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Tow Thomas

Tow Thomas
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Tow Thomas
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Tow Thomas Circuit Diagram

wiring diagram
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Tow Thomas Mathematical Derivative

Wiring Diagram:

VB = −ZF

Z
V1 −

ZF

Z
VL

ZF = (ZC1‖ZR1) =
R1

1 + SC1R1

(1 + SC1R1)VB = −R1

R3
V1 −

R1

R2
VL

∵ VL = 1
SC2R4

VB

(1+SC1R1 +
R1

SC2R2R4
)VB = −R1

R3
V1

VB

V1
=

−R1
R3

SC2R2R4

SC2R2R4 + S2C1C2R1R2R4 + R1
C1C2R1R2R4

VB

V1
=

(
−R1

R3

)
S 1

C1R1

S2 + S 1
C1R1

+ 1
C1C2R2R4

∴ ωo =
1√

C1C2R2R4
and Q =

R1√
R2R4

√
C1

C2
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Sallen Key Topology
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Sallen Key Topology Circuit Diagram

wiring diagram
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Sallen Key Topology Mathematical Derivative

KCL:

V−(1 + RF
R ) = V−K = Vout

Vx :

Vin − Vx

Z1
=

Vx − V−

Z2
+

Vx − Vout

Z3

Vx − V−

Z2
=

V−

Z4

∴ Vx = V−
(

Z2

Z4
+ 1
)

Vout

Vin
=

KZ3Z4

Z1Z3 + Z1Z2 + Z2Z3 + Z1Z4 + Z3Z4 − KZ1Z4
(1)
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Sallen Key Topology Mathematical Derivative

Cont.

Vx :

Vin − Vx = Vx
Z1

Z2
− V− Z1

Z2
+ Vx

Z1

Z3
− Vout

Z1

Z3

Vin = Vx(
Z1

Z2
+

Z1

Z3
+ 1)− V− Z1

Z2
− Vout

Z1

Z3

Vin =
Vout

K

(
Z2

Z4
+ 1
)
(
Z1

Z2
+

Z1

Z3
+ 1)− Vout

K
Z1

Z2
− Vout

Z1

Z3

Vin

Vout
=

1
K

(
Z1

Z4
+

Z1Z2

Z4Z3
+

Z2

Z4
+
�
��Z1

Z2
+

Z1

Z3
+ 1−

�
��Z1

Z2

)
− Z1

Z3

=
Z1Z3 + Z1Z2 + Z2Z3 + Z1Z4 + Z3Z4 − KZ1Z4

KZ3Z4
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Sallen Key Topology Mathematical Derivative

Low Pass Filter

Vout

Vin
=

KZ3Z4

Z1Z3 + Z1Z2 + Z2Z3 + Z1Z4 + Z3Z4 − KZ1Z4

Vout

Vin
=

K 1
SC3

1
SC4

R1
1

SC3
+ R1R2 + R2

1
SC3

+ R1
1

SC4
+ 1

SC3

1
SC4
− KR1

1
SC4

× S2C4C3

=
K

R1SC4 + s2C3C4R1R2 + R2SC4 + R1SC3 + 1− KR1SC3
÷ C3C4R1R2

=

K
C3C4R1R2

s2 + S R1C4+R2C4+R1C3−KR1C3
C3C4R1R2

+ 1
C3C4R1R2

C3 = C4 = C
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Sallen Key Topology Mathematical Derivative

Low Pass Filter

T (S) =

K
C2R1R2

s2 + S R2+R1(2−K )
CR1R2

+ 1
C2R1R2

ω0 =
1

C
√

R1R2
,Q =

√
R1R2

R2 + R1(2− K )
R1 = R2 = R

ω0 =
1

RC , Q =
1

(3− K ) ,
K = 1 +

RF

R
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Sallen Key Topology Mathematical Derivative

ω0 =
1

RC , Q =
1

(3− K ) ,
K = 1 +

RF

R
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Sallen Key Topology Disadvantages

Sensetivity

Sensitivity:

Q =
1

(3− K )

dQ(K )

dK
=

1
(3− K )2 = Q2

∴dQ(K ) = Q2dK
dQ(K )

Q
= QdK × K

K
dQ(K )

Q
= KQ

dK
K

Gain adjustment:

K = 3− 1
Q
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Sallan Key designs Introduction

Quality Factor (Q) or Damping Ratio(ζ)

Q =
1
2ζ

H(S) =
ω2

o

S2 + ωo
Q S + ω2

o
=

ω2
o

S2 + 2ζωoS + ω2
o

S1,2 = −ζωo ± ωo
√
ζ2 − 1 =

−b ±
√

b2 − 4ac
2a

S1,2 =
ζ > 1 or Q < 0.5, Distinct real roots Overdamped 1storder
ζ = 1 or Q = 0.5, Identical real roots Critically damped
ζ < 1 or Q > 0.5, Distinct complex roots Underdamped
ζ = 0 or Q =∞, Oscillator
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Sallan Key designs Introduction

Root Locus of Q
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Sallan Key designs Introduction

Design 1/Simplification 1: Set Filter Components Equal

Features:
1 1 < K < 3
2 Avoid k=1⇒ Q = 0.5
3 Avoid k=3⇒ Q =∞
4 ALL components are = 1,

R1 = R2 = 1Ω C3 = C4 = 1F
5 Very sensitive.

T (S) =
k 1

R1R2C3C4

S2 + [ 1
R1C3

+ 1
R2C3

+ 1
R2C4

− k
R2C4

]S + 1
R1R2C3C4

assume R1 = R2 = C3 = C4 = ωo = 1

=
k

S2 + [3− K ]S + 1

K = 3− 1
Q

= 1 +
Ra
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Sallan Key designs Introduction

Design 2/Simplification 2:Set Filter Components as Ratios and
Gain = 1

Features:
1 k=1
2 Q is independent on K.
3 R1 = R2 = 1Ω and C3 = 1

C4

T (S) =
k 1

R1R2C3C4

S2 + [ 1
R1C3

+ 1
R2C3

+ 1
R2C4

− k
R2C4

]S + 1
R1R2C3C4

assume R1 = R2 = 1Ω and C3 =
1

C4

=
1

S2 + 2
C3

S + 1
⇒ C3 = 2Q C4 =

1
2Q
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Sallan Key designs Introduction

Design 3/Simplification 3:Set Filter Components as Ratios and
Gain = 2

Features:
1 k=2⇒ Ra = Rb = 1Ω

2 Q is independent on K.
3 R1 = 1Ω , C3 = 1F and

R2 = 1
C4

T (S) =
k 1

R1R2C3C4

S2 + [ 1
R1C3

+ 1
R2C3

+ 1
R2C4

− k
R2C4

]S + 1
R1R2C3C4

assume R1 = 1Ω and R2 =
1

C4

=
2

S2 + 1
R2

S + 1
⇒ R2 = Q =

1
C4
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Sallan Key designs Introduction

Resistive Gain Reduction

Features:
1 could be applied to all

simplifications.

R1 = (
R
a
‖ R

1− a
)
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Sallan Key designs Design 4

Resistive Gain Enhancment

Features:
1 ALL components are = 1,

R1 = R2 = 1Ω C3 = C4 = 1F

T (S) =
k 1

R1R2C3C4

S2 + [ 1
R1C3

+ 1
R2C3

+ 1
R2C4

− kkd
R2C4

]S + 1
R1R2C3C4

assume R1 = R2 = C3 = C4 = ωo = 1

=
k

S2 + [3− KKd ]S + 1
⇒ Kd =

R2

R1 + R2

KKd = 3− 1
Q
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