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[Summary] The RF/microwave industry feels persistent pressure to deliver higher performance frequency synthe-
sizer designs. Phase noise is a critical parameter that imposes the ultimate limit in the system’s ability 
to resolve signals of small amplitude. Today’s systems demand low phase noise per-formance without 
compromising other characteristics such as frequency coverage, resolution and spurious. This article 
reports a new methode for residiual phase noise suppression using frequency multiplication within 
phase lock loop. This method was successfully used in the RubidiumTM frequency synthesizers product 
line. Phase noise of −140 dBc/Hz at 10 GHz output and 10 kHz offset was reported. 

Anritsu Technical Bulletin No. 98 Mar. 2023       (1) Phase Noise Suppression in PLL Synthesizers 

1 Introduction 

Microwave signal generators are among the most chal-

lenging of high-frequency designs. Overall, the industry feels 

persistent pressure to deliver higher-performance synthe-

sizer designs1). Phase noise is a critical parameter that im-

poses the ultimate limit in the system’s ability to resolve sig-

nals of small amplitude. Today’s systems demand low phase 

noise performance without compromising other characteris-

tics such as frequency coverage, resolution and spurious. 

This article reports a new method for residual phase noise 

suppression using frequency multiplication within phase 

lock loop (PLL). 

2 PLL Phase Noise Behavior 

Synthesizer characteristics depend heavily on a particular 

architecture. Indirect PLL synthesizers (Figure 1) use a volt-

age-controlled oscillator (VCO) to generate an output signal 

at microwave frequencies that is in a certain relationship 

with the reference signal2-10). 

Figure 1 Single loop PLL synthesizer 

This signal is fed back to a phase detector through a fre-

quency divider with a variable frequency division ratio N. 

The other input of the phase detector is a reference signal 

equal to a desirable step size. The phase detector compares 

the signals at both inputs and generates an error voltage 

that, following filtering and optional amplification, slews the 

VCO until it acquires the lock frequency given by 

fOUT = fPD / N 

where fPD is the comparison frequency at the phase detector 

inputs. The frequency tuning is achieved in discrete frequency 

steps equal to fPD by changing the division coefficient N. 

The major advantages of PLL synthesizers are reduced 

levels of spurious signals owing to the low-pass filter action 

of the loop, and much lower level of complexity compared 

with the direct analog synthesizers. The main disadvantage 

is considerably higher phase noise in comparison with direct 

analog schemes. The phase noise within the loop filter band-

width is given by: 

NPDPLL log20 LL

where PDL is phase noise of the reference signal, reference 

and feedback dividers, phase detector, LPF, and loop ampli-

fier recalculated to the phase detector input. In other words, 

the phase noise generated by PLL components is degraded 

by large division ratios required to provide a high-frequency 

output with a fine resolution. For example, in order to get 10 

GHz output with 1 MHz step size, the feedback divider ratio 

has to be 10000, which corresponds to 80 dB phase noise deg-

radation. Thus, the conventional single-loop architecture 

suffers from poor phase noise performance. It is usually uti-

lized in non-demanding applications or when low cost is the 

major concern. 

The PLL synthesizer’s main characteristics can be drasti-

cally improved using frequency conversion (mixing) within 

the synthesizer feedback path as shown in Figure 2. The idea 

is to convert the VCO output to a much lower frequency with 

the aid of a mixer and an offset frequency source. In certain 
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scenarios (e.g., when the operating frequency range is nar-

row) it is possible to eliminate the feedback frequency di-

vider completely. In this case, the loop division coefficient 

equals one and no phase noise degradation occurs. 

 

Figure 2 Frequency mixing within PLL feedback path 

Moreover, one can further reduce PLL components resid-

ual noise by inserting a frequency multiplier into the feed-

back path instead of a divider as depicted in Figure 3. 

 

Figure 3 Frequency multiplication within phase-lock loop 

 

In this case, the frequency multiplier acts exactly opposite to 

a frequency divider, i.e. it does not degrade but rather sup-

presses residual phase noise at the same 20logN rate. Thus, 

there can be three basic scenarios constructing a PLL as follows: 

N >1 – a frequency divider within PLL loop (residual phase 

noise is degraded at 20logN ), 

N =1 – no division within PLL loop (residual phase noise is 

not degraded), 

N <1 – a frequency multiplier within PLL loop (residual 

phase noise is improved at 20logN ). 

 

3 Practical Implementation 

This approach was successfully used in the RubidiumTM sig-

nal generators recently introduced by Anritsu Company11). 

The synthesizer core is based on a proprietary 2-20 GHz YIG 

oscillator that is locked to an internal reference extracted and 

distributed by direct analog means as illustrated in Figure 4. 

 

Figure 4 Practical implementation 

The analog downconverter is essentially a chain of mixers, 

no divider is utilized. The YIG output signal is downcon-

verted by the direct analog converter that eliminates any fre-

quency divider and, therefore, phase noise degradation 

within the phase lock loop. Furthermore, a switched fre-

quency multiplier (Figure 5) is inserted into the loop that 

provides additional residual PLL noise suppression12). 

 

Figure 5 Switched frequency multiplier details 

As a result, the presented architecture provides essen-

tially noiseless PLL mechanism, meaning it translates syn-

thesizer’s reference noise with minimal added phase noise 

degradation. Note that the synthesizer phase noise is still 

limited by phase noise of available reference source. In our 

case, a three-component combined reference is utilized to 

provide the lowest possible phase noise at any given fre-

quency offset. We utilize a chain that consists of a 10 MHz 

OCXO, 100 MHz OCXO and 1.6 GHz DRO. The DRO is cus-

tom-built design shown in Figure 6. Its phase noise 
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measured at 1.6 GHz output and 10 kHz offset was about 

−158 dBc/Hz. Furthermore, the combined reference is disci-

plined by a rubidium atomic clock that introduces a much

higher degree of stability compared to a conventional OCXO-

based reference.

Figure 6 Custom-built 1.6 GHz DRO 

4 Test Results 

This concept was used in the development of RubidiumTM 

frequency synthesizers shown in Figure 7. The synthesizer 

covers 9 kHz to 20 and 43.5 GHz with 0.001 Hz resolution 

and excellent spectral purity. The measured phase noise at 

10 GHz output is shown in Figure 8. Phase noise of −140/dBc 

was measured at 10 kHz offset that is better than traditional 

signal generators currently available on the market. Fur-

thermore, it follows the fundamental 20logN rule based on 

its DRO reference. This proves the “noiseless” concept used 

in the development of this synthesizer. Phase noise at our 

frequencies from 2 to 20 GHz followed the 20logN rule due 

to the “noiseless” architecture (i.e. phase noise at 5 GHz out-

put was 6 dB better within PLL bandwidth and so on). 

Figure 7 RubidiumTM frequency synthesizer 

Figure 8 Phase noise at 10 GHz 

5 Conclusions 

This article reports a new method for residual phase noise 

suppression using frequency multiplication within PLL loop. 

The multiplier works exactly opposite to a frequency divider, 

thus, suppressing phase noise at 20logN rate. This method 

was successfully used in the RubidiumTM frequency synthe-

sizers product line. Phase noise of −140 dBc/Hz at 10 GHz 

output and 10 kHz offset was achieved using a combined ref-

erence source. Further improvements are possible using bet-

ter reference sources such as sapphire-loaded cavity oscilla-

tors or optoelectronics methods. 

References 

1) A. Chenakin, “Frequency Synthesis: Current Status and Future

Projections,” Microwave Journal, April 2017, pp. 22-36.

2) A. Chenakin, Frequency Synthesizers: Concept to Product, MA:

Artech House, 2010.

3) J. Crawford, Frequency Synthesizer Design Handbook, MA: Ar-

tech House, 1994.

4) J. Crawford, Advanced Phase-Lock Techniques, MA: Artech

House, 2008.

5) W. Egan, Phase-Lock Basics, 2nd ed., NJ: Wiley, 2007.

6) F. Gardner, Phaselock Techniques, 3rd ed., NJ: Wiley, 2005.

7) S. Goldman, Phase-Locked Loop Engineering Handbook for In-

tegrated Circuits, MA: Artech House, 2007.

8) J. Klapper and J. Frankle, Phased-Locked and Frequency-Feed-

back Systems, New York: Academic Press, 1972.

9) V. Kroupa, Phase Lock Loops and Frequency Synthesis, NJ: Wil-

ley, 2003.

10) V. Manassewitsch, Frequency Synthesizers: Theory and Design, 

3rd ed., NJ: Wiley, 2005.

38



Anritsu Technical Bulletin No. 98 Mar. 2023       (4) Phase Noise Suppression in PLL Synthesizers 

11) A. Chenakin, S. Ojha and S. Phadnis “RubidiumTM Signal Gen-

erators Redefine Industry Standards for Spectral Purity and 

Stability,” Microwave Journal, November 2021, pp. 40-42. 

12) A. Chenakin “Frequency Synthesizer Having Low Phase Noise,” 

Patent Pending, Pub. No. US 2022/0239301 A1, July 2022. 

 

Author 

 

Alexander Chenakin 
Service Infrastructure Solutions  
US Division  
Test & Measurement Company 

 

Suresh Ojha 
Service Infrastructure Solutions  
US Division  
Test & Measurement Company 

 

Nikolay Shtin 
Service Infrastructure Solutions  
US Division  
Test & Measurement Company 

 

Publicly available 

39



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




