The two-integrator loop

Courtesy of Jorge Zarate



The standard form
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* |F the circuit is lossless (R=0), the poles:
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* Similarly to the Q of an inductor:
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* Using our definitions: 3= 52+w0/Qs+a)§




The second order circuit

With an active implementation (gain -H) and normalizing to s,=s/w,,.

Vip —H 241
= - vip | Sy + Sp, +1)=—Hv;
v S,%+1/an+1 LP(n /Qn ) l

In the time domain:
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+ vy p(t) = —Hv;(t)

It is clear that we need two integrations to determine v,,. To identify
integration:

S (s + 1/Q )vLP = —(Hv; + v.p)
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Now, v,, can be obtained if vg, is integrated

SV p = — (Hv; + v;p) = vBP



(Hv; + v;p) = vBP
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Vpp = —Vgp = —|— (Hv; + vpp)

S )
* To further simplify:

— (Hv; +vpp) = (5 + 1/Q )VBP
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Vep = T (Hv; + vpp + 1/Q Vpp) = — 5 Vnp

* Now we can see than vg, can be obtained by integrating with a sign of
inversion v,p.



* Where v,, is nothing but the sum of three scaled voltages

vgp = (Hv; +vp + 1/Q Ugp)
* Backing up:
— We said we could get v, by integrating vg,
— And that v, is obtained by integrating, with a negative sign,

Vip
— And v, is the summation of three scaled voltages, therefore:
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Block diagram

vLP

w|=

Integrator2

1 1%
s+ /an+1

i



Tow-Thomas

Block diagram calls for a lossy inverting integrator and for an
ideal non-inverting integrator

Replace the ideal non-inverting for an ideal inverting +
inverting amplifier

 Where is the high-pass output?



Feed-forward Tow-Thomas

* Single-point output, multiple functions can be achieved
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Simulink
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Mason’s Rule

* Direct paths:
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