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Outline 

• Background: From a MOSFET to a biosensor 
• Biocharges, salt and screening 
• Debye theory response of a planar sensor 
• Response of planar sensors at high salt 

concentration: Gouy-Chapman theory 
• Conclusions 
• Appendix: Derivation of Gouy-Chapman 

theory 
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Sensitivity of a MOSFET-based 
potentiometric sensor  
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DNA binding and Salt screening 
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Interpreting Leiber’s Results Salt and screening 
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How does a Ion-sensitive Field Effect 
Transistor work (accumulation) 
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ISFET in electrolyte ( accumulation) 
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Interpreting Leiber’s Results Calculating CDL: screening in 1D 
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Interpreting Leiber’s Results Centroid of DL charge  & capacitance 

0

0

2 2

0

( ) ( )

(0) D

DL
w

w B L
x

L

w B L

zqx n n

zq zq
k T

z q e
k T

ρ
κ ε

ψ
κ ε

ψ
κ ε

+ −

−

= − −

≈ − ×

= − × 0 0w w
DL

D

k kC
x L
ε ε

= =

DL

0

0

( )

( )

DL

DL

x x dx
x

x dx

ρ

ρ

∞

∞=
∫

∫

9 

0

0

( )

( )

DL

D

D

L

x x dx
x L

x dx

ρ

ρ

∞

∞= =
∫

∫



Interpreting Leiber’s Results 

Screening in 1D 
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Interpreting Leiber’s Results At high salt concentration  
(Gouy-Chapman theory) 
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Interpreting Leiber’s Results Strong screening (perturbative solution) 
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Interpreting Leiber’s Results Strong screening (perturbative solution) 
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Conclusions 

• Potentiometric sensors rely on charges of 
biomolecules for detection 

• Many biomolecules can only survive at high –salt 
concentration 

• The screening associated with the salt reduces 
charge reflected in the channel.  

• The screening depends on a complex interplay of 
multiple variables.  
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Review questions 

• If we bring a pair of DNA in water vs. in air, which 
configuration would have stronger repulsion?  

• What is the role of salt in water in stabilizing the 
DNA pair? Can it play the same role in air?  

• Why does increasing salt concentration reduce 
sensitivity? Explain physically.  

• If we reduce the oxide thickness of a biosensor , 
would it increase or decrease the sensitivity? 
What about increasing the dielectric constant?  
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Appendix 

• Derivation of the Gouy-Chapman theory for 
high salt concentration 
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Interpreting Leiber’s Results Strong screening: Gouy-Chapman model 
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Interpreting Leiber’s Results Gouy-Chapman model (2) 
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Interpreting Leiber’s Results Gouy-Chapman model (3) 
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Interpreting Leiber’s Results 
Gouy-Chapman model (4) 
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Appendix 

• Modes of operation of a field-effect transistor 
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How does a Ion-sensitive Field Effect 
Transistor work (accumulation) 
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ISFET in electrolyte ( accumulation) 
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How does an ISFET work (inversion) 
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How does an ISFET work (subthreshold) 
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