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Module-4: Phase Locked Loop and Oscillators
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PLL waveforms under Locked Condition
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Process of Locking/Capturing

1. When a phase step is given, the 

phase detector accumulates the 

phase difference and changes 

Vcontrol

2. VCO changes the frequency to 

vary phase. 𝝋 = 𝝎𝒐𝒖𝒕𝒅𝒕׬

3. Once phase error reduces, the 

input frequency gets equal with 

output frequency and the loop 

becomes locked again.
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Process of Locking/capturing

1. When a small frequency step is 

given, the phase detector 

accumulates the phase difference 

and changes Vcontrol

2. VCO changes the frequency to 

vary phase. 𝝋 = 𝝎𝒐𝒖𝒕𝒅𝒕׬

3. Once frequency error reduces, the  

PD produces narrower pulse and 

Vcont settles to a new value to 

track the new  input frequency 

gets equal with output frequency 

and the loop becomes locked 

again.
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Dynamics of PLL

Negative feedback system compares φout with φin. 
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𝜔 =
𝑑𝜑

𝑑𝑡
and 𝜑 = 𝜔𝑑𝑡׬

∆𝜑 =
∆𝜔

𝑠

𝐾𝑉𝐶𝑂 =
∆𝜔𝑜𝑢𝑡

∆𝑉𝑐𝑜𝑛𝑡
=
∆𝜑𝑜𝑢𝑡. 𝑠

∆𝑉𝑐𝑜𝑛𝑡
∆𝜑𝑜𝑢𝑡
∆𝑉𝑐𝑜𝑛𝑡

=
𝐾𝑉𝐶𝑂
𝑠

• To minimise the phase error, KPD and 

KVCO should be high, but stability 

degrades.

• Pushing ωLPF to high frequency may 

improve stability; however, it 

introduces more ripple in Vcont and 

introduces jitter in ωOUT. 

• Since the loop gain contains one pole 

at origin, it is called Type-1 PLL.



Dr. Ashis Maity, Electrical Engineering, Indian Institute of Technology Kharagpur

Dynamics of PLL
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1. If ωin changes very slowly, so, then ωout tracks ωin.

2. If ζ >1. poles are real and overdamped response

3. If ζ <1. poles are complex and underdamped response

4. If ζ =1. critically damped response
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Dynamics of PLL
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1. Settling speed of PLL is an important parameter. Maximizing ζ∙ωn decreases settling time.

2. To maximize ζ∙ωn, ωLPF has to be increased and it increases ripple of Vcont, ωOUT drifts.

3. If ζ∙ωn is decreased, PLL takes longer time to settle, a lower value of ωLPF reduces ripple in Vcont, but stability decreases.

4. Trade-offs exist between settling time, ripple in Vcont and stability.
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Lock-range and capture-range of PLL

1. Lock range: When PLL is in locked 

condition, the lock-range represents the 

range of frequencies for which the PLL 

maintains the locked condition.

2. Capture range: When PLL is unlocked 

condition, the capture-range is the range 

of input frequencies within which an 

initially unlocked loop will get locked with 

an input frequency.

3. Capture range is smaller than lock-range.
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