Q.1: Each function is a BPF. So we will take the BPF circuit using OTAs. One form the text book (p.139)is:
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Consider the 2" order TF T,(8)= 5 =
S* +15056s+0.28604 x 10

Thus, comparing gmi8m2/(C.C,)=0.28604E18, g.,3/C,=15056, g,,,/C,=21262

There are 3 egs., but 5 components to design. We can have 2 free choices. Let us set C;=C, =9pF (i.e.,
less than 10pF).

Then solving g1 =121.0779795 mhos, gmn,=1.91358 107 mho, gmn3 =1.35504 107 mho
Q.2:
Using the Table and given data

492.0569073
= sqrt(8.9833E5);
947.8027221
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fs == 16E3;
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ax = 2-fs;
wph = ax-tan(%);

wnh = ax-tan

F2:= ax* + (M) ax + wphz;
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0.9391816402

0.9689695607 (1 — 1.999054294 zx + 1.zx%)

he above zx=> 7z,

1 — 1.935780242 zx + 0.9391816402 zx”



The above is the answer for part (a).

Part (b): AtDC, ZX =2"' = exp(—JQT) =1, since Q=0 (DC means zero frequency).
Hence hz|,,=0.269

At 492 rad/sec, QT =0.0307, zx =0.9995272560 — 0.030745154221 .

hz| m2=0.00007 (approx.. zero, as it should happen since 492 rad/s is almost equal to the notch
frequency)

Q.3:
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Q.4:
After impedance scaling by 50 and frequency scaling by 3000, the LC ladder circuit becomes
(multiply by 50/3000) all reactive elements, multiply by 50 all resistive elements)
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Active RC implementation by FDNR technique.

Apply impedance scaling by 1/ks with k=107 (say). Then

50Q->k/50=20 nF, 13.88 mH->13.88 m/k =13.88 k€, and 3.2 uF>3.2uk =3.2x10"'"* as super
capacitor Dy.
In the GIC implementation of the super capacitor Dy =C’R, . So the intermediate
implementation is:

20 nF

13.88 k 2.78 k
+ | + +
Dx
Iz[ -1 V£ 20 nF_‘V K

We now have to provide a DC path across the 20 nF capacitors so that the DC gain is held close
to 50/(50+50)=1/2. Then we need to derive the GIC circuit to realize Dy element.
Rb
R, + R, +16660

If Ry and Ry, are the elements, we can design according to 0.5 = . Let R;=1 MQ,

then R,=1.0166 MQ

For the GIC circuit to realize the super capacitor Dy (text book p.216)

IfR=1 kQ, Dy =3.2x10""* will need C, =56.57 nF. We can let all R in the GIC circuit to be =1 kQ.

This completes the paper design. The overall system will appear as shown.



O_'\—qwm——% .

v [ YV . .

=
Me B 20 nF

[
A
- AAA
[yl N T
< +

"o 56.57nF

(@) =

(Schematic of the Dy element)

Active RC implementation by OPERATIONAL SIMULATION technique

13.88 mH 278 m H
500
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The series L,R branches will be simulated by lossy integrator circuits while the shunt capacitor
will have to be simulated by an ideal integrator circuit. The integrators will be implemented by
OP-AMP, R and C elements.



Consider + i with Rs =50Q, L; =13.88 mH. This branch can be simulated
R/L,
s+Rg /L,

by the circuit (text book p.221)

by avoltage TF T, =Y R = . This TF can be implemented (except for the minus sign)
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The design equations are: (from DC gain equality) Ry/R= R/Rs, and Rs/L;=1/R\Cy. Assuming R
=1000€2, and substituting given values of Rg, L;, we can get C; =13.88 nF, R, =200002

Similarly, for the branch , by substituting the values (Ls=2.78 mH, R
=500, and assuming R=1000Q2, we’ll get Cx,=2.78 nF, Ry, =20000€2.

The branch A— can be implemented using a lossless RC integrator circuit. Thus,
—Z,/R=-1/(sC,R) can be implemented using the circuit
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Now, using the sequence shown below (text book p.219),
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Figure 7.14 Implementation of the | — V relations in|

we can derive the leap-frog structure as below



