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Phase Shift Circuits 

The phase shift circuits produce phase shifts that depend on the frequency and maintain a constant 

gain. These circuits are also called constant-delay filters or all-pass filters. That constant delay refers to the 

fact the time difference between input and output remains constant when frequency is changed over a range 

of operating frequencies. 

This is called all-pass because normally a constant gain is maintained for all the frequencies within the 

operating range. The two types of circuits, for lagging phase angles and leading phase angles. 

  

Phase-lag circuit: 

Fig 1 shown below is  the phase lag circuit. Phase log circuit is constructed using an op-amp, connected 

in both inverting and non inverting modes. To analyze the circuit operation, it is assumed that the input voltage 

v1 drives a simple inverting amplifier with inverting input applied at(-)terminal of op-amp and a non inverting 

amplifier with a low-pass filter. 

It is also assumed that inverting gain is -1 and non-inverting gain after the low-pass circuit  is 

 

 
 

 
Fig 1.Phase Lag circuit(source: D.Roy Choudhry, Shail Jain, ―Linear Integrated Circuits, New Age 

International Pvt. Ltd., 2018, Fifth Edition.) 

 

Analysis: 

𝐹𝑟𝑜𝑚 𝑏𝑟𝑎𝑛𝑐ℎ 𝐶 , 𝑉𝐵 =
1

𝐶
∫ 𝐼1 𝑑𝑡 

𝑢𝑠𝑖𝑛𝑔 𝐿𝑎𝑝𝑙𝑎𝑐𝑒 𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚 

𝑉𝐵(𝑆) =
1

𝑆𝐶
𝐼1(𝑠) − − − −(1) 

𝐹𝑟𝑜𝑚 𝑏𝑟𝑎𝑛𝑐ℎ 𝑅   𝐼1(𝑠) =
𝑉𝑖(𝑠) − 𝑉𝐵(𝑠)

𝑅
− − − −(2) 

𝑠𝑢𝑏 (2)𝑖𝑛 (1)𝑎𝑛𝑑 𝑠𝑖𝑚𝑝𝑙𝑖𝑓𝑦𝑖𝑛𝑓 𝑤𝑒 𝑔𝑒𝑡, 

𝑉𝐵(𝑠) =
𝑉𝑖(𝑠)

1 + 𝑆𝐶𝑅
 

𝐹𝑟𝑜𝑚 𝐵𝑟𝑎𝑛𝑐ℎ 𝑅1,𝐼2(𝑠) = 𝑉𝑖(𝑠)−𝑉𝐵(𝑠)
𝑅1

= 𝑉𝑖(𝑠)−𝑉𝐴(𝑠)
𝑅1
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𝐹𝑟𝑜𝑚 𝐵𝑟𝑎𝑛𝑐ℎ 𝑅𝑓,𝐼2(𝑠) = 𝑉𝐴(𝑠)−𝑉𝑜(𝑠)
𝑅𝑓

= 𝑉𝐵(𝑠)−𝑉𝑜(𝑠)
𝑅𝑓

 

𝑆𝑖𝑚𝑝𝑙𝑦𝑓𝑖𝑛𝑔 𝑤𝑒 𝑔𝑒𝑡,
𝑉𝑜(𝑠)

𝑉𝑖(𝑠)
=

1 − 𝑆𝐶𝑅

1 + 𝑆𝐶𝑅
 

𝑆𝑢𝑏 𝑆 = 𝑗ɷ 

𝑉𝑜(𝑗ɷ)
𝑉𝑖(𝑗ɷ)

=
1 − 𝑗ɷ𝐶𝑅
1 + 𝑗ɷ𝐶𝑅

 

𝑀𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 = 1 ℎ𝑒𝑛𝑐𝑒 ⃒𝑉𝑜⃒ = ⃒𝑉𝑖𝑛⃒ 

𝑃ℎ𝑎𝑠𝑒 ɵ = − tan−1(ɷ𝑅𝐶) − tan−1(ɷ𝑅𝐶) 

ɵ = − 2tan−1(ɷ𝑅𝐶) 

𝐶𝑎𝑠𝑒 (𝑖) ɷ = 0  𝑡ℎ𝑒𝑛 ɵ = 0 

𝐶𝑎𝑠𝑒 (𝑖𝑖) ɷ = ∞  𝑡ℎ𝑒𝑛 ɵ = −180° 

ɵ = − 2tan−1(2𝜋𝑓𝑅𝐶) 

ɵ = − 2tan−1(
𝑓

𝑓𝑜
) 

𝑓𝑜 =
1

2𝜋𝑅𝐶
 

 

 
Fig 2 Bode plot of phase lag circuit((source: https://www.brainkart.com/subject/Linear-Integrated-

Circuits_220/) 

The relationship is complex as defined above equation and it shows that it has both magnitude and 

phase.Fig 2 shows the bode plot of phase lag circuits. Since the numerator and denominator are complex 

conjugates, their magnitudes are identical and the overall phase angle equals the angle of numerator less the 

angle of the denominator. 
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Phase-lead circuit: 
 The phase-lead circuit is in which the RC circuit forms a high pass network. The output voltage is 

expressed as. 

 
Fig 3 shown below is the phase lead circuit and fig 4 is the bode plot of phase lead circuit. 

 

 

Fig 3 phase lead circuit(source: https://www.brainkart.com/subject/Linear-Integrated-Circuits_220/) 

 

 
fig 4 Bode plot of phase lead circuit. (source: https://www.brainkart.com/subject/Linear-Integrated-

Circuits_220/) 

 

 

 


