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Conductance sensitivity with SMSCSL

The base conductan& of a cylindrical nano wire can be expressed as:

TIRZ € (Mo Ln + PoHp)
L

Go = (S1)
whereR is the radius of the wireg the elementary chargep the wire electron density, the wire electron mobilitypy the
wire hole densityp, the wire hole mobility and. the length of the wire. For a nano-wire material with high egio doping,
Equation (S1) can be approximated by considering only teetien or the hole density (onhg or pg) and mobility (indicated
simply asy). For example, for a p-type doped nano-wire, it is possibletvrite Equation (S1) as:

R?
Gy = = €l (S2)
L
Following Sgrensen et al. equatiohsne can define the generic sensitivity of a cylindric nan@\wis:
AG 2
——_~r S3
Go Rep °° (S3)

wheregs is the “sensed” charge density at the surface of the wird"adimensionless function quantifying the actual sensjtivi
of the nano-wire.

In the special case of a cylindrical nano-wire it is posstblexpress™ analytically as?

- o () 202
o 52 () (5] 2] (1) ) oo (5 2)

whereAp is the Debye length of the buffek;r the Thomas-Fermi distance typical of the wire matedg),e, andes are the
relative permittivities of the wire, the oxide layer and tgfer, respectivelyAR is the oxide layer thickness, |1, Ko andKj
are the modified Bessel functions of first and second kingheetively> Equation (S4) differs from the one reported in Ref. 1
since it considers explicitly a finite thickness for the axidyer.

When considering the presence of additional charges atandiltfrom the wire that gives rise to a charge densiy it is
possible to rewrite Equation (S3) as:

(S4)

AG 2

whererl| is defined as in Equation (7) of Ref. 1:

-1
R ) (s9)

In the multiple charges model a seriesrothargesQ; with distancel; from the nano-wire surface gives risedg charge
densities. The complete expression for the sensitivithiés given by:

AG 2
Gy Rep

r Gs+§(r|i0bi)] (87)

In the current contribution we assumed that the binding eslers not perturb sensibly the charges already presenteon th
surface of the nano-wirexs can then be omitted, giving Equation (b), is computed as reported in Equation (2).

For a n-type nano-wire based®-ET it is necessary to remove the factet in Equations (1), (S3) and (S5), and use the
appropriate value for the charge carrier dengityifistead ofpg) and mobility where needed.

The various parameters and their interpretation insiderthiéiple charges model are depicted in Fig. 1.
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Buffer solution Debye length

lons dissolved in solution lower the effectiveness of ateatiharge(s) on the BFET signal. This effect is known as Debye
screening and its characteristic Debye lengitcan be evaluated as:

_ g0&3KT
Ao = \/ 2Na 2 (S8)

1 n
=2V CaZd (S9)
22,

wheregy is the vacuum permittivityK is the Boltzmann constant, is the absolute temperature of the experiment (298.15
K), Na is the Avogadro number arids the ionic strength of the solution, which is based on theceatratiorC and charg& of
each ionic species present in the buffer.

Simulated nano-wire char acteristics

To evaluate the change in conductance sensitivity (sigledending on the different charge systems, we need to defiap@
wire based BOFET device for all our determinations. We consider a cylimdano-wire. For p-type silicon nano-wire, we base
our choice of parameters on the data reported by the Lielmepgas described in Ref. 4, with the characteristics regadrte
Table 1$. By using the average valu&or the nano-wire radius, length, mobility and base transcetance, it is possible to
retrieve an average value for the hole denggyollowing Equation (S10), inverse of Equation (S2):

_ Gol
- nR2ep

Po (S10)
In this way we can retrieve the average valuegdgreported in Table 15 The value for the Thomas-Fermi length is computed
using the following equation:

fi2g, m#/3

13

ML (S11)
m e p,

AE=

whereg, = gg€; and the effective hole mass* value was set to 0.54 times the mass of an electron aP rése value for the
mobility p reported in Table 1Bdiffers from the value (0.056 fv —'s!) reported as average in Ref. 4. In fact we decide
to lower such value to 0.01 in order to simulate the effectthefchemical treatments to which the wires are subjectechwhe
transformed into BOFETS, since found appropriate in previous studies.

For n-type InO3 nano-wire, we base our parameters on different soufcédts characteristics are reported in Tablef2S
In order to apply Equation (S11) the value fof was set to 0.35 times the mass of an electron at'feist Equations (S10) and
(S11) pp has to be substituted with.

Charge of aionizable amino acid

For the ionizable amino acids HIS, LYS, ARG and the N termitted charge at a given pH value can be expressed as:

10PKa—pH
9= T3 10k
For the ionizable amino acids ASP, GLU, CYS, TYR and the C ieaithe charge is computed gs=q— 1.

(S12)
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Table 1St Parameters defining the simulated silicon p-type doped nano-wire bas&dER.

Parameter Symbol Value (units)
Length L 2000.0 (nm)
Radius R 10.0 (nm)
Oxide layer thickness AR 2.0 (nm)
Thomas-Fermi Length  Atg 2.04 (nm)
Charge carrier density Po 1.1184 (m~3)
Charge carrier mobility u 0.01 (mfv—1sh
Wire permittivity € 12.0 €o0)
Oxide layer permittivity € 3.9 €o0)
Solvent permittivity €3 78.0 €o0)

Table 2St Parameters defining the simulated@a n-type semiconducting nano-wire based device, as retrieved froeatitfsource$ 11

Parameter Symbol Value (units) Reference
Length L 2000.0 (nm) 9

Radius R 5.0 (nm) 9

Oxide layer thickness AR 0.0 (nm) 11
Thomas-Fermi Length  Atg 1.179 (nm) a
Charge carrier density  ng 4.6E25 (m=3) 7

Charge carrier mobility 0.0078 (Mv-isl 7

Wire permittivity €1 9.0 o) 7,8

Solvent permittivity €3 78.0 €o0)

@ Value obtained with Equation (S11) and the data from Ref. 10.
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Other biomolecule mimicking charge distributions

Fig. 1St Dependence of the conductance sensitivity (signal) of a Si p-typeddugp@-BOFET on the Debye lengthp . Different biomolecule
models are reported, each constituted by five chames %) at constant internal distances. The signal is evaluated at diffgistahce®D (in

nm) from the nano-wire surface. a) Linear disposition, system ch&rgend b) their predicted signal. ¢c) Compact disposition, system charge
-3, and d) their predicted signal.
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Fig. 2S} Dependence of the conductance sensitivity (signal) of a Si p-typeddeg®-BoFET on the Debye lengthp . Different biomolecule
models are reported, each constituted by three charges 3, system charge -1) at constant internal distances, as reportedsigral is

evaluated at different distancBs(in nm) from the nano-wire surface. a) 0.5 nm inter-charge distandebfthe predicted signal. ¢) 1.0 nm
inter-charge distance and d) the predicted signal with €) a detailed view aBfhregion. f) 1.5 nm inter-charge distance and g) the predicted

signal. The c and d panels are the same as in Fig. 2e,f.
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Fig. 3St Dependence of the conductance sensitivity (signal) of a Si p-typeddogeo-BOFET on the Debye lengthp. The reported
biomolecule model is constituted loy= 3 charges (system charge -1) at constant internal distances. Tia isigvaluated &D = 1 nm for
different Thomas-Fermi lengths. a) The system and b) its predictedldiyr different values oktp.
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Fig. 4St Dependence of the conductance sensitivity (signal) of a Si p-typeddoaeo-BOFET on the Debye lengthp. The reported
biomolecule model is constituted by = 2 charges (system charge -1) at constant internal distances. Tt sigevaluated at different
distance® (in nm) from the nano-wire surface. a) The system and b) its predigedls
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Fig. 5St Dependence of the conductance sensitivity (signal) of a Si p-typeddogeo-BOFET on the Debye lengthp. The reported
biomolecule model is constituted by = 3 charges (system charge +1) at constant internal distances. Tia isigevaluated at different
distance® (in nm) from the nano-wire surface. a) The system and b) its predigedls
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Fig. 6St Dependence of the conductance sensitivity (signal) of a Si p-typeddogeo-BOFET on the Debye lengthp. The reported
biomolecule model is constituted by = 3 charges (system charge -1) at constant internal distances. Tt sigevaluated at different
distanced (in nm) from the nano-wire surface. a) The system is the same as iné-@n@Fig. 2$c but approaches the surface from the
opposite direction. b) The predicted signal.

(AwAwAwAW)
o n

OrWNEF

a) b) 0.20f

o 1 2 3 4 5 6 7 8
Buffer Debye lengtihp (nm)

ESI-8 |ESI-1-ESI-15 Nanoscale, 2011



Electronic Supplementary Material (ESI) for Nanoscale
This journal is © The Royal Society of Chemistry 2011

ESI - De Vicoet al. - Predicting and rationalizing the effect of surface chatigtribution and orientation on nano-wire based FET biasses

Fig. 7St Dependence of the conductance sensitivity (signal) of a Si p-typeddogeo-BOFET on the Debye lengthp. The reported
biomolecule model is constituted logy= 3 charges (system charge -1) at constant internal distances. ay3teen is the same as in Fig. 2e
and is anchored to the surface at a distance of 1 Bnx 2 nm) b) The same system is tilted by°4round the anchor point. ¢) The predicted
signals.
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Protein treatment

The crystal structure of each protein, as pdb file, is cleariesthy water molecules and extra residues. In order to ertbate
every amino-acid has its proper lateral chain, we use theZPOIR program-? Using the program VMDB?® we locate the center

of mass of each apoprotein, center the protein structuré@setcoordinates and orient it along its main rotationad.aXhe
minimum and maximum coordinate values along each axes arelfand assumed as the coordinates of the vertices of the
rectangular parallelepiped enclosing the protein, whiehuse as an approximation of the protein itself. We consitkemtire
surface as completely coated with proteins, that is thd gleation when the linking of proteins to the wire surfasgeéerfectly
efficient. Once the face upon which the protein is residingherwire surface is defined, by dividing the total wire suefay the
area of such face gives the number of residing proteins, ansetjuently the charge density.

Streptavidin
Tetramer:
Fig. 85 reports the X-ray structuté of the tetrameric form of Streptavidin, with the dimensiafsthe encompassing
parallelepiped. The cavities for the recognition of biadiie on theyz face, which has an area of 31.35 finBupposing full

coverage, the surface of the nano-wire described in Tabled®Saccomodate 4727 proteins, while the surface of the nameo-
described in Table 2Scan accomodate 2004 proteins.

Fig. 8Sf The structure of the tetrameric form of Streptavidin.

4.6 nm

Single chain:

Fig. 95 reports the X-ray structufé of a single chain of Streptavidin, with the dimensions of émeompassing paral-
lelepiped. The cavity for the recognition of biotin is on theface, which has an area of 10.20 hinSupposing full coverage,
the nano-wire surface (Table PSan accomodate 6160 proteins.
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Fig. 9St The structure of a single chain of Streptavidin.

5.2 nm

3.0 nm

Fig. 10Si Dependence of the conductance sensitivity (signal) of th®4m-type semiconducting nanoBFET from the Debye lengthp
for the Streptavidin protein (4 interdigitated chains, natural form) atrdiffepH values.
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Fig. 11St Dependence of the conductance sensitivity (signal) ob®4m-type semiconducting based nan@BET on the Debye lengthp

for the Streptavidin protein (1 single chaM,= 6160) linking to a biotinylated surface. a) Structure of the chain A of thep&tvalin protein

(in gray) with the position of the biotin molecule in green. Superimposed, dk&ign of the ionizable amino acids(= 26, system charge
-2.18 as computed at pH 7.4) as spheres differently colored, as.id.Fitne structure is aligned with the depicted axes. The nano-wire surfac
is supposed to be 2.65 nm distant from the protein COM (yellow sphenej &he negative direction of theaxis. b) The computed signal.
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N protein

Fig. 125 reports the NMR structuf€ of N protein, with the dimensions of the encompassing pelepiped. In their
experiments, Ishikawa et &f. functionalize their nano-wires with engineered Fibroimedb which a linker molecule connects
the N protein. In their supporting information is reporteattthe Fibronectin constitutes a layer ca. 4.3 nm thick. E&5f
reports the structure of the linker molecule structureraft@mple energy minimization, and the distance betweekRitirenectin
anchor atom (P) and the anchor for the N protein (S). Ovetalbio-functionalization layer can be thought as ca. 6 niokth
See Ref. 11 for further details on the bio-functionalizatiayer.

Depending on the direction of approach to the nano-wireaser{Table 2§ and supposing full coverage, a different number
of proteins can be accomodated on the surface, as reporfadbie 3S.

Fig. 12St The structure of N protein.

.

5.6 nm

Fig. 13St Linker molecule structure.

S - P Distance 16.39 A
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Table 3St N protein COM - nano-wire surface distance, when the protein appesdobm different directions. For each distance, 6 nm for the
bio-functionalization layer are included. By changing the approachimgtiim, the number of proteimMéconsidered for full coverage changes
accordingly.

Direction Distance N Direction Distance N Direction Distance N

(nm) (nm) (nm)
+X 7.8 3381 +y 9.3 5118 +z 8.6 6671
—X 7.9 3381 -y 8.3 5118 -z 1 1
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