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Hybrid DDS-PLL HF Frequency Synthesizer 
for FH-SS Radio 

Igor S. Šajić, Jugoslav J. Joković1, Slavko D. Šajić2 

Abstract – A proposal for the complete suppression of spurs 
arising from cutting off the phase in the direct digital frequency 
synthesis phase accumulator is implemented and tested. The 
Frequency Hopping Spread Spectrum (FH-SS) frequency 
synthesizer scheme is proposed for generating RF carrier in the 
HF band. The synthesizer was realized by combining Direct 
Digital Frequency Synthesis (DDFS or DDS) and Phase Locked 
Loop (PLL). In order to illustrate performance of the proposed 
scheme,corresponding measurements were performed.  

Keywords – Modulation, Reference clock, PLL, DDS, 
Synthesizer. 

I. INTRODUCTION 

Generating carrier signals is of paramount importance in 
radio communication systems. The performance of this signal 
defines the basic characteristics of the radio transmitters, such 
as the spectral purity of the output signal, the phase noise of 
the transmitter, the stability and output frequency resolution, 
etc. The requirements regarding carrier frequency in agile 
radio-communication systems (FH-SS) are additionally 
complex when the synthesizer is realized. In addition, there is 
a requirement for a rapid change in the frequency of the 
carrier. The most commonly used technique for generating a 
carrier is the phase synthesis based on the Phase Locked Loop 
(PLL). The PLL-based frequency synthesizer isnot complex, 
providing a relatively wide range of frequencies that could be 
generated and a good suppression of parasitic signals 
comparing to the level of the useful signal. The main 
disadvantages are the inability to achieve a high resolution 
and a relatively long time of switching from one frequency to 
another [1]. 

Another widely used technique is Direct Digital Frequency 
Synthesis (DDS), which is increasingly used in modern radio-
communication systems, alone or in combination with PLL. 
Since DDS isbased on digital operations, it is possible to 
achieve a very rapid change in output frequencies, which is 
especially important with the Frequency Hopping Spread 
Spectrum (FH-SS) system. In addition, the DDS provide a 
large output resolution, low phase noise, a high ratio of 
minimum and maximum output frequency, the ability to 
perform all types of digital modulations, continuous linear 
change of output frequency, etc [2].  

However, in comparison with PLL synthesis, DDS has a 
limited range of output frequency and higher level of parasitic 
(undesirable) spectral components. Since the level of spurs in 
the DDS output signal is unacceptable in most RF wireless 
applications, the direct use of DDS to generate carrier signals 
in the transmitter is not appropriate. The situation is worse in 
the case of radio transmitters with non-linear amplifiers. 

The realization of agile synthesizers in the HF band 
(2-30 MHz) is additionally complex because the Voltage-
Controlled Oscillator (VCO) that should to "cover" the 
frequency range consisting of four octaves. Therefore, in 
order to cover the HF band with one VCO, the ratio of the 
capacitance of the varicap diode Cvmax/Cvmin = 225 is required, 
which today's technology does not support. In this case, it is 
necessary to realize a number of VCOs that would be 
switched on depending on the desired frequency. However, in 
FH-SS systems where fast switching from one frequency to 
another is required, the use of multiple oscillators depending 
on the desired frequency is not an acceptable solution due to 
the relatively long oscillator stabilization time after it is 
switched on. On the other hand, the simultaneous operation of 
more VCOs creates difficulties to ensure their mutual 
isolation to achieve the spectral purity of the output signal. 

Bearing in mind the previously mentioned problems of 
generating carrier frequencies in the FH-SS systems of the HF 
band, and using the advantages provided separately by PLL 
and DDS, the hybrid FH-SS synthesizer for generating carrier 
frequencies in the HF band is proposed, implemented and 
analysed.First, a brief overview of the source of undesired 
signals in the DDS is given, as well as the proposal of their 
suppression. Also, a block diagram of the hybrid synthesizer 
for generating RF carrier signals in the HF band is proposed 
and described. Finally, the results of the measurements are 
shown, together with the corresponding conclusions. 

II. PROPOSED DESIGN 

A. Suppression of Spurs due to Phase Shortening in DDS 

As said, one of the basic disadvantages of DDS is its 
spectral impurity. In a DDS there are several sources of 
undesired spectral components, two of which are the most 
important. The first source is the resolution of the Digital to 
AnalogConverter (DAC), which leads to an error due to the 
quantization of the sine wave signal. In the frequency domain, 
quantization errorsappear as discrete spectral components at 
the DAC output. Increasing the DAC resolution reduces the 
quantization error and, therefore, the level of unwanted 
spectral components in the reconstructed sine wave. The ratio 
of the useful signal powerto the quantum noise is determined 
as SQR = 1.76 + 6n (dB), where n represents the number of 
bits in the resolution of the DAC. 
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way, the broadband parasitic components and components due 
to phase shortening, which are present in the reference signal 
FR generated by DDS-1 are suppressed. Changing the output 
frequency of the PLL is done by changing the frequency of 
DDS-1, which results in a high resolution in the output signal 
(resolution offered by DDS-1). 

Furthermore, in the phase loop there is no multiplication of 
the reference frequency, so the level of the phase noise of the 
output signal in the bandwidth of the PLL is equal to the 
phase noise of the DDS together with the noise generated by 
the Phase-Frequency Detector (PFD), by the Charge Pump, 
and by the Loop Filter. Outside of the bandwidth of the PLL, 
the phase noise is generated by Voltage Controlled Oscillator 
(VCO). Depending on a system oscillator (FC), DDS-1 can 
provide a relatively small level of phase noise, and a low level 
of the phase noise of the output signal of the PLL can be 
achieved by careful selection of the phase loop components. 
The phase noise at the output of the synthesizer will be less 
for 20*log(FS/F0) in comparison with the phase noise of the 
output signal of PLL. 

The phase loop parameters - natural frequency ωn and 
damping factor ξ, for the second order unit phase loop and 
passive filter, are determined using the expressions [9]: 

C

IK p
n 


2

0 ,  
C

IKRC p




22
0

     
(2) 

where K0 (radians/second/volt) is the slope of VCO and Ip(A) 
is current of the Charge pump. Because of the relatively high 
reference frequency, it is possible to achieve larger ωn which 
provides a higher bandwidth of phase loop that is less lock 
time. The phase looplock time is defined as: 

Ts = - ln ((fe/Δf) (1-ξ2) 1/2))/(ωnξ),  (3) 

where fe is an acceptable frequency error, Δf is initial 
frequency error or initial offset [10]. By pre-voltage VP a 
small initial offset (Δf  = FVCO – FR) can be achieved, after 
which the PLL with high ωn will quickly reduce the frequency 
error to an acceptable level fe. For example, for Δf = 100 KHz, 
fe = 100 Hz, ξ = 0,707 and ωn = 500 KHz the lock time is 
Ts = 2.23 μs. By selecting a new frequency, the corresponding 
value of the VP  pre-voltage variation is read from the memory 
so that the VCO is almost instantly placed very close to the 
desired frequency. The remaining phase difference is very 
quickly eliminated by the phase loop. In this way, we get a 
quick change in the output frequencies, which is especially 
important in FH-SS systems [11]. 

III. RESULTS OF MEASUREMENTS 

In order to illustrate the possibility of the hybrid synthesizer 
configuration given in Fig. 2, the chips DDSAD9954 and 
PLLADF4002 were used. The VCO is realized in the VHF 
band (60-90 MHz), while the frequencies in the HF band are 
generated using DDS-2, as an integer part of the output 
frequency of the PLL. 

In Fig. 3, the spectrum of the signal of frequency 
F0 = 5.5 MHz is given, in the cases where the system 
frequency, FS, for DDS-2 is not an integer multiplier of the 
output frequency, (FS/F0 = 13.6363), as well as FS is the 
integermultiplier of the output frequency (FS/F0 = 14). In the 
first case (Fig. 3a), the in the output signal arepresent discrete 
spectral components due to phase shortening. On the other 
hand, in the case of integer ratio FS/F0 (Fig. 3b), these spectral 
components are completely suppressed. 

 

 
(a) 

 
(b) 

Fig. 3. Spectrum of the signal for: (a) FS/F0 =13.6363, (b)  FS/F0 =14 

Similarly, Fig. 4 shows the spectrum of the frequency 
signal F0 = 15.625 MHz in the cases where the system 
frequencyand output frequency are in different ratios. In the 
case where system frequency FS = 75 MHz (Fig. 4a) is not 
integer multiplier of output frequency (FS/F0 = 4.8), the 
spectral components arepresent due to phase shortening. The 
spectrum of the same signal, for FS  = 78.125 MHz, where the 
ratio of frequencies is integer (FS/F0 = 5) illustrate the 
complete suppression of these spectral components (Fig. 4b). 

As we said, the output and input frequencies are not 
uniquely related meaning that we can generate the output 
frequency for another integer ratio FS/F0. Fig. 4c shows the 
spectrum of the frequency signal F0 = 15.625 MHz, with the 
system frequency FS = 62.5 MHz, where the ratio FS/F0 = 4. 
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By comparing Figs. 4b and 4c, a difference in the noise level 
can be observed. The increased noise level in Fig. 4c in 
relation to Fig. 4b is due to a lower frequency of 
measurement, thereby increasing the spectral power density 
due to the quantization of the output signal. Therefore, from 
the available range of frequencies FS, one should choose the 
one with the highest integer ratio to the output frequency. 

 
(a) 

 
(b) 

 
(c) 

Fig. 4. Spectrum of the signal for:  
(a)  FS/F0 = 4.8;  (b)  FS/F0 = 5;  (c)  FS/F0 = 4. 

 Finally, Fig. 5 shows the lock time of phase loop. For the 
specified parametersinitial frequency error Δf = 100 KHz and 
the loop parameters: ωn = 200 KHz, ξ ≈ 0.7, the lock time is 
within 10 μs, while the calculated value for the allowed error 
fe = 100 Hz is Ts = 8.165 μs. Practically, pre-voltage VP in the 
VHF band can reduce error Δf ≤ 10 KHz, which would allow 
lock time Ts= 2.23 μs for ωn = 500 KHz. 
 

 
Fig. 5. PLL lock time for Δf = 100 KHz, ωn = 200 KHz, ξ ≈ 0.7 

IV. CONCLUSION 

In this paper, a solution for generating the FH-SS signal in 
the HF band is proposed. In that context, the proposal for 
suppression of spurs due to phase shortening in DDS 
isverified through the measurement results. The proposed 
synthesizer has better performances in comparison with 
signals generated separately by DDS or PLL. A small level of 
the phase noise of the output signalis achieved, together with 
short lock time (order of μs), high resolution and spectral 
purity of the output signal. Also, with the proposed 
synthesizer the problem of covering more octaves is solved, as 
well as requirement for voltage-controlled oscillators in the 
HF band. At the same time, advantages of DDS are retained, 
such as the possibility of digital modulation, RF signal 
shaping, output frequency sweep, good suppression of 
harmonics, etc. Finally, by modifying the proposed scheme it 
is possible to generate signals in the UHF and microwave 
bandthat could be the subject of future research. 

REFERENCES 

[1] R.E. Best, Phase Locked Loop: Design, Simulation, and 
Applications, 5th ed., McGraw-Hill, 2003. 

[2] J. Vankka and K. Halonen, Direct Digital Synthesizers: Theory, 
Design and Applications, Boston: Kluwer Academic Publisher, 
2001. 

[3] H.T. Nicholas H. Samueli, "An Analysis of the Output 
Spectrum of Direct Digital Frequency Synthesizers in the 
Presence of Phase-Accumulator Truncation", 41st Annual 
Frequency Control Symposium, 1987. 

[4] K. Liu, G. Guo, Y. Xiao, and S. Tian, "Analysis of Phase 
Truncation Error Based on Multi-Path Pseudo-Interleaved 
Direct Digital Frequency Synthesis", Journal of Circuits, 
Systems, and Computers, vol. 24, no. 10, 2015. 



June, 2019 Microwave Review 

19 

[5] G. Darcheville, C. Voillequin, and J.-B. Begueret, "Direct 
Digital Frequency Synthesis Design Methodology for 
Optimized Spurs/Jitter Performances", IEEE International 
Conference on Electronics, Circuits and Systems (ICECS), Dec 
2018, Bordeaux, France. 

[6] J. Vankka, "Spur Reduction Techniques in the Sine Output 
Direct Digital Synthesis", Proc. 1996 IEEE International 
Frequency Control Symposium, Hawaii, USA, pp. 951–959, 
July 1996. 

[7] Z. Jianminga, "A New Method of Spur Reduction in Phase 
Truncation for DDS", IEICE Electronics Express, vol. 5, no. 21, 
pp. 915-920, 2008. 

[8] J. Zhang, R. Zhang, and Y. Dai, "Design and FPGA 
Implementation of DDS Based on Waveform Compression and 

Taylor Series", 2017 29th Chinese Control And Decision 
Conference (CCDC), Chongqing, 2017, pp. 1301-1306. 

[9] F.M. Gardner, "Charge-Pump Phase-Lock Loops", IEEE 
Transactions on Communications, vol. COM-28, no. 11, 
November 1980. 

[10] Y. Xiaozhou, K. Xiaofei, and W.N. Yan, "A Fast-Settling 
Frequency-Presetting PLL Frequency Synthesizer with Process 
Variation Compenzation and Spur Reduction", Journal of 
Semconductors, vol. 30, no. 4, April 2009. 

[11] S. Šajić, N. Maletić, M. Šunjevarić, and B. Todorović, "Hybrid 
DDS-PLL Frequency Synthesizer with Reference Clock 
Modulation", Frequenz 2013, vol. 67, no. 7–8, pp. 233- 236.  

 



<<
  /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


