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General Description

The LMKO0O3001C Evaluation Board simplifies evaluation of the LMK03001C Precision Clock
Conditioner with Integrated VCO. The package consists of an evaluation board and CodelLoader
software. The CodeLoader software will run on a Windows 2000 or Windows XP PC. The purpose of
the CodelLoader software is to program the internal registers of the LMKO3001C device through a
MICROWIRE ™ interface.

Loop Filter #1

Phase Margin 74.4° Ko 3200 uA
Loop Bandwidth 59.1 kHz Fcomp 12.288 MHz
Crystal Frequency 12.288 MHz | Output Frequency 1470 to 1570 MHz
Supply Voltage 3.3 Volts VCO Gain 10 MHz/Volt
Charge Pump i

R3 R4 VCO

100 © 100 ©

® CPout

L

I Sa | I 1 e
—| T3 oo 100 pF  __ 110 pF !
g |

Yoo | |

- v v ;

Loop filter #1 is selected by placing a 0 ohm resistor on pad R22.

This loop filter has been designed for optimal RMS jitter using a low noise
reference.
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Read first, Basic Operation

Read the document, “Installing CodelLoader 4 & USB Driver” for instructions to prepare the computer
for usage with the evaluation board before continuing with the hardware setup.

For basic operation...
1. Connect a low noise 3.3 V power supply to the Vcc connector located at the top left of the
board

2. Connect the CodeLoader cable to the uWire header located in the lower left.

A

(3.3 Volts)




NNo:ional:emicanduc:or LMKO3001C EVALUATION BOARD OPERATING INSTRUCTIONS

Read first, Basic Operation (Continued)

3. Connect...

e PC directly to the evaluation board with the LPT to uWire cable, plugging the cable
into an LPT port on the computer and then the 10 pin ribbon connector to the
evaluation board. This setup is shown below. The cable can be removed after
programming to minimize noise and EMI.

or

* Available separately, the USB <--> uWire board to the PC with the USB cable and the
USB <--> uWire board to the evaluation board with the 10 pin ribbon cable.

LPT Setup

LPT Cable to PC
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Read first, Basic Operation (Continued)

4. Start Codeloader 4.
e CodelLoader 4

\‘ ﬁr‘ Uninstall Codeloader 4

5. Select the USB or LPT Communication Mode on the Port Setup tab as appropriate.

6. Select the default mode by clicking “Mode” - “12.288 MHz OSCin”

[l Lmko3001C
File Keyboard Controls Select Device Options NUEREN USE  Help

i | Registers 12.288 Mz 05¢in <fadg_ | PLL | Clock Outputs |  —~
10 MHz OSCin 6
~ Communication Mode——————————————————— add — = Select the
@ USE (" LPT 4\ default mode J*
—LPT Part Sel :Fx N B LE [ Latch Enable ] B Address Conflict
’t":' LFTT € LFTZ2 € LFT3 € Other I 78 ‘ Feload Every |10 sec
L 10/14 Pin Connector [ Top View )
~ Pin Corfiguration 4 \ ”
Clock Bit Select Comms ceeas oo
o SO0 ® 00
riezcscacs ce 7 1 Mode (—\ o '
Data Bit 5 )
[(‘“1(“2(“3(3“4(“5(‘s(‘?(‘srmf"rir‘x;(“\\/
LE Bit 1
C1C20C3 0405 G C7 C8 CH0C1C120 14
- GOE
1 20C30C40CE CE 7 C8 C10CNC 120 14
SYMC*
’;"1("2(33(‘4(“5(“!3(‘?(‘8 C10C 1O 120 14
~ TRIGGER
‘r‘1r2r‘3r4r‘5(‘s(*?(‘a FUCHC 120 14

COMM Mode: USE | Selected device: LMKO3001C
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Read first, Basic Operation (Continued)

7. Enable output to be measured , any of CLKout(0-7) or EN_Fout from either Clock Outputs or
Bits/Pins tab.

I3 LmMKo3001C =3

File Keyboard Controls Select Device Options Mode USE Help

Port Setup T Registers T Bits/Pins T BurstMode T PLL T Clock Outputs ]
Reference :
p : PLL External Loop Internal Loop Internal :
Cecla P Filter Filter VCO :
+0SCin H
~~ : R=1 !
: PDF = 12288 kHz . :
122688 MHz | Weld :
: 1493136 MHz |
N R N 7 '
: Clock Clock Clock Mux Clock Output |
' Divider Delay i
5 B e e < 7|kl 74980 ke |
' . i
I " - :
: - ;} [0ps <+t Bypassed <] JDiabed <]FokeL 0 MHz |
! - = :
-
I LMK03001C =13
File Keyboard Controls Select Device Options Mode USE Help .
.
Port Setup T Registers T T BurstMode T PLL T Clock Dutputs ] o

Power Channel Dutputs Program Pins .
[~ POWERDOWN [V EN_CLKoutd v GOE .
I~ EN_Fout [~ EN_CLKoutl . o
: ™ EN_CLKout2 o S .

Mlscgllaneous [~ EN_CLKout3 [~ TRIGGER o
T AT I EN_CLKoutd

12 [~ EN_CLKouts

[~ EN_CLKout6

PLL_MUX 2
— ™ EN_CLKou? Enable clocks on
i WV EN_CLKout_Global Clock Outputs tab
I RESET or Bits/Pins tab
PLL_LF
VCO_R3_LF
100 ohms b

8. Program the part by clicking “Keyboard Controls” - “Load Device” or by pressing Ctrl+L .
I Lmko3001c€ 9(=(E3

File WEUGEGRGGGEN Select Device  Options Mode USE  Help

e |
(o | bustode | PLL_ | Clock Ouputs |

Step Frequency 3
[ set WCO Frequency Chrl+F LPT Port Setup Diagram
Set Comparison Frequency  Chrl+C O Clock B Other Fins
Set Crystal Frequency Chrl4+¥ O Data B Ground
. Reset P‘_:'_'t B LE|LstchEnable) B Addiess Confiict
o = e " Other g Feloar

10414 Pin Connector [ Top View ]
Pin Configuration m

9. Make measurements... After programming, the uWire cable can be unplugged from the
evaluation board to minimize noise and EMI.
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Board Information

OSCin

By default the board is configured to use the on-board crystal oscillator. It is also possible to use the
board with a single ended or differential reference source at the OSCin port. Below are several
possible configurations for driving OSCin.

OSCin using on board crystal oscillator [default]

0 ohm R8, R11, R20 [power to crystal oscillator], R109

39 ohm R9 [can also be 0 ohm — depends on oscillator output power, 39 ohms
to be a voltage divider]

51 ohm R15

0.1 uF C35, C36 (C5is a 0.1 uF 0402 cap which may be moved to C36)

Open C4,C5

R7, R10, R12, R13, R14, R16, R17, R79, R112

Differential OSCin setup

0 ohm R7, R8, R10, R13

100 ohm R44

0.1 uF C5, C35 (C36is a 0.1 uF 0402 cap which may be moved to C5)
Open C4, C36

R11, R12, R14, R15, R16, R79
R20 [remove power from crystal oscillator for noise reasons]

Single ended OSCin setup

0 ohm R7, R8

51 ohm R15

0.1 uF C35, C36 (C5is a 0.1 uF 0402 cap which may be moved to C36)
Open C4,C5

R10, R11, R12, R13, R14, R16, R17, R79
R20 [remove power from crystal oscillator for noise reasons]

Fout

Fout allows direct access to the internal VCO before the clock distribution section. The EN_Fout bit
must be selected to enable Fout. A 3 dB pad is placed on R80, R81, and R82.

Loop Filter

R22 and R5 form a “resistor switch” which allows either one of two different loop filters to be
selected.

Loon Filter Resistor Loop Filter Default Loop
P Switch Components Bandwidth
Loop Filter #1 | pos Shorted | C1, C2, C2p, R2 59.1 kHz
[default]
. C1_AUX, C2_AUX,
Loop Filter #2 | R5 Shorted C2p AUX, R2 AUX 77 Hz
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Features of the board

» Either one of two loop filters can be selected by shorting either R22 or R5. More info
about each loop filter can be found in the General Description and Appendix A.

» Test points for each of the uWire lines are scattered in the lower left corner of the board
and include: GOE_TP, DATAuWire, CLKuWire, LEuWire, SYNC_TP, and LD_TP.

* Ground is located on the unstuffed 10 pin header on the left side of the board.

e Ground is located on the GND_tp2 in the upper left corner of the board and GND_tp1l
located to the right of the Vcc SMA connector.

e Ground is located on the bottom side of the board on each pad of the unstuffed 10 pin
header GND_J2.

* Vcc is located on the unstuffed 10 pin header on the upper left side of the board.

» Vcc is located on VccPlane test point located to the right of the Vcc SMA.

* Vcc is located on the bottom side of the board on each pad of the unstuffed 10 pin
header VCC_J2

Other Important Notes

*  When changing the OSCin frequency, the OSCin frequency register needs to be changed
to match.

* Toggle the SYNC* pin to synchronize the clock outputs when in divided mode.

»  For both loop filters, a helper silkscreen is offset from the loop filters to help identify the
components according to National Semiconductor’s traditional reference designators
associated with loop filters.

Evaluation Board Revision v1.0 Errata
* SYNC*tis labeled on the PCB as SYNC, however the logic of SYNC* is still active low!




&NatinnalSemuonduclur LMKO3001C EVALUATION BOARD OPERATING INSTRUCTIONS

Recommended Equipment

Power Supply
The Power Supply should be a low noise power supply. An Agilent 6623A Triple power supply with LC
filters on the output to reduce noise was used in creating these evaluation board instructions.

Phase Noise / Spectrum Analyzer

For measuring phase noise an Agilent E5052A is recommended. An Agilent E4445A PSA Spectrum
Analyzer with the Phase Noise option is also usable although the architecture of the E5052A is superior
for phase noise measurements. At frequencies less than 100 MHz the local oscillator noise of the PSA
is too high and measurements will be of the local oscillator, not the device under test.

Oscilloscope
For measuring delay an Agilent Infiniium DS0O81204A was used.

Reference Oscillator
The on board crystal oscillator will provide a low noise reference signal to the device at offsets greater
than 1 kHz.

Note: The default loop filter has a loop bandwidth of ~60 kHz. Inside the loop bandwidth of a PLL the
noise is greatly affected by any noise on the reference oscillator (OSCin). Therefore any noise on the
oscillator less than 60 kHz will be passed through and seen on the outputs. For this reason the main
output of a Signal Generator is not recommended for driving OSCin in this setup.

10
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Phase Noise

1499.136 MHz

Output Frequency

Internal VCO, Fout output

PPhaze Moize 10.00dB[ Ref -20,00dBc/Hz [Srma]

-20.00

IF Gain Z0dB

Fad
Fraq Band [99M-1,55Hz]

T P e

1 Start 12 kHz
Stop 20 MH=z

= MNolse —

Py i
Chrnit LT Opt [=150kHz]

r Carrier 14933132050 GHz
-102.2375 dBcs/Hz
1 kHz -102.2327%
10 kHz -l02.521%
100 kHz -111.0473
1 MH=z -136. 2619
10 MH=z -156.3615

Center 10.006 MHz
Span 19,985 MHz

iy
B53pts

-z dim

dBc Hz
dEc/Hz
dEc/Hz
dBEcH=
dBc Hz

fhalysis Range X: Band Marker
Analysiz Range Vi Band Marker
Intg Moise: -5&.0092 dBc
RM5 MNoise: 2.23899 mrad

125,285 mdeg
EMS 1itter: 237.702 fzec
Fesidual FM: 1.01135 kHz

Y

/19,69 MH=z

Corre 50

Reference source is on board 12.288 MHz crystal

Below ~1 kHz phase noise is dominated by the crystal

10 Hz — 20 MHz integrated RMS jitter = 782 fs
100 Hz — 20 MHz integrated RMS jitter = 269 fs
12 kHz — 20 MHz integrated RMS jitter = 238 fs

LVDS output CLKoutO
1499.136 MHz, INPUT_DIV:

=4

2, CLKoutO_div:

LVDS output (187.392 MHz)

VCO Frequency

PPhaze Moise 10.004BS Ref -20.00dBcHz [Sma]

-20,00

IF Gain 20dE

Fad
Fraq Band [99M-1.5GHz]

1
2:
2: 10 kH=z
EH
B3

=Gz
®: Start 12 kH=
Stop 20 MH=z

= HNoize —

praiy i
Cornit LS Opt [=150kH:z]

10 MH= -1E7 . 2689

r Carrier 187,391437 MHz

Center 10.00& MHz
Span 1%.985 MHz

iy
853pts

-3 dBm

1 kHz -120.358% dBorHz
1 kHz -120,3588
121,700
100 kHz -1z9.z2:225
1 MHz -152.57e6

dEc/Hz
dBEcH=
dBc Hz
dEc/Hz
dBEcH=

Prnalysis Range 3: Band Marker
Analysis Range ¥: Eand Marker
Intg Moisze: -7F2.3041 dBc / 13.69 MHz
RMS Modze: 285,609 prad

16,5361 mdeg
REME 1itter: 245,121 fsec
Residual FM: S70.675 Hz

Y

Zore 50

Output is measured with a Minicircuits ADT2-1T balun.

Reference source is on board 12.288 MHz crystal

Below ~1 kHz phase noise is dominated by the crystal

10 Hz — 20 MHz integrated RMS jitter = 702 fs
100 Hz — 20 MHz integrated RMS jitter = 277 fs

12 kHz — 20 MHz integrated RMS jitter = 245 fs (shown)

11
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LVPECL output CLKout4
1499.136 MHz, INPUT_DIV:

=4

2, CLKout4_div:

LVPECL output (187.392 MHz)

VCO Frequency

PPhaze Moize 10.00dB[ Ref -20,00dBc/Hz [Srma]
-20.00

Py

IF Gain 20dB Fraq Band [99M-1,55Hz]

s
2t

Carver 187,391486 fMHz

1: 1 kH=z -120.26858 dBcAH
2: 1 kHz -120.2¢65% dEcAH
2: 10 kHz -121.5950 dEcAH
4: 100 kHz -1292.094% dBEcAH
E: 1 MHz -1582.5104 dBcAH
=61 10 MHz -157.5655 dEcAH
Hr o Start 12 kHz

Stop 20 MH=z

Center 10.006 MHz
Span 19.95% MHz
== Nolse ==
fhalysis Range X: Band Marker
Analysiz Range Vi Band Marker
Intg Moize:
REM5 Moisze: 292,206 prad
16.7422 mdeg
EMS 1itter: 245,176 fzec
Fesidual FM: 945,193 Hz

i
LT Opt [=150kHz]

iy
B53pts

by ze. BT

i
i
=
=
i
i

f==]

-73.6965 dBc / 19.63 MHz

Corre 50

Output is measured with a Minicircuits ADT2-1T balun.

Reference source is on board 12.288 MHz crystal

Below ~1 kHz phase noise is dominated by the crystal

10 Hz — 20 MHz integrated RMS jitter = 679 fs
100 Hz — 20 MHz integrated RMS jitter = 278 fs

12 kHz — 20 MHz integrated RMS jitter = 248 fs (shown)

12
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Delays

These delay measurements illustrate how skew errors due to different length traces may be tuned out.
The delay may be adjusted in steps of 150 ps.

File Control Setup Measure Analyze Utilities Help

20.0 GSafs  1.00 kpts

AEEEEEES

LR - 0010 ns

Mark
ATime(1-2]
Current 749,70 ps
Il Mean 747,233 ps
Min 740,75 ps
X Max 753.70 ps

Delays 150, 300, 450, 600, 750

Delays from 0 to 2250 ps on CLKowt1 referenced to CLK outD

[x e ]

Simngle ended owtput (mv)
=] o =] o
i 08 & &

2
8

-300 o 300 GO0 900 1200 1500 1800 2100 2400
Time {ps)

CLKoutO_DLY =0 ps

CLKoutl_DLY = all delays
programmed: O, 150, 300, 450,
600, 750, 900, 1050, 1200,
1350, 1500, 1650, 1800, 1950,
2100, and 2250 ps

13
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CodelLoader Settings

5 LmKo3001C

File Keyboard Controls  Select Device  Options B

USE  Help

T Registers E PLL T Clock Dutputs ]
10 MHz 25Cin
- Communication Mode 1 Add 1 LPT Part Setup Diagram
~ UsB & LPT L O Clock B Other Pins
O Data B Ground
[ LPT Port Setup B Address Conflict
Port Address _ B LE [Latch Enable |
(¢ LPT1  LPTZ2  LPT3  Other |378 ReloadEvery |10 zec
_ 10/14 Pin Connector [ Top View |
1~ Pin Configuration -
[E=N B
Clock Bit 1 .? .??: ?.
ok e e s e e LT e i i ol Pin T L
| in
Data Bit |
e o e T T ) i £ bl
LE Bit
e e s O e R L e i gl DE1
lEDEf" K & A" i & w b3 - i & . [l“./O@‘.. \. 2
O} 2 B 4 Ey B 7 8 10 1 12 14 ‘\‘ \*\\' P & @

SYMC* ] Y \\\—llll
(S Sl AR e SRR EEE R S
DB 25 Connector

~TRIGGER :
sy sy w s b ol sl

COMM Mode: LPT | Selected device: LMKO3001C

The Port Setup tab tells CodeLoader what signals are assigned to which pins. If this is wrong,
the part will not program.

Part setup can be restored to the default state by clicking Mode > “12.288 MHz OSCin” The
default reference oscillator used for these instructions is 12.288 MHz and the restored mode
expects a 12.288 MHz OSCin signal. For the loaded mode to take affect the device must be
loaded by pressing Ctrl+L.

14
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The Bits/Pins tab shows some of the internal registers which are not accessible from any of the
other visual tabs like “PLL" and “Clock Outputs.” Right click on any of the bits for description.

5 LmKo3001C

Help

Port Setup T

File Kevboard Controls  Select Device Options  Mode USE

Registers T

T BurstMode T PLL T Clock Dutputs ]

Power
[ POWERDOWN
[~ EM_Fout

Mizcellaneous -
05Cin_FREQ

PLL_ML

HZ -
[~ Dlvd

[~ RESET

PLL_LF
YCO_R3_LF

B00 chimns A
YCO_R4_LF
200 ohnz hd

WCO_C3 C4LF

C3=150pF,C4=110p v]

COMM Mode: LPT

|~ EM_CLKoutd

|

| Selected device: LMEO3001C

Channel Outputs Program Pins
v GOE
v SYMNC*

I~ TRIGGER

[~ EM_CLKout!
[~ EM_CLKout2
[ EM_CLKout3
[~ EM_CLKoutd
[~ EM_CLKouts
[~ EM_CLKouts
[~ EM_CLKout?
EN_CLK.out_Global

Program Bits

VCO C3 C4 LF

POWERDOWN Powers the part down.
EN_Fout Turns on the Fout pin for measuring the internal VCO.
OSCin_FREQ Must be set to the OSCin frequency in MHz.
Programmable to many different values to support Lock Detect or aid
PLL_MUX X
- troubleshooting.
DIV4 Shall be checked for OSCin frequencies greater than 20 MHz.
The registers can be defaulted by checking and unchecking RESET.
RESET o .
Software bits will not reflect this.
VCO_R3 _LF
VCO_R4 LF Internal loop filter values, also accessible from Clock Outputs tab.

EN_CLKout0..7

Enable CLKout bits from CLKoutO to CLKout7. Also accessible from Clock
Outputs tab.

EN_CLKout_Global

Enable all clock outs. If unselected then the EN_CLKouts are overridden
and the outputs are all disabled.

Program Pins

GOE Set Global Output Enable to high or low logic level.
SYNC* Set SYNC* pin to high or low logic level.
TRIGGER Set auxiliary trigger pin to high or low logic level.

15
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The Registers tab shows the raw bits which will be programmed when device is loaded by
clicking Keyboard Controls = Load Device or Ctrl+L.

= Lmko3oo1c

File keyboard Controls  Select Device Options Mode USE  Help
Port Setup sc T Bits/Pins T BurzstMode T PLL Tl:luck Dulputs}
MR 33222222222211111111110000000000
10987654321098765432109876543210 Hex Walue
RO(INIT) 1000000000000 DOO0O0O0O0O0O0O0O0 100000000 _Load RO (INIT) 0x8000 0100
RO 0000000000000 0O0O0O0000001000000D00 _Load RO 0x0000 0100
B1 |[oo0o0o0o0nooooO00O0O0OO0O0O0O0OOO0i0oOoO00nD00nt _Load A1 0x0000 0107
R2 00000000 COOOOOOOOOOOOOOTO0000010 Load R2 0x0000 0102
B3 000000000000 000Q0O0000001T00000011 _Load R3 0x0000 0103
R4 |[00000D0DDOOOOOOOOOOOOOOOTO0OO0O00D1 00 _Load R4 0x0000 0104
AR5 000000000000 000Q0O000001000001 01 _Load R5 0x0000 0105
R6 0000000000000 000O00000001T00000110 _Load RE6 %0000 0106
B7 0000000000000 OOO0O00000TO000D0111 Load R7 0x0000 0107
Rg |[oo01000000000O0O0O0O0O0OO0100 00001000 _Load RE8 0x1000 0908
B11 000000001 00000100000000000001011 _Load R11 0x0052 000E
R13 [00o0000i0ioo0o00o0i1i0000000010101101 _Load R13 0x0283 005D
R14 [00D0D1000000000000000O000100001110 _Load R14 0x0300 010E
B15 1100100000000 0000011110100001111 _Load R15 0xC800 3D0OF
COMKM Mode: LPT Selected device: LMEO3001C

The Clock Outputs tab allows the user to visualize the clock distribution portions of the device.
From this tab the device’s dividers, delays, clock output muxes, and output drivers can be
programmed along with internal loop filter values. The PLL block shows the R and N divider
values however to change these values either click on the PLL tab or the blue PLL box to access
the PLL tab to make changes to the PLL.

5 LmKo3001C

File Keyboard Controls Select Device Options Mode USE  Help

Port Setup T Reqgisters T Bits/Pins T BurstMode T PLL
Hefer_ence i PLL External Loop Internal Loop Internal E
Tt Fle i Filter Filter VCO :
@ £05Cin Fe— A3 GO0 ohms :
PDF = 12288 kHz C3 150pF :
12788 MHz ! M = E1 - 200 ahms
: AL 1433136 MHz |1
: s - g n :
: Clock Clock Clock Mux Clock Output g
: Divider Delay f
H ey~ | 1 1 T 1 = _| ClEouwd 1Hz .
' |2 = 10pst | v |Bypassed | | Disabled Li ¢
E | | -1 I | I i o | Clkoutl Wbz |
: *—2 = i0ps | v |Bypassed  w| | Disabled Li G| B
E |2 ;Jl ]D ps Li {IBypassed Li iDisabIed j_M hHz E
: 2 ﬂ ]2 ;ll 1'0 D3 Li ]'Bypassed l]' iDisabIed ﬂl LLkours L
E e Dividey —’2—;} ]D pz Li {IBypassed j iDisabIed j——CLKDUM IHz E
E Divided frequency: E
; 7456R MHz i ;]l JBes |- Bwpassed |- {Dimabea) -] - Hie
: 2 ;Jl ]D ps Li {'Bypassed j iDisabIed L]_M MHz |
: 2 ;]l 1'0 ps Li ]Bypassed L]I iDisabIed j ELa MHz |
5 \ ' o W, :

COMM Mode: LPT | Selected device: LMEO3001C
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The PLL tab shows a conventional PLL diagram along with the Input Divider. It is important to
realize that the total effective N value is PLL N Counter * Input Divider. This means that the
“channel spacing” is the Phase Detector Frequency * Input Divider . Depending on the
situation, this may require the R Counter multiplied up by the value of the Input Divider to achieve
desired VCO output frequencies.

= Lmko3001C
File Kevboard Controls  Select Device  Options Mode USE  Help
Port Setup T Reqgisters T Bits/Pins T BurstMode T

T Clock l]ulputs]

Reference
Ozcillatar /_ —\\

F Counter
O 05Cin
iy

1
12.288 MHz FPhaze Detector Freq

1

= | Phase Charge Charge
A Detector  Pump Fump
Polarity  Gain State

Loop Filter

1 =
12288 = kHz
ki
in |,—51 o
=
M Counter
< /
YCOo
Divider PLL
2 WCO
|

©
11499.135 MHz

COkb Mode: LPT Selected device: LMEOI001C

Example: |If the desired VCO output frequency was 1511.424 MHz, R would need to be
increased to 2 before 1511.424 MHz could be programmed because of the Input Divider of 2
would only allow programming of 1499.136, 1523.712, 1548.288, etc. with a 12.288 MHz phase
detector frequency — because changing the N counter from 61 to 62 changes to total N by two,
122 to 124!
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Appendix A: VCO Performance
The internal VCO performance is measured by using a narrow bandwidth loop filter. By default
the narrow loop bandwidth filter is stuffed as Loop Filter #2 in positions C1_AUX, C2_AUX,
C2p_AUX, and R2_AUX and has a loop bandwidth of 77 Hz.

See the Loop Filter section in Board Options for more detail about switching between the two
different loop filters.

Loop Filter
Phase Margin 58.7° Ko 100 uA
Loop Bandwidth 77 Hz Fcomp 1.024 MHz
Crystal Frequency 12.288 MHz | Output Frequency 1470 to 1570 MHz
Supply Voltage 3.3 Volts VCO Gain 10 MHz/Volt

Charge Pump

R3 R4 VCO

600 O 200 O |
CPout
5 !
i Oo | I e I
—_ 0 M —— 150 pF  ___ 110 pF!
[+ o] c . i
2
[+ o] ! i
| v v |

This loop filter is located on the top side of the PCB and is selected by placing a
0 ohm resistor on pad R5.

This loop filter has been designed with a very small loop bandwidth to minimize
the PLL from interacting with the noise of the VCO to permit a VCO phase noise
measurement.

18
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VCO Phase Noise - Narrow Loop Bandwidth

i Agilent E5052A Signal Source Analyzer

i -
=| =
FPhaze Maise 10,0048 Ref -20,00dBc/Hz
20400 ’F Cartier 1,499999862 GHz - dBm
! 1: 1 kH=z -52.6633 dBc/Hz
20,00 2z | 0| kH= 26632 dBoAdHz
' 3| [T kH= HER2LUGE3D dBoAHz
4= 10| kH= 90,2157 dBc/Hz
-40.00 §r 100 kHz -115.435% dBcAHz
52 1 MH=z -126.1806 dBc/Hz
-50.00 #7110 WHz  -1EE.9C37 dBcAHz
Ar Start 10 Hz
-R0,00 Stop 200 MHz
Center 10.000005% MHz
_F0.00 Span 12.53333 MHz
== Noise =—
80,00 Analysizs Rangs X: Eand Marker
Analysis Range Y@ Band Markar
0,00 Intg Modse: -2.0228 dBc / 19.7 MH=
' REME Nodse: 500,467 mrad
25L6746 deg
-100.0 5 Jitter: SILI012 poec
Fesadual FM: 1.02092 kHz
-110.0
-120,0
-1z20.0
-140.0
-150.0
-160,0 o
-1y0.0
a0 100 Fiy i Fis #5 -
| IF (Gain 20de | Freq Band [300M-7GHz] | it | L Cpt [=150kHz] | &53pts | Carre 3

Phase Moize Start 10 Hz

contributor.

The loop bandwidth has been minimized so that the VCO is the dominant noise

10 Hz — 20 MHz integrated RMS jitter = 53.1 ps (sho wn)
100 Hz — 20 MHz integrated RMS jitter = 26.3 ps
12 kHz — 20 MHz integrated RMS jitter = 0.310 ps

Stop 40 MHz -
This plot shows the noise of the VCO at 1500 MHz using a 1 MHz Phase
Detector Frequency. An external oscillator was used for this plot, since the VCO
noise dominates, reference oscillator noise is not critical.
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Appendix B: Impact of Reference on Phase Noise

Inside the loop bandwidth of a PLL the phase noise is set by the quality of the
reference oscillator used. For this reason it is important to select a reference
oscillator suitable for the application.

Test Setup
Using the same loop filter as described in the General Description and by driving

the OSCin frequency with an ultra low jitter 100 MHz Wetzel Crystal (501-
04517D) and setting R = 10 to achieve a phase detector frequency of 10 MHz. A
very low integrated RMS jitter of 243 fs is measured vs. the 782 fs measured in
the Phase Noise section with 12.288 MHz crystal in the bandwidth of 10 Hz to 20
MHz.

¥ agilent E50524A Signal Source Analyzer

¥ Start Sl
FPhase Moise 10,00dB) Ref -20000dB.c/Hz
-20.00 }F Catrier 1,500000373 GHz -IESTY dBm
' 1: | 0| kH= -106.545% dBc/Hz
20000 2z | 0| kH= 108 .5455 dBcHz
! 21 1 kH=z -105.545% dBc/Hz
4: 10 kHz -103.7257 dBcsHz
-40.00 Sr 100 kHz -112.3066 dBc/Hz
&z | 1 MH=z -128.7901 dBcAHz
-50.00 =71 L0 MHz | -156.0535 dBciHz
Az Start 10 Hz
-&0,00 Stop 20 MHz
Center 10.000005% MHz
70,00 Span 12.33353 MHz
='| MNol1se =— 4 ]
20,00 Analysi1s Range 3@ Band Marker
Analy=1s Range Yi Band Marker
a0 Intg MNoise: -55.8L05 dEc 4 13.7 MHz
' M5 MNoize: 2.2905 mrad
| 131.252 mdeq
-100.0 RMS Jditier: 243,062 fsec
ual FM: 1.03172 kHz
-110.0
-120.0
-120.0
-140,0
-150.0
-160.0 -y
-170.0
R 100 & e 128k pi Y
[ IF Gain 2048 | Freq Band [200M-7GHz] | Ot | L Copt [=150kHz] | 53pis | Cotre 3|

Phaze Moise | Start 10 Hz Stop 40 MHz 84.0% ||

10 Hz — 20 MHz integrated RMS jitter = 243 fs (show n)
100 Hz — 20 MHz integrated RMS jitter = 240 fs
12 kHz — 20 MHz integrated RMS jitter = 220 fs

Conclusion

This diagram illustrates how the phase noise inside the loop bandwidth is set by
the quality of the reference oscillator used. Phase noise outside the loop
bandwidth is set by the VCO noise level.
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Appendix C: Schematic

LMK0300x - Main Boad LMK0300x - Qutputs
LMK0300x - Main Boad.sth LIMK0300x - Outputssth
FL
FCB_LMKO300X
voe vee
2 B
1 2 1 2
3 Z 3 Z
5 6 5 6
7 8 7 8
9 0 9 10
GND_HDR VCC_HDR
— — Voo Voo
» B
1 2 1 2
3 Z 3 Z
5 6 5 6
7 8 7 8
9 10 9 10
GN\D_HDR VCC HDR
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Ve Vo Vo Vo Ve Ve
CLKoutO CLKoutl CLKout2
R33 R35 RA0 Ra2 Ra7 R49
P {opn CERE™ o dopm
Cs2 CLKoutd Cs4 CLKoutl CLKout2
a I} axou /} QKouzo:
01uF 01uF
- =L - =L 4
RCL RC2 Open — RC3 PC4 Open — PCS =
cs3 CLKout0* Cs5 CLKout1* A X
I L0 . Il pnsvA = CLxouz:
CLKouto* CLKout1* CLKout2* O-
pip i pip "
R31 R32 R34 R36 R38 R39 Ra1 Ra3 R4S RA6 RI08
o Sopn IR = o S CRRRE = o Sopn RIB Ri8 SRS
Ve o Ve Yoo Ve e v Ve o Ve
CLKout3 CLKout4 CLKout5 CLKout6
R54 RS6. RS9 R61 R64 RE6 R69 R71
COIRC CORRC™ o {opmn R
css aKous @ CLxous e Clxous o5t QLKous
QLKous I} (o) G CLious I} A CLKous I} CpenshA QLKous I} (o) o
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Appendix D: Bill of Materials

Part Manufacturer Part Number Qnt Identifier
Capacitors
47 pF Kemet C0603C470J5GAC 1 | C68
C20, C21, C22, C23, C24, C25, C26, C27, C28, C29,
100 pF Kemet C0402C101J5GAC 14 | C30, C31, C32, C33
100 pF Kemet C0603C101J5GAC 1 | C34
12 nF Kemet C0603C123K1RACTU 1 |C2
C9, C37, C38, C39, C40, C41, C42, C43, C44, C45,
0.1uF Kemet C0603C104J3RAC 16 | C46, C47, C48, C49, C50, C51
C35, C36, C52, C53, C54, C55, C56, C57, C58, C59,
0.1 uF Kemet C0402C104J4RAC 18 | C60, C61, C62, C63, C64, C65, C66, C67
820 nF Kemet C0603C824K8PAC 1 | C1 AUX
C69, C70, C71, C72,C73, C74, C75, C76, C77, C79,
1uF Kemet C0603C105K8VAC 16 | C80, C81, C82, C83, C84, C85
10 uF Kemet C0805C106K9PAC 5 | C2p AUX, C16, C17,C18, C19
10 uF Kemet C0805C106K9PAC 1 | C78
Resistors
0 ohm Vishay CRCWO0603000ZRT1 10 | R1, R3,R6, R11, R12, R20, R22, R95, R104, R109
0 ohm Yageo RC0805JR-070RL 2 | R4,R8
0 ohm Vishay CRCWO0603000ZRT1 2 | R87,R94
18 ohm Vishay CRCWO0603180JRT1 1 | R82
39 ohm Vishay CRCWO0603390JRT1 1 |R9
51 ohm Vishay/Dale CRCWO060351R0JNEA 1 | R15
R52, R53, R96, R97, R98, R99, R100, R101, R102,
120 ohm Vishay CRCWO0402120RJNED | 10 | R103
180 ohm Vishay CRCWO0603181JRT1 2 | R92, R93
270 ohm Vishay CRCW0603271JRT1 2 | R80,R81
820 ohm Vishay CRCWO0603821JRT1 1 | R2 AUX
1.8k Vishay/Dale CRCWO06031K80JNEA 1 |R2
2.2k Vishay/Dale CRCWO06032K20JNEA 2 | R29, R30
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15k Vishay CRCWO0603153JRT1 4 | R88, R89, R90, R91
27 k Vishay CRCWO0603273JRT1 3 | R83, R84, R85
Other
National
LMKO0300xC Semiconductor LMKO03001ClI 1 (U1
OSC - CRYSTEK 33xx Crystek C3391-12.288 1 |Vl
ADT2-1T Minicircuits ADT2-1T 1 | B3
CLKout0O, CLKout0*, CLKout2*, CLKout4, CLKout4*,
SMA Johnson Components | 142-0701-851 11 | CLKout7, CLKout7*, Fout, OSCin, OSCin*, Vcc
3.3V zener Comchip CZRU52C3V3 2 | D1,D2
PCB_LMKO0300x rev
PCB_LMKO0300x Printed Circuits Corp 1.1, 6-16-2007 1 |F1
HEADER_2X5(POLARIZED) | FCI Electronics 52601-S10-8 1 | uWire
SPCS-8 SPC Technology SPCS-8 4 | Standoffs in the four corners (insert from bottom)
Open
Open Open 2 B1, B2
C1, C2_AUX, C6, C7, C8, C10, C11, C12, C13, C14, C15, R5, R7,
R10, R14, R16, R17, R18, R19, R21, R23, R24, R25, R26, R27,
Open 603 32 | R28, R79, R105, R107, R110, R111, R112
Open 805 C2p
Open Open C3
C4, C5, R31, R32, R37, R38, R39, R44, R45, R46, R51, R58, R63,
Open 402 16 | R68, R73, R78
C86, R33, R34, R35, R36, R40, R41, R42, R43, R47, R48, R49,
R50, R54, R55, R56, R57, R59, R60, R61, R62, R64, R65, R66,
Open 603 34 | R67, R69, R70, R71, R72, R74, R75, R76, R77, R86
CLKoutl, CLKoutl* CLKout2, CLKout3, CLKout3*, CLKout5,
OpenSMA Open 13 | CLKout5*, CLKout6, CLKout6*, Fout*, GOE, LD, SYNC*
Open HEADER_2X5 2 32,4
Open HEADER_2X5 2 133,35
Open 805 3 | R13, R106, R108
Open Open 1 Y2
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Appendix E: Build Diagram
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Bottom Build Diagram
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