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A BioFET (biologically active field-effect transistor) is
a biosensor whose transducer consists of a semiconduc-
tor, usually silicon. The device structure of a BioFET
is similar to a MOSFET whose gate structure has been
replaced by a functionalized oxide surface and an aque-
ous solution (see Fig. 1). BioFETs can be viewed as
generalizations of ISFETs (ion-selective FETs) [1]. In
the last decade experiments have shown that as the
analyte binds to the functionalized surface, the change
in the charge distribution near the oxide surface af-
fects the conductance of the semiconductor and this
conductance change enables detection [2, 3]. The de-
tection of ssDNA, a highly charged biomolecule, is a
prime example with many health-care applications.

To arrive at predictive simulations of BioFETs, the
clectrostatic potential must be calculated on a straight
line perpendicular to the sensor surface containing the
aqueous solution, the oxide layer, and the semiconduc-
tor (i.e., parallel to the z-axis in Fig. 1). This modeling
effort is complicated by the multi-scale nature of the
device: the lengths of the exposed sensor areas in ex-
periments are at least a few micrometer, whereas the
DNA diameter is about 2nm and the packing density of
the probe molecules is between 3nm and about 10nm.
In previous work we presented results from a first-order
approximation to the solution of this problem [4, 5].
Here we present a model based on a rigorous solution of
the mathematical multi-scale problem by homogeniza-
tion of the boundary conditions at the oxide/solution
interface.

Our model is based on the Poisson-Boltzmann equa-
tion including both the mobile ions in the solution and
the carriers in the semiconductor (the mobile charges
follow a Boltzmann distribution). The original prob-
lem whose solution varies rapidly on the nanometer
scale is replaced, after homogenization of the bound-
ary conditions at the oxide/solution interface, by a ho-
mogeneous equation in the solution, a homogenized
potential, and matching interface conditions. The two
interface conditions are interpreted as a jump in the
homogenized potential that arises from the dipole mo-
ment of partial charges of the molecules (a linear term)
and from the dipole moment of the mobile Boltzmann
charges (a nonlinear term); and as a jump in the field
that arises from the partial charges plus a nonlinear
term. The Poisson-Boltzmann PDE together with
the interface conditions and the boundary conditions
for the reference electrode and bulk contact is a well-
posed problem.

Fig. 2 shows the homogenized potential on a straight
line normal to the sensor surface of a DNAFET. In
summary, the model can be applied comprehensively
to all classes of BioFETs.

Figure 1: Schematic diagram of a BioFET. Here
the oxide surface has been functionalized with single-
stranded DNA (or PNA) to create a DNAFET. In the
multi-scale BioFET model the surface area is covered
by boxes and each box is occupied by a probe molecule
and potentially a target molecule.
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Figure 2: This example shows the homogenized elec-
trostatic potential perpendicular to the sensor surface
(parallel to the z-axis of Fig. 1) of a DNAFET SOI struc-
ture (consisting of 50nm of 1:1 electrolyte on the neg-
ative z-axis, a 4nm oxide layer, a 20nm silicon layer,
and 30nm bulk oxide). The jump in the homogenized
potential and field is seen at # = Onm. The binding
efficiency of target strands to probes is 100% target
strands. The difference in the surface potential on the
semiconductor side between 0% and 100% binding ef-
ficiency is ~ 4.2mV.

REFERENCES

[1] P. Bergveld, “Development of an ion-sensitive solid-state
device for neurophysiological measurements,” IEEE
Trans. Biomed. Eng., vol. BME-17, pp. 70-71, 1970.

[2] E. Souteyrand, J. Cloarec, J. Martin, C. Wilson,
I. Lawrence, S. Mikkelsen, and M. Lawrence, “Direct de-
tection of the hybridization of synthetic homo-oligomer
DNA sequences by field effect,” J. Phys. Chem. B,
vol. 101, pp. 29802985, 1997.

[3] M. Schoning and A. Poghossian, “Recent advances in bi-
ologically sensitive field-effect transistors (BioFETs),”
Analyst, vol. 127, pp. 1137-1151, 2002.

[4] C. Heitzinger and G. Klimeck, “Computational aspects of
the three-dimensional feature-scale simulation of silicon-
nanowire field-effect sensors for DNA detection,” Jour-
nal of Computational Electronics, 2006. (In print).

[5] C. Heitzinger and G. Klimeck, “Investigation of conven-
tional DNAFETSs for genome-wide detection of poly-
morphisms,” in Proc. Eurosensors XX 2006, (Géteborg,
Sweden), Sept. 2006.



	Welcome Page
	Table of Contents
	List of Symposia
	A1  (Abstracts 1-79)
	A2  (Abstracts 80-85)
	B1  (Abstracts 86-286)
	B2  (Abstracts 287-328)
	B4  (Abstracts 329-376)
	B5  (Abstracts 377-386)
	B6  (Abstracts 387-422)
	C1  (Abstracts 423-462)
	C2  (Abstracts 463-490)
	C3  (Abstracts 491-509)
	D1  (Abstracts 510-553)
	E1  (Abstracts 554-609, 77, 79)
	E2  (Abstracts 610-650)
	E3  (Abstracts 651-704)
	E4  (Abstracts 705-758)
	E5  (Abstracts 759-804)
	E6  (Abstracts 805-830)
	F1  (Abstracts 831-879)
	G1  (Abstracts 880-896)
	G2  (Abstracts 897-916)
	G3  (Abstracts 917-940)
	G4  (Abstracts 941-958)
	H1  (Abstracts 959-986)
	H2  (Abstracts 987-1016)
	H3  (Abstracts 1017-1040)
	H4  (Abstracts 1041-1064)
	H5  (Abstracts 1065-1089)
	H6  (Abstracts 1090-1096)
	H7  (Abstracts 1097-1116)
	H8  (Abstracts 1117-1128)
	H9  (Abstracts 1129-1150)
	H10  (Abstracts 1151-1180)
	I1  (Abstracts 1181-1217, 200)
	I2  (Abstracts 1218-1248)
	J1  (Abstracts 1249-1266)
	J3  (Abstracts 1267-1325)
	J4  (Abstracts 1326-1339)
	J5  (Abstracts 1340-1355)

	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z


	Search This CD-ROM
	Help File
	About This CD-ROM
	ECS-Home Page

