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Overview

• Why Do We Care?
• Systems Require Lower Phase Noise

• High rate, wide bandwidth communications system, high order QAM

• Upward push into mm-wave for wireless, fixed wireless, MIL/Aero, T&M

• X and XX GSPS converters and wideband SDR 

• New PLL, Clocking Devices Offer Improved Performance
• Do we need to reconsider our frequency reference?

• How do we specify a frequency reference?
• Define system requirements: frequency accuracy, jitter, phase noise
• Work backwards through the RF signal chain
• Lowest SWAP-C that meets requirements
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High Speed Converters Need Low Jitter, Low PN
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Typical High-Performance ADCs vs. Frequency
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Phase Locked Loop Noise Model
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• Minimize noise?
• Reduce noise sources
• Increase FREF, lower N



Example 1 : PLL Module Reference Requirement

• I’m using a Z-Comm SFS-13700 but the phase noise isn’t very good, 
not as good as the datasheet.  Can you help me find the problem?

• What we learn:
• SFS-13700 datasheet shows very good phase noise performance
• Customer uses good lab grade power supplies, premium spectrum analyzer
• Customer using a low cost 100 MHz oscillator as the frequency reference
• Datasheet frequency reference specifications are sparse

• 100 MHz input

• -145 dBC / Hz @ 1 KHz offset

Typical Application Question
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Example 1: SFS-13700 System Noise Model
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-99 - 20Log10137 = -142
• Determine PD Noise

• FOUT = 13.7 GHz fixed
• -99 dBc/Hz @ 1 KHz

• LBW >> 1 KHz

• FREF = 100 MHz, N=137
• Equivalent Noise @ PD?

• -142 dBc/Hz @ 1KHz total

• PD = -145 dBc/Hz @ 1KHz



Example 1: SFS-13700 Reference Solution
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• FREF Requirements
• Loop Bandwidth ~ 15 KHz
• ≤ LBW, need (20LogN + 3dB)
• >> LBW, FREF noise attenuated

• Z-Comm used a VERY, VERY good 
oscillator when they created their 
datasheet plot!
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13.7 GHz

1 KHz

20LogN + 3dB
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FREF-99 dBc/Hz

-145 dBc/Hz

Offset Reqmts
dBc/Hz

Vectron
OX-305-A

100 Hz -133 -130

1 KHz -145 -150

10 KHz -145 -165

100 KHz < -145 -175

1 MHz < -145 -175



PLL Phase Detector FMAX Survey
Higher FPD Lowers N, and Lower Phase Noise for Given FOUT
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PLL Figure of Merit (FOM) Survey
FOM = (Output Phase Noise inside LBW) - 20 log N - 10 log FREF
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Ex 2: ADISimPLL ADF4377 + Ideal FREFERENCE
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FOUT = 10 GHz, FREF = 100 MHz, N=100

• Create a nearly noiseless frequency 
reference in the simulator

• Actual100 MHz Reference noise is 40 dB 
lower than shown (<-170 dBc/Hz)

• Reference approaching thermal noise floor!
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PLL Phase Detector 1/f Improvements
FOUT = 10 GHz, FREF = 100 MHz  (N=100)
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ADF4356
Intro 2017

ADF4372
Intro 2021

ADF4377
Intro 2022

’56 FOM

’72 FOM

’77 FOM

ADISimPLL

Datasheet

• Low Offset Comparison
• 1/fN region
• Usually falls inside LBW

• ADF4377
• ~ 20 dB lower 1/f Noise
• Lower broadband noise floor
• Jitter reduced by half
• Need commensurately better 

reference oscillators 



Reference vs. Phase Detector Noise Tradeoff
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• FREF phase noise – how good does it 
need to be?

• Ref noise and PD noise add within LBW
• Determine system PN requirements
• Subtract 20Log(N)
• Determine total PD ref’d noise floor

• How much reference noise degradation 
can we tolerate?

• ADI : “ref noise at least 6 dB lower”
• What ref phase noise can we afford?
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Ex 3: ADISimPLL ADF4377 + Custom FREFERENCE
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• Use Ref 
Library Editor 
in ADISimPLL
to create 
custom ref 
oscillator

• Set ref PN 3dB 
below PD, see 
2 dB phase 
noise increase

Chip PD
(green)



ADF4377 PLL Performance vs. Reference Freq/Oscillator

FOUT = 10 GHz, FREF = 100 MHz and 400 MHz, Adjust LBW for Lowest Jitter
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Ref
Oscillator Ideal Crystek Ideal Vectron Wenzel Units

FREFERENCE 100 400 MHz

Model Ideal CCSS-945 Ideal VX-501 MXO-FR

LBW 355 355 450 630 500 630 KHz

Jitter 32.5 33.2 27.9 22.4 31.6 22.8 fs, 1K to 20M

PN @ 100 Hz -107 -80 -80 -107 -67 -98 dBC / Hz

PN @ 1 KHz -115 -105 -105 -117 -92 -116 dBC / Hz

PN @ 10 KHz -118 -116 -118 -123 -113 -122 dBC / Hz

PN @ 100 KHz -115 -115 -118 -122 -118 -122 dBC / Hz

PN @ 1 MHz -124 -124 -124 -124 -124 -124 dBC / Hz

Remember that Jitter is an integrated noise value, from 1 KHz to 20 MHz
The Wenzel MXO-FR oscillator is a OCXO+multiplier module, extraordinarily good, $$

X2
EN



Design Process
• Understand system phase noise / jitter requirements
• Select candidate PLL (+VCO)

• Use highest practical FREF, lowest N
• PLL chips use dual modulus prescalers

• Very low N values may not be available, or may be F(frequency) 

• Determine <LBW PD noise floor and > LBW VCO phase noise
• Determine reference oscillator phase noise performance

• Find a suitable reference oscillator
• Freq accuracy, stability, vibration, temp, power consumption, …
• XO, TCXO, VCXO, VCSO, VCRO
• Consider Reference PLL, ex: 10 MHz input to 400 MHz output

• Choose Ref distribution amps carefully, ex: LTC6953/55
• Minimize supply noise, ex: LT304x LDOs
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Design Tools

• Tools like ADISimPLL are invaluable
• Include detailed part models
• Shows each noise source and contribution
• Easy optimization and what-if?
• Tools for typical performance metrics

• Phase noise, spurious, lock time, settling time, ACP

• NEW Jitter optimization

• Use Reference and VCO Library Editors
• Create hypothetical or actual oscillator models
• Reveals design insights, opportunities, trade-offs
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Summary
• Newest PLL chips have lower noise and higher phase detector FMAX

• XO, TCXO, OCXO, quartz-based oscillators offer best performance

• Close-in phase noise is expensive

• Consider Reference PLL
• Likely needed for system synchronization

• PLL1: HF XO/TCXO/OCXO for best frequency stability and close in phase noise

• PLL2: VHF/UHF/+ PLL using VCXO, VCXO+multiplier, VCSO, VCRO for best phase noise/jitter

• Optimal phase noise w/ newest PLLs requires very good reference oscillators
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Useful References
• Vectron Application Note: “Phase Noise”

• Microwaves and RF, “Phase-Noise Modeling, Simulation, and Propagation in Phase-Locked Loops,” Parts 1,2,and 3

• Analog Devices Tech Article, “The Impact of Clock Generator Performance on Data Converters”

• Analog Devices Analog Dialog 42-02 (2008), “Analog-to-Digital Converter Clock Optimization: A Test Engineering Perspective”

• Analog Devices Analog Dialog 52-07 (2018), “Phase-Locked Loop (PLL) Fundamentals” by Ian Collins

• Analog Devices Analog Dialog 55-04 (2021), “The Easy Steps to Calculate Sampling Clock Jitter for Isolation, Precision, High 

Speed DAQs”

• Analog Devices Tutorial MT-008, “Converting Oscillator Phase Noise to Time Jitter”

• Analog Devices AN-501, “Aperture Uncertainty and ADC System Performance

• Analog Devices AN-756, “Sampled Systems and the Effects of Clock Phase Noise and Jitter”

• Fordahl AN-02-3, “Phase Noise to Jitter Conversion”

• “Phase Noise in Signal Sources” by W.P. Robbins, published by IET UK
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