
 

 

 



 



 

 

𝐼𝐷𝑆

𝐼𝐷𝑆 = 𝑊 𝑄𝑆𝑈𝐵𝐹𝑆𝐷𝑣𝑡ℎ = 𝑊 𝐼0 ln (1 + 𝑒𝑥𝑝 (
𝑉𝑔𝑠 − 𝑉𝑡

𝑛𝜙𝑡

)) (1 − exp (−
𝑉𝐷𝑆

𝜙𝑡

))

𝐼𝐷𝑆 = 𝑊 𝑄𝑆𝑈𝐵𝐹𝐷𝑆𝑣𝑡ℎ = 𝑊 𝐼0 ln (1 + 𝑒𝑥𝑝 (−
𝑉𝑔𝑠 − 𝑉𝑡

𝑛𝜙𝑡

)) (1 − exp (
𝑉𝐷𝑆

𝜙𝑡

))

𝑉𝑡 = 𝑉𝑡0𝑝 − 𝜆𝐷𝑆𝑉𝐷𝑆 + 𝜆𝑆𝐵𝑉𝑆𝐵

𝐼0 =
𝑡𝐶𝐻

2−𝑡𝐶𝐻
 𝐶𝑖𝑛𝑣  𝑛 𝜙𝑡  𝑣𝑡ℎ

************************************ 

*UNIVERSITA' DEGLI STUDI DI UDINE 

*GRADUATION THESIS 

*      

*Grad Student:BERTONI LUCA, RICCARDO FONTANINI 

*Supervisor:Prof. ESSENI DAVID 

*Assistant Supervisor: Dott. Ing. ROLLO TOMMASO* 

*      

*MODELLO NMOS  

*14/02/2019         

**********#PARAMETERS#****************** 

*dimensions.........W,L=[m]; 

*thermal voltage....Vth=[V]; 

*non-ideal factor...n=[a.u.]; 

*thermal velocity...Term_V=[m/s]; 

*oxide cap..........Cinv=[F/m2]; 

**************************************** 

.subckt SUB_NMOS drainin gatein sourcein 

.param Vt0 = {{(Vt0n)}} 

.param Vth= {BOLTZ * {(T)} / ECHARGE} 

.param Vt= {{(Vt0)}-{Kds}*V(drain,source)} 

.param I0= {{(Cinv)} * {(n)} * Vth * Term_V * ( {(tch)} / ( 2 - {(tch)} )) } 

bswitch drain source I=  {{(W)} * I0 * LN(1+exp((V(gate,source)-Vt)/( {(n)} * Vth )))*(1-

exp(-(V(drain,source))/ Vth )) } 

*Parasitic drain, source, and gate resistances* 

rd drainin drain {(rpara)} 

rs sourcein source {(rpara)} 

rg gatein gate {(.6)} 

* Cg capacitance* 

C_GD gate drain  {1e-16 * {(W)} * 1e6} 

C_GS gate source  {1e-16 * {(W)} * 1e6} 

BC_GS gatein sourcein Q= {0.5 * {(Cinv)} * {(W)} * {(L)} * {(n)} * Vth *LN(1+exp(     

(V(gate,source)-Vt)/( {(n)} * Vth )  )) } 

BC_GD gatein drainin  Q= {0.5 * {(Cinv)} * {(W)} * {(L)} * {(n)} * Vth *LN(1+exp(     

(V(gate,drain)-Vt)/( {(n)} * Vth )  )) } 

.ends 
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𝐶 =  
𝜕𝑄

𝜕𝑉𝐺

=
𝜕𝑄

𝜕𝑡

𝜕𝑡

𝜕𝑉𝐺

= 𝑖𝐺 (
𝜕𝑉𝐺

𝜕𝑡
)

−1

 



Mentre la capacità simulata ha il comportamento in figura: 

 

Come è possibile notare da questa ultima immagine, a tensioni basse (sottosoglia) la capacità di gate è 

dominata prevalentemente dai parassiti. Successivamente, quando il transistore va in inversione, la capacità 

si alza notevolmente per via dell’accumulazione di carica di canale.  
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𝑉𝑡0



𝐼𝑑𝑠 = 𝑊 𝐼0 ln (1 + 𝑒
𝑉𝐺𝑆−𝑉𝑡

𝑛𝜙𝑡 ) (1 − 𝑒
−

𝑉𝐷𝑆
𝜙𝑡 )

𝐼0 = (
𝑡𝑐ℎ

2−𝑡𝑐ℎ
) 𝐶𝑖𝑛𝑣 𝑛 𝜙𝑡



𝜆𝐷𝑆



𝐼𝐷𝑆 ≅ 𝑊𝐼010
𝑉𝐺𝑆−𝑉𝑡0

𝑆 10
𝜆𝐷𝑆𝑉𝐷𝐷

𝑆
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𝐼𝑈𝑃 = 𝑊𝑈𝑃  𝐼010−
(𝑉𝑇0+𝜆𝑆𝐵𝑉𝑥)

𝑆 10−
𝑉𝑥
𝑆 10−

𝜆𝐷𝑆(𝑉𝐷𝐷−𝑉𝑋)
𝑆 (1 − 𝑒

−
(𝑉𝐷𝐷−𝑉𝑥)

𝜙𝑇 ) 

𝐼𝐷𝑂𝑊𝑁 = 𝑊𝐷𝑂𝑊𝑁  𝐼010−
(𝑉𝑇0)

𝑆 10−
𝑉𝑥
𝑆 10−

𝜆𝐷𝑆𝑉𝑥
𝑆 (1 − 𝑒

−
(−𝑉𝑥)

𝜙𝑇 )

𝜆𝑆𝐵 = 0, 𝑊𝑈𝑃 = 𝑊𝐷𝑂𝑊𝑁

𝑉𝑥 =
𝜆𝐷𝑆𝑉𝐷𝐷 + 𝑆𝑙𝑜𝑔 (

𝑊𝑈𝑃

𝑊𝐷𝑂𝑊𝑁
)

1 + 2𝜆𝐷𝑆 + 𝜆𝑆𝐵

𝑉𝑥 ≫ 3 − 4 𝜙𝑡

𝑋 =
𝐼𝑜𝑓𝑓

𝐼𝑠𝑡𝑎𝑐𝑘
= 10

𝜆𝐷𝑆𝑉𝐷𝐷
𝑆 [

1 + 𝜆𝐷𝑆 + 𝜆𝑆𝐵

1 + 2𝜆𝐷𝑆 + 𝜆𝑆𝐵

]



𝜆𝐷𝑆

• 𝑛 = 1.3 → 𝑆 = 𝑛 𝜙𝑡 ln(10) ≅ 0.078
𝑚𝑉

𝑑𝑒𝑐

• 𝑛 = 1.2 → 𝑆 = 𝑛 𝜙𝑡 ln(10) ≅ 0.072
𝑚𝑉

𝑑𝑒𝑐

• 𝑛 = 1.1 → 𝑆 = 𝑛 𝜙𝑡 ln(10) ≅ 0.066
𝑚𝑉

𝑑𝑒𝑐
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• 𝑛 = 1.3 → 𝑆 = 𝑛 𝜙𝑡 ln(10) ≅ 0.078
𝑚𝑉

𝑑𝑒𝑐

• 𝑛 = 1.2 → 𝑆 = 𝑛 𝜙𝑡 ln(10) ≅ 0.072
𝑚𝑉

𝑑𝑒𝑐

• 𝑛 = 1.1 → 𝑆 = 𝑛 𝜙𝑡 ln(10) ≅ 0.066
𝑚𝑉

𝑑𝑒𝑐





𝐼𝑂𝐹𝐹 ≅ 𝑊𝐼010−
𝑉𝑡0

𝑆 10
𝜆𝐷𝑆𝑉𝐷𝐷

𝑆

𝐼𝑂𝑁 ≅ 𝑊𝐼010−
𝑉𝐷𝐷−𝑉𝑡0

𝑆 10
𝜆𝐷𝑆𝑉𝐷𝐷

𝑆

𝐼𝑂𝑁

𝐼𝑂𝐹𝐹

≅ 10
𝑉𝐷𝐷

𝑆
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𝐼𝑂𝐹𝐹 ≅ 𝑊𝐼010−
𝑉𝑡0

𝑆 10
𝜆𝐷𝑆𝑉𝐷𝐷

𝑆

𝐼0 = (
𝑡𝑐ℎ

2 − 𝑡𝑐ℎ

) 𝐶𝑖𝑛𝑣 𝑛 𝜙𝑡

𝑉𝑡0 = 𝜆𝐷𝑆 𝑉𝐷𝐷 + 𝑆 log (
𝑊𝐼0

𝐼𝑂𝐹𝐹

)
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𝛼𝑠𝑤

𝐸𝑇 = 𝛼𝑠𝑤 𝐶𝑒𝑓𝑓𝑉𝐷𝐷2 + 𝑉𝐷𝐷
𝐼𝑜𝑓𝑓

𝑋𝑠𝑡𝑎𝑐𝑘

 𝐿𝐷𝑠𝑡𝑎𝑔𝑒𝑡𝑑 +
𝐸𝑟𝑒𝑔𝐿𝐷𝑡𝑜𝑡

𝐿𝐷𝑠𝑡𝑎𝑔𝑒

𝑇𝑝𝑟𝑜𝑝

𝑇𝑐𝑙𝑘 = 2 × 𝑇𝑝𝑟𝑜𝑝

𝛼

 

𝑇𝑐𝑙𝑘 = 𝛼 × 𝑇𝑝𝑟𝑜𝑝 → 𝛼 =
𝑇𝑐𝑙𝑘

𝑇𝑝𝑟𝑜𝑝

𝛼
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𝜆𝐷𝑆 = 0.2

𝜆𝐷𝑆 = 0.1
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