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Offset Cancellation OverviewOffset Cancellation Overview
• Techniques:

– Correlated double sampling (CDS)
– Chopper stabilization

• Reject offset and 1/f noise

• Alphabet soup
– CDS: autozeroing, ping-pong opamp, self-calibrating opamp
– Chopping: synchronous detection, dynamic element matching

• Reference
– Ch. Enz and G. C. Temes, “Circuit Techniques for Reducing the Effects of Op-

Amp Imperfections,” Proc. IEEE, Nov. 1996, pp. 1584-1614.
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Output Offset CancellationOutput Offset Cancellation

• Output still corrupted by 
switch charge injection

bottom plate sampling

• Requires
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Multistage ImplementationMultistage Implementation

R. Poujois and J. Borel, "A low drift fully integrated MOSFET operational amplifier," 
IEEE Journal of Solid-State Circuits, vol. 13, pp. 499 - 503, August 1978. 
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ResultsResults
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Differential implementation also 
uses chopper stabilization.
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Input Offset CancellationInput Offset Cancellation
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Multistage CancellationMultistage Cancellation

• Open switches left to right
• Residual offset from S1 … SN-1 (charge injection?) 

cancelled by final stage
• Capacitive coupling reduces gain
• Application: comparators
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Offset Compensated SC Gain Offset Compensated SC Gain 
StageStage
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SC Gain Stage: SC Gain Stage: ΦΦ11

Assuming infinite open-loop gain.
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SC Gain Stage: SC Gain Stage: ΦΦ22
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• Charge on C1, C2 is redistributed
• Total charge stays same!
• At end of phase 2:
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SC Gain Stage ImplementationSC Gain Stage Implementation
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• Amplifier must be unity-gain stable

• Output pulled back to Vos in each cycle

• No feedback during clock non-overlap
Cx

• Charge injected at input node
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Gain Compensated SC StageGain Compensated SC Stage

Clocks in parentheses are for inverting operation.
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Gain Compensated SC StageGain Compensated SC Stage

• C3 replaces unity-gain feedback reset 
• C3 charged to Vout during Φ2

• Output never reset (to zero)
• Reduced slewing requirement
• Reduced static error:

• Lowdown: works only for highly 
oversampled inputs!
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Gain Compensated SC StageGain Compensated SC Stage

• Vos = 5 … 10mV
• CMRR = 50dB
• Distortion: 0.1 … 0.2%

• Is it worth it?

K. Martin, L. Ozcolak, Y. S. Lee, and G. C. 
Temes, "A differential switched-capacitor 
amplifier," IEEE Journal of Solid-State Circuits,
Vol. 22, pp. 104 - 106, February 1987.
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Offset Cancellation Offset Cancellation 
ComparisonComparison

• Offset cancellation options
– At input
– At output 

(of first gain stage)
– At input of auxiliary amp

M. Degrauwe, E. Vittoz, and I. Verbauwhede, 
"A micropower CMOS-instrumentation 
amplifier," IEEE Journal of Solid-State 
Circuits, vol. 20, pp. 805 - 807, June 1985. 
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Auxiliary Amplifier Offset Auxiliary Amplifier Offset 
CancellationCancellation
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Aux Amp OptionsAux Amp Options

M. Degrauwe, E. Vittoz, and I. Verbauwhede, "A 
micropower CMOS-instrumentation amplifier," 
IEEE Journal of Solid-State Circuits, vol. 20, pp. 
805 - 807, June 1985. 
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Precision Gain StagePrecision Gain Stage

H. Ohara, H. X. Ngo, M. J. Armstrong, C. F. Rahim, and P. R. Gray, "A CMOS programmable 
self-calibrating 13-bit eight-channel data acquisition peripheral," IEEE Journal of Solid-State 
Circuits, vol. 22, pp. 930 - 938, December 1987. 
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Amplifier with Auxiliary InputAmplifier with Auxiliary Input

• Offset:  300 µV
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Gain TrimmingGain Trimming
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CDS and Flicker NoiseCDS and Flicker Noise
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Flicker Noise AnalysisFlicker Noise Analysis
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Flicker Noise Frequency ResponseFlicker Noise Frequency Response
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Flicker Noise SpectrumFlicker Noise Spectrum
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• Flicker noise is differentiated

• Essentially removed at low 
frequency

• Choosing fs/2 sufficiently large 
effectively removes flicker noise

• Noise above fs/2 folds to 
baseband

• Thermal noise folded to 0 … fs/2
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Chopper StabilizationChopper Stabilization
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Chopper Amp Bandwidth & Chopper Amp Bandwidth & 
DelayDelay

Example 1: 
Amplifier is ideal LPF
• Gain Ao
• BW 2 fs

DC gain ~ 0.8 Ao

Example 2: 
Amplifier introduces 90o phase shift

DC gain is 0
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Chopper ResultsChopper Results

K. Hsieh, P. R. Gray, D. Senderowicz, and D. G. Messerschmitt, "A low-noise chopper-stabilized 
differential switched-capacitor filtering technique," IEEE Journal of Solid-State Circuits, vol. 16, 
pp. 708 - 715, December 1981. 
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• Offset: 0.5µV
• Offset drift: 0.01µV/oC
• Input noise: 1.5µVp-p DC … 10Hz  480nV/rt-Hz avg
• Open-loop gain: 160dB
• Slew rate: 4V/µS
• Unity-gain bandwidth: 4MHz
• PSRR: 125dB
• CMRR: 120dB
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Chopper Residual OffsetChopper Residual Offset

A. Bakker, K. Thiele, and J. H. Huijsing, "A CMOS nested-chopper instrumentation amplifier with 100-nV offset," 
IEEE Journal of Solid-State Circuits, vol. 35, pp. 1877 - 1883, December 2000.

Spikes from input chopper 
due to charge injection 
mismatch.
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Nested Chopper AmplifierNested Chopper Amplifier

• Inner chopper runs at high frequency to remove 1/f noise
• Outer chopper runs at low frequency to minimize “spiking” and remove 

residual offset from inner chopper. 1/f-noise is no issue since it has been 
reduced by inner chopper.
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ResultsResults
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ComparisonComparison
CDS

• Samples Signal
– No continuous time operation 

(except ping-pong)

• Flicker noise removed
– No need for LPF

• Increased baseband noise due to 
thermal noise folding

• Can enhance amplifier gain

Chopper Stabilization

• Modulates Signal
– Compatible with continuous time 

operation

• Flicker noise to high frequency
– Requires LPF to remove noise

• Virtually no thermal noise folding 
if fclk >> B

• Finite BW amp reduces gain


