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Introduction

• Biosensors are a special class of chemical sensors that 
take advantage of the high selectivity and sensitivity of 
biologically active materials

• Bio-affinity, strong bindning, transducer must detect 
receptor-analyte pair

• Bio-metabolic, analyte and co-reactant form a product 
molecules, which the transducer must detect, resulting in 
a change in concentrations of the products or co-reactant
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Introduction

• Recognition elements
• Whole organism down to molecules
• For organic material like cells, organelles and tissues, the 

problem is to keep them alive
• Enzyme are proteins, which catalyst the reaction i.e. lower 

the activation energy
• Enzymes catalytic activity are strongly depended of the 

environment condition. For example the pH-level



Introduction

• Biomimetic structures
• Artificial structures that are built up to mimic the processes 

that occur in the cell membranes
• Receptor can recognise molecules end then change the 

permeability in the membrane.



Immobilization of biological elements

• The immobilization process should:
• Confine the biologically active material on the transducer
• Allow contact to the analyte solution
• Reaction products to diffuse out from the immobilization layer
• Not denature the biologically active material

– Mechanical damage
– Heat or freezing
– Chemical toxin
– etc



Immobilization of biological elements



Mass transport in Biosensor

• Analyte transport into the membrane
• Transport of reaction products to the transducer
• Transport of products out of membrane
• Similar theory as for diffusion in semiconductor
• Concentration profile for a species can be described by:



Transduction Principles

• Electrochemical
• Potentiometric

– Measuring a potential (voltage) across an electrochemical cell 
“battery!” containing biological sensing element

• Amperiometric
– Measuring a current from an electrochemical cell, the current 

oxidise or reduce the analyte
• Impediometric

– Measuring impedance frequency response



Transduction Principles

• Optical
• Optical absorption or emission of a molecule or molecules
• Absorption in infrared to ultraviolet
• Emission, Fluorescence by x-ray spectroscopy
• Direct method

» Optical absorption when analyte binds to the receptor
• Indirect method

» Two competing reaction
» 1. analyte binds to receptor
» 2. “analog” binds to receptor which emits photons after 

excitations



Transduction Principles

• Thermal
• Measuring the enthalpy of the detected reaction

– Transducer
» Thermistor
» Thermocouples
» Change in temperatures down to 0.0001 C can be 

detected
• Mass

• Analyte molecules are adsorbed on mechanical resonator. 
The change in mass result in change of resonance frequency 
(right picture)



Transduction Principles, SAW

Shape of adsorbed 
bio-molecule 
have a large 
influence on 
change in surface 
velocity of an 
SAW transducer



Some examples



Some examples

Glucose + O2 + H2O →
Gluconic acid + H2O2 
measurement routes: 

1. pH change (acid 
production) 

2. O2 consumption 
(fluorophore monitor) 

3. H2O2 production 
(electrochemical)

Enzyme



Integrated Sensors

Solid State Sensor Evolution
1. Gen. No electronics in sensor
2. Gen. Amplification and 

temperature comp.
3. Gen. Amplification and buffering 

as discrete or hybride
4. Gen. Higher level of integration, 

some of the electronics integrated 
on the sensor chip

5. Gen. ADC is performed at the 
sensor.

6. Gen. Compensation is done  in the 
integrated sensor



Integrated Sensors

Hybride mounting of a 
sensor, using wire bondning



Integrated Sensors

Flip chip bondning, sensor chip 
and electronic chip connected 
using metallic bumps



Integrated Sensors

Flip chip boning procedure



Examination of sensor devices

• Lab report handed in latest 16 of January 
• Pass, not pass

• Home written exam
• Two parts, basic part (E level, must be passed for higher 

grade), grading part (D to A), F not passed, Fx not passed 
redo parts of the basic part

• Handed in latest 16 of January
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