INDIAN INSTITUTE OF TECHNOLOGY KANPUR

Phase Locked Loop (Design and Implementation)

Supervisor Candidate

Prof. S. Qureshi Snehil Verma

April 20, 2017



Motivation

e Concept of PLL was introduced in 1930s and since then the scope
of PLL application has attracted many designers.

e With the advancement of the technology new designs, new
problems and non idealities are emerging and hence the
motivation to work in this field.

e PLL has vast application in the area of electronics and
communication.

o Clock generation for a microprocessor
o Frequency synthesizer in a mobile
o Skew reduction
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Block Diagram of PLL

e The basic structure of the PLL can be understood from the block
diagram below.
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Figure: Block Diagram
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Work Plan

e In the early pre-mid semester (January), through literature survey
was conducted on VCO and its working.

e Later part of the pre-mid semester (February) was devoted to
design and implementation of VCO and frequency divider.

e In the similar fashion, during early post-mid semester (March),
through literature survey was conducted on PFD, Charge Pump &
LPF, and their working.

e Later part of the post-mid semester (late March and April) was
devoted to design and implementation of PFD, Charge Pump and
LPF. All the components were combined and stability analysis was
performed. The results were recorded and a report was developed.
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Final schematic of the PLL

Figure: Complete PLL schematic
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Results (VCO)

e The PLL circuit is designed and simulated using SCL PDK 180nm
CMOS Technology. The voltage supply (Vpp) is taken to be
1.8V.

e The output frequency ranges from 0 MHz to 16.172 MHz,
centred around 8 MHz, linearly w.r.t the input of VCO (Visvco)-

e The maximum power consumption by CSVCO is 181.161uW.

Figure: Current Starved VCO 6 of 15
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Results (VCO and LPF)

Lineariy Analysis

Figure: Vipvco vs Output frequency

e After performing stability analysis, the values of Rp, Cp and (,
used in the LPF, are taken to be 1k, 40pF and 4pF respectively.
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Results (LPF)
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Figure: Improved LPF to attain stability and reduce ripple in Vj,vco
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Results (PLL)

e The PLL is working as expected and producing an output
frequency of 8 MHz.

e Settling time of the PLL (£5%) is around 33us and Lock time is
around 125us which is practical.
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Figure: Output Frequency Slofiis
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Discussion

e Out of several architectures for designing VCO, | chose to design
and analyze Current Starved VCO as it is less sensitive to the
voltage variation in Vpp.

e Many applications require VCO to be linear i.e. output frequency
is linearly related to the input voltage. Hence linearity is an
important performance parameter for a VCO.

¢ Divide-by-2 frequency divider is used to provide feedback from
CSVCO to PFD. This simple structure, using D flip flops, reduces
the time jitter of the VCO.
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Discussion
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Figure: Linearizing VCO gain
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Discussion

e There are various implementations of PLL. Here | chose to
implement Charge-Pump PLL as type | PLLs have tight trade-offs
and have limited acquisition range.

e Aided acquisition range is possible due to addition of frequency
detector to the phase detector, using PFD.

e To remove the delay between the two inputs of the charge pump,
a transmission gate is added between Qg and the gate of
MOSFET corresponding to S,.

e After performing stability analysis it was observed that in order to
minimize the ripple effect, a small capacitor C; (~ 0.2 - 0.1 times
Cp) must be added in parallel to the series combination of Rp
and Cp.
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Discussion

Figure: Suppression of skew by transmission gate
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Summary of Results

e The PLL circuit is designed and simulated using SCL PDK 180nm
CMOS Technology and the voltage supply (Vpp) is taken to be
1.8V.

e The output frequency of the CSVCO ranges from 0 MHz to
16.172 MHz, centred around 8 MHz, linearly w.r.t the input of
VCO (VinVCO)'

e Maximum power consumption by CSVCO is 181.161uW.

e The PLL is stable and is producing an output frequency of 8 MHz.

e Settling time of the PLL (£5%) is around 33us

e Lock time of the PLL is around 125pus.
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