Fully-differential switched capacitor amplifier

CZA
o—>
-1+ o Vgo and Vg, are constant
Y c | A | voltages used to periodically
E>A—02 "oy ~_ V4 discharge capacitor pairs.
ot S0 They substitute gndin a
Vs °_E2/C_ 3 +> = —o Vio single-supply circuit
-0, C Vig / I V.5
Vss B ¢—o o—1 ’ We will consider the
— 4+ 2 nominal case for the
4| I—O\C capacitors:

CZB
V., =V, =V, Input. diff. voltage

{ClA =C =C
C,, =0 =G,
Vi =V =V Output. diff. voltage
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In this analysis we will neglect
the kT/C noise, for simplicity
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Transition to phase 2
QJA AQ2A (2) My AQzA

Veoa = Veaa
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caused by

L _ 2 _ O
charge-injection {AQZA =AQ,,—0, =6C (Vc1A _ch) O
and other

AQ,y =AQy — 0 = G (Vg)s - (cll)B) o

mechanisms
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Errors referred to the input —(Vf) —VS))(

vc(wzz’) = Q(VS o VSB ) - (Vr(zZ) o Vr(zl) )[Q t IJ - QJB . QJA
C2 1\ v J CZ C2
|\ J \\ J
Y Y

V .
—o Vko *output noise due output error due

to the amplifier  to charge injection

A+l _ O — 9
G

A

C
Ay =—L
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/ A

Note that CDS is applied to the amplifier noise
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Common mode components

( 2) 1) (2) (1)
2 _v2 , Va V, Ciloo .,V V, O
Vo =V + > +Veo = Vewo — > +C V.o + > —Var = Vewo — > + Ve |~ C
2 2

<

(2) (1) 2) (1)
2 _yv2 Y V, Cloo V. V, O
kvoB =V.” - > +Veo = Vewo T+ > +C2 V." - > Vs —Veuo + > + Ve |~ C,

Neglecting the charge injection (calculation of the CM
components require less accuracy)

C V.. +V
Vewo = ‘/i£2) +Vio =Veuo +Fl(vz'£2) ——A > = —Vewo +VRI)
2

Veuto =Vi (14 A)4 Ve =V (14 A)4-2H(Vie 47,
2
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Common mode components

VCMO = ‘/iEZ) (1+A) +VRO _VCMO (1+ A) +%(_VSC +VRI)
2

C
Vero =Viro T Veuo (1+A) _Fl(_vsc + Vi ) = Vic@ (1+ A)
2
VCM _VRO A

V.-V
A+1 +A+1(SC w)

Since in phase 1 V.. is equal to Vo, it is desirable that it does not
change passing into phase 2.

(@) _
‘/ic _ VCMO +

This is not always possible to
guarantee, since the common mode
Vi =Vse <1 of the source may be not predictable

To obtain this, we set:  V,, =V,
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Programmable gain amplifier (PGA)

Can
| O
— + 9 A, =—C1 Coo b/o
V C I O/C C2 — b1 ~——
[S;—oz 1A Iz S Voa ' CO1 ]
ey | runan Lt > ’
V, °—[Z > —o Vo C 2
= ———O0— s = . D 02 /c
o2 C Vie - Vs
Vsg B 40 0
| ’io\z Capacitors can be made easily
C O programmable.
2B

The advantage with respect of
resistive feedback amplifier is that the
switch resistance does not affect
accuracy (it affects only speed)
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Additional charge injection from non-constant Vic

‘/iil) =Vewo
Vo=V A — .
‘/i§2) =Vewo + = o+ (VSC _VRI) AQA A‘/lc Cp 4
A+1 A+1 A Q AV C
In this simplified picture, switches and feedback B = "ic™ pB
capacitors are not represented
\L_}MC These charges contribute to Q4
AQ T pA and Q g together with charge
A B V . . . h . h
o i 'A+\_ DVOA |nlject|on fror.n. the swr[.c es
g Since parasitic capacitance may
~o VBl + have some mismatch, a differential
. _/ Dvos voltage may result.
A G
ITr77
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