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Description of the
ON�Semiconductor MOSFET
Model

Structure of MOSFET Model
Figure 1 shows the structure of ON Semiconductor’s

MOSFET Model. The MOSFET model includes the
following components:
• level−1 static MOSFET model M1, nonlinear

capacitance between gate and drain FI1 and FI2
• nonlinear capacitance between drain and source

(included in D1)
• MOSFET body diode D1, internal gate resistance RG

• parasitic linear capacitance between gate and source
(included in M1)

• parasitic linear capacitance between gate and drain
(included in M1)

• parasitic package resistance of gate, drain, and source,
and parasitic body resistance RDS. Parasitic inductance
of the package is not included.
The ON Semiconductor MOSFET model shows excellent

correlation with experimental results even though level−1
static MOSFET model is utilized. Higher static MOSFET
models do not necessarily have higher accuracy if model
parameters are not well characterized.

Figure 1. Structure of MOSFET Model
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Level−1 MOSFET Model
In Figure 1, M1 is the main MOSFET. Note that voltage

dependant capacitances are not included in M1. Only

parasitic capacitances, such as gate−source overlay
capacitance and gate−drain overlay capacitance, are
included in M1. The structure of M1 is shown in Figure 2.

Figure 2. Structure of M1
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In Figure 2, CGDO and CGSO are parasitic parameters,
which are constants. IDS is a current source controlled by
voltage VGS and VDS. The controlled current source is
expressed by Equation 1.

If VGS � VTO (eq. 1)IDS � 0

If VDS � VSAT

IDS � KP � �(VGS � VTO) � VDS � 1
2

VDS
2�

If VDS � VSAT

IDS � 1
2
� KP � (VGS � VTO)2 � (1 	 LAMBDA � VDS)

Here,

VSAT � VGS � VTO (eq. 2)

Parameters of level−1 MOSFET model are:
VTO: Zero Bias Threshold Voltage
LAMBDA: Channel Length Modulation
KP: Transconductance Parameter
CGSO: Gate−Source Overlap Capacitance
CGDO: Gate−Drain Overlap Capacitance

Reverse Diode Model
In Figure 1, D1 is the MOSFET body diode. Both the

diode reverse recovery loss and the power loss when
operating in the third quadrant are captured by the diode.
The structure of the body diode model is shown in Figure 3.
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Figure 3. Structure of D1
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In Figure 3, the current of controlled current source ID,
which in fact is a pn junction diode without parasitics, is
expressed by Equation 3.

ID � IS ��exp� Vdi
N � Vth

�� 1� (eq. 3)

The depletion capacitance, Cd, is expressed by
Equation 4.

If Vdi � FC � VJ (eq. 4)

Cd � CJO ��1 �
Vdi
VJ
�
−M

If Vdi � FC � VJ

Cd � CJO � (1 � FC)−(1	M) �


1 � FC � (1 	 M) 	 M �
Vdi
VJ
�

The diffusion capacitance, Cdif, is expressed by
Equation 5. Here, ‘I’ is the diode forward conducting DC
current.

Cdif � TT � dI
dVdi

(eq. 5)

For protection purpose, the breakdown current IB of D1
is expressed by Equation 6.

IB � IBV � exp�� Vdi 	 BV
N � Vth

� (eq. 6)

Parameters of the reverse diode model are:
IS: Saturation Current
RS: Ohmic Resistance
N: Emission Coefficient
BV: Reverse Breakdown Voltage
IBV: Current at Reverse Breakdown
TT: Transit Time
CJO: Cross Junction Capacitance
VJ: Cross Junction Potential
M: Cross Junction Grading Coefficient
FC: Depletion Capacitance Coefficient

Parasitic Resistances
In Figure 1, RDS is the MOSFET body resistance. Rd is

the drain ohmic resistance, RS is the source ohmic
resistance, and Rg is the gate resistance.

Nonlinear Capacitance Model for Crss
Based on Equation 3~6, one can see that D2 is a junction

capacitor because its forward conducting DC current is
extremely small. The junction capacitance of D2 is voltage
dependant and is equal to Crss of MOSFET.

Parameters of diode D2 are:
CJO: Crss Junction Capacitance
VJ: Crss Junction built−in potential
M: Crss Junction Exponential Factor
FC: FC of Crss Junction Capacitance

With parameter values specified in model, D3 and D4
have very small forward conducting voltage drop and very
high turn−on and turn−off transition speed due to zero
junction capacitance. Therefore, D3 and D4 model ideal
diodes, which block reverse voltage with zero leakage
current and conduct forward current with zero voltage drop.

Figure 4(a) is the control circuit of the controlled current
sources FI1 and FI2. The current of controlled current source
FI1 is the current flowing through zero−voltage source
VFI1; the current of controlled current source FI2 is the
current flowing through zero−voltage source VFI2.

Figure 4. Gate−Drain Diode Schematic
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(a) Control circuit of FI1 and FI2
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(b) Analysis circuit of control circuit of FI1 and FI2
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Figure 4(b) is the analysis circuit of the control circuit for
FI1 and FI2 shown in Figure 4(a). The voltage of node 10 is
controlled by the voltage difference between node 9 and
node 7, which is expressed by Equation 7.

V(10) � V(9) � V(7) (eq. 7)

One can see that Max_Crss charges or discharges and the
nonlinear capacitor Crss is shorted by an ideal diode when
voltage V(9)<V(7). This process happens at the last instant
of MOSFET switching ON and the first intant of MOSFET
switching OFF. The nonlinear capacitor Crss charges or
discharges and Max_Crss is blocked by another ideal diode
when V(7)<V(9). This procedure happens when the
drain−source voltage is increasing or decreasing. The
capacitances Max_Crss and Crss function in a
complimentary way. As a result, Max_Crss and Crss form
the function of Crss in a complete switching cycle.

In fact, a nonlinear capacitor Crss connected between node
7 and node 9 in Figure 1 will work for a MOSFET model.
However, splitting Crss into two capacitors, a constant
capacitor Max_Crss and a nonlinear capacitor Crss, may
improve convergence of the whole MOSFET model because
the nonlinear behavior of Crss at low bias is significant. A
constant capacitor Max_Crss will give good simulation
accuracy while maintaining high convergence capability.

In Figure 5, Max_Crss simulates the gate charge Q3,
where, gate−source voltage increases as gate charge
increases. Crss simulates the charge Q2, which is called
Miller charge.

Q1 Q2 Q3

VGS

QG

Figure 5. Total Gate Charge vs. Gate−source Voltage

Simulation Results
Simulated turn−on waveforms of MOSFET in a Buck

converter circuit are shown in Figure 6.

Figure 6. Simulated Turn−on Waveforms of
MOSFET in a Buck Converter
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Simulated turn−off waveforms of MOSFET in a Buck
converter circuit are shown in Figure 7.

Figure 7. Simulated Turn−off Waveforms of MOSFET
in a Buck Converter
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