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MOS Transistor Drain Current Noise
Electrical noise = randomly time-fluctuating electrical signal.

vG (t)

vD (t)

vS (t)

id,n (t)

iD (t) = ID + id,n (t)

Stochastic component defined by

a zero mean: E
{

id,n (t)
}

= 0;

some distribution in amplitude;

some power spectral density (psd)
Sid,n

(f ).

Traditional Gaussian noise sources:

White thermal noise: Sid,n
(f ) = cst.

→֒ Thermal agitation of the electrons in the channel.

Flicker noise: Sid,n
(f ) ∝ 1/f .

→֒: mostly attributed to oxide traps.

already in industrial transistor compact models for SPICE simulation.
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Random Telegraph Noise

Fig.: [Realov and Shepard (2013)] Physical origin: capture/emission of carrier
from/to the channel by a single defect (or trap).

Trap electrical impact
= current jump ∆ID

∆ID/ID up to 50% for
≤ 28 nm transistors in weak inversion!
[Asenov et al. (2003); Campbell et al. (2009a,b)]
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Overview of the UTSOI2 Large-Signal Model: id,n (t)?
[Poiroux et al. (2015), CEA-LETI]
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imec Physics-based Compact Model for the RTN
16 parameters to describe the defect kinetics...
RTN here modelled and simulated as a threshold voltage shift ∆Vth.
TRAN(sient) simulation: random ∆Vth (t) updated at each time step.

Fig.: [Weckx et al. (2017)]
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Relating Gate Voltage Noise to Drain Current Noise?

Noise in electronic circuits traditionally measured, modelled and simulated
as a small signal. Notably:

id,n (t) = gm · vg,n (t)

with gm being the transistor small-signal transconductance.
Particular case of a (possibly large!) RTN:

∆ID = −gm · ∆Vth? Accuracy?

Linear time-invariant (LTI) system theory:

H (f )
vo,n (t)vi,n (t) E

{
vo,n (t)

}
= 0 (zero mean)

Svo,n (f ) =
∣
∣H (f )

∣
∣2 · Svi,n (f )

Impact of the nonlinearities of the system?
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Recent Noise Measurements in Various Technologies (I)
[Van Brandt et al. (2019), EUROSOI-ULIS]

28 nm FDSOI nLVT transistor: W = 1 µm; L = 26 nm.
ID ≈ 350 nA (weak inversion); VDS = 0.3 V (saturation).
High-accuracy time-domain measurement of the drain current noise

id,n (t) = iD (t) − ID.

PSfrag replacements
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Random telegraph noise (RTN) as strong as ∆ID/ID ≈ 30 %!
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Recent Noise Measurements in Various Technologies (II)
[Amor et al. (2020), (DTIP)]

Fig.: MOS transistor on MEMS membrane.

Partially Depleted SOI nMOS:
W = 6 µm; L = 1 µm.

ID ≈ 5.5 nA (weak inversion);
VDS = 50 mV (linear).
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Linearised Transistor Model: Is "∆ID = −gm · ∆Vth" Valid?
DC simulation of 28 nm FDSOI nLVT transistor: W = 80 nm; L = 30 nm.

VDS = 0.3 V (saturation); VGS = 0.3 V (weak inversion).

PSfrag replacements
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Case Study

SPICE Simulation:

vG (t)

•

ID0
vD (t)

Cload

Common-source amplifier:

28 nm FDSOI nRVT

Cload = 100 fF

W = 80 nm; L = 30 nm

VDD = 1 V

VG = 0.5 V

VD ≈ 0.5 V

ID0 = 7 µA

PSfrag replacements
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Case Study: Nonlinearities

SPICE Simulation:

vG (t)

•

ID0
vD (t)

Cload

Common-source amplifier:

28 nm FDSOI nRVT

Cload = 100 fF

W = 80 nm; L = 30 nm

VDD = 1 V

VG = 0.5 V

VD ≈ 0.5 V

ID0 = 7 µA

PSfrag replacements
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Harmonic Distortion (transient simulation):

PSfrag replacements
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Case Study: Noise Simulation

vG (t)

•

ID0
vD (t)

Cload

Nonlinear circuit, large-signal conditions:
noise transient simulation.

Time-domain noise analysis, based on
generated noise sources.

"What actually happens in reality when
the circuit is running"

1. Generate the input noise signal as a random pulse train:
[Eldo simulator, Mentor Graphics Corporation (2016)] :

vg,n (t) =

Np∑

p=1

Xp rect[(p−1)·∆Tp,p·∆Tp] (t) Xp ∼ N
(

0, σ2
vg,n

)

.

2. Perform a standard TRAN(sient) simulation which provides vD (t).

3. Compute the output noise signal as

vd,n (t) = vD (t) − VD ... and analyze it!
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Generation of Input White Gaussian Noise
Specified rms value of the input noise: σvgn = 20 mV. Hint:

gm

ID
≈ 10 V−1 =⇒

σidn

ID
≈

gm

ID
σvgn ≈ 20 % // RTN measurements
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Power Spectral Density of the Output Noise: Estimation

PSfrag replacements
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"Is Svd,n
(f ) affected by the nonlinearities of the amplifier?"
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Power Spectral Density of the Output Noise: LTI Theory
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Svd,n
(f ) is accurately predicted by the LTI theory!

=⇒ Psd of the output noise mostly unaffected by the nonlinearities!
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Mean of the Output Noise: Observation and Prediction

Input white Gaussian noise (σvg,n = 20 mV)
limited to 1MHz.

We observe: E
{
vd,n (t)

}
≈ +22.5 mV

Quasi-static modelling of the nonlinearities:

vd (t) ≈ a1 · vg (t) + a2 · vg (t)2 + a3 · vg (t)3

Predicted mean, offset of the output noise:
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+a2 · E
{

vg (t)2
}

+ a3 · E
{

vg (t)3
}

︸ ︷︷ ︸

= 0 (Gaussian)

= a2 · σ2
vg(t)

≈ +23.7 mV X

The amplifier nonlinearities give rise to a significant non-zero mean!
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Mean of the Output Noise: Illustration
"The noise is rectified by the nonlinear behaviour of the circuit":
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Conclusion

Random telegraph noise with high current jump up to 50 % frequently
reported.

Conversion drain current noise ↔ gate voltage noise
= important concern for noise compact modelling and simulation.
Requires care: avoiding using the linear relationship with gm.

Based on commun-source amplifier study case, we investigated interplay
between intrinsic transistor noise and circuit nonlinearities.
Preliminary simulation results suggest

psd of the output noise mostly unaffected by the nonlinearities;

significant offset of the output noise.
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