
SAMPLING

From continuous time to discret time
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SAMPLING: TIMING ACCURACY

ÀЎὠis an error from Vin to sampledsignal

ÀIt dependson Vin frequencyas well as the CLK jitter and the switch 
resistanceÅÔÃȣ

ÀIt will degradethe SNR for the sampledsignal 

ÀIt can bedefinedby: Ўὠ ɇЎὸ
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Sample / Hold + ADC
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Peak detector + ADC

« on »

« off »



Analog Memory or wave recorder
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Analog Analog



CHARGE INJECTION ISSUES: 
CLOCKFEEDTROUGH

ÀMOS switch couples the clock transitions to the sampling 
capacitor through its gate-drain ὅ or gate-source ὅ overlap 
capacitance, also denoted ὅ (the overlap capacitance per unit 
width)

ÀThe effect introduces an error in the sampled output voltage: 
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Ўὠ ὠ ɇ
ὡɇὅ

ὡɇὅ ὅ

Compensation solution 
with dummytransistor



CHARGE INJECTION ISSUES: 
CHANNEL CHARGE INJECTION

ÀWhen input signal issampledon a capacitorby turning off the 
transistor, charge ὗ ispuchedout from the channelto either
direction. For a NMOS transistor ὗ isdefinedby:

ὗ ὡὒὅ ὠ ὠ ὠȟ

ÀThis phenomenoniscalled"channelcharge injection"

ÀThe magnitude of ὗ isa complexfunction of various
parameters, suchas the impedanceseenat eachterminal to 
groundand the transition time of the clock
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CHANNEL CHARGE INJECTION:
COMPENSATION TECHNIQUES

ÀBottom plate sampling schemeisanothertechnique to 
eliminatethe charge injection error

ÀTwoswitches are usedand the signal issampledwhenM2 turns
off

Àὓ turns off slightly beforeὓ injectinga constant charge

ÀSignal dependentcharge fromὓ does not enter ὅ because
there isno path to ground
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SAMPLING: #,+ȭ3JITTERLIMITATIONS

ÀЎὠcan beconsideredas amplitude fluctuation (clk jitter )

ÀIt will degradethe SNR of the sampling signal 

ÀIt can bedefinedby: Ўὠ ɇЎὸ
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THERMAL NOISE: KT/C

ÀC is not the fundamental cause; 
just have a thermal noise (R) and 
the bandwidth is limited by C.

C Eq. Noise

1 pF 64.34 ʈV rms

10 pF 20.35 ʈV rms

100 pF 6.43 ʈV rms

1 nF 2.03 ʈV rms

What happens:

Å Increasing C?

Å Increasing W/L of the switch?

Å Increasing both?



Thermal noise KT/C
ÅFrom the switch capacitor circuit and the resistance of the 

switch, we can define the transfer function as: 
ὠ

ὠ

ρ

ρ Ὑὅὴ

ÅPSD Noise from resistance is defined by: 
Ὓ Ὢ τὯὝὙ

ÅThe Output PSD Noise is then: 

Ὓ Ὢ τὯὝὙ
ὠ

ὠ

ÅThe white noise spectrum of the resistor is shaped by a low-
pass RC, and the the total noise power at the output is: 

ὖȟ
τὯὝὙ

τ“ὙὅὪ ρ
ὨὪ

ὯὝ

ὅ

ÅThis noise is a function only of temperature and capacitance 
values
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Noise

1 kБresistor with BW 
limited to 1 MHz 5.1 ʈV rms

A LNA: EN= 2 nV/ÕHz, 
Unity gain buffer
BW limited to 1 MHz

2.55 ʈV rms

EQUIVALENT NOISE BANDWIDTH IN RC FILTER

ÉConsider a single pole RC low pass filter

Å║╦ ╒▫►▪▄►█►▄▲◊▄▪╬◐
Ⱬ╡╒

Å╡▄▼░▼◄▫►╝▫░▼▄╓▄▪▼░◄◐▓╣╡-> V/sqrt(Hz)

ÅGain=1

Å╔╝║╦
Ⱬ
║╦

Ⱬ

Ⱬ╡╒ ╡╒
(Equivalent Noise Bandwidth)

Å╣▫◄╪■▫◊◄▬◊◄╝▫░▼▄╝▫░▼▄╓▄▪▼░◄◐ᶻ ╔╝║╦
▓╣╡

╡╒

▓╣

╒

Value Noise

1 pF 64.34 ʈV rms

10 pF 20.35 ʈV rms

100 pF 6.43 ʈV rms

1000 pF 2.03 ʈV rms

╡

╒

Magnitude

║╦
╔╝║╦



BOOTSTRAP SWITCH PRINCIPLE

ÀChannel charge injection isa function of input signal ὠ

ὗ ὡὒὅ ὠ ὠȟ ὡὒὅ ὠ ὠ ὠȟ

ÀBootstrapping technique suppresses this dependence by making 
ὠ varying as Vin, then VGS= constante.
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ÀDistorsion issues are alsoreduced



Simulation: sampling Linearities issues

Bootstrapped switch: 

CMOS Switch             (+/- 1,5 LSB)

Bootstrapped Switch  (+/- 100 mLSB)

Track mode :Hold mode :

Vgs constant ᵼ QCHconstant 

Low Sampling INL
QCHconstant

ὗ WLὅ ὠ ὠ
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Analog to Digital Converters

ADC

ARCHITECTURES

&

SPECIFICATIONS
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What is an ADC?

ÅMixed signal circuit:

ïAnalog input signal

ïDigital output signal

ÅADC discretize the continuous input signal
in time and amplitude

ÅOutput Code is defined by:

ɀВ
ɇ

ïG is the gain factor, N the resolution, Vin the input
signal and Vref is the dynamic range of the
converter
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High speed ADC: general overview

1939: Counting ADC (Reeves)
1946: Successive approximation
1948: Flash (electron tube coders)
1956: Bit -per -stage (binary and folding -Gray)
1956: Sub-ranging
1964: Sub-ranging with error correction
1966: Pipe line with error correction

ADC architecture timeline
(source: Analog Devices)
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