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Introduction

• 1/f noise model
- Number fluctuation model (McWhorter theory)

- Mobility fluctuation model (Hooge theory)

- Unified number-mobility fluctuation model

• 1/f noise model of double-gate FinFETs

in weak inversion by McWhorther theory

- SId shows quadratic variations vs. Id

• Apply Hooge theory to 1/f noise of 

double-gate FinFETs in weak inversion

where W=2Hfin
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Subthreshold Current:                                           [1]

Id is proportional to tsi, volume inversion occurs.
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Model Development
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• Qi(x), the carrier charge density
per unit area in the channel at x is [1]:

• Hooge Mobility Fluctuation Theory:
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with

fr(β) ~ ln (β) in weak inversion
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Qi(x) is proportional to tsi and volume inversion occurs.
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Model Development 
(Cont.)
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Final 1/f noise expression 
in weak inversion
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Conduction Parameters

tsi = 0.14 μm, Hfin = 0.12 μm, L = 5 μm, Vds = 100 mV



Model Verification
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Model Verification (cont.)

2 2

( ) 2 1 1

1

ds

ds

qV

kT
Id H H

qV
d dkT

S f kT e

I fN f L I
e

α α μ
−

−

−
= =

+

Id (A)10-8 10-7

α
Η

10-4

10-3

10-2

f = 10Hz
Vds = 100mV

Id (A)

10-8 10-7

S
Id

/I
d2  

(1
/H

z)

10-8

10-7 slope = - 1



Model Verification (Cont.)

2 2

( ) 2 1 1

1

ds

ds

qV

kT
Id H H

qV
d dkT

S f kT e

I fN f L I
e

α α μ
−

−

−
= =

+

Vds (V)
0.00 .02 .04 .06 .08 .10 .12 .14 .16 .18

S
Id

/I
d 

(A
/H

z)

0.0

2.0e-16

4.0e-16

6.0e-16

8.0e-16

1.0e-15

1.2e-15

Model Verification (Cont.)

Vds (V)
0.00 .02 .04 .06 .08 .10 .12 .14 .16 .18

S
Id

/I
d 

(A
/H

z)

0.0

2.0e-16

4.0e-16

6.0e-16

8.0e-16

1.0e-15

1.2e-15

2 2

( ) 2 1 1

1

ds

ds

qV

kT
Id H H

qV
d dkT

S f kT e

I fN f L I
e

α α μ
−

−

−
= =

+
2 2

( ) 2 1Id H H

d d

S f kT

I fN f L I

α α μ
= =

2 2

( ) 1Id H H
ds

d d

S f q
V

I fN f L I

α α μ
= =

Low Vds

High Vds
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SId/Id2 is inversely proportional to tsi .

Conclusion

• Silicon channel of FinFETS is volume-inverted in weak 
inversion, considered as “bulk conduction”. The large 
separation of most carriers from the interface and the oxide 
traps makes the generation of the exact 1/f noise through the 
carrier trapping and de-trapping process become less 
probable and the 1/f noise data following mobility-fluctuation 
behavior is observed.

• 1/f noise model based on Hooge mobility fluctuation theory is 
developed and verified for the ultra-low-doping long-channel 
symmetrical double-gate FinFETs.

• The extracted Hooge parameter is within the range reported 
for conventional silicon CMOS bulk devices (SiO2/polysilicon 
gate stack).
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