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Loop Filter 
 

Loop Bandwidth 7.9 Kφ 1440 uA (16X) 
Phase Margin 61.4 Fcomp 10 MHz 

Crystal Frequency 10 MHz Output Frequency 1106 - 1184  MHz  (DIV2=0) 
553 - 592 MHz  (DIV2=1) 

Supply Voltage 3.0 Volts VCO Gain 2.5-5.5 MHz/Volt 

VCO
CPout

op
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nF

1
KΩ

100 pF 100 pF

20 KΩ 20 KΩ

Vtune

 
 
 
 
Quick Setup 

• Install the CodeLoader software which is available at www.national.com/timing. 
• Attach the parallel , or USB to parallel, port cable to the computer and the evaluation board. 
• Connect 3.0 volts to the Vcc connector 
• Connect the Fout connector to a spectrum analyzer or phase noise analyzer 
• Connect a clean 10 MHz source to the OSCin pin.  Typically, the 10 MHz output from the back 

of the RF test equipment is a good source.  Signal generators tend to be very noisy and should 
be used with caution.  If a signal generator is used, the signal generator phase noise 
contribution can be reduced by setting the signal to 80 MHz and dividing this down to a phase 
detector frequency of 10 MHz. 

• Set up the CodeLoader software 
o Select the proper part from the menu as Select Part->PLL+VCO->LMX2531LQ1146E 
o Select the proper mode from the Mode menu 
o Load the part by pressing Ctrl+L or selecting Keyboard Controls->Load Device  from 

the menu 
• It is recommended to ensure proper communication with the device 

o Click the REG_RST bit on the bits/pins page and observe the current go to 0 mA 
o Unclick the REG_RST bit AND press Ctrl+L.  The current should be approximately 
       35 mA 
o If device does not respond to this, consult the troubleshooting section 

• When using the lower frequency band with divide by 2 enabled (DIV2=1), be aware that the 
frequency programmed to the VCO is actually twice the output frequency of the device 
because the VCO frequency is being divided by 2. 
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Troubleshooting 
Problem Corrective Actions 
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• Ensure a valid signal is presented to the OSCin connector.  If a signal generator 
is used, ensure the RF is ON. 

• Consult the CodeLoader instructions for more detailed information on 
communication issues 

LPT Mode (Uses Parallel Port Cable) 
• Ensure that CodeLoader is selected to LPT mode on the Port Setup tab 
• Ensure the proper port number is selected (LPT1, LPT2, LPT3).  CodeLoader 

does NOT automatically detect this. 
• Ensure the LPT cable is securely connected to the computer and board. 
• Exit and Restart CodeLoader 
• Ensure the parallel port is in the correct mode  

o Windows often requires Administrative access to write to the parallel 
port 

o Ensure that the parallel port is set to “Enabled” in windows device 
manager 

o A reboot upon installation of CodeLoader is sometimes necessary to get 
the parallel port to work. 

o Standard mode is the most reliable.  This can be set in the BIOS mode 
of the computer as “Normal”, “Output Only”, or “AT” 

USB Mode (Uses USB to Parallel Port Converter) 
• On the menu, select USB->Version to verify communication with the board 
• Ensure the Green LEDs are lit on the USB board 
• Ensure there are no conflicts with other USB devices and reinstall the board 
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• Ensure that there is a valid signal presented to the OSCin connector.  If a signal 
generator is used, ensure that the RF is set to ON. 

• If using the lower frequency band (DIV2=1),  the VCO frequency in CodeLoader 
should be twice the frequency at the Fout pin. 

• Ensure that the VCO FREQUENCY CAL bits on the Bits/Pins tab are correct 
• Ensure that the loop filter is optimized if the charge pump current, phase detector 

frequency, or loop filter values have been changed from their original settings.  
Ensure that the integrated loop filter components on CodeLoader are set to their 
proper settings 
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 • Ensure the signal presented to OSCin connector is clean.  Try another source, 
or if it is a signal generator, try using a higher frequency and dividing it down to 
the phase detector frequency. 

• Ensure the OSCin signal and cable provide sufficient power level. 
• If the phase detector frequency or charge pump current are lowered from their 

original settings, the in-band phase noise can be degraded, even if the loop filter 
is re-designed for the same loop bandwidth.  If the loop bandwidth is decreased, 
in-band phase noise can be degraded 
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 • Ensure the measurement equipment noise floor is not limiting the measurement.  
For spectrum analyzers, the noise floor at a particular setting can be measured 
by removing the RF input signal 

• If the settings are changed from what the board was designed for, ensure   the 
delta-sigma modulator is not increasing the far-out noise.  To know this, tune to 
an integer channel and set the ORDER bit to “Reset Modulator”.  The far out 
phase noise should not decrease.  If it does, try a loop filter with more 
attenuation or select a lower order delta-sigma modulator. 
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Free-Running VCO Phase Noise (Internal Divide by 2 Disabled) 
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The plots to the left show the true phase noise capability of the 

VCO.  In order to take these plots, the E5052 phase nose 

analyzer was used.   The method was to lock the PLL to the 

proper frequency, then disable the EN_PLL, EN_PLLLDO1, and 

EN_PLLLDO2 bits.  The equipment needs to be able to track 

the VCO phase noise to measure in this way, and one can not 

let the VCO drift too far off in frequency.  If this kind of equipment 

is not available, the VCO phase noise can also be measured by 

making a very narrow loop bandwidth filter. 
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Free-Running VCO Phase Noise (Internal Divide by 2 Enabled) 
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The plots to the left show the true phase noise capability of the 

VCO.  In order to take these plots, the E5052 phase nose 

analyzer was used.   The method was to lock the PLL to the 

proper frequency, then disable the EN_PLL, EN_PLLLDO1, and 

EN_PLLLDO2 bits.  The equipment needs to be able to track 

the VCO phase noise to measure in this way, and one can not 

let the VCO drift too far off in frequency.  If this kind of equipment 

is not available, the VCO phase noise can also be measured by 

making a very narrow loop bandwidth filter.   

 

When divide by 2 is enabled, the phase noise at lower offsets is 

about 6 dB better; but at high offsets, the phase noise 

improvement may be less  because the divider is noise floor is 

adding to the phase noise. 
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Fractional Spurs (Internal Divide by 2 Disabled) 

Fractional Spur at 250 kHz offset at a 

worst case frequency of 1110.25 MHz is 

–78.6 dBc.  Worst case channels occur 

at exactly one channel spacing above or 

below a multiple of the crystal frequency. 

Fractional Spur at 250 kHz offset at a 

worst case frequency of 1150.25 MHz is 

–73.3 dBc.   The sub-fractional spur at 

125 kHz offset of -81.3 dBc is also 

visible  

Fractional Spur at 250 kHz offset at a 

worst case frequency of 1180.25 MHz is 

– 76.4 dBc.   
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Fractional Spurs (Internal Divide by 2 Enabled) 

Spur at 250 kHz offset at a frequency of 

555.125 MHz is –92.5 dBc.  Since this 

mode uses the divide by 2 mode, the 

channel spacing here is actually 125 

kHz.  The spur at 125 kHz could be 

completely eliminated changing the 

fractional denominator.   

Spur at 250 kHz offset for a frequency of 

575.125 MHz   is -83.4 dBc. 

Spur at 250 kHz offset for a frequency of 

590.125 MHz   is –83.6 dBc. 
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Integer Spurs (Internal Divide by 2 Disabled) 

Spur at 10 MHz offset for a frequency of 

1106 MHz  is -94.7 dBc . 

Spur at 10 MHz offset for a frequency of 

1146 MHz  is -93.2 dBc.. 

Spur at 10 MHz offset for a frequency of 

1184 MHz  is below the spectrum 

analyzer noise floor. 
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Integer Spurs (Internal Divide by 2 Enabled) 

Spur at 10 MHz offset for a frequency of 

553 MHz  is below the spectrum 

analyzer noise floor. 

Spur at 10 MHz offset for a frequency of 

573 MHz  is below the spectrum 

analyzer noise floor. 

Spur at 10 MHz offset for a frequency of 

592 MHz is below the spectrum analyzer 

noise floor. 
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CodeLoader Settings 
 

 

CodeLoader runs many devices.  When CodeLoader is first started, it is 
necessary to select the correct device. 
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There can be different modes defined for a particular part.  A mode can be 
recalled easily from the menu.  This restores bit settings and frequencies, but not 
the Port Setup information.  For  the CodeLoader program, the default reference 
oscillator used for these instructions was 10 MHz, but there is a mode for a 61.44 
MHz oscillator as well.  If the bits become scrambled, their original state may be 
recalled by choosing the appropriate mode.  If the internal divide by 2 (DIV2) is 
enabled, the VCO frequency still reflects the VCO frequency before the divide by 
2.   
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The Bits/Pins tab displays many of the bits used to program the part.  Right 
mouse click any bit to view more information about what this does.   
 
When the DIV2 bit is enabled, the frequency from the part will be half of that 
shown on the PLL/VCO tab.  The frequency on the PLL/VCO tab does not reflect 
this because the divide by 2 is actually after the VCO.  Also be sure to load the 
device (Ctrl+L) after changing this bit to allow the VCO to calibrate for optimal 
phase noise performance. 
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The Registers tab shows the literal bits that are being sent to the part.  These are 
the registers every time the PLL is loaded by using the menu command or Ctrl+L.  
R5 (INIT1) and R5 (INIT 2) are just the R5 register being used to properly 
initialize the part.  So a single CNT+L will load the part. 
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The port setup tells CodeLoader what information goes where.  If this is wrong, 
the part will not program.  Although LPT1 is usually correct, CodeLoader does 
NOT automatically detect the correct port.  On some laptops, it may be LPT3. 
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Bill of Materials 
Bill of Materials LMX2531_LF Revision  3.28.2008 

Item         QTY Manufacturer Part # Size Tol Voltage Material Value Designators
C1_LF, C2pLF, C2, C3, C4, C5, C9, 
C11, C14, C17, C18, C19, C21, C24, 20 Open Capacitors 

C100, C101, C102, C103, C104, C105 
7 Open Resistors R2pLF,R7, R8, R17, R19, R21, R24 

0 

1 

n/a 

Open Miscellaneous Ftest/LD 
1        1 Kemet C0603C101J5GAC 603 5% 50V C0G 100pF C16 
2 2       Kemet C0603C103J5RAC 603 5% 50V X7R 10nF C10, C23
3        1 Kemet C0805C104K5RACTU 805 5% 25V C0G 100nF C2_LF 
4 6 Kemet C0603C104J3RAC 603 5% 25V X7R 100nF C6, C7, C12, C15, C22, C20 
5         1 Kemet C0603C105K4RAC 603 10% 16V X5R 1uF C8 
6         1 Kemet C0603C475K9PAC 603 10% 6.3V X5R 4.7uF C13
7          1 Kemet C0805C106K8PAC 805 10% 10V X5R 10uF C1
8        1 Vishay CRCW0603000ZRT1 603 5% 0.1W Thick Film 0Ω R20 
9       2 Panasonic P.22AHCT-ND 603 10% 0.1W Thick Film 0.22Ω R22, R23 

10       2 Vishay CRCW06033R3JRT1 603 5% 0.1W Thick Film 3.3Ω R1, R18 
11        4 Vishay CRCW0603100JRT1 603 5% 0.1W Thick Film 10Ω R2, R3, R4, R5 
12        1 Vishay CRCW0603510JRT1 603 5% 0.1W Thick Film 51Ω R6 
13        1 Vishay CRCW0603102JRT1 603 5% 0.1W Thick Film 1KΩ R2_LF 
14        4 Vishay CRCW0603103JRT1 603 5% 0.1W Thick Film 10KΩ R9, R11, R13, R15 
15        4 Vishay CRCW0603123JRT1 603 5% 0.1W Thick Film 12KΩ R10, R12, R14, R16 

16         1 Comm Con 
Connectors HTSM3203-8G2 2X4 n/a n/a Metal/Plastic Header POWER

17          1 FCI Electronics 52601-S10-8 2X5 n/a n/a Metal/Plastic Header uWire
18 3 Johnson Components 142-0701-851 SMA n/a n/a Metal SMA Fout, OSCin, Vcc 

FR4  PCB Board19      1 National 
Semiconductor LMX2531LQEBPCB n/a n/a n/a 62 mil Thick 1st Layer 10 mils n/a 

20        1 National 
Semiconductor LMX2531 LLP36 n/a 2.7 Silicon LMX2531 U1

Place Across: 21 4 Com Con Connectors CCIJ255G 2-Pin n/a n/a Metal/Plastic Shunt POWER:   1-2, 3-4, 5-6, 7-8 
22        4 SPC Technology SPCS-8 0.156" n/a n/a Nylon Nylon Standoffs Place in 4 Holes in Corners of Board 
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Top Layer 
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Mid Layer 1 "Ground Plane"  (15 Mils Down FR4) 
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Mid Layer 2 "Power" 
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Bottom Layer "Signal" 

 
Note:  Total Board Thickness = 61 mils 
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Top Build Diagram 

 

   23


	Table of Contents
	Loop Filter
	Quick Setup
	Troubleshooting
	Phase Noise
	Free-Running VCO Phase Noise (Internal Divide by 2 Disabled)
	Free-Running VCO Phase Noise (Internal Divide by 2 Enabled)
	Fractional Spurs (Internal Divide by 2 Disabled)
	Fractional Spurs (Internal Divide by 2 Enabled)
	Integer Spurs (Internal Divide by 2 Disabled)
	Integer Spurs (Internal Divide by 2 Enabled)
	CodeLoader Settings
	Schematic
	Bill of Materials
	Top Layer
	Mid Layer 2 "Power"
	Bottom Layer "Signal"
	Top Build Diagram


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


