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Apply z-transformation

Forward Euler transformation!

Forward Euler SC integrator

Charge equations:

Voltage change in C2

New output voltage value for the next clockcycle:

Transfer function in z-domain:



( )

( )

( ) RC
RCj

jH

Cf
C

C
TC

jTC
CeH

TTjC
C

eC
CeH

RC

clk

Tj

Tj
Tj

=Þ-»

==

Þ-»Þ

<<

-
-=

-
-=

t
w

w

t

w

w

ww

w

w
w

                         

integrator RC

                     

:constant-time integrator SC
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:on depends constant-time integrator SC
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Analyze frequency distortion:
insert z=ejwt

Time-constant does not depend on the capacitor absolute values.
Þ minimize the silicon area!
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Backward Euler SC integrator

( ) ( )
( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )ninnoutnout

Cnoutnout

ninC

n

nin

tv
C
Ctvtv

tVtvtv

tv
C
C

C
tqtv

q
tqtq
tvCtq

2

1

2

2

1

2

2
2

12

12

111

1

1

0:

:

--=

D--=

=
D

=DÞ

=D
D=D

=D

     

     
voltage outputNew 

C in change Voltage
  phase
               

   phase

2

f

f

Apply z-transformation:

Charge equations:
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Backward Euler transfer function
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SC integrator implementing bilinear transformation

Charge equations:

Voltage change in C2
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Apply z-transformation:

Solve the transfer function:

Bilinear transformation!
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Parasitic capacitors in SC integrators



Switched capacitor filters

”parasitic capacitor free”
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C to dtransferre 1nQ charge 21

Charge equations:

( ) ( ) ( )

( ) ( )
( ) 2

1
1

1

1
1

1
22

1 C
C

z
z

zV
zV

zH

zVzCzVzCzVC

in

out

inoutout

×
-

==Þ

+=

-

-

--

This is a non-inverting integrator.
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Apply z-transformation to obtain z-plane
transfer function

Insert charges Q1 (n−1), Q2 (n−1) and Q2 (n)



Parasitic insensitive inverting SC integrator



Parasitic insensitive non-inverting SC integrator
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Lossy SC integrators

Inverting Non-Inverting


