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Integrated Analog Systems L2
SC-integrators



Forward Euler SC integrator
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Charge equations:
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New output voltage value for the next clockcycle:
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Apply z-transformation
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Transfer function in z-domain:
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Forward Euler transformation!



Analyze frequency distortion:
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Time-constant does not depend on the capacitor absolute values.

C, 1 — minimize the silicon area!
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Backward Euler SC integrator

Charge equations:

phase ¢1 : Aql (t) = Clvin (tn)
A%(t) = Aql(tn)

phase ¢, :Aq, =0

Voltage change inC,

= a0 =20 =G )
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New output voltage
vout (tn ) = vout (tn o 1) o AVCZ (t)
Vout (tn ) = vout (tn - 1) - g_lvin (tn)

Apply z-transformation:

Vo(2) =V, ()= =11, (2)
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Backward Euler transfer function

H(z)= Vo (2) __ ¢ 1 _
I/m(Z) C2 l_Z

Frequency response
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SC integrator implementing bilinear transformation

Charge equations: —
phase ¢ : Aq,(nT-T)=CV, (nT -T)
phase ¢,: Aq,(nT)=C[-V, (nT)-V, (nT -T)|
Aq,(nT )= Ag,(nT)
Voltage change in C,
= AV,,(nT)= Aqg”T )

2

New output voltage :
v, (nT)=V, (nT —=T)+AV,_,(nT)

out out

I/out (nT) - I/out 124] m
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(nT -T)= —%[V (nT)+V, (nT -T)]
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Apply z-transformation:

O MORE AT A

2

(S ERCA I e

2
Solve the transfer function:

H(Z)=II//OL((Z):_Q1+ZE __Gz+l
in Z) Cz l—Z C2 Z_l

Bilinear transformation!



Parasitic capacitors in SC integrators
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Switched capacitor filters
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Charge equations:

phase @ : 0, =C, 'Vm(” _1): Q1(” _1)
0,=C,V,,(n-1)=0y(n-1)
0,(n)=0
Qz(n) =0, (n - 1)+ AQ, = CzVouz(n)
charge Q,(n-1)transferredto C,
AQ, =0\ (n 1)

phase @ :

= Qz(”): Q2(”_1)+Q1(”_1)

+
/”parasitic capacitor free”

Insert charges Q; (n—1), Q, (n—1) and Q, (n)

(n-1)+CV,,(n-1)

Apply z-transformation to obtain z-plane
transfer function

CoV o (n): G,

out

(2)=Coz7,,(2)+ Cz 7, (2)

Vulz) _ 2 €
Vin(z)_l_z_l ¢,

This is a non-inverting integrator.
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Parasitic insensitive inverting SC integrator
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Parasitic insensitive non-inverting SC integrator
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Lossy SC integrators

Inverting Non-Inverting




