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From continuous time to discret time
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SAMPLINGTIMINGACCURACY

AY® is anerror from Vin tosampledsignal

Alt dependson Vinfrequencyaswell as the CLHKitter and the switch
resistanced O A 8

Alt will degradethe SNR for thesampledsignal
Alt canbe definedby: Y (—) &Y

_ Vlu/SignaI
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Sample / Hold + ADC
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Analog Memory or wave recorder
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Older samples continually overwritten unless
associated trigger

Multiple triggered events can be stored

Length of buffer = length needed to span
maximum trigger interval + hold as many
triggered events as could occur during
maximum trigger interval
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CHARGE INJECTION ISSUES:

AMOS switch couples the clock transitions to the sampling
capacitor through its gatedrain® or gatesource0 overlap
capacitance, also denotedl (the overlap capacitance per unit
width)

AThe effect introduces an error in the sampled output voltage:
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CHARGE INJECTION ISSUES:

INJECTION

AWhen input signais sampledon acapacitorby turning off the
transistor, charge)  ispuchedout from the channelto either
direction. For a NMOS transistor isdefinedby:

0 @ L0 (oo W W )

AThisphenomenonis called"channelcharge injection’

AThe magnitude of)  isacomplexfunction of various
parameters suchas theimpedanceseenat eachterminal to
groundand the transition time of th&lock
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CHANNEL CHARGE INJECTION:

TECHNIQUES

ABottom plate sampling schemeis anothertechnique to
eliminatethe charge injectiorerror

ATwo switches araisedand the signals sampledwhenM, turns
off

AU turns offslightly before( injectinga constant charge

ASignaldependentchargefrom 0 does not ente® because

thereisno path to ground $1
_ Vin o [ 1 o Vout
5 w1l

B P1a o—[_m2
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SAMPLING# , +JTIER.IMITATIONS

AYw canbe consideredas amplitude fluctuationdk jitter)

Alt will degradethe SNR of the sampling signal
Alt canbe definedby: Y6 (—)  g¥o

Vleignal
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THERMAL NOISKT/C

CK_\_ Vi(T,R) _Va(TC)

AC is not the fundamental cause:

Vout M
I —© L . just have a thermal noise (R) anc

T the bandwidth is limited by C.

— J4kRT
> e J//l\ Increases with R )
e
8 g [T 1pH  64.34Vrms
82 f 10pH  20.35{Vrms
g Decreases with R <—— 100 pH 6.43f{ Vrms
- g 1nF 2.03 Vrms

_ , S =5 e
m What happens:
Wbkl A Increasing C?
: A Increasing WI/L of the switch?
A Increasing both?



Thermal noise KT/C

A From the switch capacitor circuit and the resistance of the
switch, we can define the transfer function — as:

4] p
@ p YON Wt
A PSD Noise from resistance is defined by: w L s
YCQ T QYY IS
A The Output PSD Noise is then: g o

Y (Q T Qhﬂ

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

T Q7YY 0 N
™ YO Q p /

0

5 = 4 2 arctan a

A This noise is a function only of temperature and capacitance
values
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EQUIVALENT NOISE BANDWIDTH IN RC FILTE

E Consider a single pole RC low pass filte,

e, =v4kRT

Noise Spectral Density
(nV/VHz)
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AJI| <“’|=<- <o 4 Vi e ZV;FJ ” r \/—sz
Magnitude 1 pF 64.34f Vrms
10 pF 20.35[ Vrms
100 pK 6.43t Vrms
1000 pH 2.03t Vrms

1 kb resistor with BW

limited to 1 MHz 5.1t Vrms
ALNA: Bi= 2nV/CHz,
Unity gain buffer 2.55{ VV rms

BW limited to 1 MHz




BOOTSTRABWITCH’RINCIPLE

AChannel charge injectiois a function of input signaiko
0 Wb (® owp) B (0 © wp)

ABootstrapping technique suppresses this dependenceniaking
w varying as Vin, then)4= constante
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ADistorsionissues aralsoreduced
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Simulation: sampling Linearities issues

Bootstrapped switch:
Hold mode : Track mode :
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Analog to Digital Converters
ADC

ARCHITECTURES
&
SPECIFICATIONS
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What 1s an ADC?

A Mixed signal circuit:
I Analog input signal
I Digital output signal

A ADC discretize the continuous input signal
In time and amplitude

A Output Code is defined by:

.5 £

I G is the gain factor, N the resolution, V,;, the input
signal and V., is the dynamic range of the

converter
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High speed ADC: general overview

_______ Flash, Succs. 2nd order
I A Pipeline| Approx Sigma-delta
RO b 1-bit

Per channel

ADC architecture timeline
(source: Analog Devices)
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(— 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
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