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Open source PDK

Open source EDA tools 

Open source IP & libraries

Available compact MOSFET models

  We propose: simple 5-DC-parameter 

MOSFET model  

Introduction: democratizing IC design



Velocity saturation effects
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Normalized current vs. 

normalized charge densities

diffusion-related velocity /saturation velocity

Saturation current due to saturation velocity of the carriers
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or using normalized variables

QDsat is the saturation inversion charge 

density at the drain end of the channel 
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Physics-based saturation: design model
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Unified Charge Control Model including the 

effect of velocity saturation
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Effect of the  maximum of iD(qD)
on the output characteristic iD(vD)
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Output characteristics including DIBL and ○▼╪◄
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Transistor ╦Ⱦ╛ 
(Ⱨ□ȾⱧ□)

╥╣ □╥ ╘╢ Ⱨ═ n Ɑ ⱡ

NMOS2V ȾȢ 528 5.52 1.37 0.025 0.056
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VT IS and n extraction:The ἯἵȾἓἎmethod
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Thus, at threshold (qS = 1) gm/ID is at

½ of its maximum value, 
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Extraction of ů in WI ( MI) in saturation 

Common Source Int r ins ic  Gain method
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28 nm FD-SOI technology DC characteristics
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Transistor ╦Ⱦ╛ ╥╣ □╥ ╘╢ Ⱨ═ n Ɑ ⱡ

LVTNMOS 1µm/60 nm 390.5 3.25 1.138 0.018 0.039

LVTPMOS 1µm/60 nm 403.6 0.755 1.014 0.029 0.024

Parameter 

extraction 

for L=60 nm 

Model Verification: NMOS & PMOS  TRANSISTORS



Edinburgh, June 2023 11

Intrinsic capacitances including 

velocity saturation and DIBL   
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CMOS Inverter

VTC and short-circuit current in

28 nm FD-SOI  

/N0/d

 /N0/d  1

 /N0/d  

 /N0/d  

 /N0/d  

 /N0/d  

/I2/D

 /I2/D  1

 /I2/D  

 /I2/D  

 /I2/D  

 /I2/D  

I
 (u
A)

-2.0

28.0

Name é

VIN

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

DC Analysis d̀c': VIN = (0 -> 1) 2

/I5PM

 /I5PM  0.3

 /I5PM  0.475

 /I5PM  0.65

 /I5PM  0.825

 /I5PM  1

/IPDK

 /IPDK  0.3

 /IPDK  0.475

 /IPDK  0.65

 /IPDK  0.825

 /IPDK  1

V
o
u
t
 

(V
)

-0.1

1.1

Name VDD

VIN

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

DC Response Mon Jun 12 11:27:30 20231

ὠ ρὠὠ πȢψὠ

ὠ πȢφυὠ

ὠ πȢτχὠ

ὠ πȢσὠ

ὠ ρὠ

ὠ πȢψὠ

ὠ πȢσὠ

5PM 

UTSOI2 

╦▪ ╦▬ А□

╛▪ ╛▬ ▪□



Edinburgh, June 2023 13

CMOS Inverter in 180 nm bulk

VTC and short-circuit current 

Transistor ╦Ⱦ╛ 
(Ⱨ□ȾⱧ□)

╥╣ □╥ ╘╢ Ⱨ═ n Ɑ ⱡ

NMOS 5/0.18 528 5.52 1.37 0.027 0.056

PMOS 5/0.18 -525 1.82 1.40 0.024 0.035



Edinburgh, June 2023 14

CMOS Inverter in 180 nm bulk
Output Voltage and pull-down current 
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11- stage Ring Oscillator in 180 nm bulk
Output Voltage 


