates an electrochromatographic separation scheme that incorporates elements of both electrophoresis and liquid chromatography.  Incorporating these features allows an unrefined sample containing particulate matter to be analyzed.  The chip as reported is shown below.
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The circle S corresponds to the filtration system on the chip.  The circles SW and AW correspond to the sample waste and analysis waste respectively.  Lastly, the circles B1 and B2 indicate the two buffer reservoirs.  Since there are two available buffer solution reservoirs, a solvent gradient may be incorporated as an additional feature of this microchip.  
The chip was fabricated using standard micro fabrication techniques.  The channels were etched onto a quartz blank using ammonium fluoride and hydrofluoric acid (Buffered Oxide Etchant).  This was allowed to etch to the depth that was desired for the filter system, in this case 1 micrometer.  After this was accomplished, the etchant was neutralized and a layer of photoresist was applied to protect the filter system during later etching steps.  Buffered Oxide Etchant (BOE) was applied to the rest of the channel system and allowed to etch until the depth of 5 micrometers was achieved.  The etchant was neutralized, and the microchip was rinsed.  The cover plate was applied using potassium silicate and was annealed for 10 hours.  In order to form the solid phase extraction matrix which was placed in the analysis channel (from point V on the diagram to the AW) the silanizing agent octadecyltrimethoxysilane was added to the channel at the SW and pulled with a vacuum towards the AW.  
	The filter system (S) was comprised of seven parallel channels, each one micrometer deep.  The inlet to each of these channels protruded out past the cover plate, and allowed for the successful exclusion of particulate matter in a given sample matrix.  A cross section of the filter can be seen below.
[image: ]
In order to verify that the filter would indeed exclude particles that could potentially clog or foul the channel system, an experiment was carried out where five micrometer diameter particles were placed in the solution outside the microchip, and a standard injection was performed.  The particles were successfully excluded from the cannel as can be seen from the photograph below, and flow was still normal when entering the channel system.
[image: ]
	The operation of the channel was fairly unique, in that the injection was performed by lowering the voltage drop from the buffer reservoirs through the analytical waste, and increasing the voltage drop from the sample inlet through the analytical waste.  When the injection period is over, this is reversed, and further sample is prevented from entering the channel system.   The chip, as said before incorporates a solid phase extraction step, which allows for concentration of a given analyte or set of analytes before moving down the channel to the detector.  The analytes will favor being trapped in the solid phase depending on their identity and the polar/non-polar character of the solvent present at the time.  This microchip incorporates the ability to use a solvent gradient by varying the voltages applied to the two buffer reservoirs relative to each other.  To verify that this microchip with the solid phase extraction yielded an advantage over the traditional microchip, two injections were performed with detection consisting of laser induced fluorescence at an excitation wavelength of 352 nm.  The first was performed on a duplicate microchip without any solid phase using an injection time of one second.  The second was performed on the chip containing solid phase using an injection time of 320 seconds.  The results can be seen below which clearly indicate that the chip utilizing solid phase extraction performs much better.
[image: ]
	Using this data, an “enhancement factor” was calculated.  In this particular case, using pyrene as the analyte, the factor was calculated to be 400.  Using this number, a theoretical limit of detection for pyrene was calculated to be 100 picomolar.  Of additional interest was whether or not particles trapped at the inlet would interfere with the ability to have a high efficiency separation.  Using a solution with the same concentration and the same injection times, but in one case using a solution containing 5 micrometer diameter particles, experiments were carried out to determine the effect.  The chromatograms on the left are from the non-particle injections (the one on top is the one of note), and the three on the right were collected with particles, utilizing no gradient, linear gradient, and a step gradient respectively.
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	It was seen that aside from a slight deformity of the fourth peak, very little else was effected by the presence of the particles in solution.  Thus, the particles were deemed to have a negligible effect.  
	The last technology to be discussed is a microfluidic biochip that is disposable and capable of blood typing individual samples [2].  Kim et al. report a chip made by use of injection molding two identical halves, then binding the two substrates thermally.  The chip works by using whole blood from a given individual, and splitting it into four distinct channels, each performing a separate analysis.  The red blood cells are exposed to what is known as blood-grouping sera which essentially causes the agglutination of blood, where the size of the particles depends on which type of blood exists in the sample.  Using this, the developers of the chip have developed a technique of visually identifying the specific type of blood, whether it be A, B, AB, or O within 3 minutes, using 3 microliters of blood.
The chip in its manufactured form is shown below.
[image: ]
	There are several features of note on the chip.  The first is the inlet, into which the whole blood is injected using a syringe.  The flow is then split four ways, where it meets the blood typing serum.  The mixture is pushed into the serpentine mixers to ensure mixing of the blood and serum.  The mixture then flows into the reaction chambers, which are much larger in volume than the rest of the channels in order to allow 1-3 minutes of reaction before the blood continues into the detection microfilters.  Using the decreasing size of the filters, the blood will be excluded from continuing in.  Depending on the length into the filters the blood progresses, the blood type can be determined.  As can be seen below, the detection scheme is shown indicating blood types A, B, and AB.  While O is not shown, if none of the scenarios is demonstrated for a given sample of blood, then it can be determined the blood sample was type O.
[image: ]
	As can be seen, the A does not progress far into the filters, and are typically trapped in the reaction vessels while the B type can progress nearly to the end of the filters.  Due to the cost effective nature of these chips, and the rapid results, this is a very significant innovation.
	While lab-on-a-chip technology has a long way to come in terms of devising means for detecting the desired analytes and allowing the detection to fit on the chip itself is still slightly out of reach.  However, there are advances being made devising clever new detection schemes that are specific to the desired result.  While these are not abundant at the present time, it is likely to see the progression of these types of systems allowing for reliable, disposable, on site analysis.  The blood typing chip discussed in this paper could allow paramedics to give more advanced and specific care to victims on the scene.  The advantages of these chips are endless, and only time will tell what can be produced.
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