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••

 

Reliability issue in biosensor systems has been largely overlookReliability issue in biosensor systems has been largely overlooked in the ed in the 
literatures.literatures.
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MotivationMotivation

SNR and the scaling factor
In ISFET biosensors

[6]

Many micro-fluidic analytical
systems are limited by this SNR 

degradation [7]

Presenter
Presentation Notes
Advance in biosensor technology have led to the emergence of miniaturized, multiplex, high-density biosensor platforms.

As a result a large number of simultaneous detection experiments can be conducted in parallel. For example, microarray that can host

Up to 10 to the power 3 has been reported.  By adopting nanotechnology, the first generation of miniaturized nanoarrays has recently emerged, which can host

10_{6}  probes/mm2. At the same time detection technology has also seen significant improvements where analyte concentration levels

ranging from pico-molar to femto-molar can now be detected. Both these trends are summarized in Fig., which also depicts another important performance parameter

that is typically overlooked in biosensor design. However, as trend towards miniaturization, high-density, the complexity is expected to increase! 

the reliability of biosensors typically detoriates as have been observed in large scale gene-chip arrays. These scaling factors make reliability issue in biosensors

becomes even more important. 



This, in turn, can impose a basic

limitation on the size of the sensors for practical applications. 



we illustrate the theoretical SNR computed using (3.33) vs. the settling time

approximation given in (3.24), as all reaction chamber dimensions scale down. The

analyte concentration in this example is kept constant at 0.1nM. This graph indicates that

smaller sensors have faster settling time, and thus reach equilibrium more quickly.

However, the SNR of such systems decreases, which suggests a fundamental tradeoff

between SNR and speed of affinity-based biosensors. This, in turn, can impose a basic

limitation on the size of the sensors for practical applications. 



Adaptive Integrated Microsystems

Past Work: Forward Error Correction (FEC) Biosensor
 Based on Lateral Flow Immunoassay

 

Past Work: Forward Error Correction (FEC) Biosensor
 Based on Lateral Flow Immunoassay

Biosensor encoder CD

Lateral flow immunoassay

Low signal-to-noise ratio, 
repeatability and reproducibility

Patterning biomolecular logic 
gates is hard

Improving the reliability 

Adding redundancy

Hardware: biomolecular 
encoder; basic building blocks: 
logic gates

[8]
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New Platform: The Operating PrincipleNew Platform: The Operating Principle

••

 

The gold nanoparticles act as a catalyst and reduce silver ions The gold nanoparticles act as a catalyst and reduce silver ions into into 
metallic silver in the presence of a reducing agent (hydroquinonmetallic silver in the presence of a reducing agent (hydroquinone).e).

••

 

The reduced silver deposits on the gold surface, thus enlarging The reduced silver deposits on the gold surface, thus enlarging the the 
size of the gold nanoparticles.size of the gold nanoparticles.
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Surface FunctionalizationSurface Functionalization
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Biochip and Protocol VerificationBiochip and Protocol Verification

••

 

Photolithograph: 10 nm chrome and Photolithograph: 10 nm chrome and 
100 nm gold layer100 nm gold layer

••

 

Each electrode finger has a length Each electrode finger has a length 
of 5000 um, a width of 5 um and of 5000 um, a width of 5 um and 
interinter--electrode spacing of 6 um.electrode spacing of 6 um.

FITC labeled bovine IgG only FITC labeled bovine IgG only 
immobilized to the silicon dioxide immobilized to the silicon dioxide 
surfacessurfaces

Presenter
Presentation Notes
The confocal laser scanning microscopy image

was used to validate antibody immobilization and determine

where it occurred (Fig. 3). The image shows that the antibody

immobilization was only occurring on the silicon dioxide area

between the electrodes, thus proving the effectiveness of the

surface functionalization.
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The Verification of the PrincipleThe Verification of the Principle
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The relationship between the gold particle 
size and the silver enhancing time.

Microphotographs for the 
biochip active surface. (a) 
before silver enhancement 
(b) 35 min after silver 
enhancement.

SEM image of the bridge formed by 
enlarged gold particles.
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Experimental ResultsExperimental Results
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Experimental ResultsExperimental Results
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Building Blocks for Biomolecular Encoder: Logic GatesBuilding Blocks for Biomolecular Encoder: Logic Gates

••
 

Possible high level of false positive errors due to the sensitivPossible high level of false positive errors due to the sensitivity ity 
of the presence of gold nanoparticles when exposing to silverof the presence of gold nanoparticles when exposing to silver

••
 

Analog Logic Gates (biomolecular circuits) vs. Digital Logic Analog Logic Gates (biomolecular circuits) vs. Digital Logic 
Gates (digital circuits)Gates (digital circuits)

••

 

Logic gates for biosensor encoderLogic gates for biosensor encoder
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Logic Gates Verification Logic Gates Verification 

Different solutions applied to simulate different logic states:
Only mouse IgG: (1,0); only rabbit IgG: (0,1): both mouse and 
rabbit IgG (1,1).
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Logic Gates Verification Continued Logic Gates Verification Continued 
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Improvement of AND Gate Improvement of AND Gate 
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Logic Gates Verification Continued Logic Gates Verification Continued 

OR Gate 
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Improvement of OR Gate Improvement of OR Gate 
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SummarySummary

This work is supported in part by a research grant from the NatiThis work is supported in part by a research grant from the National onal 
Science Foundation (NSFScience Foundation (NSF--

 

ECCS:0622056))

••
 

A simple and robust electrical detection method using a A simple and robust electrical detection method using a 
combination of gold NP labels and silver amplificationcombination of gold NP labels and silver amplification

••
 

We have demonstrated that fundamental building blocks We have demonstrated that fundamental building blocks 
(AND and OR logic gates) for biomolecular encoder using (AND and OR logic gates) for biomolecular encoder using 
fabricated gold NP biochip with the silver enhancementfabricated gold NP biochip with the silver enhancement

••
 

The idea of biomolecular logic gates is general regardless The idea of biomolecular logic gates is general regardless 
biosensor platformsbiosensor platforms
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Thank You for Your 
Attention!

Presenter
Presentation Notes
Thank you!
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Enhancing Time as an Concentration IndicatorEnhancing Time as an Concentration Indicator
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Similarity Between Communication, Storage 
Systems and Biosensor Systems

Presenter
Presentation Notes
Let’s first take a look at the similarity between communication and biosensor systems. In a typical information processing system where messages are communicated between a transmitter and a receiver. First a typical communication system a discrete set of messages or bits is processed by an encoder that implements popular LDPC or hamming code to add redundancy to the transmitted messages. These encoded bits are transformed into a signal representation that is specific to a communication channel. The channel adds randomness to the transmitted bits which is then transformed at the receiver before being decoded. The role of the decoder is to reliably decipher what was being transmitted by the transmitter. In the case of a biosensor system, the transmitted message correspond to a biological sample containing different concentration of pathogens. The transformation module is implemented by bio-molecular interaction between the pathogen and the detectors. The noisy biosensor channel can be attributed to the cross-reaction between pathogens and non-specific detectors as well as sensor artifacts, for example membrane imperfections. At the receiver side, the transform module is implemented by an electrical transducer than translates the bio-molecular interaction to electrical signals.



If we look at communication system. Original message are first sent to encoder to form encoded message. Then, these encoded message will be transformed and be through a noisy channel. At the receiver side, these encoded message ( maybe be corrupted) is translated to original message due to error-correction function of decoder. 

There are also similarities between reliable biosensing system and this model.  For example, the information of pathogens( i.e pathogen exist or not)  is like original messages ; By patterning different Antibodies along different spatial locations of biosensor, encoder could formed in biosensor. And then, send the encoded information through the transducer (biomolecular in biosensor). Due to the imperfections of biosensor structures and some cross-reaction of non-specific pathogen and antibodies, it acts like noisy channel in communication system.  If we design corresponding decoding algorithm according to specific encoder, more reliable information could be get.



Encoding and decoding concepts and algorithms are fairly straightforward in

communication systems. While in biosensor systems, the corresponding concepts such

as codewords, are not so obvious. Also constructing biomolecular encoder is limited by

biosensor structures and principles. For example, XOR logic may be difficult to achieve in

biosensor structure. If the encoder logic functions are very limited, how would one design

an efficient encoder and decoding algorithm for the reliable biological information transmission?

Those problems are uncommon in the communication systems, but are immediate

challenges for engineered biosensor systems. In the following slides, I will address these problems and solutions.
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••

 

Normalization Normalization [10][10]

••

 

Repetition and averaging Repetition and averaging [11[11--12]12]

••

 

Define a confidence threshold Define a confidence threshold [13][13]

––

 

reduced detection limitreduced detection limit
––

 

not always valid not always valid 

Current Techniques for Reducing Biosensor ErrorsCurrent Techniques for Reducing Biosensor Errors

The fluorescent intensity profile of a 
single spot in microarrays

••

 

Optimal estimation Optimal estimation (Hassinbi07[14])(Hassinbi07[14])

––

 

Incorporate nonIncorporate non--specific specific 
binding statisticsbinding statistics

––

 

Challenging for high density Challenging for high density 
binding sites in microarraybinding sites in microarray

••

 

RealReal--time detection time detection [9][9]

Source & courtesy: 
www.genome.gov

[14]

Presenter
Presentation Notes
One general approach to reduce errors in microarray is to measure

a normalized target concentration by measuring the concentration ratio of the unknown target to a known target which is always present and reasonably invariant in

concentration. If there are systematic errors during the sample handling, purification or labeling,

it will affect the unknown and the known target as well. Hence, the concentration ratio

will keep constant, making microarray insensitive to those systematic errors.

Another approach to reduce the array fabrication variations and probe non-uniformities is repetition and averaging techniques [18, 19]. In this methodology, replica protein or

DNA spots are positioned at different locations within the array. Generally, there are always variations in the fluorescent intensity due to non-uniformities of the capturing probes within individual spots. To decrease the effects of this kind of variation, the fluorescent intensity at each spot is averaged, subsequent to estimating probe areas.

Some of systematic errors can be suppressed to some degree by these methods, inherent noises in biosensors (e.g., non-specific binding) are not. used method is to define a confidence threshold level for the signal intensity with respect to background, which divides the signals into irrelevant (below threshold) and relevant (above

threshold) regimes [20]. However, this approach is not always valid since the background and fluctuation level vary between spots. Another drawback of this simple background subtraction is reduced detection limit (dynamic range) since the minimum detectable level (MDL) is higher than necessary.
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