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GaN HEMT Biosensor Technology
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Approach

e Simulation of pH Sensor

e Using FLorida Object-
Oriented Device Simulator
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Approach: Bulk Electrolyte

Conservation of Charge (Poisson Eq.)

eV2Y = q([Na*] - [Cl-1+ [H*] - [4A~])

Mass Balance (Continuity Eq.)
d[z? 1. V(quye+[Na* ]V + (D .+ )VINa™])
dEZ_]"V( quci-1CLI= 1V + (D¢~ )VICIT])

d[Z:] = V(quy+[H*1VY + (Dy+ )V[H?])
d[dAt_] = V(—qua-[A7]VY + (D4~ )V[A~])

Source

1.5pum  1pum  1.5um
>

< > € >€
Nitride Nitride
Dpuble Laygr
"AlGaN
T
GaN
Substrate

UF [FLORIDA

The Foundation for The Gator Nation Englneeﬂng



Approach: Bulk Semiconductor

Conservation of Charge (Poisson Eq.)

eV =qn—p+ Np — Ny)

Mass Balance (Continuity Eq.)

dn B v2
dt - nqun ¢fn

dp
7 = PaV ¢y,
n= Nce_(Ec_¢fn)/Vt

p = Nve_(¢fp_Ev)/Vt

1.5pum  1pum  1.5um
<€ >€ >€ >
L Flectrolyte
Nitride Nitride
Dpuble Layegr

Source

Drain

UF [FLORIDA

The Foundation for The Gator Nation Engm Hng



Approach: Double Layer / Oxide / Nitride

Conservation of Charge (Poisson Eq.) 1.5um  1um  1.5um
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Approach: Surface Adsorption

d[SOHS
22— K = (D) — KolH*]
Site-binding Model d[SO™]
(oxide/electrolyteinterface) g = Ka(WNs = [H™]) — K3 [H™]

[SO™]= N, -[SOH; ]
SOH; = SOH + H*
V = neutral surface site
e = hydrogenion
® = otherions

SOH =SO™ +H"
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Boundary Conditions
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pH Sensor Simulation Results

Double layer only, V4=5V
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pH Sensor Simulation Results
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Effect of oxide layers
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Need for 2-D Simulation
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Results for a 1 um gate device

—=-\ds=5V —+Vds=4V —s\ds=3V =—==Vds=2V —\Vds=1V -a-Vds=s5V  ——Vdss4V  —-Vds=s3V  —Vdss2V  —*Vds=1V
160 6
140 —
_ 3 s
g 120 £
E
gmo < 4
E 3
€ 80 -
g \ g 3
3 -
O 60 A
= | § 2
€ 40 ———
o - -

10

Adsorbed Charge at Gate Contact, Percent of
Available Surface States (%)

o
©
- =

UNIVERSITY of S

%

FLORIDA =
Engin:

&A1 O R
The Foundation for The Gator Nation



“Gate” Length Trend

Double layer only, V4=5V
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Effect of Drain Bias (Vds=2 V)
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Effect of Drain Bias (Vds =5 V)
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Summary

e Mathematical framework for
simulation of AlGaN/GaN-based
Biosensors

e First simulation of 2-D effects s
— Important for high bias conditions

e Trends

— Higher sensitivity for higher drain bias

e May be limited by velocity saturation of
carriers (future work)

— Higher sensitivity for longer “gate”
length
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