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One Switched-Capacitor Circuit Example

¢ Some capacitors S

¢ Some switches I

* Control signals needed “__ff_‘

e Typically 180° out-of-phase V., S G

- Two-phase operation ‘
S, « :

¢ An operational amplifier -1- _

* High voltage gain
* Differential input
* Single-ended output
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One Switched-Capacitor Circuit Example

¢ Some capacitors s,
¢ Some switches

* Control signals needed

* Typically 180° out-of-phase
- Two-phase operation

¢ An operational amplifier
* High voltage gain
* Differential input
* Single-ended output T




-
Operations - Phase #1

¢ S1andS2 are ON
gwrh\iq rka%

‘7'; Comsfer DC inpwt

4/




-
Operations - Phase #1

¢ S1andS2 are ON
» S2 provides a unity-gain feedback

PC ™ l)m

S21%

Vg=Vov

Cy
A B Vout
1v L

0.4v
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-
Operations - Phase #1

¢ S1and S2 are ON
» S2 provides a unity-gain feedback

S

- \
=4 :_‘_II’ B

Vin e——H|

-
- -

. : A(-ve)

-

* The negative input port transient
* Once reaching steady state

e Virtual ground or virtual short
e No current flowing into input
e No voltage across C2
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Operations - Phase #1 @5
¢ S1and S2 are ON v ‘I Vewr
e S1 connects C1 to Vin = sampling Vin across C1
—> Sampling Phase
2 c,
vin"A_' Vout
4 V“ _ —
AN ANV AN A ¢ EL
Vin I
VAVAVAV | ) vt
VAV B
Cl ; ~ zrht,
W =
. Time cakyTant /ﬁm )ém U F‘“‘ ,Gw(VS) |
- € yﬁm
F t
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-
Operation - Phase #2

¢ S1 and S2 gets turned OFF
¢ S3isthen turned ON

CRELE

~R2FzL 5229153

Vout

S3

[
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-
-
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-
Operation - Phase #2

¢ S1 and S2 gets turned OFF
* Charges remain on capacitors
¢ S3isthen turned ON

 Pull the left plate of C1
from Vin to ground

V‘\A‘Aﬂ 1

Vin




-
Operation - Phase #2 Fa;fu\w qow

¢ S1 and S2 gets turned OFF Nnou- hver Wnﬂ owm P
* Charges remain on capacitors
¢ S3isthen turned ON

* Pull the left plate of C1 v'"“ 1
from Vin to ground o

—> Charge gets transferred
— Ci if
A J Vo
| ._Q_W_.Ee . \

- Amplification Phase
8 \,\_\_) (Rt Ca,—l-

AN R
< modc@?.llu T ""”VBI
Va Vino Vik W aFB J
W thow Thruneq F J

s (hmﬂ‘esTMncfwed -frm GTol2

v 0 sUmr= oVia-C ﬁ
o ; Z ¢ Non-inverting a ifier
-

t ¢ ¢ Sampling timing
¢ Stability considerations
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Continuous-Time Example

¢ To amplify the input signal with resistive feedback
* Ideal voltage gain

<
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4 ] ] )
Continuous-Time Example

¢ To amplify the input signal with resistive feedback
* Ideal voltage gain

R2
Wy
¢ A few more details: v Ry
» Voltage sensing - current feedback " Vout
* Loading effect on open-loop gain =

(when considering Rout of opamp)
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Continuous-Time Example

¢ To amplify the input signal with resistive feedback
* Ideal voltage gain

¢ A few more details: v
in
» Voltage sensing - current feedback

* Loading effect on open-loop gain
(when considering Rout of opamp)

 R2 flows current that comes from Rout
- Degrading voltage gain from Vx to Vout
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With Capacitive Feedback

¢ Loading effect can be avoid
¢ Need a mechanism to set the bias point of Vx

C,
C, X
Vln °_" Vo -

¢ Transfer function and Bode plot

¢ Accuracy
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Switches [ 7

off3et (1 l—_ __—}

¢ During the sampling phase \ /|-
vinp —

offset
Vinn—/ "‘l""'"“"' I
cx[c*—‘—"’"r" /'L '
Vow
¥ Ve -
|._—-(n
nu“‘d Whem ON
?W‘ & wﬂ‘t
Vow
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Switches

¢ During the sampling phase

Vth=0.3V
cK (1v)

A0 P..

9 Vos

« With VCK of some high value, Vth of 0.3V, and Vin 0of 0.3 V
* Once reaching steady state

e Vout=o0.}% theTrmsSTor 3 ON, b -(:Ims ) v yove
: ~
e The transistor current=@

e The transistor operating in aee" teiode peqioh with covtaw Kom

* With VCK=0 e ¢weirom 2 turnea oF F
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Switches - A Few Cases (I) fiv
¢ Vthof0.3Vand VCKgoesfromQ0Vto1lV ® ok
1. Vin =0V while Vout = 1.0 V initially _T_
‘ . Vi o Vout
lm-n)lllg M1 1 gat. < ]_ 4
) Cx
Vv C Avmmges oV I i—V

_ I_ vn:rh NSt
\t\ at” C owrvent (yate)

v e

M OPwaTes oty de ng\‘m

1l e— 05T
& M th deep Tnooe I‘eqfw
Ipo®
Vw1t
* Through the settling transient i 1Cl ___-_l
e The transistor current direction ‘[ _l
e The transistor operating region Vinz oV = -
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Switches - A Few Cases (II)

¢ Vthof0.3Vand VCKgoesfrom0O0VtolV ¢ ——/;__—

1. Vin =0 V while Vout = 1.0 V initially
2. Vin =0V while Vout = 0.3 V initially

GV
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Switches - A Few Cases (III)

¢ Vthof0.3Vand VCKgoesfromQ0Vto1lV
1. Vin =0 V while Vout = 1.0 V initially
2. Vin =0V while Vout = 0.3 V initially
3. Vin = 0.3 Vwhile Vout = 0 V initially

Vout
N

Mi opevaTes M Tnsde qu\vﬂ
03V + - = - PM

|l I e e
VMC—? I‘bv

a
-

* Through the settling transient

e The transistor current direction
e The transistor operating region
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Switches - A Few Cases (IV)

¢ Vthof0.3Vand VCKgoesfromQ0Vto1lV
Vin = 0 V while Vout = 1.0 V initially

Vin = 0 V while Vout = 0.3 V initially

Vin = 0.3 V while Vout = 0 V initially fv
Vin = 1.0 V while Vout = 0 V initially

B W=

va'tmllg My Qef(. +tomed OFF ITop>®@

C
-0

M iﬂ SO\TUW&"‘ — )

— +—-—-—-r’>
[
:

av %——_—, Jc(Vas)-’(f(V"’_V_'_“"_)
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-
Switches - A Few Cases (IV)

¢ Vthof0.3Vand VCKgoesfromQ0Vto1lV
4. Vin =1.0V while Vout = 0 V initially

* Through the settling transient

e The transistor current direction
e The transistor operating region
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On Resistance

1 LOS
¢ (Can be viewed as a resistor equal to |/
on

-1
R = ( pCox'-'E( Vaz-vm-Vﬂ))

ck (hiyh)

ob _T_ — Uos
((0“) Vin © I_"vuui
0.5 Ir:H
n'll)
(\\;clf H(S) A
o Sc _ |
Vi (x) __)Vnu(t) H(S)= Iy T - (1 skC
T Se

L]
-

* On-resistance and speed depend on the input level
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Using PMOS as Switch (I) /—T
¢ VCK goes down to turn on the switch 1
1. Vin = 1.0 V while Vout = 0 V initially Vi (g 1o T
A4 v * C
UVt 5 oV
1 Vandipe L\ = -

AV +--- - - - = — ot 2 1V
@ M1 i tnode reqiyn Los—=gv \’/ll(iv)
lv-tl\rl--- . M2 ' aeep

I
n I
¥ —- 1 rtq?\d: r l'l’ Vet

E
-

(@D (urtially M1 b Saturmba ‘l’ C
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Using PMOS as Switch (II)

¢ VCKgoes down to turn on the switch
2. Vin =0V while Vout = 1.0 V initially

p Vout

SaTuratyw

|viepl g - - -~ =

R,, =(M Cox %’( Vin— @V— ‘\ﬂ"‘ﬂ)

(WF)
-

oV

>.,
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Pass Transistors

¢ Transmission gates or Complementary switches CK
« Complementary clock signals needed l

R =R |IR Vin

on,eff on,n on,p

i ( oo 2, (Veavin-veue Y pip 0, (Vi vl )

-:((}APCO\(V‘EP"/““OO"%V“) Vin + Mn Cox %’n(VQp-thn)

~ " — Mplax '%'f\vwrl
jre Cox, Tp Tr
fan Coxa T : o

|
) indepgp ent of

e Can be sized so that the on-resistance is, to the fil"‘St 0

the input level = Vthp and Vthn still vary d

vo
L 22, Vin

!yﬂ-? | Vop-Vihu 2e /




Charge Injection

¢ Inorder to reduce Ron and speed up the operation
1) Rail-to-rail clock signals needed
2) Large transistors

3) Smaller holding capacitor

1OV erSon (ayev
Q=CV aﬁf C=wlL Cx

Qch = WLC, (Vpp — Vin — Vru)
(H)ck

o‘;V (L) VIHDJTanUI —
-'-

ICH 0.2v

« Charge in the channel when ON
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Charge Injection

¢ Inorder to reduce Ron and speed up the operation
1) Rail-to-rail clock signals needed

2) Large transistors

3) Smaller holding capacitor  \/iwe beoomes ligh 2

caPadrvv )] opem ch = WLCo(Vpp — Vin — Vra)
ox \_
“WLC,,(Vpp — Vin — Vrn)

/\/ V, = v /-\}: A Ch
in® out
KL\
I }

©
ebe
- Charge in the channel when ON -:_F-
- Causing a pedestal at the output when turning OFF D -

LT D
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. N
(&harge In]eCthH WL L ' OH T d;‘tt‘t Trnde '-f FWI:H” 9'980‘

¢ Inorder to reduce Ron and speed up the operation
1) Rail-to-rail clock signals needed
2) Large transistors

3) Smaller holding capacitor
Qch = WLCo:(Vpp — Vin — Vri)

v _“TWLC,(Vpp — Vin — Vra)
M, At Ch
Vin© ﬁ» * Vout + ......
Qch C + l‘lh? I
H
with

Charge
njection

Sampled '
« Charge in the channel when ON -

- Causing a pedestal at the output when turning OFF

WLC WLC,,
Vou.r — Vin S = ]- (VDD - VTH)
Cu Cy

smrl ﬁ\q
- Gain error and offset
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(6Clock Feedthrough ?{'—;3 ’gﬁ Cox, Cov

¢ Clock transitions get coupled to Vout through overlap capacitance

Vex
Gov-td _\_‘J 1‘> Cov- W

Ovin -, lwc, ’\_r—' Vout
vil"l 1 Vm,t AV = Vci WCOU n CH1 c
Cy T H

0% Wi, , out

* AV independent of Vin

¢ Both charge injection and clock feedthrough trade-off with speed

\~ 30 /



Charge Injection Cancellation (I)

¢ Dummy switch
* Injected charge can be removed by means of a second transistor

65 M| tums of F og(= -E.,,“_-o‘,x(\/,,.v.m—vh‘]

¥ M2 Tura$ 6I\|( SVerSe a ayer ﬁ""“‘ ‘o m)
1 0 82.5 ~ Wi Lz Ors(Vo—Via—Vth )
CK M2
-T' 2 o= 282
Vin v,
| ‘I\J‘ll\ IcH ’ Wz=K W

with K=0.5 W2=0.5 W

* However, it is hard to know the fraction of charge going towards Vout
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Dummy Switch on Clock Feedthrough
¢ Also suppressed 1-—

Cov Wi
_\}5';""" _«/ir_» Cvwe L o
Tt

€D,

; “ with cu th’ﬁu'm
Cov- Wi 2 oy W2

= =V + Vox —
oVrt o Cav Wit 2CovWa ™ Cn CAv Wit 2Cov-Wz +im

o F 13| R wa=o5W,

sVt —> &

2w N2

]
$
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Charge Injection Cancellation (II)

¢ Complementary switch 65 tromsSTer
* Charges from NMOS cancel partially with charges from PMOS

wet OIMM‘\Q= oQun+ 00P
= - (W*L)nCOXh (VO')'Vl\'l"V‘H') ""( WL)[? ”Dvxr(VI\n'\vrhﬂ)

= f(v'\") Wt Necess mwy e

e
L4

vin»—C;b—r Vo
M

 Perfect cancellation for only one input level _j- T,\\ T Ch
* Not perfect cancellation for clock feedthrough CK )

CovnF Covp | neverthedess, WeFWP uSually

o
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