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10. Comparators

10.1 Comparator Specifications
10.2 Using an Opamp for a Comparator

10.3 Charge-Injection Errors
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Figure 3: ADC Block Diagram
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Open-loop opamp for a comparator

Simplistic approach

'Operatlon :
Vin C + V | :
_— out : \/in > O — Vout: VDD:
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Fig. 10.2 A simplistic approach of using an open- . .
loop opamp for a comparator Compare the mput with ground!!
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Input-Offset Voltage Errors

< Limited input-offset voltage > P
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Switched-capacitor comparators ., ﬂ*f.,i ) > ’
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= Fig. 10.3
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Fig. 10.6 The circuit configuration (a) during the reset phase, (b)
during the comparison phase
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Switched-capacitor?

Switched-capacitor comparators

T’ b2 R Equivalent to - When ¢, is high and ¢, is low
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i 51 e s ' Vi —/VV V2 1 1
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Switched-capacitor resistor (a) and associated waveforms and i < Cc C .fClk i
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Time Domain x(t)————

s-Domain

z-Domain

nces, and regulators
sing An Opamp For A Comparator

Time, S, Z - Domain

s - Plane Z - Plane
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Convolution

Xs)———

His)

L Y(s)=H(s)X(s)

XNz)——

H(s)

- Y(z)=H(Z)X(Z)

Reference

http://www.fagssys.info/replicate-the-fourier-
transform-time-frequency-domains-
correspondence-illustration-using-tikz/

http://www.analog.com/static/imported-
files/tech_docs/dsp_book_Ch33.pdf
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Charge-Injection Errors

Charge Injection

q}_

Change Q, (¥) = Cop xW x L x (Vs ~Vray)

No effect in

C.. xW xL -V.
~ & ey ___-""“j. + Avload — _ Jox XV XL X (VGS THN)
v, \% Charge injection —‘—C,Tmr Vioad @m ;
S ' -V -
AVIoad =" COX WL >2<((:VDD Vin VTHN) (1 03)

load
Small-signal on-resistance of MOSFET switches

o C. xW x Lx(VDD Gy [VTHNO +y (T2 IR ED |)])

load 2C

load

|:> Vionp is nonlinear with respect to V,, due to threshold
voltage
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inimizing Error Due to Charge-Injection

Capacitive Feedthrough % —— LoVt

¢) $ o - Coverlap = C('JX ‘W-LD

1 - T

5 Cox —Cox |

o W ’ No effecs Length of the gate that overlaps the drain/source
Vﬂ? &h vloa({

Ce"aa.:f Coverlap VDD

T AVload = C

S

(10.8)

overlap + CIoad

lllustration of capacitive feedthrough

Reduction of Charge Injection and Clock Feedthrough

Dummy switch

Dummy switch circuit used to minimize charge injection Another method for counteracting ‘,ﬁ‘” E
; charge injection and clock feedthroug MG




Charge-Injection & Clock Feedthrough
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Minimizing Charge-Injection Error

Reduction of Charge Injection using differential pair
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Using a fully-differential circuit to minimize charge
injection and clock feedthrough
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Fig. 10.10 A Fully differential, single-stage, switched-
capacitor comparator
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Example 1

C, =1pF, C, =6.9fF /(um)’, (W /L), =20/05,

Parameter values
arameter value C,, =400pF, V,, =07V, V., =3V

Charge injection
_ 6.9><10‘15/ ) -6 %
(Voo ~Var JC, WL, (3 0.7)><( 112 |¥10x10° x0.9x10

AV = — = —
2C 2x1x10

=71.415mV|
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Parameter values

Example 2

C=2pF, C, =2.1fF/(um)’, (W/L),=10um/0.9um,

L, =0.1um, V., =08V, V., =26V, Vi =—2.6V

$1a
.................. -
r = - i
—L —L CovS:
T T 1
T i
Q, :

C ov2

-1
L

Fig. 10.7 The comparator in Fig. 10.3, with n-channel
switches and overlap capacitance shown.

a. Calculate the voltage change due to channel chargg/-

(Voo —Viy )Co WL - (2.6 —O.8)><(2.1>< 10°)x10x10° x0.9x10°

I
I
AR =

2x2x107*?
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Example 2(Cont.)

C=2pF, C, =2.1fF/(um)’, (W/L), =10um/0.9m,
Loy =0.1um, Vi, =0.8V, Vo =2.6V, Vi =-2.6V

Parameter values

b. Calculate the voltage change due to overlap capacitance

Overlap capacitance is given by

C, =W,L, C,, =10x10°x0.1x10° (2.1x10%) = 2.UfF  §7======75"==" Y

3ov “ox :AV overlap VDD (10 8):
1 oa
Voltage change due to overlap capaci I___I_j____o_vze_rlgp_f_c_lcfg ______ i
AV - (VDD —Vqo )COV _ (2.6 + 2.6) x2.1x107 _':é-ATS-AIr-n-\x
C, +C 2.1x10° +2.1x10% Lol Z_ -

c. Calculate the total voltage change due to both

AV =—(8.505+5.454)mV _-—13 959mv.

12



