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Phase Locked Loop Concept 
• Synchronize the input and output signal in frequency as well as phase

• main objective: fin = fout

• Makes phase equal ? X
• Makes phase difference constant? 
Note: If phase difference is constant the frequency must be the same, 

so once it is constant the frequency will be synchronized. 

Initially VCO runs at f0
(center frequency)
Phase detector compares 
fin and fout (multiplier) 

fin – fout and fin +fout

KEY: If there is difference in frequency/phase ------error signal is generated -----LPF ----error voltage 
----Based on this VCO frequency will increase or decrease until fin = fout (Locked!!) 
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Operation Modes of PLL 
• Free-running state: Before the input is applied 

VCO runs at center frequency f0

• Capture Mode : after the input frequency is 
applied VCO continues to change until it equal 
the input frequency 

• Phase locked State: when fin = fout

Note: PLL can acquire lock state only when input signal fin is 
within capture range 

Capture Range -----Lock Range

Capture Range  : The range of input frequency around VCO 
center frequency in which loop can lock when starting from 
unlock condition 
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Pre-Emphasis and De-Emphasis Circuits
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Key Applications Where Pre-Emphasis And De-Emphasis Are Used:

•FM radio broadcasting - Pre-emphasis boosts high frequencies before transmission, while de-emphasis is 
applied in receivers to reduce noise and distortion. This improves FM signal quality.
•Magnetic tape recording - Tape recording applies pre-emphasis to utilize the full dynamic range, while playback 
applies de-emphasis to restore the original frequency response.
•Disc recording technologies - Optical and magnetic discs like CDs, DVDs, and Blu-ray employ pre-emphasis 
and de-emphasis to maximize SNR and minimize errors.
•Microwave radio links - Pre-emphasis allows longer hops in microwave line-of-sight communication links. De-
emphasis restores the original spectrum.
•Satellite communication - Pre-emphasis is applied to signals sent to communication satellites to overcome 
noise in space. The satellite or receiver de-emphasizes the signal.
•Telephony - Both cellular and landline telephony apply pre-emphasis to speech before transmission and de-
emphasis at the receiving end for clarity.
•Professional wireless systems - Wireless microphones and in-ear monitors use pre-emphasis and de-
emphasis for clean audio over the radio.
•HDTV broadcasting - Some HDTV standards have pre and de-emphasis circuits for luminance and 
chrominance signals.
•Dolby noise reduction - Dolby systems use a form of sliding pre and de-emphasis to attenuate frequencies with 
less audio content, reducing noise.
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