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1 Evaluation Board Setup and Description
To Spectrum
+3.3V Analyzer
Power 5
Jumpers G &
RE
Lock Detect
LED
Readback/ FS Switches
Lock Detect Reference Pro
Selector SPl interface 100 MHz Input
Switch Reference
Figure 2. LMX2615EVM Setup and Description
1. Power:
a. Set power supply to 3.3 V with 600-mA current limit and connect to V.. SMA.
2. Input Signal

a. The EVM is designed for a 100-MHz input reference that should be connected to the OSCin SMA.
Some of the options for this could be a signal generator, the 100 MHz output from the Reference
Pro board, or a very clean signal source such as the Wenzel 501-4623G ultra-low phase noise 100
MHz reference

3. Programming Interface:

» Reference Pro will provide SPI interface to program LMX2615. If using this, Connect USB cable
from laptop or PC to USB port in Reference Pro. This provides power to Reference Pro Board and
communication with TICS GUI

e The other option is to use the dip switch on the board to use Pin mode.

4. Output:
1. Connect RFoutAP to a phase noise analyzer and connect a 50-Q terminator to RFoOutAM.
4 LMX2615EVM-CVAL Wideband 15-GHz Synthesizer SNAU218-November 2018
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2 Setting Up the Software
1. Download the TICS Pro from the Tl Website at www.ti.com/tool/TICSPRO-SW and install.
2. From the menu bar choose Select Device — PLL + VCO — LMX2615

(7 TICS Pro - LMX2615 4 e - e B
- -
File USB communications | Belect Device | Opfions Tools Defauli configuration  Help
o
H I 2 Lvxzsis Import User Dx
i mpotk Lser:Lece Approximate Current (mA) = 340
User Contrals Effective
Raw Registers Delete User Device(s) Ciatge Puiria
User Devices 4 i
Burst Mods Fpd Sl
PLL ’
PLL+VCO L LmX2531
Clock Distribution with Divider ¥ LMX2541 r
Clock GeneratariJitter Cleaner (Single Loop) » LMiX2542 imate VICO Gain (MHz/V) = 222
Clock GeneratoriJitter Cl DCual L 3 LMX2571
ock GeneratorMitter Cleaner (Bual Loop) Fyco /r{)q‘ FCAL_EN
CDC Devices » LMX2572 » 14700 MHz \_2/Toggle FCAL_EN to lock
Demodulator » LMX2581 WCO after changing frequency
Network Synchronizer Clack (Digital PLLS) , LMx2582 — = RFouth
- >
Transceiver 3 LMx2552 e MriE
[ OUTA_PD
WCO 3 LIX2504
utput MUX
General | Context | Competitor Devices 4 LMX2585 7 OUTB_PD
| Clock Generator-Jitter Cleaner (Digital PLLs) 3 LMX2615 1 T — RFoutB

Figure 3. Search for LMX2615 on TICS Pro

3. Verify the communication setup with Reference Pro. To do this, select USB communications —
Interface . Click on the identify button and the LED on the Reference Pro should blink.
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3 Bringing LMX2615 to a Lock State
Load the default mode as shown in Figure 4 The PLL GUI tab gives useful feedback to the user that is
helpful in getting the best performance out of the device
» Items highlighted in orange or red indicate that something may be sub-optimal. To view the comment,
simply mouse over the colored item and a tooltip will appear. In this case, the feedback suggests that
CAL_CLK_DIV and VCO_SEL can be adjusted to improve the VCO calibration time, SEG1_EN could
be disabled for better spurs and lower current, and that FCAL_EN should be toggled to calibrate the
VCO.
* Mouse over any item and it will display the field value in the lower left corner including the field name,
register location, and description.
» On the bottom is the status bar, which indicates when registers are written to and the status of the
USB2ANY/Reference Pro board. In this case, it is indicating that there is no board connected.
[fll Tics Pro - LMX2615 =)
File  USB communications  Select Device Options Tools | Defaull configuration | Help )
4 LMX2615 Fosc  poubler Pr Default Mode 2018-10-12 J osimals Eunor _
Eg‘gﬁéé’;ﬁfé?s @AT T TE—a— Chi’fge:f.ifmpm Yo Gument Ay = 341
Burst Mote Ton|mbx Fpd |\ cain
NDivider 4250000005
IncludedDivide Fraction
{trom Channe Divider) [Use Large Fraction | | Simpiify Fraction VCO Galn (MH2) =220
Fuco (A O\ FCAL EN
14000 MHz \_r\'j/Toggle FCAL_EN to lock
VCO after changing frequency
e N e
2 . 1' []GUTA_PD
i antext | 2 SYSREF Divider 2x X i
oeneal] Comat L - ‘T’E @ SEG1_EN OupUtNUX OUT PD
F1exINCLUDED_DIVIDE e 2 SVSRE:CDI{W REGi .
% | Feac_npro_aos |7de:<mn -] MASH and Phase Synchronization - SYSREF
2 . PFD_DLY_SEL i | - i
'(-J CAL_CLK_DIV |Fesc==800 - — [ SYSREF_REPEAT
g S MASH_ORDER |3rd Order Modulator | [ SYSREF_PULSE
. P ¥ MASH_RESET_N o E_‘
E vco sEL [MBOT. - O MASH_SEED G| SYSREFD’!M’:D"";‘E
§ VCO_CAPCTRL (183 ] [0 VCO_PHASE_SYNC ‘
VCO_DACISET  [428 O Toggle Sync Pin | | Toagle SysRefReq Pin |
Wrote Register RDx4 as 0x04 DE43 .
Wrote Register R0x3 as 0x03 0642 Protocol. SPI
Wrote Register R0x2 as 0x02 0500 -
Wi Hegllor RDAD 38 .00 2116 | comecton Hoce: HSEEmm J"l} TEXAS INSTRUMENTS
Figure 4. TICS Pro GUI LMX2615 Default Configuration
The GUI gives useful feedback to the user to help understand how to program and get the best
performance out of the de
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4 Current Loop Filter Configuration

Note that if the phase detector frequency is changed significantly, the loop filter needs to be redesigned.

Table 1. Current Loop Filter Configuration

PARAMETER VALUE
VCO Gain 132 MHz/V
Loop Bandwidth 285 kHz
Phase Margin 65 deg
Cl_LF 390 pF
C2_LF 68 nF
C3_LF Open
C4_LF 1800 pF
R2 68 Q
R3_LF 0Q
R4_LF 18Q
Effective Charge Pump Gain 15 mA
Phase Detector Frequency (MHz) 200 MHz

— &4 LF

1800pF

N

C2_LF

0.068pF

=—C1_LF
R2_LF 390pF

Vtune_TP %

Figure 5. Current Loop Filter Configuration

For detailed design and simulation, see the PLLatinum Sim Tool.
For application notes, videos, and other technical information on Tl products, see http://www.ti.com/pll.
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5 Typical Phase Noise
-5~ Agilent E5052A Signal Source Analyzer _
kPhaze Moise 10.00dB) Ref -40,004Bc/Hz
4000 b r Canier 7,000007024 GHz RO W dBrn
= 1: 100 Hz -20.9724 dBc/Hz
2: 1 kHz -103.535% dEc/Hz
-E0,00 3: 10 kHz  -111.5424 dBcAHz
4: 100 kHz ||-115.3219 dEcHz
_— 5: 1 MHz ~121.9025 dEc/Hz
B G: 10 MHz | |-14&.3792 dEcHz
7: 20 MHz | -145.7485 dBc/Hz
SF0L00 =G 40 MHz - -150.22850 dBcAHz
Ax Start 10 |kHz
Stop 20 MHz
-20,00 Center 10.005 MHz
Span 19.33 MH=z
30,00 o Nohse =
' Analyzis Range X: Band Marksr
Analyziz Range ¥: Band Marker
-100.0 Intg Moise: -55.9421 dBc / 12.69 MHz
RM% Modse: 2.25635 mead
129,251 mdeg
-110.0 RMS Jitter: S1.302 fsec
1 3.38857 kHz
-120.0
-130.0
-140.0
; W
150.0 N
-160.0
-170.0
-13'3'-'3m % racn A WA o
| 1IF Gain 4048 | Freq Band [300M-7GHz] | it | LD Opt [=150kHz]| Fedpts | Corre 10|
att 100 Hz 40 MHz
Figure 6. Typical Phase Noise with Wenzel 100 MHz Input
Phase Noise at 7000 MHz
-40
-50
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-70 — Total
-80 0sC
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. - — vco
g 110 e " = Filter
- = e —
g L — Qutput/Divide
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Figure 7. PLLatinum Sim Simulation Result for Phase Noise with Wenzel 100 MHz Input
(Total Trace = Simulation, Comparison Trace = Actual Measurement)
8 LMX2615EVM-CVAL Wideband 15-GHz Synthesizer SNAU218-November 2018

Copyright © 2018, Texas Instruments Incorporated

Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU218

13 TEXAS

INSTRUMENTS
www.ti.com Typical Phase Noise
Tl = 3 7
i Agilent E50524 Signal Source Analyzer _
FPhase Moise 10,00dB) Ref -40.00dBcHz
40,00 } r Canier £,999957526 GHz  FRO7M dBrn
! 1: 100 Hz —50.2435 dBcAHz
2: 1 kHz -102.3086 dBcAHz
-E0,00 J: 10 kHz -109:. 7997 dBc/H=
4: 100 kHz | -L07.5227 dBcAdH=
60,00 5: 1 MH=z -120.1294 dBcAHz
T 5: 10 MH=z -145.6725 dBc/H=
fz 20 MH=z -149.7594 dBcH=
70,00 =Bz 40 MHz | -150.2052 dBc/Hz
Zi Start 10 kHz
Stop 20 MH=z
-80,00 ! Center 10005 MH=z
Span 13.33 MHz
30,00 === MNolse ==
' Pnalysiz Range X: Band Marker
Analyzis Range Wi Band Marker
-100.0 Intg Notze: -S0.6840 dBc / 19.69 MHz
RMS Moize: 4,13348 mrad
3 _ 236.53 mdeg
] -110.0 A FME T9tter 33,981 fsec
3 3 Redidual [FM: T9,63027 kHz
-120.0
-120.0
-140.0
-150.0 i ﬁ'_q.
-160.0
-170.0
A0 g Fiy iy it i o Y
IF tGain 4048 | Freq Band [200M-7GHz] | it | LD Opt [=150kHz]| F2dpts | Corre 10/

Figure 8. Typical Phase Noise 100 MHz Reference Pro as Input

Phase Moise at 7000 MHz
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Figure 9. PLLatinum Sim Simulation using 100 MHz Reference Pro as Input
(Total Trace = Simulation, Comparison Trace = Actual Measurement)
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Schematic

Figure 10. Schematic
10 Schematic SNAU218-November 2018
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Bill of Materials

Table 2. Bill of Materials

Item Designator Description Manufacturer Part Number Qty
1 IPCB Printed Circuit Board Any SV601368 1
2 Cl LF CAP, CERM, 390 pF, 50 V, +/- 5%, COG/NPO, 0603 Kemet C0603C391J5GACTU 1
3 C2_LF CAP, CERM, 0.068 uF, 50 V, +/- 10%, X7R, 0603 MuRata GRM188R71H683KA93D |1
4 C3, C14, C15, C30 CAP, CERM, 0.1 uF, 16 V, +/- 5%, X7R, 0603 AVX 0603YC104JAT2A 4
5 c4 CAP, CERM, 10 uF, 10 V, +/- 10%, X5R, 0805 Kemet C0805C106K8PACTU 1
6 C4_LF CAP, CERM, 1800 pF, 50 V, +/- 5%, COG/NPO, 0603 MuRata GRM1885C1H182JA01D |1
7 C5, C6, C7, C10, C11, CAP, CERM, 0.01 uF, 16 V, +/- 10%, X7R, 0402 AT Ceramics 520L103KT16T 6
C12
8 C18, C23, C24, C26, CAP, CERM, 1 uF, 16 V, +/- 10%, X7R, 0603 TDK C1608X7R1C105K080AC |7
C27,C28, C29
9 C19, C20, C21, C22, CAP, CERM, 10 uF, 10 V, +/- 20%, X5R, 0603 TDK C1608X5R1A106M080AC |5
C25
10 CE_TP, CSB_TP, Test Point, Compact, White, TH Keystone 5007 11
GND_TP, MUXout_TP,
RECAL_EN_TP,
SCK_TP, SDI_TP,
SYNC_TP,
SysRefReq_TP, Vcc_TP,
Vtune_TP
11 D1 LED, Green, SMD Lite-On LTST-C190GKT 1
12 K1 Reference Pro - SV601349 (Kitting only) - EDGE #: Texas SV601349 1
6607586 Instruments
13 K2 Cable USB A - Mini (Kitting only) Qualtek Q362-ND 1
14 K3 10 Pin Ribbon Cable (Kitting only) 3M M3DDA-1006J 1
15 K4, K5 SMA - SMA (Kitting only) Amphenol-RF 132168 2
Division
16 L1, L2 Inductor, Multilayer, Air Core, 18 nH, 0.3 A, 0.36 ohm, MuRata LQG15HS18NJ02D 2
SMD
17 LBL1 Thermal Transfer Printable Labels, 0.650" W x 0.200" H | Brady THT-14-423-10 1
- 10,000 per roll
18 MUXout_SW Switch, SPST, Slide, Off-On, 2 Pos, 0.1A, 20V, SMD CTS 219-2MST 1
Electrocompone
nts
19 OSCinM, OSCinP, Connector, End launch SMA, 50 ohm, SMT Cinch 142-0701-851 5
SYNC, SysRef, Vcc Connectivity
20 R1 RES, 330, 5%, 0.1 W, 0603 Yageo America | RC0603JR-07330RL 1
21 R2 RES, 100 k, 5%, 0.1 W, 0603 Vishay-Dale CRCWO0603100KINEA 1
22 R2_LF RES, 68, 5%, 0.1 W, 0603 Vishay-Dale CRCWO060368ROJNEA 1
23 R3_LF, R12, R15, R24, RES, 0, 5%, 0.1 W, 0603 Vishay-Dale CRCWO06030000Z0EA 14
R26, R29, R31, R35,
R36, R41, R42, R43,
R44, R45
24 R4_LF RES, 18, 5%, 0.1 W, 0603 Vishay-Dale CRCWO060318ROJNEA 1
25 R7, R10, R17, R18, R21, | RES, 12 k, 5%, 0.1 W, 0603 Vishay-Dale CRCWO060312K0JNEA 6
R23
26 R8, R9, R16, R19, R20, | RES, 1.0k, 5%, 0.1 W, 0603 Vishay-Dale CRCWO06031K00IJNEA 6
R22
27 R25, R30 RES, 51, 5%, 0.1 W, 0603 Vishay-Dale CRCWO060351R0JNEA 2
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Table 2. Bill of Materials (continued)
Item Designator Description Manufacturer Part Number Qty
28 R32 RES, 100, 1%, 0.1 W, 0603 Vishay-Dale CRCWO0603100RFKEA 1
29 R37, R38, R39, R40 RES, 50, 0.1%, 0.05 W, 0402 Vishay-Dale FC0402E50R0BST1
30 RFoutAM, RFoutAP, JACK, SMA, 50 Ohm, Gold, Edge Mount Cinch 142-0771-831
RFoutBM, RFoutBP Connectivity
31 R_FS1, R_FS2, R_FS3, RES, 10.0 k, 1%, 0.1 W, 0603 Vishay-Dale CRCWO060310KOFKEA 8
R_FS4, R_FS5, R_FS6,
R_FS7, R_FS8
32 S1, S2, S3, s4 HEX STANDOFF SPACER, 9.53 mm Richco Plastics | TCBS-6-01
33 SW1, SW2 Switch, SPST, Slide, Off-On, 4 Pos, 0.1A, 20V, SMD CTS 219-4AMST
Electrocompone
nts
34 uWire Header (shrouded), 100mil, 5x2, Gold, SMT FCI 52601-S10-8LF 1
35 Vcc_Header Header, 2.54mm, 7x2, Gold, Black, SMT Sullins GBCO07DABN-M30 1
Connector
Solutions
36 Ul LMX2615HBD, HBDO064A (CFP-64) Texas LMX2615HBD 1
Instruments
Components of Quantity 0 are DNP
37 C3_LF CAP, CERM, 300 pF, 100 V, +/- 5%, COG/NPO, 0603 MuRata GRM1885C2A301JA01D
38 C13 CAP, CERM, 1 uF, 16 V, +/- 10%, X7R, 0603 TDK C1608X7R1C105K080AC
39 FID5, FID6, FID7, FID10, | Fiducial mark. There is nothing to buy or mount. N/A N/A 0
FID11, FID12
40 J1, J2 Header, 2.54mm, 4x2, Gold, SMT Samtec TSM-104-01-L-DV 0
41 R3 RES, 12 k, 5%, 0.1 W, 0603 Vishay-Dale CRCWO060312KOJNEA 0
42 R4 RES, 1.0 k, 5%, 0.1 W, 0603 Vishay-Dale CRCWO06031K00JNEA 0
43 R11, R14, R24b, R29b RES, 0, 5%, 0.1 W, 0603 Vishay-Dale CRCWO06030000Z0EA 0
44 R13 RES, 100, 5%, 0.1 W, 0603 Vishay-Dale CRCWO0603100RINEA 0
45 R27, R28 RES, 140, 1%, 0.1 W, 0603 Vishay-Dale CRCWO0603140RFKEA 0
46 R33 RES, 10, 5%, 0.1 W, 0603 Vishay-Dale CRCWO060310R0JNEA 0
47 u2 Socket, QFN-64, 0.5 mm Ironwood C16420 0
Electronics
48 Y1 Crystal Oscillator, 100 MHz, LVDS, 3.3V, SMD Vectron VC-708-EDE-FNXN- 0

100M000000
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Top Layer
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Figure 11. Board Layer Stack-Up
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Figure 12. Top Layer

SNAU218—November 2018

14 PCB Board Specifications
Submit Documentation Feedback

Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU218

13 TEXAS
INSTRUMENTS

www.ti.com Appendix C

Figure 13. Ground Layer
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Figure 14. Power Layer
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Figure 15. Bottom Layer
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Proper Jumper and Switch Positions

Reference Pro Board

Set for 100 MHz .
Jumper FS1 =GND = =t % | sPI Serial lm-r!ae'uu‘pu
Jumper FSO = GND =

.
Output Config Driver

Should natchqnamuare 3 13 TExas
Ba s INSTRUMENTS
@ : OE DS Output Conéi -
GND X _E}%?\'B‘ETQ i

Udd BND  LUPECL

Udd NC  LUDS
Udd Udd HCSL

ssnam

Set for LVPECL Qutput
Jumper OE = Vdd
Jumper OS = GND

Figure 16. Reference Pro Board Jumper Positions
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Vcc Headers
Top 6 headers should be placed to power each

individual Vcc Pin. The bottom header can be left off
as this is for GND

Readback/Lock Detect
Set both switches high to
connect Readback to the
programmable header and
so that a locked status will
light the LED

FS Switches
All 8 switches should be all the way to the left.
This is for the default of SPI mode

Figure 17. EVM Jumper and Switch Positions
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