National

Semiconductor
The Sight & Sound of Information

LMX2531LQ3010E

Evaluation Board Operating Instructions

O LMX2531LAEBPCB
Hotponal Sewcorsiecior
¢ Bevigiond DS=02-2008

=] Q

National Semiconductor Corporation
Timing Devices Business Group

10333 North Meridian
Suite 400
Indianapolis, IN 46290

LMX25313010EVAL Instructions Rev 6.24.2009

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/835861/LMX25313010EVAL.html

Netiensi
Semiconducior LMX2531LQ3010E EVALUATION BOARD OPERATING INSTRUCTIONS
T St 8 Sl o e

Table of Contents
TaADIE OF CONIENTS.....viiiieciieie ettt esbe e esreesteeneeaneeseeaneenrens 2
[0 To] o I8 T (=] OSSPSR 3
QUICK SBEUP ...ttt bbbttt bbbt 3
TrOUDIESNOOTING ..ottt et re e e neenreas 4
SOFTWARE DOES NOT COMMUNICATE WITH THE EVALUATION BOARDS .......ccvviririienrenreeesresneesnenneesnennenennes 4
PART RESPONDS TO PROGRAMMING, BUT DOES NOT LOCK TO THE CORRECT FREQUENCY ......cccvvriveinririannns 4
CLOSE-IN PHASE NOISE IS WORSE THAN EVALUATION BOARD INSTRUCTIONS SHOW .....c.civiviiiiiinieiennenienenes 4
FAR-OUT PHASE NOISE IS WORSE THAN EVALUATION BOARD INSTRUCTIONS SHOW ....c.ccviviiniinieieienieneneens 5
DEVICE DIALA. ... ceueiitieitietietie sttt sttt ettt b bt be et et b et re e enes 5
PHASE NOISE ...ttt bbb bbb e 6
FREE-RUNNING VCO PHASE NOISE (INTERNAL DIVIDE BY 2 DISABLED) ......cccciivrriierierienieseesreseesneesaeseenees 7
FREE-RUNNING VCO PHASE NOISE (INTERNAL DIVIDE BY 2 ENABLED) .......coviirieireeriereenieseeseessesneeseeseenees 8
FRACTIONAL SPURS (INTERNAL DIVIDE BY 2 DISABLED) ....c.ccuiiiiieiiiie ittt et 9
FRACTIONAL SPURS (INTERNAL DIVIDE BY 2 ENABLED) ..c.veuiiiiiieieie sttt 10
INTEGER SPURS (INTERNAL DIVIDE BY 2 DISABLED) .....vtviiiitiieieitenieiestesieiesie et sse e 11
INTEGER SPURS (INTERNAL DIVIDE BY 2 ENABLED) ....ccutitiitistentteteeeeie e ste st st sies e eneeseesbe st b sbe e eseeseennas 12
IN-BAND FACTIONAL SPURS INTEGER SPURS (INTERNAL DIVIDE BY 2 DISABLED) ...c.covveviieniiniesieeiieneenees 13
IN-BAND FACTIONAL SPURS INTEGER SPURS (INTERNAL DIVIDE BY 2 ENABLED) .....c.coouiiiirieiiiniesiceiie e 14
INtEr-MOAUIALION SPUIS .....eeeieciee e sae e nreas 15
(0000 (oI Lo [=T g T=1 1 oo LR RRPPTR 16
SELECT DEVICE. ...ttt e e bbb 16
BITS/PINS ...ttt bbb b bR e R R R R R R R R R e R R R bR n e r e 18
PLLIVCO .ttt bbb bbb bR R R R R R R Rt e bR R e b 19
REGISTERS ...ttt ettt sttt ettt r et r et e et r et R et R e Rt E Rt E et r et n et 20
PORT SETUP ...ttt ettt ettt et r et r et r et n e 21
SCNBMALIC ...ttt e et nae e nre e enes 22
Bill OF MaLEITAIS ...t bbb 23
0] oI I Y ST TP P OPPRTOPPRPPPS 24
Mid Layer 1 "Ground PIaNe™ ..........coooi oot 25
MIA LAYEE 2 "POWET™ ...ttt bbbttt b e bbb 26
Bottom Layer "Signal™............ooi e 27
TOP BUI DIAQIAM ...ttt sre et et ereenne e 28

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/835861/LMX25313010EVAL.html

Netiensi
Semiconducior LMX2531LQ3010E EVALUATION BOARD OPERATING INSTRUCTIONS
T St 8 Sl o e

Loop Filter
Loop Bandwidth 13.8 kHz Ko 1440 uA (16X)
Phase Margin 545° Fep 10 MHz
2910 to 3132 MHz (DIV2=0)
Crystal Frequency 10 MHz Output Frequency 1455 to 1566 MHz (DIV2=1)
Supply Voltage 3.0 Volts VCO Gain 13 to 29 MHz/Volt

20 KQ 20 KQ
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Quick Setup

Install the CodeLoader software which is available at www.national.com/timing/software/.
Attach the parallel cable or USB <--> uWire 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.
e Set up the CodelLoader software.
0 Select the proper part from the menu as Select Part->PLL+VCO->LMX2531LQ3010E
0 Select the proper mode from the Mode menu.
0 Load the part by pressing Ctrl+L or selecting Keyboard Controls->Load Device from
the menu.
e |tis recommended to ensure proper communication with the device.
0 Click the REG_RST hit on the bits/pins page and observe the current go to 0 mA.
0 Unclick the REG_RST hit AND press Ctrl+L. The current should be approximately
35 mA.
o0 If device does not respond to this, consult the troubleshooting section.
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Troubleshooting

Software does not communicate with the evaluation boards
LPT or USB Mode
e Ensure a valid signal is presented to the OSCin connector. If a signal generator is used,
ensure the RF is ON.
e Consult the CodelLoader instructions for more detailed information on communication issues.

LPT Mode (Uses Parallel Port Cable)
e Ensure that CodelLoader is selected to LPT mode on the Port Setup tab
e Ensure the proper port number is selected (LPT1, LPT2, LPT3). CodelLoader does NOT
automatically detect this.
e Ensure the LPT cable is securely connected to the computer and board.
e Exit and Restart CodelLoader.
e Ensure the parallel port is in the correct mode.
o0 Windows often requires Administrative access to write to the parallel port.
0 Ensure that the parallel port is set to “Enabled” in windows device manager.
0 A reboot upon installation of CodeLoader is sometimes necessary to get the parallel
port to work.
0 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 <--> uWire Interface Board, NSID = USB2UWIRE)
e Onthe menu, select LPT/USB->Version to verify communication with the board.
e Ensure the Green LEDs are lit on the USB board.
e Ensure there are no conflicts with other USB devices and reinstall the board.

Part responds to programming, but does not lock to the correct

frequency

e 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.

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

e Ensure that the VCO FREQUENCY CAL bits on the Bits/Pins tab are correct.

e 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 CodelLoader are set to their proper settings.

Close-in phase noise is worse than evaluation board instructions

show

e 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 after the connecting cable provides 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.

o Ifthe loop bandwidth is decreased, in-band phase noise can be degraded
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Far-out Phase noise is worse than evaluation board instructions

show

e 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

e 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 determine 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.

Device Data
The next few pages show data collected from the LMX2531LQ3010 evaluation board.
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Phase Noise
pPhase Moise 10.00d4B) Ref -20.00dB:0Hz
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= 1: 100 Hz -75.1954 dBc/Hz
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Free-Running VCO Phase Noise (Internal Divide by 2 Disabled)
PPhaze Moise 10.00dBS Ref -20.00dBc/MHz
= Camter 2 907624856 GHz 14062 dBm
2000 by 1: 100 Hz | -30.3139 dBe/hz
2t 1 kHz =60,0024 dBc/Hz
: } 3: 10 kHz -85,1908 dBc/Hz
?\\M 41 100 kWz -110.3002 dBc/Hz
0 5t 1 MMz =133.5590 dBc/Hz
G110 MHz =152.9255 dBec/Hz
| 73 20 MHz | | -157.4185 dBc/Hz
\\Z\ 8 39 MHz =161.5985 dBc/Hz
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Free-Running VCO Phase Noise (Internal Divide by 2 Enabled)

FPhase MNoise 10.00dB) Ref -20.00dBciHz
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Fractional Spurs (Internal Divide by 2 Disabled)
a Mkr2 250.0 kHz
Ref 2 dgn Atten 20 dB -58.920 dB
Samp 2k
Log || ] , .
ig; H The -58.9 dBc fractional spur at 250 kHz offset is
Il
I| ‘ at a worst case frequency of 2910.25 MHz. The
2 . .
\ ﬁ -74.6 dBc sub-fractional spur at 125 kHz offset is
5 | -
. S \ also visible.
DM e it e
LaAv S {
Center 2,910 375 0 GHz Span 260 kHz
Res BH 2.4 kHz UBH 2.4 kHz  Sweep 172.1 ms (681 pts) Worst case channels occur at exactly one
Markar Trace Type X Axis Amplituda . .
1R (1) Fraq — 2.919 250 B GHz 1.86 dén channel spacing above or below a multiple of the
la 1 Frag 125.8 kHz =74,61 dB
2R (¢} Frag 2,918 250 8 GHz 1.86 dBm
2a ) Freq 256.8 kHz -58.92 dB crystal frequency.
a Mkrl 1258 kHz
Ref 2 d Atten 20 dB -74.881 dB
Samp [2r
Log ] )
ﬁg/ The -71.8 dBc fractional spur at 250 kHz offset is
at a worst case frequency of 3010.25 MHz. The
- -74.9 dBc sub-fractional spur at 125 kHz offset is
1
also visible.
LaAw
Center 3.818 375 @ GHz Span 26@ kHz
Res BH 2.4 kHz UBH 2.4 kHz  Sweep 172.1 ms (601 pts) Worst case channels occur at exactly one
Marker Trace Type ¥ Axiz Anplitude . )
1R S5 Freq  3.810 250 6 GHz 1.86 dBu channel spacing above or below a multiple of the
1a (13 Frag 125.8 kHz -74.88 dB
2R (1 Freq 3.618 256 B GH= 1.86 dBm
28 el Freq 250.8 kHz -71.84 dB crystal frequency.
a Mkr2 250.0 kHz
Ref 2 dgm Atten 20 dB -63.627 dB
Samp 2k
Log | '| i .
ig; i The -63.6 dBc fractional spur at 250 kHz offset is
H
I! | at a worst case frequency of 3130.25 MHz. The
' S ! -77.2 dBc sub-fractional spur at 125 kHz offset is
1 |” ..
M%-m | ] also visible.
TM»A-.MMW.__MJ [
LaAv
Center 3,130 375 0 GHz Span 260 kHz
Res BH 2.4 kHz UBH 2.4 kHz  Sweep 172.1 ms (601 pts) Worst case channels occur at exactly one
Markar Trace Type X Axis Amplituda . .
iR L Fraq — 3.130 250 0 GHz 1,53 dBn channel spacing above or below a multiple of the
la 1 Frag 125.8 kHz =77.28 dB
2R (¢} Frag 3.138 250 8 GHz 1.52 dBm
2a Ity Fraq 250.8 kHz -63.63 dB crystal frequency.
9
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Fractional Spurs (Internal Divide by 2 Enabled)

Ref 2 dBm Atten 20 dB

a Mkr2 250.0 kHz
-65.249 dB

Samp [7%
Log |
10

dB/

Lafy |

Center 1,455 256 @ GHz

Span 26@ kHz

The -65.2 dBc fractional spur at 250 kHz offset is
at a worst case frequency of 1455.125 MHz. The
-77.8 dBc sub-fractional spur at 125 kHz offset is

Center 1,565 256 @ GHz

Span 26@ kHz

Res BH 2.4 kHz UBH 2.4 kHz  Sweep 172.1 ms (681 pts) also visible.
Markar Trace Type X Axis Amplituda
1R (1) Fraq 1.455 125 @ GHz -0.32 dBm
1la (1 Frag 125.8 kHz -77.83 dB
2R (1 Freq 1,455 125 @ GHz -B.33 dBm
2a (1) Fraq 250.8 kHz -EG6.25 dB
a Mkr2 250.9 kHz
Ref 2 dBm Atten 20 dB -73.677 dB
Samp [
Log 1
18 |
dB/ }
l
me The -73.1 dBc fractional spur at 250 kHz offset is
2]
e, — ﬁ at a worst case frequency of 1505.125 MHz. The
Loy S e -77.6 dBc sub-fractional spur at 125 kHz offset is
Center 1,565 256 @ GHz Span 268 kHz .
Res BH 2.4 kHz UBH 2.4 kHz  Sweep 172.1 ms (601 pts) also visible.
Marker Trace Type * RAxiz Anplitude
1R 1y Frag 1.585 125 2 GH=z -B.54 dBm
1a 1y Freg 125.8 kHz -77.65 dB
2R (1 Freg 1.585 125 2 GHz -8.54 dEm
2a 1y Frag 2C6.8 kH= -73.88 dB
a Mkr2 250.0 kHz
Ref 2 dBm Atten 20 dB -73.480 dB
Samp [2
Log |
10
dB/
The -73.5 dBc fractional spur at 250 kHz offset is
, at a worst case frequency of 1565.125 MHz. The
Lafy |

-81.9 dBc sub-fractional spur at 125 kHz offset is
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Res BN 2.4 kHz UBH 2.4 kHz  Sweep 172.1 ms (601 pts) also visible.
Markar Trace Type X Axis Amplituda
1R (1) Frag 1,565 125 8 GHz2 -0.72 dBm
1la (1 Frag 125.8 kHz -81.86 dB
2R (1 Frag 1,565 125 @ GHz -B.72 dBm
2a (1) Fraq 250.8 kHz -73.48 dB
10
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Integer Spurs (Internal Divide by 2 Disabled)

a Mkrl 10,00 MHz
Ref 2 dBm o Atten 20 dB -84.245 dB

WL 52
$3 FC
AL
£(F): 1

FTun L B

Swp

Center 2.914 80 GHz Span 12 MHz
Res BW 110 kHz VBW 116 kHz Sweep 3.8 ms (601 pts)

The integer spur at 10 MHz offset at an Fout
oy frequency of 2910 MHz is -84.2 dBc.

a Mkrl 16,08 MHz
Ref 2 dBm o Atten 26 dB -85.048 dB
Samp 1R
Log
18
dB/

WL 52
$3 FC
AL
£ s
F Tun s o W

Swp

Center 3.814 80 GHz Span 12 MHz
Bes BH 116 kHz VEW 118 kHz Sweep 3.8 ms (6L prsd

The integer spur at 10 MHz offset at an Fout
Lo frequency of 3010 MHz is -85.0 dBc.

a Mkrl 10,00 MHz
Ref 2 dBm 9 Atten 2@ dB -83.3085 dB
Samp 1R
Log (l
10

dB/

WL S2
$3 FC
AL
£(F 1
FTun R L i S e W W..‘,Rnw

Swp

Center 3.134 80 GHz Span 12 MHz
Res BW 110 kHz VEW 118 kHz Sweep 3.8 ms (601 pts)

The integer spur at 10 MHz offset at an Fout
oy frequency of 3130 MHz is -83.3 dBc.

11
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Integer Spurs (Internal Divide by 2 Enabled)

Ref 2 dBm
Samp
Log

Atten 20 dB

_
L

dB/

Swp

Center 1,459 80 GHz

Res BH 110 kHz VEBH 116 kHz

a Mkrl 10,00 MHz
-84.262 dB

LaAy ‘
100
WL S2
$3 FC
AL
£(F) T
FTun %wanﬂnwwmmmgw

Span 12 MHz
Sweep 3.8 ms (601 pts)

The integer spur at 10 MHz offset at an Fout
frequency of 1455 MHz is -84.3 dBc.

Ref 2 dBm
Samp s
Log 1R
18

dB/

Atten 26 dB

LgRAy
160
H1 52
S3 FC
AL
£
FTun
Swp

Center 1.589 81 GHz

Res BH 118 kHz YBH 118 kHz

& Mkrl 10.60 MHz
-84.183 4B

Span 12 MHz
Sweep 3.8 ms (6L prsd

The integer spur at 10 MHz offset at an Fout
frequency of 1505 MHz is -84.1 dBc.

Ref 2 dBm
Samp 4
bog |
10

dB/

Atten 20 dB

LaAy
100
Wl §2
$3 FC
AL
£(F):

a Mkrl 10,00 MHz
-84.071 dB

Swp

Center 1,569 80 GHz

Res BW 110 kHz VEW 110 kHz

FTun [ N N

1
A" et Sjond

Span 12 MHz
Sweep 3.8 ms (BA1 pts)

The integer spur at 10 MHz offset at an Fout
frequency of 1565 MHz is -84.1 dBc.
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In-band Factional Spurs Integer Spurs (Internal Divide by 2 Disabled)
a Mkrl 5.00 kHz
Ref 2 dBm Atten 20 dB N -45,946 dB
Samp iR
Log fi
i |
dB/
} \ : The In-band fractional spur at 5 kHz offset at an
/| | L I Fout frequency of 2910.005 MHz is -46.0 dBc.
| \.ﬁr\‘g‘»’w—.w'-d"‘..-w el el et "w""’ W
LoRv ORDER = 4" Order Modulator
Center 2,910 005 00 GHz Span 12 kHz i
Res BH 110 Hz UBH 110 Hz  Sweep 195.9 ms (601 pts) Fractional numerator = 500
Markar Trace Type X Axis Amplituda ) .
1R (1 Freq  2.918 805 00 GHz 2,62 dBn Fractional denominator = 1,000,000
1la (1> Frag 5.88 kHz =45.95 dB
a Mkrl 5.00 kHz
Ref 2 dBm Atten 20 dB o -31.225 dB
Samp iR
Log
16
4B/ >
The In-band fractional spur at 5 kHz offset at an
Fout frequency of 3010.005 MHz is -31.2 dBc.
LoRv ORDER = 4" Order Modulator
Center 3810 B85 @8 GHz Span 12 kHz i
Res BH 118 Hz UBH 110 Hz  Sweep 205.9 ms (601 pts) Fractional numerator = 500
Marker Trace Type ¥ Axiz Anplitude ) .
1R (1) Freq 3.818 @85 88 GHz 1.12 dBm Fractional denominator = 1,000,000
la (1 Freg 5.BA kHz -31.23 dB
4 (4] Freq 3.618 BAES BB GH=z 1.13 dBEm
a Mkrl 5.00 kHz
Ref 2 dBm Atten 20 dB o -32.573 dB
Samp 1R
Log i
10 | -
dB/ = ?
] / \ The In-band fractional spur at 5 kHz offset at an
J l J L J Fout frequency of 3130.005 MHz is -32.6 dBc.
k. P N aren i g nmpnf P Ml vl AT VPP NP e |
LoRv ORDER = 4" Order Modulator
Center 3.130 005 00 GHz Span 12 kHz i
Res BH 110 Hz UBH 110 Hz  Sweep 205.9 ms (601 pts) Fractional numerator = 500
Markar Trace Type X Axis Amplituda ) .
1R (1 Freq  2.139 805 00 GHz 1,64 dBn Fractional denominator = 1,000,000
1la (1> Frag 5.88 kHz =32.57 dB
13
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In-band Factional Spurs Integer Spurs (Internal Divide by 2 Enabled)
a Mkrl 5,00 kHz
Ref 2 dBm Atten 20 dB -46,320 dB
Samp &
Log il
10 | |
dB/ | |
g The In-band fractional spur at 5 kHz offset at an
I { \ H Fout frequency of 1455.0025 MHz is -46.3 dBc.
__,_,._‘Jl _<_,._.,‘_--‘.r-"v—‘.-.r--—-.'“-’) L-'\."--—""‘--‘ﬂ-d“'-u-,,..-—"~-..-f\-\-a\-JI lL-J\_,._
LoRv ORDER = 4™ Order Modulator
Center 1,455 002 50 GHz Span 12 kHz .
Res BH 110 Hz UBH 110 Hz  Sweep 195.9 ms (601 pts) Fractional numerator = 500
Markar Trace Type X Axis Amplituda ) .
1R B Freq 1,455 882 5@ GHz -6.21 dBn Fractional denominator = 1,000,000
la (1 Frag 5.68 kHz -46.,32 dB
a Mkrl 5.00 kHz
Ref 2 dBm Atten 20 dB -39.012 dB
Samp 32
Log
10
dB/
> The In-band fractional spur at 5 kHz offset at an
Fout frequency of 1505.0025 MHz is -39.0 dBc.
Lofi ORDER = 4" Order Modulator
Center 1.585 @82 58 GHz Span 12 kHz i
Res BW 110 Hz UBW 110 Hz  Sweep 195.9 ms (601 pts) Fractional numerator = 500
Marker Trace Type ¥ Axiz Anplitude ) .
1R 6N Freg 1.585 B82 58 GHz -1.54 dBm Fractional denominator = 1,000,000
1a (1 Frag E.B8 kHz -39.61 dB
a Mkrl 5,00 kHz
Ref 2 dBm Atten 20 dB -37.348 dB
Samp &
Log i
10 |
dB/ | .
] ¢ The In-band fractional spur at 5 kHz offset at an
} Hl Fout frequency of 1565.0025 MHz is -37.35 dBc.
(,_,,‘;J LV. __,_f../\rv-\_x.“‘,*-m.-‘fj L“-..\:-*\\/a-—-...-r\v,-ﬂﬁ-"-m.,--v/ |-\....<,'-.
Lo ORDER = 4" Order Modulator
Center 1.565 002 50 GHz Span 12 kHz .
Res BH 110 Hz UBH 110 Hz  Sweep 195.9 ms (601 pts) Fractional numerator = 500
Markar Trace Type X Axis Amplituda ) .
1R B Freq  1.565 882 58 GHz -6.68 dn Fractional denominator = 1,000,000
la (1 Frag 5.68 kHz -37.35 dB
14
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Inter-modulation Spurs

The LMX2531 features an output divider which may divide the VCO frequency by two. The result is an
Fout frequency half the VCO frequency. When this VCO divider is enabled a spur will occur between a
multiple of the phase detector frequency and the Fout frequency.

In the example below the phase detector frequency (Fep) is 10 MHz. The VCO frequency is 3020.005
MHz. The divide by two is enabled and the output frequency (Fout) is 1510.0025 MHz

1510 MHz =10 MHz * 151, which is a multiple of the Fpp.

1510.0025 MHz is the divided output frequency.

Therefore a spur will occur at 2.5 kHz offset = (1510.0025 — 1510 MHz)

If the frequency was set to 1509.9975 MHz there would be a spur at 2.5 kHz because:
1510 MHz = 10 MHz * 151, which is a multiple of the Fpp.
1509.9975 MHz is the divided output frequency.
Therefore a spur will occur at 2.5 kHz offset = (1509.9975 — 1510 MHz)

Technically there are spurs at caused by mixing with all multiples of the phase detector frequency but
they will be far away from the carrier and the loop filter will eliminate them.

The spur shown below at 2.5 kHz off from 1510.0025 MHz is an example of inter-modulation that
occurs. This only happens when the VCO divider is enabled.

a Mkrl 5.08 kHz

Ref 2 dBm Atten 20 dB -40.625 dB
Samp iR -
Log
18
dB/
1
| S
LaAw
Center 1.510 802 56 GHz Span 12 kHz
Res BH 119 Hz VBH 118 Hz Sweep 195.9 ms (601 pts)
Marker Trace Type i Axiz Amplitude
1R 1) Frag 1.518 882 58 GHz =-8.51 dBm
1a (1) Frag 5.88 kHz -40.83 dB

15
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Codeloader Settings

Select Device

FZilLMx25311.Q3010E

File Keyboard Controls U8 Options  Mode  LPT/USE  Help
pae] 4 ; .
PLL - Single Intager » L Bits/Pins |  BustMode |  PLLAVCO |
Communication Made| Ett i Eual;ntelger : 1 LPT Part Setup Diagram
| - Fractional .
¢ LSE o LP ' MEzsz O Clock : ither :ms
LPT Port Setu Transceiver b LMEZS05 : O Data raun .
p Clock Conditioners b LMx2512 B LE [LatchEnable) B Address Conflict
Port Address
@ LPT1 CLPT2  C LFT3 ( DOthe 2915 10 sec
L LMszS2E _ .
10414 Pin Connector [ Top Yiew ]
1~ Pin Configuration LMx2525 1 -
o LMx2532 .]g G e
ock Bit ] [l fome] 1 @
e et AR SR Hjaote it | | ???
| LMxz531L01 146E Fin1
Data Bit LMxz531L01226E 1
C1C 2036408 OB 7| LMS3LQL3IZE [
' LE Bit LMxz531L01415E
e e R el e LMX2531L01500E il S| DE1
- LMxz531LQ1515E
rEE T E——— LM¥2531LQ1570E — oo oeoe )
| 1 2 3 4 5 & 7 LMx2531L01650E et 8 0\‘ Q\Q\\! *e @@
TRIGGER LM2531L1 700E . Noa—]
® i & & & o - i
. 1«2 3 4 5 B 7 LMxz531L01775E 12 14 DB 25 Connector
LMxz531LQ1742
LMxz531L01910E
LMxz531LQ2080E
LMxz531L02265E
LMx2531L02570E
LMx2531L02520E
COMM Mode: LPT | Selected device: LMx2531LE3010E

CodelLoader runs many devices. When CodelLoader is first started, it is
necessary to select the correct device.

16
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5 Lmx25311.Q3010E

Select Mode

LMX2531LQ3010E EVALUATION BOARD OPERATING

INSTRUCTIONS

File Keyboard Controls  Select Device  Option:

s MEEEES LPTUSE  Help

Port Setup T Registers T- 6144 MHz th 0311, 2009 Mode ]
Add
Reference
Oszcillator / \
R Counter
05Cin = |
~ | 3| Phase Charge Charge:
FPhasze Dretector Pump Purmp
Detector Paolarity Gain State
10 MHz Frequency
~I70000 CPaut
=4 kHz 16

M Counter .
100000~ /
|3DD 2] =

= 1000000 ﬂ

Fraction
Prescaler -

/ a 30M MHz

Fout 1{3001

COMM Mode: LPT Selected device: LM=2531L03010E

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.

17
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Bits/Pins

LMX2531LQ3010E EVALUATION BOARD OPERATING

INSTRUCTIONS

File Keyboard Controls Select Device ©Options Mode LPT/USE  Help

Strong Dithering -

COMM Mode: LPT Selected device: LM=2531L03010E

0 Ohm -

Rd_ADJ_FL

0 0hm b

LOCK. DETECT
FolD
Disabled -

Port Setup T Registers T T BurstMode T PLL/YCO
INITIALIZATION OO FREGUENCY CAL INTERMAL LOOP FILTER T
[~ REG_RST [~ HTLMAN2 ¥ EN_LPFLTR v CE

_ || HTLMAN o £3. 4 ADJ S
S EmmET | 20 |C3=100pF. C4=1000F  ~|
V¥ EN_PLL LOCKMODE R3_ADJ
¥ EM_PLLLDO1 -
= Mived Mode - 20 Kohm -
¥ EN_PLLLDOZ ! | ! 2|
W EN_DIGLDO HTLSEL Fd_aD.
¥ EN_vCO [ Maral Mods ~| | |20Kahm |
W EN_YCOLDO
¥ EN_0SC pall el FASTLOCK CONTROLS
Dividebyz =1 | | 7o
WO PN OFTIMIZATION =i E—
WCO_ACISEL FRACTIOMAL CONTROLS =1
B ﬂ ¥ FDM ICPFL
; ) ORDER 15 j_]
3rd Order Modulator ¥ 3 ADJ FL
DITHER

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.
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PLL/NVCO
I5 LmMx2531L.03010E =13

File Keyboard Controls  Select Device Options  Mode LPT/USE Help

Port Setup T Reagisters T Bitz/Pinz T BurztMode T

Reference

Oscillatar / \
R Counter

05Cin —
. | e Fhaze Charge Charge
Phaze Dietector Pump Purnp

Detector Polarity Gain State
10 MHz Frequency

ﬂmnnn Kz e Y o Sl

M Courter .
100000 —
o0 et/

—=I" [7o00000 ﬂ

Fraction
Prescalar -
" ) [

el 200

COMM Mode: LPT | Selected device: LMx2531L03010E

The PLL/VCO tab shows all the important PLL controls. Reference Oscillator
should be programmed to the reference frequency connected to the OSCin of the
evaluation board. R Counter, Phase Detector Frequency, N Counter, and
Charge Pump Gain should be set to provide the desired output frequency with an
optimized loop filter. The desired VCO frequency may also be entered directly
into the VCO frequency box.

The LMX2531 also has an output divider which can be enabled by change divide
value from 1 to 2 by Fout frequency box. Be sure to load the device (Ctrl+L) after
changing this divider to allow the VCO to calibrate for optimal phase noise
performance.

19
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Registers

LMX2531LQ3010E EVALUATION BOARD OPERATING

INSTRUCTIONS

File Keyboard Controls  Select Device

Options  Mode LPT/USE Help

Port Setup

e i B U | e D e
M 32109876543210338

COMM Mode: LPT

R5(NIT) 100001000

RE(INIT2) 100000000
RS |(1o0oooooo0an
R12 |j0oooooo1an0
R9 |0ooooooo0aDn
Rg |0o0o0DO00DO0O7110
R7 000000000
Re 0100071101
B4 00D00DO0ODOOD
B3 0110171000
B2 0100100170
B1 001111100
RO 001011000

1 Bits/Pins |  BurstMode | PLLAYCO
00000

Fil s a g et E Hex Walue
0000000000001 01 _Load| R5{NITI) 020840005
0000000000001 01 _Load| R5(NIT2) 020800005
0000111111101 01 _Load R5 0080 07F5
0000100100011 00 _Load R12 0:001 048C
000101110101 001 _Load R9 (%000 0BAT
opoooo000000D0 1000 _Load R8 (%003 0008
1010001000001 11 _Load R7 (x0005107
010001001010110 _Load RE (%045 A256
0oo000O000000100 _Load R4 (%000 0004
ooo111101000011 _Load R3 (x06C OF43
0ooooo000010010 _Load R2 (x0430012
100000110000001 _Load R1 (x03E 4181
110101000000000 _Load RO (x02C RAOD

Selected device: LM=2531L03010E

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 Ctrl+L will load the part.
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Port Setup

E LMX2531LQ3010E
File Keyboard Controls Select Device ©Options Mode LPT/USE  Help

1 Registers | Bits/Pins |  BurstMode | PLLAVCO |

Communication Mode- 1 LPT Port Setup Diagram
~ LSE & LFT O Clock B Other Fins
Data B Ground
[LPT Port Setup B Address Conflict
S B LE [Latch Enable )

& LPT1  LPT2 ¢ LPTZ (" Other 13?8 Reload Every |10 zec
= E 10/14 Pin Connector [ Top View ]

1~ Pin Canfiguration -

Clack Bit . 3 ;fg']‘grﬁ

C i e A e B e e ' ikl o P'1? ???

L "

Data Bit

CiC2C3EL0CE CF C? Cp O G e e

CLEBi

(i e e e R CHeie -

= ' oo aeoe @0
O e A RS R SR R N 2 A 20008000 P

TRIGGER I S
o N TeeE e T e e e e e
L DB 25 Connector

COMM Mode: LPT Selected device: LM=2531L03010E

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.

21
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Schematic
4{ 0SCin

Vee i S

Ftest/LD

&

]

< A = f £
ST do T° ik v
Rib > egogzsay
857 23%°2
g %% %
= >
i
VoDIG
Co:
T < &
<~ e
fomm i3
NC/MregBUF
5 Isls ik
O 3] 3

Veeveo
VregvCO
8ol vrefvco

c1
c1

el si1
%—Es! sie2
!
o
o
foam:
5
02|

}_

ci4

c101

c12

Desigretar 100ar Hher
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LMX2531LQ3010E EVALUATION BOARD OPERATING

INSTRUCTIONS

Bill of Materials
Bill of Materials LMX2531_HF Revision 3.28.2008
Item | QTY Manufacturer I Part # Size | Tol | Voltage I Material Value Designators
C1_LF, C2pLF, C2, C3, C4, C5, C9,
20 Open Capacitors C11, C14, C17, C18, C19, C21, C24,
0 n/a C100, C101, C102, C103, C104, C105
7 Open Resistors R2pLF,R7, R8, R17, R19, R21, R24
1 Open Miscellaneous Ftest/LD
1 1 Kemet C0603C101J5GAC 603 5% 50V CoG 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 Ce, C7, C12, C15, C22, C20
5 1 Kemet C0603C105K4RAC 603 10% 16V X5R 1uF Cc8
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 CRCWO0603000ZRT1 603 5% 0.1W Thick Film 0Q R20
9 2 Panasonic P.22AHCT-ND 603 10% 0.1W Thick Film 0.22Q R22, R23
10 2 Vishay CRCWO06033R3JRT1 603 5% 0.1wW Thick Film 3.3Q R1, R18
11 4 Vishay CRCWO0603100JRT1 603 5% 0.1W Thick Film 10Q R2, R3, R4, R5
12 1 Vishay CRCWO0603510JRT1 603 5% 0.1wW Thick Film 51Q R6
13 1 Vishay CRCWO0603102JRT1 603 5% 0.1wW Thick Film 1KQ R2_LF
14 4 Vishay CRCWO0603103JRT1 603 5% 0.1W Thick Film 10KQ R9, R11, R13, R15
15 4 Vishay CRCWO0603123JRT1 603 5% 0.1W Thick Film 12KQ R10, R12, R14, R16
16 | 1 Comm o HTSM3203-8G2 x4 | na | na | MetalPlastic 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
National FR4 PCB Board
©l Semiconductor LMX2531LQEBPCB | nfa | ma | nRa  1merrinic | ist Layer 10 mis nia
20 | 1 Sen’\]‘ii‘g‘r’]gﬁ'ﬁm LMX2531 LLP36 | n/a 27 Silicon LMX2531 u1
. . Place Across:
21 4 Com Con Connectors CClJ255G 2-Pin n/a n/a Metal/Plastic Shunt POWER: 1.2, 3-4, 56,78
22 4 SPC Technology SPCS-8 0.156" n/a n/a Nylon Nylon Standoffs Place in 4 Holes in Corners of Board
23
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Top Layer
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Mid Layer 1 "Ground Plane"

(15 mils below top FRA4 layer)

25
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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
[m] =
s g
i o
[}
- Crel
L
R2 L
'a' gg [R> 54
R24| 1©|R23 oo
uce [ri Iml lél c3 IEz? |832£ ==
a R4 NUINULFS
L L M, S5 ) C2_LF]
—_— RS

C5 £§ C1£l£
0
El? < EaEEZJ_l Fout

3

Cl4
C15

1

C
18]C13

E

T T Tar T T

&5 553355 8 50
(a4 cr

o Yok Yok Y 1ad ' Y T Y

TRIGGER

GND
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