
 
 
 

Design Needs and Challenges of a 4 GHz Ultra-Low 
Phase Noise Clock DistribuƟon Assembly 

 

 

ExecuƟve Summary 

A 4 GHz ultra-low phase noise clock distribuƟon assembly is no longer just “clock fanout”.  It is a 
microwave assembly whose job is to preserve an already-clean source while adding as liƩle phase noise, 
jiƩer, crosstalk, skew, amplitude variaƟon, and spurious content as possible.  This white paper explores 
architectural trade-offs and challenges of PCB layout, spurs, harmonics, leakage, thermal design, power 
supply design as well as Space/defense-grade consideraƟons. 
 
Define the clock’s job 
Key requirements should include: 
 
Requirement Why it maƩers 
Input frequency Fixed 4 GHz or tunable? 
Number of outputs Drives spliƩer/amplifier architecture 
Output power Affects buffer compression, isolaƟon, and phase noise 
Phase noise mask Usually specified by offset frequency 
Integrated jiƩer band CriƟcal for ADC/DAC clocking 
Channel-to-channel skew CriƟcal for phased arrays and coherent converters 
AddiƟve phase noise The most important assembly-level metric 
Output isolaƟon Prevents one load from corrupƟng others 
Spurs/harmonics CriƟcal in radar, EW, and SATCOM 
Temperature range Drives gain/phase driŌ 
VibraƟon/shock Can create phase modulaƟon sidebands 
Redundancy Needed in mission-criƟcal systems 
 
 
The central design problem: addiƟve phase noise 
The assembly should not be judged only by absolute output phase noise. It should be judged by addiƟve 
phase noise: Output phase noise = source phase noise + distribuƟon addiƟve noise.  If the source is 
excepƟonally clean, the distribuƟon network may dominate the final result. 
 
Major addiƟve-noise contributors: 

 RF spliƩers  
 Low-noise amplifiers  
 LimiƟng amplifiers  
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 Clock buffers  
 Power supplies  
 Connectors  
 PCB launches  
 Thermal gradients  
 Load mismatch  
 AM-to-PM conversion  
 Mechanical vibraƟon  

 
Architecture choices 
 
Passive spliƩer tree 
Advantages 

 Very low addiƟve phase noise  
 Excellent linearity  
 No acƟve device flicker noise  
 Good phase predictability  
 High reliability  

 
Disadvantages 

 Large inserƟon loss  
 Requires high input power or post-amplificaƟon  
 Output power may be low  
 IsolaƟon may be limited unless using resisƟve/isolated dividers  
 Harder to support many outputs  

 
Best when the source has enough power and the number of outputs is modest. 
 
AcƟve distribuƟon amplifier 
Advantages 

 Provides gain  
 Supports many outputs  
 BeƩer output-to-output isolaƟon  
 Can drive cables and loads  
 Easier level control  

 
Disadvantages 

 Adds phase noise and AM noise  
 Generates harmonics and spurs  
 SensiƟve to power supply noise  
 Can suffer AM-to-PM conversion  
 Thermal driŌ and compression maƩer  

 
Best when many outputs, high output power, or isolaƟon are needed. 
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Hybrid architecture 
OŌen the best soluƟon: Input condiƟoning → low-noise gain block → spliƩer tree → per-output 
isolaƟon/buffer/filter.  This balances phase noise, output power, and isolaƟon. 
 
Power level trade-offs 
At 4 GHz, signal level is criƟcal. 
 
Too liƩle power: 

 Lower slew rate  
 More Ɵming uncertainty  
 Worse addiƟve jiƩer  
 Poor downstream drive margin  

 
Too much power: 

 Amplifier compression  
 AM-to-PM conversion  
 Higher harmonics  
 More thermal stress  
 Worse crosstalk  
 Possible damage to downstream devices  

 
For ultra-low phase noise, acƟve devices should usually operate in a low-noise linear region, not deep 
compression, unless using a limiter intenƟonally and its addiƟve jiƩer is proven acceptable. 
 
JiƩer implicaƟons 
At 4 GHz, Ɵny Ɵming errors maƩer. One full cycle at 4 GHz is: 250 ps.  So: 
 

 1 ps = 1.44 degrees of phase  
 100 fs = 0.144 degrees  
 10 fs = 0.0144 degrees  

 
For high-speed ADC/DAC clocking, even 50–100 fs RMS jiƩer can maƩer depending on input frequency 
and SNR target. 
 
PCB and microwave layout challenges 
At 4 GHz, layout is RF design. 
 
CriƟcal issues: 

 Controlled 50-ohm impedance  
 Low-loss dielectric material  
 Via transiƟons  
 Connector launches  
 Ground sƟtching  
 Return-current conƟnuity  
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 IsolaƟon between channels  
 Symmetric rouƟng  
 Shielding  
 Avoiding stubs  
 Connector repeatability  
 Phase-matched trace lengths  

 
FR-4 is usually a poor choice for an ultra-low phase noise 4 GHz assembly. BeƩer opƟons include low-loss 
RF laminates such as Rogers, Taconic, Isola RF materials, or ceramic/hybrid substrates depending on 
performance and environment. 
 
Channel-to-channel phase matching 
For coherent systems, each output must preserve phase relaƟonship. 
 
Design concerns: 

 Equal electrical lengths  
 Matched connectors  
 Matched amplifier paths  
 Matched filters  
 Temperature gradients between channels  
 Cable length variaƟon  
 Connector torque variaƟon  
 Phase shiŌ over temperature  

 
A good design may need: 

 Factory phase trim  
 Matched cables  
 Temperature characterizaƟon  
 Per-channel calibraƟon data  
 Phase tracking specificaƟon over temperature  

 
IsolaƟon and load pulling 
Poor isolaƟon allows downstream load changes to modulate the source or other outputs. 
 
Risks: 

 One bad load affects all channels  
 ReflecƟons convert to phase modulaƟon  
 Output amplitude changes with VSWR  
 Crosstalk corrupts coherent channels  

 
MiƟgaƟons: 

 Isolators, aƩenuator pads, or buffer amplifiers  
 High reverse-isolaƟon gain blocks  
 ResisƟve spliƩers where loss is acceptable  
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 Good return loss at every port  
 Output fault protecƟon  

 
Spurs, harmonics, and leakage 
A 4 GHz assembly can create or pass: 
 

 8 GHz second harmonic  
 12 GHz third harmonic  
 Power supply spurs  
 PLL/reference spurs from the source  
 Digital-control spurs  
 Bias-network resonances  
 Amplifier self-oscillaƟon  
 Crosstalk sidebands  

 
The specificaƟon should include: 

 Harmonic limits  
 Non-harmonic spur limits  
 Subharmonic leakage limits  
 Broadband noise floor  
 Offset-frequency phase noise mask  

 
Thermal design 
Thermal driŌ affects both amplitude and phase. 
 
Important design points: 

 Keep channels isothermal  
 Avoid hot amplifiers near only one path  
 Use symmetrical mechanical layout  
 Provide thermal conducƟon paths  
 Avoid airflow sensiƟvity  
 Control connector and cable temperature  
 Use components with low phase-vs-temperature sensiƟvity  

 
For precision systems, specify phase tracking over temperature, not just output power variaƟon. 
 
Power supply design 
Power supply noise can become phase noise and spurs. 
 
Best pracƟces: 

 Separate low-noise regulaƟon per funcƟonal block  
 RF amplifier bias filtering  
 Avoid noisy switching supplies near the RF secƟon  
 Use feedthrough capacitors where appropriate  
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 Shield or separate digital control circuitry  
 Star or carefully parƟƟoned grounding  
 Measure supply pushing of the full assembly  

 
The cleaner the source, the more visible small power-supply effects become. 
 
Mechanical and environmental challenges 
At 4 GHz, mechanical moƟon becomes phase moƟon. 
 
Challenges: 

 Connector movement  
 PCB flex  
 Cable vibraƟon  
 Microphonic capacitors  
 Shield-can resonance  
 Loose fasteners  
 Thermal expansion mismatch  
 Shock-induced phase shiŌs  

 
For airborne, missile, naval, and space systems, test the assembly under: 

 Random vibraƟon  
 Sine vibraƟon  
 Mechanical shock  
 Thermal cycling  
 Thermal vacuum, if spaceborne  
 Phase noise under vibraƟon, not just aŌer vibraƟon  

 
Space / defense-grade consideraƟons 
For aerospace and defense systems, add: 
 

 HermeƟc or sealed packaging  
 Outgassing control  
 RadiaƟon tolerance, if space  
 Tin whisker control  
 DeraƟng  
 Screening and ESS 
 Lot traceability  
 Built-in test  
 Redundant paths  
 RadiaƟon-tolerant or characterized components  
 Long-term aging data  

 
For space, connectors, dielectrics, adhesives, cables, and absorbers must be selected carefully for 
vacuum and radiaƟon compaƟbility. 
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Measurement challenges 
Measuring a 4 GHz ultra-low phase noise distribuƟon assembly can be harder than designing it.  You may 
need: 
 

 Cross-correlaƟon phase noise analyzer  
 Equal or beƩer 4 GHz reference source  
 AddiƟve phase noise measurement setup  
 Low-noise power supplies or baƩeries 
 Phase-stable cables  
 VibraƟon-isolated bench  
 Thermal control  
 CalibraƟon of cable/fixture loss  
 Spur search over wide offset range  

 
Test both: 

1. Absolute output phase noise  
2. AddiƟve phase noise of the distribuƟon assembly  

 
Also test: 

 Output power  
 Harmonics  
 Spurs  
 Return loss  
 IsolaƟon  
 Skew  
 Phase tracking over temperature  
 JiƩer integraƟon over specified bandwidth  
 Load-pull sensiƟvity  

 
Common failure modes 
Typical problems include: 
 

 Clean source ruined by noisy buffer amplifiers  
 Reference spurs amplified by the distribuƟon chain  
 Output-to-output crosstalk  
 OscillaƟon in gain blocks  
 Poor connector launch causing ripple and phase error  
 Unequal thermal gradients causing phase mismatch  
 Power supply ripple creaƟng sidebands  
 Load mismatch causing phase modulaƟon  
 Excessive harmonics from compressed amplifiers  
 Phase noise measurement floor mistaken for product performance  
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Key trade-offs 
Goal Trade-off 
Lowest addiƟve phase noise Favors passive spliƩers and fewer acƟve stages 
High output power Requires amplifiers, increasing noise and harmonics 
Many outputs More spliƩer loss, gain, crosstalk, and calibraƟon 
Best isolaƟon Requires buffers, aƩenuators, or isolators 
Lowest jiƩer Requires very clean source, low-noise buffers, careful power 
Small package Harder isolaƟon, thermal symmetry, and connector layout 
Low power Reduces output margin and available low-noise gain 
Phase matching Requires symmetry, trimming, matched paths, and tesƟng 
Ruggedness Mechanical reinforcement can introduce stress/thermal issues 
Low cost Usually sacrifices screening, RF laminate, test Ɵme, and calibraƟon 
 
 
Recommended architecture 
For a demanding 4 GHz ultra-low phase noise clock distribuƟon assembly, generally start with: 
Low-noise 4 GHz input → input limiter/condiƟoning only if proven low-noise → low-noise RF gain block 
→ high-isolaƟon spliƩer network → per-output low-noise buffer or pad → harmonic/spur filtering → 
phase-matched RF outputs 
 
For the most noise-criƟcal design, consider passive spliƩer-first architecture if the input power is high 
enough. 
For the most isolaƟon-criƟcal design, consider, buffered-per-output architecture, accepƟng some 
addiƟve phase noise penalty. 
 
Conclusion 
The design challenge is preserving the purity of the 4 GHz source. The best assembly is not necessarily 
the one with the most gain or the most outputs; it is the one with the lowest addiƟve phase noise, 
cleanest spur profile, best output isolaƟon, and most stable phase tracking across temperature, 
vibraƟon, load changes, and Ɵme. 
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