


R= 1
2N −1

⋅ρ film ⋅
d

h ⋅w



G=
i
v
=
σ o

π
N ⋅ln

1+ 1+w2

d 2

w
2d

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥



ΔG

G0

Ggas −Gair

Gair



1 cm

4

ΔQabs = ΔQacq −ΔQlost;

dQabs = mc · dT
dQacq = Pel · dt = V I · dt
dQlost = Pdissdt = δ · (T − TA) · dt

mc · dT = V I · dt− δ · (T − TA) · dt
mc · dT

dt
+ δ · (T − TA) = V I

boundary condition : at T (t = 0) = TA

T − TA =
V I

δ
· exp(− δ

mc
t)

thermal time constant : τ =
mc

δ

steady state temperature = TA +
V I

δ

δ:  coefficiente di dissipazione termica 
(W/K)
m:  massa (Kg)
c:  calore specifico (J/Kg K)





a ⋅A+b⋅B
KA⎯→⎯

KB
←⎯⎯ c⋅C+d ⋅D    ⇒    KA ⋅ A[ ]a ⋅ B[ ]b =KB ⋅ C[ ]c ⋅ D[ ]d

O2 + 2 ⋅e
−

KA⎯ →⎯

KB
← ⎯⎯

2 ⋅O− ⇒ KA ⋅ O2[ ] ⋅ e[ ]2 = KB ⋅ O
−⎡⎣ ⎤⎦
2

KA ⋅PO2 ⋅nS
2 = KB ⋅ O

−⎡⎣ ⎤⎦
2

⇒ O−⎡⎣ ⎤⎦= nS ⋅ K ⋅PO2 con K =
KA

KB



qφs(x) = Ec(x)− Ebulk
c

n(x) = NC · exp
(
−Ec(x)− EF

kT

)
= ND · exp

(
−qφs(x)

kT

)

d2φs

dx2
=

ρ(x)

ε0εr
=

q ·ND

ε0εr
·
[
1− exp

(
−qφs(x)

kT

)]

ρ = q ·ND − qND · exp
(
−qφs(x)

kT

)
= q ·ND ·

[
1− exp

(
−qφs(x)

kT

)]

exp

(
−qφs(x)

kT

)
� 1 → ρ = q ·ND

d2φs

dx2
=

q ·ND

ε0εr

q O

+q⋅Nd ⋅xd

dφ

dx
= E

d2φs

dx2
= −dE

dx
=

q ·ND

ε0εr

E(x) = q ·ND

ε0εr
(x− xd)

φ(x) = −
∫ x

0

Edx = −q ·ND

ε0εr

[
1

2
(x2 − x · xd)

]

Emax =
q ·ND

ε0εr
· xd

φs =
1

2

qND

ε0εr
· x2

d



densità di O− adsorbiti: O_⎡⎣ ⎤⎦= K ⋅PO2
⋅nS

approssimazione di svuotamento O_⎡⎣ ⎤⎦= −
QS

q
= Nd ⋅ xd

neutralità di carica:   K ⋅PO2
⋅nS = Nd ⋅ xd

dalla equazione di Poisson la barriera di potenziale: 

φS =
1

2
q
Nd ⋅ xd

2

εS
=

1

2
q
O_⎡⎣ ⎤⎦

2

Nd ⋅εS

relazione tra potenziale e concentrazione di elettroni:

nS = Nd ⋅exp −
qφS
kT

⎛

⎝
⎜

⎞

⎠
⎟ (approssimazione di Boltzmann della statistica di Fermi)

nS =
Nd ⋅ xd
kA ⋅PO2

= Nd ⋅exp −
qφS
kT

⎛

⎝
⎜

⎞

⎠
⎟ ⇒ xd = kA ⋅PO2

⋅exp −
qφS
kT

⎛

⎝
⎜

⎞

⎠
⎟

Rsurf = ρ
l

S
=

1

qμnns

l

xd ∗ w =
1

qμnNd

l

xd ∗ wexp(
qφs

kT
)

Rbulk = ρ
l

S
=

1

qμnNd

l

(t− xd) ∗ w



I =K ⋅Nd ⋅exp −
q⋅φS

k ⋅T
⎛
⎝
⎜

⎞
⎠
⎟⋅ exp q⋅VA

k ⋅T
⎛

⎝
⎜

⎞

⎠
⎟−1

⎡

⎣
⎢

⎤

⎦
⎥

I =K ⋅Nd ⋅exp −
q⋅φS

k ⋅T
⎛
⎝
⎜

⎞
⎠
⎟⋅

q⋅VA

k ⋅T

⇒ R=V
I
=

VA∑
I

=
k ⋅T ⋅q
K ⋅Nd

⋅exp q⋅φS

k ⋅T
⎛
⎝
⎜

⎞
⎠
⎟

R=R0 ⋅exp q⋅φS

k ⋅T
⎛
⎝
⎜

⎞
⎠
⎟

φS

φS −VA

Nd =1018 cm−3 ; εr =12; P =1 atm
k =100  Pa

φs =0.5V  ⇒ O−⎡⎣ ⎤⎦=1.4 ⋅1013cm−2 ; xd =140  nm; ns=4.4 ⋅109 cm−3

xd =
√

KPO · exp(−qφs

kT
) ⇒ exp(−qφs

kT
) =

√
KPO

xd

ρ =
1

qμns
=

1

qμND
· exp(qφs

kT
) =

=
1

qμND
·
√

k · PO2

xd

R = R0 · exp(qφs

kT
) = R0 ·

√
k · PO2

xd



G∝Pgas
±1/m

G=Go +γ ⋅P
1/2



  

A ⋅ HbCO[ ] t( )
M ⋅ HbO2[ ] t( )

+ B PCO − PCOendog( )

A ⋅ HbCO[ ] 0( )
M ⋅ HbO2[ ] 0( )

+ B PCO − PCOendog( )
= exp t ⋅ A ⋅ B ⋅VB

M ⋅ HbO2[ ] t( )
⎛ 

⎝ 
⎜ 
⎜ 

⎞ 

⎠ 
⎟ 
⎟ 

⎡ 

⎣ 
⎢ 
⎢ 

⎤ 

⎦ 
⎥ 
⎥ 
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O2 + 2e− ↔ 2O−

X +O− ↔ XO + e−

O2 + 2e− ↔ 2O−

X +O− ↔ XO + e−

KAO[O2]n
2
s = KBO[O

−]2

KAX [X][O−] = KBX [XO]ns

KAO[O2]n
2
s −KBX [XO]ns = KBO[O

−]2 −KAX [X][O−]

KAOPO2Nd · exp
(
−2

qφ

kT

)
= KBON

2
dx

2
d −KAXPXNdxd

exp

(
−2

qφ

kT

)
=

KBON
2
dx

2
d −KAXPXNdxd

KAOPO2Nd

exp

(
qφ

kT

)
=

√
KAOPO2Nd√

KBON2
dx

2
d −KAXPXNdxd

R = R0 · exp
(
qφ

kT

)
= R0 ·

√
KAOPO2Nd√

KBON2
dx

2
d −KAXPXNdxd

≈ ΓP
−1/2
X

[O2]n
2
s 	 [XO]ns
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R

R0
= γ ⋅c −n

2NH3 + 3O− � N2 + 3H2O + 3e−







  

Rs

R0

= k ⋅Cn ⇒ log
Rs

R0

= log k + n ⋅ logC

fit lineare:
log50 = 1.698    log1= 0

log80 = 1.903    log0.8 = −0.096

n =
log1− log0.8
log50 − log80

= −0.468

logk = −n ⋅ log50 = −0.468 ⋅1.698 = 0.795⇒ k = 100.795 = 6.23

Rs

R0

= 6.23 ⋅C−0.468

R0 = 20KΩ

-

+

RS
Vi

R0

  

Vi = 1V;  R0 = 20KΩ

Vo = −Vi
R0
RS

= −Vi
R0

R0 ⋅ k ⋅C
−n
= −Vi

Cn

k
= −1.60 ⋅C0.468
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10 bit

  

ΔV =
rangeV

210

rangeV =V0 (30 ppm)−V0 (300 ppm)= 4.59V

ΔV =
rangeV

210
=

4.59
1024

≈ 4mV

S = −Vi
k
⋅ n ⋅Cn−1 ⇒ S30 ppm = 13 mV

ppm
;    S300 ppm = 4 mV

ppm

R30 ppm =
4
13

= 0.3 ppm;   R300 ppm =
4
4
= 1ppm

εr30 ppm =
0.3
30

= 1%;     εr300 ppm =
1

300
= 0 ,3%
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S

S

n

Polytiophene

N
H

H
N

n

Polypyrrole

NH2

NH2 n

Polyaniline



ID =
WCiμ

L

[
VG − VT − VD

2

]
VD




