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PLL based Clock Generation
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Multiplying DLL (MDLL) based PLL
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above the PLL bandwidth

Ref: S. Ye, et al., JSSC’'2000



Reference Spur Issue in MDLL
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« Mismatch in phase detection and reference
Injection path causes reference spur

e Divider delay and phase detector (PD) fixed
offset are significant source of mismatch
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* Reference Spur Cancellation



Reference and DCO Phase Realignment
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o Additional reference delay in phase detection

path cancels spur

e Challenge: Delay should be adjusted and

tracked precisely



Reference and DCO Phase Realignment
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Zero-offset Aperture Phase Detector
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* |In-situ Reference Spur Detection
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Drawback in Off-chip Measurement
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« Requires high frequency probes or packages,
off-chip drivers and connectors

 Each of these components introduces
Inaccuracy in the measurement
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Error Rate Calculation
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* Error pulse generated when programmable
delay Is larger than clock period
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Error Rate Calculation
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« Skew between two error rate plot is the time
period difference
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Timing Mismatch Detection from Error
Rate Calculation
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e SO selects 1 st clk period, S1 selects 2 "4, and so on
* Error rate Is calculated for each selection



Timing Mismatch Detection from Error
Rate Calculation
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 In-situ time domain measurement of phase
mismatch in MDLL
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e 65nm Test Chip Architecture
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Proposed MDLL Architecture
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Frequency Locking
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Phase Locking
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Spur Cancellation
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Reference Injection
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Key Design Features

Subsampling 1-bit phase detector for in -band
noise reduction

Fractional-N MDLL by periodic rotation of
multiple DCO phases

Phase mismatch cancellation loop with zero -
offset aperture phase detection

In-situ phase mismatch detection Intime
domain

22



Reference Realigned DCO
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Outline

e Measurement Results

24



Measured Error Rate for Mismatch
Detection

MDLL (Before cancellation)
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MDLL Fractional Spur
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Measured Output Spectrum and Phase
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e MDLL shows 9dB lower noise than PLL at
100kHz offset



Performance Comparison Table
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Die Photo and Result Summary
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Conclusion

« Subsampling fractional-N all-digital MDLL
designed in 65nm CMOS

o Zero-offset aperture phase detector based
spur cancellation circuit is implemented for
reference and DCO phase alignment

e First in -situ detection circuit to measure the
mismatch between reference and DCO phase
In time domain

« MDLL measurement result shows 9dB lower
phase noise than PLL at 100kHz offset
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