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Introduction to Active Filters
• First consider a passive low-pass filter circuit:

• Voltage gain: 𝐴 =
𝑣𝑜𝑢𝑡

𝑣𝑖𝑛
=

1

1+𝜔2𝑅2𝐶2

• When 𝜔 ≫ 𝑅𝐶, 𝐴 →
1

𝜔𝑅𝐶

• 𝐺 = 20 log10 𝐴 = −20 log10𝜔 + 𝑐𝑜𝑛𝑠𝑡.

• Gain falls of at 20 dB per decade.

𝑣(𝑡)

𝑅

+

-

𝐶 𝑣𝑜𝑢𝑡 𝑍 = 𝑅 −
𝑖

𝜔𝐶



Introduction to Active Filters

• Even at low frequencies, the circuit attenuates 
signals from voltage sources with finite output 
impedance:

• As 𝜔 → 0, the output impedance of the filter 
circuit is 𝑅𝑠 + 𝑍.  Increasing the number of filter 
stages also increases the output impedance.

𝑣𝑠(𝑡)

𝑅𝑠

+

-

𝐶 𝑣𝑜𝑢𝑡

𝑅



Active Filters

• Consider the following op-amp configuration:

𝑣− = 𝑣+ = 0

• Input impedance is 𝑅2.  This determines how 
much current will be drawn from the source.

-
+𝑅2

𝐶

𝑣𝑖𝑛 𝑣𝑜𝑢𝑡

𝑅1



Active Filters

• Analysis:
𝑣𝑜𝑢𝑡 𝑡 = −𝑖 𝑡 𝑍

𝑉𝑜𝑢𝑡 = −
𝐼𝑅1

1 + 𝑖𝜔𝑅1𝐶
= −

Τ𝑉𝑖𝑛𝑅1 𝑅2
1 + 𝑖𝜔𝑅1𝐶

𝐴 =
𝑉𝑜𝑢𝑡
|𝑉𝑖𝑛|

=
𝑅1
𝑅2

1

1 + 𝜔2𝑅1
2𝐶2

• As 𝜔 ≫ 1/𝑅1𝐶, 𝐴 →
1

𝜔𝑅2𝐶

• As 𝜔 → 0, 𝐴 → 𝑅1/𝑅2 and 𝜙 → 𝜋

• The output impedance is essentially determined by the 
non-ideal op-amp properties.  Adding a load resistance 
doesn’t change the analysis.



Example: AD8047



Example

𝑅1 = 𝑅2 = 159 Ω
(1 Τ𝑘Ω 2𝜋)
𝐶 = 1 𝜇𝐹

-3 dB cutoff frequency = 1 𝑘𝐻𝑧

Phase at low frequencies is 180°



• The property of having a low output 
impedance and an output that is isolated from 
the input makes it easy to analyze additional 
filter stages:

Active Filters

𝑅1

-
+𝑅2

𝐶

𝑣𝑖𝑛
-
+𝑅′2

𝐶′

𝑣𝑜𝑢𝑡

𝑅1′

𝐴 =
𝑅1
𝑅2

1

1 + 𝜔2𝑅1
2𝐶2 𝐴′ =

𝑅′1
𝑅′2

1

1 + 𝜔2𝑅′1
2𝐶′2



Active Filters
• The voltage gains of each stage just multiply:

𝐴𝑡𝑜𝑡𝑎𝑙 = 𝐴 𝐴′

=
𝑅1
𝑅2

∙
𝑅1
′

𝑅2
′ ∙

1

(1 + 𝜔2𝑅1
2𝐶2)(1 + 𝜔2𝑅1

′2𝐶′2)

• If 𝑅1 = 𝑅2 = 𝑅1
′ = 𝑅2

′ ≡ 𝑅, and 𝐶′ = 𝐶 then

𝐴 =
1

1 + 𝜔2𝑅2𝐶2

• Unity gain at low frequencies,

• Gain falls off at 40 dB per decade for 𝜔 ≫ 1/𝑅𝐶



Active Band-Pass Filter

-
+

𝑅2

𝐶1

𝑣𝑖𝑛 𝑣𝑜𝑢𝑡

𝑅1

𝐶2

-
+

𝑍1

𝑣𝑖𝑛 𝑣𝑜𝑢𝑡
𝑍2

𝑣− = 𝑣+ = 0

𝑖𝑖𝑛 =
𝑣𝑖𝑛

𝑍2
𝑣𝑜𝑢𝑡 = −𝑖𝑖𝑛𝑍1 = −𝑣𝑖𝑛

Z1

𝑍2



Active Band-Pass Filter

𝑍1 =
𝑅1

1+𝑖𝜔𝑅1𝐶1
(parallel R and C)

𝑍2 = 𝑅2 −
𝑖

𝜔𝐶2
(series R and C)

• From analogy with only resistors, the gain will be

𝐴 =
𝑍1
𝑍2

=
𝑅1
𝑅2

1

1 +
𝑅1𝐶1
𝑅2𝐶2

2

+ 𝜔𝑅1𝐶1 −
1

𝜔𝑅2𝐶2

2

• Cutoff frequencies (𝐴 = 1/ 2):
– Low frequency: 𝜔− = 1/𝑅2𝐶2
– High frequency: 𝜔+ = 1/𝑅1𝐶1



Example

𝜔− =
1

𝑅2𝐶2
= 628.9 𝑠−1 → 𝑓− = 100 𝐻𝑧

𝜔+ =
1

𝑅1𝐶1
= 6289 𝑠−1 → 𝑓+ = 1000 𝐻𝑧



Example

𝜔− =
1

𝑅2𝐶2
= 628.9 𝑠−1 → 𝑓− = 100 𝐻𝑧

𝜔+ =
1

𝑅1𝐶1
= 628900 𝑠−1 → 𝑓+ = 100 𝑘𝐻𝑧



Oscillators

𝑉𝑜𝑢𝑡 = −𝑉𝑖𝑛
𝑅1
𝑅2

1

1 + 𝑖𝜔𝑅1𝐶

𝐴 =
𝑅1
𝑅2

1

1 + 𝜔2𝑅1
2𝐶2

tan𝜙 = −𝜔𝑅1𝐶

-
+𝑅2

𝐶

𝑣𝑖𝑛 𝑣𝑜𝑢𝑡

𝑅1



Oscillators

𝐴 =
𝑅1
𝑅2

2
1

1 + 𝜔2𝑅1
2𝐶2

tan𝜙 ≈ −2𝜔𝑅1𝐶

-
+𝑅2

𝐶

𝑣𝑖𝑛

𝑅1

-
+𝑅2

𝐶

𝑣𝑜𝑢𝑡

𝑅1



Oscillators

𝐴 =
𝑅1
𝑅2

1

1 + 𝜔2𝑅1
2𝐶2

3

tan𝜙 ≈ −3𝜔𝑅1𝐶

-
+𝑅2

𝐶

𝑣𝑖𝑛

𝑅1

-
+𝑅2

𝐶

𝑣𝑜𝑢𝑡

𝑅1

-
+𝑅2

𝐶

𝑅1



Oscillators
• Now connect the output to the input:

• Total phase shift:
𝜙 = 2𝑛𝜋

• Individual phase shift:

tan
2𝜋

3
= −𝜔𝑅1𝐶 = − 3

• Oscillation frequency is 𝜔 =
3

𝑅1𝐶

-
+𝑅2

𝐶

𝑅1

-
+𝑅2

𝐶

𝑣𝑜𝑢𝑡

𝑅1

-
+𝑅2

𝐶

𝑅1


