
IN5230
Electronic noise –
Estimates and countermeasures

Lecture Z 

Sampling, Switches, Auto Zero (AZ) and 

Chopper Stabilization (CS)



Equivalent bandwidth of sampled white noise

The total noise power (corresponding to the 
shaded area) remains constant but is 
transposed from high-frequency down to 
the baseband (Nyquist band)

Equivalent Bandwidth of Sampled White 
Noise
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Nonideal Effects in Switches

• BSIM3 and BSIM4 does not model correct

• All contributions decrease if a larger hold 
capacitor is used, but cost power.
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CMOS switch charge injection
• A conducting CMOS 

transistor keeps some 
charge in the channel

• When turned off this 
charge is released 
through the source/drain 
and generates an 
(unpredictable) voltage 
change

• A proposal is to add a 
pair  of half-sized 
“opposite” dummy 
transistors. However this 
solution requires 
impedance symmetry. 
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CMOS switch charge injection

• The injected charge is a 
function of transistor size 
and voltage level

• Small transistor gives slow 
response but small step.

• Large transistors gives fast 
response but large step.

• Parallel, different sized 
transistors with different 
pulse termination times 
may give both fast 
response and minimum 
step.
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CMOS switch charge injection
Bottom figure:

• Sharp input pulse at 0ns, all switches closed (conducting)

• R2 (large) opens at 1ns

• R1 (medium) opens at 1.5ns

• R0 (small) opens at 2ns

• OUT0 : R0 : Slow but minimum step

• OUT2 : R2 : Fast but large step

• OUT012: R0+R1+R2 : Fast and minimum step

Top figure:

Observations:

• Generated voltage 
step depends on 
signal level
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Sampler with switch charge cancelation
• A differential sampler with 

same sized switches on both 
inputs may almost eliminate 
the influence by the charge 
injection.

• At sampling both switches 
have the same potential and 
generates similar charge on 
both inputs. 
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Sampler with injection 
compensation

• OUTsimp: standard

• OUTmod: with 
charge injection 
compensation

The two inputs 
experience an almost 
equal step resulting in 
a stable output

IN5230 Noise in field effect transistors 9



Gate bootstrapped switch with 
bottom plate sampling

• Bottom plate switch

– Makes capacitor high 
impedance when 
sampling switch opens

• Gate bootstrap

– Fixed gate-vin voltage 
reduces the errors 
steps vin dependence
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Double gate bootstrapped switch with 
bottom plate sampling

• Bootstrap on
both NMOS and 
PMOS
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Correlated double sampling: Background
• Photo diodes 

(CMOS pixel 
cells) consist of 
a reversed 
biased diode 
operating as a 
capacitor. 

• A switched reset potential is placed on the 
sensor node. Accumulated electrons generated 
from light photons reduces the sensor node 
potential.
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Correlated double sampling

Due to charge 
injection and 
thermal noise 
the sensor 
node will be 
resat to 
unpredictable 
levels. With correlated double sampling 

the value is measured both 
immediately after reset and before 
next reset. The difference is used.
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The Autozero (AZ) technique

• On top: simple 
AZ

• Bottom: 
Multistage AZ
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The Autozero (AZ) technique

Effect of AZ on amplifier 
white noise

Effect of AZ on amplifier 
1/f Noise
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The Chopper Stabilization (CS) technique
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The Chopper Stabilization (CS) technique

• CS requires two 
mixers

• It is only noise 
generated between 
the mixers that are 
reduced. 
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The Chopper Stabilization (CS) technique

Effect of Chopping on the 
Amplifier White Noise

Effect of Chopping on the 
Amplifier 1/f Noise
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The Chopper Stabilization (CS) technique
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