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BJTs vs. MOSFETs: history in a nutshell
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1948: conception of the bipolar transistor

1990: IBM announce ES/9000 last family
of mainframes in bipolar technology

T. Ning, EDM June 2023

Cutting-edge RibbonFET 



BJTs vs. MOSFETs: structural differences
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Gate, source and drain transconductances 
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The body effect reduces the gate transconductance 
with respect to the source transconductance.
n is the slope factor. 

n ranges from ~ 1.1 to 1.5 in bulk technologies






BJT transconductance

p Substrate
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thermal voltage 26 mV @ 300K  

BJT: essentially a unidimensional device

I0 saturation current

qb normalized base charge  

𝒕
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MOSFET: essentially a bidimensional device

1.5 V1 V
X. Yang &

D. K. Schroeder 
TED July 2012
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The capacitive model of the MOSFET
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𝐬 surface potential 
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Cox oxide capacitance per unit area

Cb depletion capacitance per unit area

QI carrier charge density
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Drain current model: main simplifications 
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QI carrier charge density  

drift
Diffusion 

W transistor width

carrier mobility 

𝒕 thermal voltage 
26 mV @ 300K  
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F: longitudinal electrical field
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Velocity saturation

Allows analytical integration for ID

: surface potential 
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Velocity saturation effects
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Normalized current vs. normalized 
charge densities at source and drain 

/D D Si I I normalization (specific) current

ratio of diffusion-related velocity to saturation velocity
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Short-channel parameter :
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௫ ௧ thermal charge 

SI : qS(D) >> 1   WI : qS(D) << 1



Physics-based saturation
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QDsat is the saturation inversion charge per unit area

vlim
vlim

vlim

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

“Carrier velocity approaches vsat, but never reaches vsat”
Y.Taur TED March 2019 



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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n𝑺𝑻𝟎

( )
Transistor

0.0560.0251.375.52528NMOS2V
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Intrinsic capacitances including 
velocity saturation and DIBL   
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VT IS and n extraction: the method
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Thus, at threshold (qS = 1) gm/ID is at
½ of its maximum value, 
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Extraction of σ in WI ( MI) and 
saturation 

Common-Source  In t r ins ic-Gain  method
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ζ extraction at VG = VD = VDDmax 

ௗ௦௧ ζ ௗ௦௧

ζ
௦ ௗ௦௧

ௗ௦௧

• ௦ calculated using parameters ( ் , n, σ) and UCCM.

• IDsat( ீ , , ௌ ,  )-> ௗ௦௧= IDsat/IS .

• Example: NMOS transistor, VG = VD = VDDmax and VS = VB = 0V.
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- ACM-5PM vs PSP – 130 nm SiGe IHP1
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Characteristics of an LVT NMOS bulk transistor with W /L = 10μm/ 120 nm.
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1 Institut for High-Performance Microelectronics (IHP) open-source PDK 



- ACM-5PM vs PSP – 130 nm SiGe
IHP
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Characteristics for a LVT NMOS bulk transistor with W /L = 10μm/ 120 nm.
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28 nm FD-SOI2 technology DC characteristics
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n𝑺𝑻𝟎Transistor

0.0390.0181.1383.25390.51µm/60 nmLVTNMOS

0.0240.0291.0140.755403.61µm/60 nmLVTPMOS

Parameter 
extraction 

for L=60 nm 

Model Verification: NMOS & PMOS  TRANSISTORS

2 ST Microelectronics 
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PSP Gummel symmetry test 3
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3 K. Xia TED Aug. 2020



ACM2.0 Gummel symmetry test
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CMOS Inverter in 130 nm bulk
VTC and short-circuit current 
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CMOS Inverter in 130 nm bulk
Output Voltage and pull-down current 
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CMOS Inverter
VTC and short-circuit current in

28 nm FD-SOI  
𝑉 = 1𝑉 𝑉 = 0.8 𝑉 

𝑉 = 0.65 𝑉 

𝑉 = 0.47 𝑉 

𝑉 = 0.3 𝑉 

𝑉 = 1𝑉 

𝑉 = 0.8 𝑉 

𝑉 = 0.3 𝑉 

ACM 
UTSOI2 

𝒏 𝒑

𝒏 𝒑



ACM2.0: Simple 5-DC-parameter MOSFET 
model
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