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Recap: Switched-Capacitor Circuits

= Continuous-time circuits: Input and output are continuous signals
= Discrete-time circuits: Process input at periodic instants of time
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Recap: Switched-Capacitor Circuits

= Continuous-time circuits: Input and output are continuous signals
= Discrete-time circuits: Process input at periodic instants of time
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Recap: SC Circuits — Speed and Precision
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Recap: SC Circuits — Speed and Precision

R on,eq

|VTIHP| VDD'; V1H Vin
= Three mechanisms introduce error at the instant the MOS switch turns off:

= Channel Charge Injection
= Clock Feedthrough Channel Charge Injection

= kT/C Noise —\_

AV
Clock Feedthrough &\_ /\/ Vout v
Vin 1 o Vout H +

WCo, C v, _
AV = VCK :I_: H AV = WLCOX(VDD ‘/ln VTH)
Wcov + CH = 2CH
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Switched-Capacitor Amplifiers
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Switched-Capacitor Amplifiers
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Switched-Capacitor Amplifiers
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Unity-gain sampler

Generation of proper clock edges for unity-gain sampler
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Differential realization of unity-gain sampler
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Bottom-plate sampling
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Noninverting Amplifier
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Differential realization of noninverting amplifier
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Nonlinearity

= Two types of nonidealities: nonlinearity and mismatch
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Nonlinearity

= Two types of nonidealities: nonlinearity and mismatch
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Nonlinearity Examples

Distortion in (a) a common-source stage and (b) a differential pair
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Nonlinearity Behavior

Variation of small-signal gain in a nonlinear amplifier
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Nonlinearity Definition

y(t) = a1x(t) + apx*(t) + o3x>(t) + - - -
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Nonlinearity Definition

y(t) = a1x(t) + apx*(t) + o3x>(t) + - - -

Vout A

Vout,max ------------------------------- -

Vinmax Vi,

1% nonlinearity (AV/ Vout.max = 0.01)
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Nonlinearity Definition

y(t) = a1 A cos wt + a A cos” wt + a3 cos® wt + - - -

2 3

A A
oz22 [1+ cosQwt)] + oz34

= a1 A coswt + [3cos wt + cos(Bwt)] + - - -

Total Harmonic Distortion

THD — (02A%/2)? + (a3 A3 /4)?

(OllA + 30[3A3/4)2
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Nonlinearity Definition

y(t) = a1 A cos wt + a A cos” wt + a3 cos® wt + - - -

2 3

A A
oz22 [1+ cosQwt)] + oz34

= a1 A coswt + [3cos wt + cos(Bwt)] + - - -

Total Harmonic Distortion

THD — (02A%/2)? + (a3 A3 /4)?

(OllA + 30(3A3/4)2

Nonlinearity of Differential Circuits:

)’(f) = o1x(t) + a3x3(t) -+ a5x5(t) + ...
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Nonlinearity: Single-ended and differential amplifiers

WL 1" Vi i :"_‘

|Ay| = gmRp

W
= u,C (VGS — Vru)Rp
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Nonlinearity: Single-ended amplifiers

input signal
1 74
IDO — Elun ox I (VGS — VTH + V COSCl)t)
1 W 14
— E.Uv (VGS — Vew)? + 1, Cox (VGS — Vru) Vi cos wt
+ 1 C WV2 2 wt
—~UnCox —V, cos” w
pHntoxp

W 1 W
=1 +/~‘Ln 0x (VGS - VTH)V CoS wt + 4/'anox

2 m[l + cos(Rwt)]

Anp> Vin

Ar  4(Vgs — Vry)
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Nonlinearity: Differential amplifiers
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Nonlinearity: Differential amplifiers

1 14 4]
Ip1 — Ipy = Elu/ncovain SSW — V,%l
nC X 5
\ #nCox
1

/%4
— Euncovain\/él'(VGS — VTH)2 — Vl%

‘lVinl < Vgs — VTH‘ l

V2
 4(Vgs — Vrn)>?
1%
8(Vgs — VTH)2]
V3 cos® wt ]
8(Ves — Vru)?

%%
Ip1 — Ipy = /'LnCofoin(VGS — VTH)\/1

W
~ ,“'ncovain(VGS — VTH) [1 -

W
— /'anoxf(VGS — Vru) !Vm cos wt —
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Nonlinearity: Differential amplifiers

V3 cos® wt
8(Ves — Vrm)?

W
Ip1 — Ipy = wnCox (VGS — Vru) [V COs wt —

cos® wt = [3coswt + cos(3wt)] /4| l

3y3
32(Vgs — Vra)?

V3 cos(3wt)
32(Vgs — Vru)?

Ip1 — Ipy = 8m [Vm - ] COS Wl — gp

Single-ended (for comparison)

Anps _ |45 Anp: Vin

Ar  32(Vgs — Vrg)? Ar  4(Vgs — Vrr)
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Capacitor Nonlinearity

» |n switched-capacitor circuits, the voltage dependence of capacitors may introduce

substantial distortion
= While for a linear capacitor we have Q = C.V, for a voltage-dependent capacitor

dQ = C.dV. Thus, the total charge on a capacitor sustaining a voltage V1 is:

Vi
O(Vy) = / Cdv
0

26
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Capacitor Nonlinearity

» |n switched-capacitor circuits, the voltage dependence of capacitors may introduce

substantial distortion
= While for a linear capacitor we have Q = C.V, for a voltage-dependent capacitor

dQ = C.dV. Thus, the total charge on a capacitor sustaining a voltage V1 is:

IC=Col+a1V+aV2+---)

VinO
Q1 =/ C,dv
0

Vino — < . Vino
I = MCy(1 VYdV
_|_P . X Voutf 0 O( T )
- = MCoVino + MCo= V2,

2

Vi
O(Vy) = / Cdv
0

Vout
Q) = / C,dV
0

o1

= CoV,us + cogvju,
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Capacitor Nonlinearity

1
Vour = —(— 1+ \/1 + MaiVy, —|—2Moz1V,~no)
o

e ,/T+e~ 14+¢€/2—€*/8

MOll 0
Vout ~ MVmO + (1 — M) Tva
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Linearization Techniques
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Source degeneration applied to a differential pair

Vpp Vbp

Rp= = Rp Rp = =Rp
¢—o Vouto—¢ EE— ¢—o Vouto—¢
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Linearization: Differential pair with input devices in triode

Ip = (1/2)uCox(W/L)[2(Vgs — Vru)Vps — Vi)
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Random mismatches due to microscopic variations in device dimensions
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Random mismatches due to microscopic variations in device dimensions
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(1) Identify and formulate the mechanisms that lead to mismatch between devices
(2) Analyze the effect of device mismatches on the performance of circuits

Ip = (1/2)puCox(W/L)(Vgs — Vru)?
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Reduction of length mismatch as a result of increasing the width

m- = ol - - m- -~ N =S 'm
— o = — 1 m = E Bm |
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Effect of Mismatch: Offset

Vbp
Ri= =R,
o——o Vouto—e
O—II: M1 M2 :_II—‘
Vin

Offset voltage referred to the input

-||—@——o

\Vos.inl = |Vos.outl/Av
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Effect of offset in an amplifier.
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Input offset of a differential pair

V
Vrar = Vra, Vra: = Vg +AVry é DD
R
(W/L)1 = W/L, (W/L), = W/L+A(W/L) ‘ =R
—o+(Q—0—»
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O | :_II—‘
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Input offset of a differential pair
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1+ e~

21p

\ tn Cox (%

21p

1 —

Al
1+ —
Ip

\

>{1‘(

—Alp

Alp
1+ —| |1 —
" 21D> [

+a (1) /(
|

W

L

A(W/L)

).

1+e/2and(\/1+e) Ix1—-¢/2

A(W/L)

(D)

21p

2(W/L)

2(W/L)

] — AVry

|- avem

MS

EE-523

38



Input offset of a differential pair

Ip1Ry = Ip2Ry

IpRp = (Ip + AIp)(Rp + ARp) =~ IpRp + RpAlp + IpARp

|

Alp/Ip = —ARp/Rp

1 21p

Vos.in = >

[ARD L AW/L)
W) Rp (W/L)

\ :u*ncox (f

Vs — Vru

Vos.in = 5 [

] — AVry

ARp, A(W/L)

Rp =~ (W/L) ] — AV
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Mismatch between current sources

y = f(x1,x2,...)
Ay = axi+ P py e jilm %,.,2

8X1 8)62 M
0

21

Ip = (1/2)pyCox (W/L)(Vgs — Vru)?
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Mismatch between current sources

y=f(x1’x2"°')
Ay = L axi+ L pgy 4 jilm %,.,2

8)61 8)62 M
0

21

Ip = (1/2)pyCox (W/L)(Vgs — Vru)?

Alp = aIDAW+ 91p A(Ves — Vo)
PToaw/n)T \ L d(Ves — V) =~ 00 A

1 (W W
Alp = ilufncox(VGS — Vru) A 7 ,Ufncoxf(VGS — Vra)AVry

Alp _ AW/L) ., AVrn
Ip W/L Vs — Vru
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Even-Order Distortion

V1 R ajx) + Olle —+ a3x1 and Vo = ,31x2 + IBZx% =+ 133)6%
y1 — y2 = (a1x1 — Baxa) + (ax] — Box3) + (azx; — Bax;)
y1 — y2 = (@1 + B)x1 + (o2 — Bo)x7 + (a3 + B3)x;

X + aax?2 + agx3

X1 () o [>—oy1 (t)

y2(t)o y2 (t)

Bix + Bax? + P3x3
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