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Evolution of Biosensor Applications
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Law of Accelerating Returns
Moore’s Law One Example

Source; www.KurzweilAI.net

Information Technologies (of all kinds) double their power (price performance, 

capacity, bandwidth) every year
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Has Bio Field reached the 

Critical Mass?

Accelerating rate of return as knowledge accumulates? 
Adapted from www.KurzweilAI.net

Medical Implants
Genomics
Human Genome 
Sequenced
Microarrays/
Biomarker Discovery 
Accelerates
Pattern Recognition
Bioinformatics Rules
Function Elucidation
Evidence Based Medicine
Personalized Medicine
Neuromorphic Systems
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What Is Limiting this 

Acceleration?

CHALLENGE
LIMITED STARTING

MATERIAL
BIOLOGY RELATIVELY 

UNKNOWN

DRIVERS
AGING POULATION
RISING HC COSTS

HC DELIVERY ACCESS
SINGULARITY PUSH CONSTRAINTS

FDA
REIMBURSEMENT RULES

LACK OF TOOLS
BIOMARKERS/

DISEASE ASSOCIATION 
LACKING

UNMET NEEDS
HIGH RESOLUTION

MASSIVELY PARALLEL 
COST 

EFFECTIVE TOOLS

TOOLS USED
SEQUENCERS
MICROARRAYS

RTPCR/PCR
MASS SPEC ETC

PROTEIN ARRAYS

TYPICAL RESEARCH Q
GENE/PROTEIN CHANGES 
IN NORMAL VS DISEASE

GENE COPY NUMBER
METHYLATION

GENE FUNCTION

Medical Research & Dx Need: To Type Rare Cells/Analytes In Complex  
Mixture Eg., HIV, Cancer, or Environmental Agents Etc 

eg. Breast 
cancer

http://lymphaticspecialist.com/wp-content/uploads/2007/11/needle-biopsy.jpg
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Biosensor Application 

Requirements-

Data points/test
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Nano
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1940    1950    1960    1970    1980     1990     2000     2010 

Single test in 
glassware  

Multiple tests 
in plate   

Multi-analyte 
tests on 
array    

Multi-single 
molecule imaging

Single test 
in plastic

Vacuum 
tube 

Semiconductor 
transistor 

Integrated 
circuit

SOC

Computing 
power  

Genome 
information

Single 
molecule 
biosensor

array

Simultaneous 
tests and data 

analysis

Opportunity for 

Convergence 

http://images.google.com/imgres?imgurl=http://www.itreviews.co.uk/graphics/normal/hardware/h738.jpg&imgrefurl=http://www.itreviews.co.uk/hardware/h738.htm&h=395&w=426&sz=21&hl=en&start=2&um=1&usg=__xZ_Q5NSWM4PSaTu_R8-p5mNS9h0=&tbnid=R519TN-70043JM:&tbnh=117&tbnw=126&prev=/images%3Fq%3Dpentium%26um%3D1%26hl%3Den
http://images.google.com/imgres?imgurl=http://www.pittjug.org/b2b/pics/IC_Component.jpg&imgrefurl=http://www.pittjug.org/b2b/electronic_accessories/1/ic_component_29.html&h=359&w=359&sz=10&hl=en&start=16&um=1&usg=__RjemkvE1ZEY9LqbaipXZcqUk4xc=&tbnid=njs1_d9OgqT3LM:&tbnh=121&tbnw=121&prev=/images%3Fq%3Dic%26um%3D1%26hl%3Den%26sa%3DG
http://images.google.com/imgres?imgurl=http://www.ambion.com/figs/f00880.jpg&imgrefurl=http://www.ambion.com/techlib/tn/113/1.html&h=344&w=350&sz=26&hl=en&start=15&um=1&usg=__o46T0l7lGdnt_YiFXA4HdYqiiA8=&tbnid=OBlk4GxFDm4_0M:&tbnh=118&tbnw=120&prev=/images%3Fq%3Dgene%2Bchip%2Barray%26um%3D1%26hl%3Den%26sa%3DG
http://upload.wikimedia.org/wikipedia/commons/b/ba/Microtiter_plate.JPG
http://images.google.com/imgres?imgurl=http://www.dana.org/uploadedImages/Images/Spotlight_Images/CH05-3_XenopusArray_spot.jpg&imgrefurl=http://www.dana.org/news/publications/detail.aspx%3Fid%3D10780&h=341&w=294&sz=21&hl=en&start=17&um=1&usg=__---9FLTHNdVS1WE-eay4PeVWyRg=&tbnid=AT0DSfMjtiBGdM:&tbnh=120&tbnw=103&prev=/images%3Fq%3Dgene%2Bchip%2Barray%26um%3D1%26hl%3Den%26sa%3DG
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Opportunity at the Intersection of 

Two Fields

Rapid data processing 
and efficient data 
access

Biomolecules 

Parallel data collection
using biosensor arrays

Fast results using 
parallel computing

Results    

http://images.google.com/imgres?imgurl=http://www.pclaunches.com/entry_images/1107/12/intel_45nm-2.jpg&imgrefurl=http://www.pclaunches.com/processors/intel_unveils_sixteen_new_45nm_processors.php&h=300&w=450&sz=82&hl=en&start=5&tbnid=sJKM0j8z2-TZlM:&tbnh=85&tbnw=127&prev=/images%3Fq%3Dintel%2B45nm%2B%2Btransistors%26gbv%3D2%26hl%3Den
http://images.google.com/imgres?imgurl=http://www.dnavision.be/images/pharmacogenetics.jpg&imgrefurl=http://www.dnavision.be/persomedicine.php&h=203&w=250&sz=27&hl=en&start=1&tbnid=Veg0WF60ZlxYWM:&tbnh=90&tbnw=111&prev=/images%3Fq%3Dpersonalized%2Bmedicine%26gbv%3D2%26hl%3Den
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Array features
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1. Specific 
probe 
array

2. Detection 
by 
hybridizati
on 

1. Generic 
sensor array

2. Detection
by specific 
reactions

Spotting 
Photolithographic 

Selectively 
amplified samples 

or sample from 
lower organisms   

Samples from 
higher organisms, 

no selective 
amplification   

Various Array Performance 
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Estimated for DNA tests
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Future biosensors 

Vision
Generate and access analyte informat ion 

anywhere and any t ime

Approach

Develop a high density 

silicon sensor array for 

highly parallel single 

molecule sensing  

Semiconductor-based biosensor platforms will enable personalized medicine and more…

Challenges
• Mult iple marker prof iling

• Low cost

• High precision/specif icity 

• High sensit ivity 

• Rapid test

Rationale   
•Analytes are charged or can be made charged  detectable by semiconductor sensors

•Protein and DNA in nano dimensions  comparable to node dimension of semiconductor technology 

•Many individual molecules in a sample array of billions of sensors manufactured by semiconductor technology

Future biosensors 

Vision
Generate and access analyte informat ion 

anywhere and any t ime

Approach

Develop a high density 

silicon sensor array for 

highly parallel single 

molecule sensing  

Semiconductor-based biosensor platforms will enable personalized medicine and more…

Challenges
• Mult iple marker prof iling

• Low cost

• High precision/specif icity 

• High sensit ivity 

• Rapid test

Rationale   
•Analytes are charged or can be made charged  detectable by semiconductor sensors

•Protein and DNA in nano dimensions  comparable to node dimension of semiconductor technology 

•Many individual molecules in a sample array of billions of sensors manufactured by semiconductor technology

Massively Parallel Sensor Array 

Platform
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Key Risks

Signal strength

Signal diffusion   

Sensor sensitivity     

Reaction specificity

Signal detection    

Sequence-specific Signal 

Signal amplification  

Signal confinement 

Electrically detectable 
chemical species

Signal compatibility    

Sensor/Chem integration

System/circuitry integration
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Opportunity and Challenges

• Bio-compatibility: understanding surface 
interactions at the intersection of biology and 
silicon

• Designing for manufacturability: Compatibility with 
standard CMOS fabrication methods

• Cost/Volumes for intended applications -
modularity


