


qΦ =E fin −Einiz  = Evac + GN−1( )−GN

GN−1−GN  = − GN −GN−1

N − N −1( )
=−

∂G
∂N

 ⇒ −
∂G
∂N

⎛
⎝
⎜

⎞
⎠
⎟

T,V,P…=costante
=ηe   electrochemical potential

⇒ qφ = Evac − ηe  = Evac − EF  Einiz =GN                   E fin =EVac +GN−1



qΦ = qχ  + Ec −E f( )bulk
 − qVs

Φ = Φmetal + e
εsεo

⋅ns
ads ⋅μ ads

μ ads∝Θ

Θ =
Nads
Nsites



ΔqΦ=qΦ−qΦref

A
V

E

hν

energia della radiazione

co
rr

en
te



Φ Φ

ΔV =CPD = ΔΦ

ΦΦ

(Φ1 − Φm)− (Φm − Φ2) = Φ1 − Φ2

(Φ1 − Φm) (Φm − Φ2)

distanza=d +δ ⋅sin ω ⋅t( )

ΔV =CPD=
ΔqΦ

q

i( t ) = dQ
dt

=C( t ) ⋅ dv
dt

+v ⋅ dC( t )
dt

;    v =CPD

i( t ) =CPD ⋅
dC( t )

dt

C( t ) = ε ⋅ S
d +δ ⋅sin ω ⋅t( )



i( t ) = dQ
dt

=C( t ) ⋅ dv
dt

+v ⋅ dC( t )
dt

;    v =vappl −CPD

i( t ) = vappl −CPD( )dC( t )
dt

C( t ) = ε ⋅ S
d +δ ⋅sin ω ⋅t( )

v0 ( t ) = −R ⋅ i( t ) = −R ⋅ vappl −CPD( )dC
dt

= R ⋅ vappl −CPD( ) ⋅ε ⋅
S ⋅ω ⋅δ ⋅cos ω ⋅t( )
d +δ ⋅sin ω ⋅t( )⎡
⎣

⎤
⎦

2

Vo
Vapp

C
R

A



v0 (t) = R i(t) = R vappl CPD( )
dC

dt
=

= R vappl CPD( )
S cos t( )

d + sin t( )
2

R =1K ; Vapp = 5V; CPD = 0.8V

d =1mm; S = 3mm( )
2
; =150Hz

δ =0.1mm; 0.3mm;  0.5 mm; 0.7 mm
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∫

v = 1
2
−Δφ ⋅Rε0εrSω

xo

xd
2

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

i(t) = v(t) −ΔΦ( ) dCdt

v( t ) = R ⋅ v( t ) −ΔΦ( ) dC
dt v( t ) = Δφ +Vnoise
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H2

c1⎯→⎯

d1
←⎯⎯ 2Ha

Ha

ce⎯→⎯

de
←⎯⎯ Hb

di⎯→⎯

ci
←⎯⎯ Hai



regione di saturazione

I DS = μ ⋅COX ⋅
W
2 ⋅L

⋅ VGS −VTh( )
2

nell'intorno del punto di lavoro
I DS = g m ⋅ VGS −VTh( )
dove : g m = μ ⋅COX ⋅

W
L
⋅ VGS −VTh( )

  

Condizione di saturazione
VDS >VGS −VTh

effetto del gas
VTh =VTh,0 −ΔVgas

  

regione lineare

IDS = μ ⋅COX ⋅
W

L
⋅ VGS −VTh( ) ⋅VDS −

VDS
2

2

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

per piccoli VDS

IDS = 2 ⋅μ ⋅COX ⋅
W

L
⋅ VGS −VTh( ) ⋅VDS



P s0 1( )
2
=

2

Θ=
P

K + P
    con K =

1
s0 ⋅τ

P · s0 · (1−Θ)2

Θ2

τ

1−Θ ≈ 1
P · ss = Θ2

τs
→ ns = NS

√
ssτs

√
P

ns · si · (1−Θi) =
Θi

τi
→ ni = Ni

ns
1

siτi
+ns

= Ni
NS

√
ssτsP

1
siτi

+NS

√
ssτsP

= Ni

√
P

K+
√
P

K = 1
NSsiτi

√
ssτs



V = ni = Ni

PH2
Ktot + PH2

ΔV = ΔVmax ⋅
PH2

K + PH2

VTh =VTh0 −ΔVGAS =VTh0 −ΔVmax ⋅
PH2

K + PH2

VGATE

IDRAIN

ΔVi

without H2

with H2



V = Vmax

PH2

K + PH2

1

V
=

K + PH2

Vmax PH2

=
K

Vmax

1

PH2

+
1

Vmax

1

Vmax

= intercetta 

Vmax

K
= pendenza

1
∆V

 [1/Volt]

1
P

 [1/ Pa ]

H2
c1⎯→⎯ 2Ha

O2 +2Ha
c2⎯→⎯ 2 OHa( )

OHa +Ha
c3⎯→⎯ H2O

ΔVi

O H O H O H O H O H O H O H O H

O2
H2
XH

H2O

Y

Pd

oxide

silicon

Hi    Hi    Hi    Hi    Hi    Hi    Hi    Hi
+
-



sensibilità all’idrogeno:

Vth = Vth0 −ΔVH2 = Vth0 −ΔVmax

√
PH2

K+PH2

condizione del circuito:
VO = VDS = VGS

→ MOSFET in saturazione:
I = μCox

w
2L (VGS − Vth)

2 = k(VGS − Vth)
2

I = k(VGS − Vth0 −ΔVH2
)2 → V0 =

√
I
k + Vth0 −ΔVH2

V0 =
√

I
k + Vth0 −ΔVmax

√
PH2

K+PH2

S = dVO

d
√

PH2

= −ΔVmax
K

(K+PH2
)2

Sensibilità al gas:

Vth =Vth0 −ΔVGAS =Vth0 −ΔVmax

PH 2

K + PH 2

ipotesi di saturazione:

VGS =VCC

R2

R1 +R2

⇒VDS =VCC −VO  >VGS −VTh 

equazione del mosfet nell’intorno del punto di lavoro:
I DS = g m ⋅ VGS −VTh( ) ;   g m = k ⋅ VGS −VTh0( )
I DS = g m ⋅ VGS −Vth0 +ΔVgas( ) ;

VO =VCC −RC ⋅ I DS =VCC −RC ⋅ g m ⋅ VGS −VTh0 +ΔVgas( ) ;

VO =VCC −RC ⋅ g m ⋅ VGS −VTh0 +ΔVmax

PH 2

K + PH 2

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟=VO ,bias −RC ⋅ g m ⋅ ΔVmax

PH 2

K + PH 2

;

S =
dV0

d PH 2

= −RC ⋅ g m ⋅ ΔVmax
K

K + PH 2( )
2
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