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Overview

Overview

The LMK04610EVM features LMK04610 ultra-low noise and low-power JESD204B compliant Dual Loop
Jitter Cleaner. With a power consumption of only typical 880 mW with 10 outputs running, LMK04610
supports typical 65 fs jitter (12 kHz to 20 MHz) using a low noise VCXO module. Integrated LDOs provide
high PSRR that enables the use of DC-DC converters.

The dual loop architecture consists of two high-performance phase-locked loops (PLL), a low-noise crystal
oscillator circuit, and a high-performance voltage controlled oscillator (VCO). The first PLL (PLL1) provides
a low-noise jitter cleaner function while the second PLL (PLL2) performs the clock and SYSREF
generation. When used with a very narrow loop bandwidth, PLL1 uses the superior close-in phase noise
(offsets below 50 kHz) of the VCXO module or the tunable crystal to clean the input clock. The output of
PLL1 is used as the clean input reference to PLL2 where it locks the integrated VCO. The loop bandwidth
of PLL2 can be optimized to clean the far-out phase noise (offsets above 50 kHz) where the integrated
VCO outperforms the VCXO module.

Features

» Dual Loop Architecture with typical 65 fs rms from 10 kHz to 20 MHz at 122.88-MHz output frequency
» 880 mW typical power consumption for 10 outputs at 122.88 MHz

» JEDEC JESD204B Support

e Jumper configurable supplies with onboard LDOs and DC-DC converters

» GUI platform for full access to device registers
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Quick Start Guide
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Figure 1-1. LMK04610 EVM Quick Start Connection

1.1 Quick Start Description

The LMKO04610 EVM allows full verification of the device functionality and performance specification. To
quickly set up and operate the board with basic equipment, refer to the quick start procedure below and
test setup shown in Figure 1-1.
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Device Start-Up Sequence

1.
2,
3.

Place Dip switches S1 to S5 into default position as shown in Figure 4-6

Connect a supply voltage of 5 V to the VCC and VCC_VCXO SMA.
Connect a reference clock to the CLKin1 port from a signal generator or other source. Use 122.88 MHz

for default.

Connect the SPI header to a computer using USB2ANY.
Program the device with TICS Pro.
(@) Start TICS Pro
(b) Select LMK04610 from Select device — Clock Generator/Jitter Cleaner (Dual Loop) — LMK0461x

Menu.

(c) Select from USB Communications — Interface Menu USB2ANY.

(d) Select default mode from the Default Configuration Menu. For the quick start, use Dual Loop: PLL1
BW= 40Hz REF: CLKinl (single-ended)

(e) Ctrl-L must be pressed at least once to load all registers. Alternatively click menu Keyboard
Controls — Load Device.

(f) Click Device Start button in the Generic page or use the Device: DEV_STARTUP button from the

Tool bar.

6. Measurements may be made at an active CLKout port through its SMA connector.

1.2

Device Start-Up Sequence

Power Supplies All Supplies
all off powered up
DEVICE IDLE
DEVICE Ramp-up Power Supplies In Release RESETn RE:\D/IYC;I)?(LSEPI
NOT READY Power-Down PROGRAMMING
State
RESETn =X RESETn =0 RESETn =1
(Power-down) (Power-down)
Program device configuration settings
DEVICE IDLE Trigger Startup STATO/1
Sequence through SPI indicates
DEVICE PLL Lock
DEVICE
- > BOOTING DEVICE EE—
CONFIG DEV STARTUP = 1 up RUNNING
PROGRAMMING (self}Iearing bit)
DONE
RESETn =1 RESETn =1 RESETn =1
Figure 1-2. Device Start-Up Sequence
SNAU201A-January 2017 —Revised February 2017 Quick Start Guide 5
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Installing the EVM Control Software

1. Install latest TICS Pro software from web: http://www.ti.com/tool/ticspro-sw
2. Start TICS Pro.
3. Select Device — Clock Generator/Jitter Cleaner (Dual Loop) — LMK0461x — LMK04610

6 Installing the EVM Control Software SNAU201A—-January 2017 —Revised February 2017
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INSTRUMENTS
Using the EVM Control Software

3.1 Keyboard Shortcuts
CTRL + L => write all registers

3.2 TICS Pro Overview

EEE A T T .

Fie USBcommuncatons SelectDevice Options Toos Defautconfiguraton Hep (:J) Menu Bar
isave Loaa ReadBack
14 LMOC24G2

3 Content/Context
e e et Pane

(¥ \Wekcome 10 TICS Pro. Version -> 0.0.0.16, 1kun-15

Loading Device LMXQ462 i
Detected 0 USB2ANY intertaces |
' Muqmumm-muu—--ﬂu ;

Figure 3-1. TICS Pro Overview
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Help

—

Clock and Timing on ti.com
TICS Pro User Manual
About TICS Pro

Figure 3-2. TICS Pro User Manual

Further information at Help — TICS Pro User Manual

3.3 TICS Pro with LMK04610 G

Ul Loaded

-
TICS Pro - LMK04610

File USB communications Select Device Options Tools

Read All Registers  \Write All Reqgisters  Toggle Sync | PLL LF Support

Default configuration

Help

4 LMKD4510
User Controls
Raw Registers
Operating Modes

Generic Controls

PLL1EN H

EN_SYNC_PIN_FUNC
GLOBAL_CONT_SYSREF

CLKINBLK_EN_BUF PLL2EN Fi
BYP_PLL

|
V|

Detected 1 USB2ANY interfaces

Wrote Register RDx56 as 0x00 560F
Wrote Register R0x56 as 0x00 560F
Wrote Register RDx1F as 0x00 1F00

u
E\L’m DIG_CLK_EN INV_SYNC_INPUT_SYNC_CLK ] OUTCH_MUTE M
i PLL2_DIG_CLK_EN | |
OSCin OSCout CLKINBLK_EN - GLOBAL_SYSREF |
bohsj BUF_CLKPLL FELmEAES L SYNC_PIN_FUNC [N e et Lenld 1/
iolgover
PLL2 CLKINBLK_LOSLDO_EN 1 PLL2_REF_DIGCLK_DIV FJ= GLOBAL_SYNC - CHITOSEN M
Qutputs
GPIO Pin: 8P r H i
GPIO Pin: Status CLKinX ,g44> EI tovoxo 1S OSCaut
GPIO Pin: Sync CLKinX* G2 ! i p 0SCout
GPIO Pin: CLKINSEL 2inputs | i @ = N Internal VCO :
Burst Mode X { I 1 10 Device
il: T i DF;hase | Clocks
Ei 4 | mctcr7 Integrated . CLKoutX®
B el P2 1] Loop Filer Div Device Clock | [ L>;<_| CLKouX
CLKoutx*
General | Context P <17 GLKoutX
jocks
1
'
Field Hame: PLLIEN | I e L R :
Register Name: Rle . . s . . .
Stars Bit: D Device Operation Silicon Identification Status Bits
Stop Bit : 0
Description: Activate CHIPTYPE |Dual Loop PLL [ HOLDOVER_DLD
::Lﬁe:z? ng the startup Click this button to run the mandatory :
4 B start-up sequence, which initializies all CHIPID |2pD [JHOLDOVER_LOL
blocks in the device. The individual blocks
must be enabled beforehand. CHIPVER |17 [0 HOLDOVER_LOS
VENDORID | 20744 Use the 'update’ PLLZ_LCK_DET
from the device.
Welcome to TICS Pro. Version -= 1.4.0.0, 23-Dec-16 .
Loading Device LMKD4610.. @ Protocal: SPI_CLKLOW

Connection Mode: _

W3 TEXAS INSTRUMENTS

Figure 3-3. TICS Pro With LMK04610 GUI Loaded
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GUI: Generic Control

3.4 GUI: Generic Control

Generic Controls

PLL1EN M

CLKINBLK_EN_BUF
BYP_PLL
DIG_CLK_EN /|

PLL2_DIG_CLK_EN |
PORCLKAFTERLOCK MW

CLKINBLK_EN

BUF_CLK_PLL M

CLKINBLK_LOSLDO_EN i

PLLZEN Fi

PLL2_REF_DIGCLK_DIV _

EN_SYNC_PIN_FUNC
GLOBAL_CONT_SYSREF
INV_SYNC_INPUT_SYNC_CLK

OUTCH_MUTE W
GLOBAL_SYSREF
SYNC_PIN_FUNC
GLOBAL_SYNC

B [ CHETO10EN K

CH1TOSEN /|

T e H H
CLKinX (2 i IEI : e
CLKinX* l,?jD' ! 18
2 inputs : Inllegra_ted £ — N,
! Loop Fiter| o't % ~ Internal VCO f
] é 1 J_ 1 1
E ZI i T i DF:::;; I Clocks
i ey =N || Integrated Pra ) + CLKoutX®
! ol ...} PLLZ 191 Loop Filter e De‘g?:d‘:a':":" ) CLKoutX
f CLKoutx*
g i) CLKoutX
: 8 blocks :
LMKOABI0 E
Device Operation Silicon Identification Status Bits
LOS
Device Start DEVID |LMKD4610 o
CHIPTYPE |Dual Loop PLL [ HOLDOVER_DLD
Click this button to run the mandatory
ztlanl;up sel’.qucelnce, wh:::h Inciltlagzlelstll . CHIPID |2p0 [JHOLDOVER_LOL
ocks in the device, The individual blocks
must be enabled beforehand. CHIPVER |17 [JHOLDOVER_LOS
VENDORID | 20744 . n [ PLL2_LCK_DET
Use the 'update’
Figure 3-4. GUI: Generic Control
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3.5 GUI: Operating Modes
i Each of the buttons next to a block diagram Please ensure that the PLL loop can be closed
Opemtmg Modes ensures that the internal paths are enabled as illustrated with by setting the reference and feedback dividers
the color coding. appropriately on the 'PLL1' and 'PLL2' pages.
By default CLKin1 is selected.
PLL2Z
o
cunn i - Boston
CLKmx" Divider 2 cecour
Hape . [T
O P T
3 l e e B R
] g U Dt Doy W Normal Normal
el e Dual Loop Dual Loop
s 0OscOut = Oscin OscOut = PLL2 Output
LMKD461x H
s H Single PLL1
PLL1 PLL1
Single Loop Single Loop
OscOut = Oscln OscOut = PLL1 Output
LMKD461x
PLL2
AT - sometmr | PLL2 PLL2
o P s Single Loop Single Loop
Aasng Deay o Ref=CLKINX Ref=0scln
Xorks i 0scOut = Oscin 0scOut = PLL Qutput
LMKO461x |
PLLZ
e T e
| - " ele@ug  [sosioeri
e = S| I8 | PLL2 PLL2
- Fa g . ot Single Loop Single Loop
Aaaig ey — Ref=0scln Ref=CLKINx
b i 0OscOut = Oscin OscOut = PLL Output
LMKD461x E
S
Mode 2A Mode 1 Mode 28
Bypass Bypass Bypass
0SCIn- > CLKoutX CLKINx- = CLKoutX 05CIn- > CLKoutX
OscOut = PLL bypass OscOut = PLL bypass  OscOut = Oscin
LMKO461x
Figure 3-5. GUI: Operating Modes
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3.6 GUI: OSCin and OSCout

0SCin Controls 0SCout Controls

OSCIN_PD_LDO

OSCIN_SE_MODE 0SCOUT_SEL_SRC

0SCIN_
1=Single-ended ~ BUF_TO_OSCOUT_EN 0SsCin
O

>

OSCIN_OSCINSTAGE_EN I

.=

L v |
Divi
by Register

0SCIN_
BUF_LOS_EN

O

OSCIN_
BUF_REF_EN

Figure 3-6. GUI: OSCin and OSCout

3.7

GUI: LOS Control

Loss of Signal Detection

|
|

CLKINO_LOS_FRQ_DBL_EN

CLKIN1_LOS_FRQ_DBL_EN
PLL1_LCKDET_LOS_MASK

PLL1_BYP_LOS

SW_CLKLOS_TMR

]
SW_ALLREFSON_TMR mﬂ
PLLZ_LCKDET_LOS_MASK |

Loss of Source
Frequency Doubler Enable

0SCouT_DIV

CLKINO_LOS_LAT_SEL

CLKINT_LOS_LAT_SEL

OSCOUT_DRV_TYPE

OSCOUT_SWRST

Ml 0SCOUT_DIV_CLKEN M

OSCOUT_LVCMOS_WEAK_DRIVE
L

controlled

DRV_CURR BTy 1l
DRV_RLOAD BN
[T LIS P=Normal, N=Normal

Max Latency for LOS Detection

v

> LOS Internal LOS [N STATUS[1:0] .
Detect L~
0
CLKINO_LOS_REC_CNT
CLKINT_LOS_REC_CNT
Frequency Ratio | Max LOS Detection Latency Setting for CLEInK
- " - S~ CLKin te O5Cin in CLKin eycles LOS_LAT_SEL LOS_FRQ_DBL_EMN
(2O IRV Priority 1 - Highest CLKin[1:0] = 5z = 5
(HR A Priority 2 - 1:2 1 ] 0
11 1 3 1
11
{O5CIn 2 250MHz) ? & g
21 1 4 1
4:1 3 2 1
Figure 3-7. GUI: LOS Control
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3.8 GUI: Holdover Control

Holdover Controls

PLL1_HOLDOVER_LOS_MASK W PLL1_HOLDOVER_DLD_SWRST
PLL1_HOLDOVER_LCKDET_MASK i PLL1_HOLDOVERCNT_SWRST

PLL1 _HOLDOVER_I.DCKDI-.‘I’_SWR

Fi PLL1_HOLDOVER_MAX_CNT_EN

PLL1_HOLDOVER_MAX_CNT

25000 S LS
701 72527

{ | PLL1_HOLDOVER_FORCE

M PLL1_HOLDOVER_EN
i PLL1_STARTUP_HOLDOVER_EN

| Automatically Tracked Value

+ Control Voltage
Tracked Clock Count l)
Control
Voltage
Logic
Rail detection Pin sources for holdover
Status

HOLDOVER_DLD
HOLDOVER_LOL

RAILDET_UPP - PLLT_CLKINSEL1_ML_HOLDOVER W
RAILDET_LOW - PLL1_SYNC_HOLDOVER |

PLL1_STATUS1_HOLDOVER |
PLL1_STATUSO_HOLDOVER |

HOLDOVER_LOS

Update

PLL1_HOLDOVER_RAILDET_EN M
PLL1_HOLDOVER_RAIL_MODE N

Figure 3-8. GUI: Holdover Control
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3.9 GUI Inputs and PLL1

PLL1 Control PLL1_STORAGE_CELL
9

MHz Input Buffers  Dividers Inversion mHz Reference Mux

CLKINO_ CLKINO_

CLKINO.EN M | piy1RDiv | INVERSTON [ CLKINBLK g Char
: - ALL_EN S
122.85 i=Singleended ~ Il 64 I u CLKINSEL1_MODE omes
—Ragi - Integral
CLKIN1_ CLKINT_ ZRegisler Fina?
CLKINTEN K PLL1_RDIV INVERSION fHizZ} SW_REFINSEL PRy
122.33 1=Single-ended + 64 | < u -

CLKIN1 -
Fast Lock
P DIV_CLKEN i PLL1_RDIV_SWRS CLKINSEL1_INV PLL1_DIR_POS_GAIN mg
O=Non-Inveried ~ 1=Negative -

CLKMUX

CLKIN1

Read

PLL1_NDIV Proportional
¥y | FBCLK :
Gl | INvERSION ™ Final

[a]
10 5
Fast Lock

PLL1_NDIV_CLKEN FI PLL1_NDIV_SWRST {351} F‘LL‘I_SWRST E

PLL1_EN_H

REGULATION

The read back
storage cell value
provides an indication
of the level of the
analog tuning voltage

for the external VCXO0.

Fin Fuon FLL1_RDIN PLLI_NDIV PEDP:KIJDE PLL1_PROP PLLI_INTG c3 E-Mail SUDDOI’I @Tl
ow Pulse
122.88 MHz 122.88 MHz ) 100 Mode 2 1] 4.7 uF
Low Pulse
122.88 MHz 122.88 MHz 100 100 Mode 10 o 4.7 pF
122,88 MHz | 30.72 MHz 100 25 Low Plise 2 ) 47 pF
: . Mode )
12288 MHz | 30.72 MHz 100 25 povss 10 0 47 pF
Lock Detection

Window Comparator

PLL1_LD
CLKIN_STAGGER.EN Fi Disable RDIV/NDIV Fi | PLL1_LOL_NORESET ] LGSl PLL1_LCKDET_BY_32

50% Duty Cycle CLK

CLKIN_SWRST B Output PLL1_RC_CLK_EN =

PLI.1_RI:_CLK_DNE EIO_IE;:(_FASTD
PLL1_LDO
watvr IS PLL1F 30 [EE

Figure 3-9. GUI: Inputs and PLL1

PLL1_PD_LD H

PLL1_LOCKDET
CYC_CNT
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3.10 GUI: PLL2

www.ti.com

PLL2 Controls

PFD+LD  Charge Pumps

AL et PLL2_REF_CLK_EN Hi PLL2_PROP
i3
FPZX- Il OSCin CLK > 24576 LM

Pre-Scaler
FEYT I C Kino..1 CLK s PLL2_PRESCALER_TOP

e L

PLL2_LOCKDET PLL2_VCO_PRESCygy
PLL2_FBDIV CYC_CNT LOW_POWER

MUXSEL 16384 |21 PLL2 INTEGRAL

PLL2 NBYPASS

Feadback  ~ _DIVZ_FB orD DS INIT VALUE

OUTCH_CHé PLL2_NDIV saniple W 511=Cell 9
2 [

OUTCH_CHS EE PROG_PFD_RESET

PLL2_NDIV_SWRST 130 ps e PLL2

INTEGRAL GAIN
PLL2_NDIV_CLKEN M [ PLL2.PD_LD W 10 [

MHz MHz

PELSEYRASS FNAL2 Fun PLLZ RDIV | PLLZ NOIV | PRESCALER | INPUT MODE | PLLZ FROF | PLLZ INTG %R%P R, cal
Enable Buffer M 1228EMHz | 599824 MHz 1 4 3 Doubler Invert 2 0 5ApF | dsabled 0pF
O T PLLZ CLKout ClKto 17268 MHz | 580B.04 MHz 1 [ 6 Doubler Irvert 2 ] SApF | A7kD, 9 pF
03Cout 3072 MHz | SAO.24 MHz 1 i) 6 Doubler Invert 0 [ S4pF | dsabled 0pF
PLLZ CLKin 072Nz | 589824 MHe 1 16 5 Deubler Invert 7 [] SApF | A7k, 96pF

Charge Pump

E-Mail Support @ TI

PLL2_S¥YNC_BOTTOM PLLZ_BOTTOM

Enable Buffer [ [ENNED  EnableBuffer [

SYNC PLLZ CLKout

PLL2_CFILT_64
PLLZ_CFILT_32
PLLZ_CFILT_16
PLLZ_CFILT_8

CLK to
QUTCHI -5 OUTCH1..5
PLL2 CLKin

PLL2_CFILT_4 PLL2_LD_WNDW_SIZE_INITIAL

PLL2_LOCKDET_CYC_CNT_INITIAL

PLL2_EN_FILTER
PLL2_SYNC_TOP PLL2_TOP

PLL2 Sy ~ [T v Enable Buffer i

SYNC to PLL2 CLKout CLK to
OUTCHS..10 OUTCHS..10
PLL2 CLKin

PLLZ_CSAMPLE
PLL2_RFILT

[=]
16384 |51

PLL2_CP_EN_SAMPLE_BYP I

PLLZ_CPROP 3.0 pF -

Figure 3-10. GUI: PLL2
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3.11 GUI: Outputs

Qutput Channel Controls Channel’ D LDO_MASK [] SWRST
Channel Specific CLKoutX Specific
16-bit Divider g
= 12288 ez
98304 wuz
g
2] Inversion
i Control
Static Digital
CH:_SYSREF_REQ [] gzﬁl’?tEEI: FIE
(o~
: 10 2 3/4 5 Apllnlv ::d
selec
6 78 9 104 e
Static 1/2 | SYS . Drive
Digital | cYC | REF |[SYNC Digital Analog Drive Slew LDO |Sw
# Divider Delay |peL [EN [EN [INv | Delay Delay Mode Rate MASK |RST
1 33 @ oF| D |0 |0 | O | BSEC | (2508 O | (Hsps amA <||[strong ~|| O
2 BEE DE O m| O O SED [25I]ps -]D [HSDs 8ma ~ || [strong | O RST
3 s = oF|C |o|o |o 8§50 |(250s =] I | (HSDS 8mA ~||[strong  ~|
=
4 55O |(250ps =] | (HSDS 8maA ~||[strong |
5 s = oF|C |o|o |o §F5] 0 | (259885 | [HsDs 2ma ~]|[strong  ~|| O
6 BEIE DE O m| O O SED [25I]ps -]D [HSDs 8ma ~ || [strong | O RST
7 s = oF|C |o|o |o 8§50 |(250s =] I | (HSDS 8mA ~||[strong  ~|
0
8 55O |(250ps =] | (HSDS 8maA ~||[strong |
9 s = oF|C |o|o |o §F5] 0 | (259885 | [HsDs 2ma ~]|[strong  ~|| O
10 s @ oBF|C |o|o | o 55O |(250ps =] | (HSDS 8maA ~|| [stong  ~] RST
Figure 3-11. GUI; Outputs
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3.12 GUI: EVM

LMK04610 122.38 12288 12233 122388
Evaluation Module

This page provides an overview of the

luati dule.
Differential - [Powerdown [Dilferenual - IDiIfere ntial - ] evaluation module.

Use it as guideance to identify

E E E E input references and output signals.

Q T%“S‘?gUMENTS
: : = susa11ss A - I
CLKout6 s s ' R 1 m CLKout5
122.38 MHz S : : N | : 122.88 MHz
HSDS ' ot Il | Hsos
CLKout7 CLKout4

122.88 MHz

HSDS

122383 MHz

HSDS

CLKout8 CLKout3
122.38 M 2288 MHz
HSDS HsDS
CLKout9 CLKout2
122.88 MHz 12288 MHz
HSDS HsDS
CLKout10 . NN gt Ty CLKout1
122.88 MHz ) 3 s ) ] : . . " ; 122.88 MHz
HSD3 ! m HSDS
USBZANY
must be connected
for device operation
For a default EVM:

itis suffice to provide
5V to SMA 'VDD_2'

Figure 3-12. GUI: EVM Overview
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The LMKO04610 is a programmable clock jitter cleaner with many options. The EVM was designed with
maximum flexibility so engineers can configure the EVM for operation at its desired mode.

Figure 4-1 shows the connection concept of the LMK04610EVM.

External power
connector

VDD 3V3 Plane
N\ Direct
[ —
/ LDO 1v8 Plane Power distribution
M DC/DC jumpers
[
/ options VCXO LDO
VCXO0
VDb Vetrl
Filter VCXO Input
placeholder |\ interface
TN Evtarma >/’/ A
() External {
CLKinO
CLKin1

4.1

Configuring the Power Supply

LMK04610
56 pin QFN

0OSCin

Output interface

Logic I/O
interface

U2A connector

Figure 4-1. EVM Connection Concept

Figure 4-2 shows the default jumper setting to supply 3.3 V and 1.8 V to the device.

The VDD SMA or VDD_2 terminal block (on the back side of the EVM) is connected to J1 and J5 to
provide the external supply voltage for the 3.3-V and 1.8-V supply plane. Connect 5-V external power
supply if LDO or DCDC converter is used.

The VDD_VCXO SMA is directly connected to the VCXO LDO.

f

@ @ @ @ @ @

OouT1

2 IR Y,

0OuT10

\ JA

)
— 0OSCout

w W
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& J14 © Ji6
- . i

e J13
" m

o JI7 o J24
s m s =,

@ J22 o J18
I8 J25 723 J21
PLL2_0SC PLL2_CORE PLLT CORE 0OUT&to10 ouTs OUT3t04 OUT1to2

@
$3 snio
o
R139 offf 7 5 o
Risg el H o) ]
=

84 STATY
b bl |
B o

14100 1 a"_ s
o Re?] i ol ;
= CA80- ol _§ .| = .

cs0 Raelf ﬁ: - Ricash § my

=
&
3

[ gereg

» TP8
CLKIN SEL

-

C57 C#

®
3V SUPPLY

uation only: net FEE spproved for resale

Figure 4-2. Default Power Supply Connection

4.1.1 Supply Plane Source Selection

Jumper J1 and J2 selects the Power connection for the 3.3-V plane from either the LDO, a DC-DC
switcher, or direct from VDD SMA Connector. A 5-V supply needs to be connected to VDD SMA

Connector.
Table 4-1. 3.3-V Supply Plane Connections
3.3-V LDO J1: 1-2
(TPS7A8101) J2: 2-3
3.3-v DC-DC J1: 2-3
(TPS54120) J2: 1-2
. 3 SUPPLY
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Configuring the Power Supply

Table 4-1. 3.3-V Supply Plane Connections (continued)

Direct from VDD SMA
NOTE: Apply 3.3V only

J1: 2-4
J2:2-4

o
-
3.3V SUPPLY

Jumper J6 and J5 selects the Power connection for the 1.8-V plane from either a LDO or a DC-DC

switcher.
Table 4-2. 1.8-V Supply Plane Connections
1.8-V LDO J5: 1-2
(TPS7A8101) J6: 2-3
1.8-vV DC-DC J5: 2-3
(TPS54120) J6: 1-2
1.‘3‘.‘ SuPPl
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4.1.2 Power Distribution

The power distribution jumpers (J9, J11, J13, J14, J16, J17, J19, J20, J22, and J24) are connected to the
3.3-V and 1.8-V supply planes and individual external connections.

® 022 2 J9
Il Bl

0st. PLLZ_OSC PLL2_CORE PLLT CORE NUTEtoll oUTE UT3ros  QUTHo2

J10 J11 J20 J14 J1e J13 )17 )24 )22 )19

Figure 4-3. Power Distribution Jumpers

J13 (vDD_CORE), J16 (VDD_PLL1), and J20 (VDD_PLL2_OSC) selects between 3.3-V supply plane and
external supply connection as shown in Figure 4-4.

External Supply

1 2 3

3.3V Supply Plane

Figure 4-4. J13, J16, J20 Connection Description

J9 (vDD_I0), J11 (VDD_OSC), J14 (vVDD_PLL2_CORE), J17 (VDD_OUT6t010), J19 (VDD_OUT1t02),
J22 (VDD_OUT3to4), and J24 (VDD_OUTY5) selects between 3.3-V supply plane, 1.8-V supply plane and
external supply connection as shown in Figure 4-5.

External Supply

m}ﬂf Supply Plane

Figure 4-5. 39, J11, J14, J17, J19, J22, J24 Connection Description

NOTE: External supply connection is available on Jumpers J8, J28, and J30.
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4.1.3 VCXO Supply Connection

The VCXO has its own LDO (LM5907MFX-3.3). A 5-V supply needs to be connected to VCC_VCXO
SMA. Jumper J26 selects between this LDO, the LMK04610 3.3-V supply plane and external supply
connection as shown inTable 4-3.

Table 4-3. VCXO Supply Connections

3.3-V LDO

(LM5907MFX-3.3) J26: 2-4

3.3-V supply plane

(TPS7A8101 or TPS54120) J26: 2-3

External supply connection on
Jumper J28 J26: 1-2
NOTE: Apply 3.3 V only

SNAU201A-January 2017 —-Revised February 2017 Configuring the Board 21
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4.2 Dip Switch Configuration
Default configuration of Dip Switches is shown in Table 4-4 or Figure 4-6.
Table 4-4. Default Dip Switch Configuration
SWITCH POSITION | S1 SYNC/SYSREF | S2 STATO S3 SDIO S4 STAT1 S5 CLKin_SEL
REQ
1 — High OFF OFF OFF OFF OFF
2-U2A ON ON ON ON ON
3-Low OFF OFF OFF OFF OFF
4 - LED ON ON n/a ON n/a
S'; SDI0
i - o, e
- -
Figure 4-6. Default Dip Switch Setting
22 Configuring the Board SNAU201A—-January 2017 —Revised February 2017
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3V3 LDO option

Us_TPS7AB101DRBT
7 1
> IN out
I e our 27 RE4
R85 Cby,
B fen B ol Ra 3309
5.1k NR |—8. 1
Label cag GND R86 104F .
2-1:LDO 10uF C40 Rb 10.0k Bypassing for 3V3 Plane
2-4 : Direct = o 0.47pF * (1 + Ra/Rb)
Label FRra T ) ok populate if common bypass is needed
5V:LDO/DC 0.9k, Rb=10k
3.3V : Direct VDD_3V3 PLANE
voo g%, & 4Put corresponding 4-way jumpers close gz, 2, TP!‘SDDJVLPLANE
2 1 1 2 :@\
3 1
. i 1 T, Lo, L
TSW-103-07-G-S TSW-103{07-G-S ca2 c43 Ca4
1WF 0.ApF
L1 Lis Lcas Lour =
= 744031220 10uF 0.1pF 47uF 2-23
GND ==C48 {Re7
SH-J3-12 us 100pF $41.2k
GND
VDD 2 23
PH LDOIN
1 > PH Loom |23
c49 21 Re8
LDOEN
39357-0002 TTOMF 18 | goor 0 Ros 1V8 LDO option
VSENSE {a-12
= g1 [F. uz
GND \ - : e
put on the back side 2 PVIN out —=— . N our |21 RO0
PVIN out
l l l R 5 len o led Ra $12.4k
P ) Ra LRe2 C51 C52 —=C53 5.1k NR =& Loe ——c54
309k | OAuF | 10uF | 1004F Label Cs5 GND R93 10uF .
Ro4 ) u u u 5l oo TouF 56 Rb $100k . Bypassing for 1V8 Plane
57 100k e 2:3:DC/DC N 047yF 506 3V3 LDO for Vout formua populate if common bypass is nes
14} ss TPSTAB1)1DRBT
0.01pF NR }—22
R95
' 13 4 comp
Rb 3100k J5 1 VDD_1Vi
PGND ° Put corresponding 4-way jumpers close ext_VDD_1V8 )
5 NC PGND 8 C58 Vout=1.8V : Ra=12.5k, Rl 3 220 ohm
C59 iza NC GND 4 0.1uF Vout=3.3V : Ra=30.9k, R
==C60_ | 0.33yF TSW-103-07-G-S TSW-103{07-G-8 ==C61 Cc62 C63 Cc6
0.047 0.1pF 10uF 1F 0.1
TPS54120RGYR lc lc lc lc
L2 65 66 67 68 - -
= Floating EN = Enabled 744031220 10uF L 0ApF L 47pF 1004F GND GND D GRD
GND % C69  LRo7
SFI5-12 us 100pF $12.4k
N 2 GND
3V3 DC/DC option PH Looi |23
PH LDOIN
LDO is used tvomn L2t & R% Jroko o
R120 soor e 12 ok 10.0k
0
VIN see 3V3 DC/DC for Vout formula
VCC_VCXO_LDO 1
PVIN OUT —x
PVIN out -2
P2
U9 !vcc,vcxo,mo =
1N vout -5 B
R100 FB ==X
EN RT/CLK
C73 Stk 2 Cc74
bt >4 Ne GND b ss w2z
CP5907MFX-3.3/NOPB G
PWRGD AP |25
- PGND
GND = | c7s_
. NG GND 4 |
GND
: TPS54120RGYR
VCXO LDO option
= Floating EN = Enabled G OND
GND :
1V8 DC/DC option

LDO is not used
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24 VD00 12 ex_VDD_1V8 <
ext VDDO 3 4 ext VDD _OSC
ext VDDO 5 ext VDD 10
S — VO VOO0 4 Supply Selection and Bypassing
Label
default placement for 2-1:ext

this shunts is 2-3 All 0.1uF Bypass caps to be placed

close to the LMK045XX device

= = = = U2A SCL supply pin
GND GND GND GND o) U2A_SDIO
X% u2n_scen VDD _I0
o3 U2A_CLKIN_SEL L3 R147 T
o3 U2A_RESETN =) .
oxt VDD CORE Jo; U2A_STATO 220 ohm l l
U2A_STAT1
3 U2A_SYNC C105 C107
ext VDD PLL1 L = 10uF 0.ApF
? External Supply Source
ext VDD PLL2 COI
GND GND
% ATE compatible —
connectors = L4 R148
GND T
U2A Logic signals for 220 ohm l l 0
ATE C109 C111  replace 0 Ohm with ferrite bead in
10uF 0.14F  case required to place it closer to
= = the device
GND GND = =
Label GND
alext t VDD CORE VDD_PLL2 CORE
default placement for 2:3:3v3 — L6 Ris2
these J13 shunt is 1-2 9
s VDD_CORE 220 ohm l l
VDD CORE gogic 5 R149 T C117 c119
220 ohm l l [} 10uF 0.AWF
71323 c112 c113 C115 =
I I~ I
VDDO_6_10
GND GND L8 R154 T
=
220 ohm l o
ext VDD PLL1 VDD_1V8 PLANE C126 C127
T W 0.ApF
VDD PLLI =
e R153 T GND
SHI16-23 l 220 ohm l l ° VDDO_1 2
TSW-103-07-G-S| C120 C121 C123 Lo R156 T
0.1pF 10pF 0.1pF 520 o l l o
e = = C130 c131
GND GND IND 1uF
ext VDD _PLL2 OSC
GND
J20
1 VDD_PLL2_0SC VDDO 3 4
> L1o R157 T L1t R158 T
5 = =}
. l 220 ohm 0 220 ohm l l 0
TSW-103-07-G-| c132 c133 C135 c138 C139
0.1pF 10pF 0.1pF 1pF 0.1pF
GND GND GND GND GND
VDDO 5
L12 R161 T
=}
220 ohm l l o
C142 C143
0.1pF 1pF 0.4pF
VDD_3V3 PLANE Label =
- 2-1:ext GND
%’j E‘Sé ext_VCC_VCXO Keep the GND_VCXO close to the VCXO island, move
bypass group closer to VCXO
VCC_VEX0_LDO VCC_VCXO
In case multiple pins are to be supplied directly from a VDD plane (3V3 or 1V8), 10uF, 1uF caps can be T
omitted and the ferrite bead can be replaced by a 0-Ohm resistor. the plance bypass/decoupling scheme l l
should be used instead in this cz C147 C148
0.4pF 100pF

Place the 0.1uF cap as close as possible to the DUT

GND_VCXO
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u2
VDD 10
3 _{vop_io
VDD_CORE 5
8
VDD_PLLI ViR
VDD_PLL2_CORE 401 vpp_pLt
VDD_PLL2_0SC! 6| vDD_PLL2CORE
VDI OSC 41 vpp_pLL2osc
VDDO_ 1.2 37 |yop_osc
VDDO 3.4
- 20 _{yppo_1/2
v DQ[” 25_{vppo_ai
\'DDQ[_ 61 28 | vopo s
%_{vbo_6
46 _{vooo 718
51_{vppo_aro
SPI_SCL 1? scL
SPI_SDIO Tao{ SDIO
SPLSCSN

5Cs
STATUSO Lo STATUSO
c3 —lcs —ocs STATUS1 STATUST
3%F | 33pF | 33pF RESETNY>—— 15 o RESET
o SYNC Yp———————4 ] SYNC/SYSREF_REQ
. 3
placeholder, don't populate caps by default CLKIN_SEL =% CLKIN_SEL
CLKINO_P — g; CLKINO
kg S22 o] cLNG
CLKINT_P ) A= 30 of CLKINT
RN o 2R 2 CLKIN
OSCIN_P >—%§g OSCIN
OSCINN>—EE— | o=c
>&ne

All three VCXOs should share the same footprint.
VG-4513CB is 7x5mm

VG-4513CA is 5x3mm, should be placed within
the above footprint, it has different pin spacing
CVHD-950-4 is 4 pin part, but has 200 mil
spacing, so it's compatible with the 6 pin
components above. with the following pin

mapping

CVHD-950-4 VG-4513CB
1 1

2 3

3 4

4 6

L[MK046T0RTQR

DUT ground pad:

- No SOLDERMASK on bottom thermal pad,

exposed copper

- use via array with

e, ta CLKOUT1 P =
il 17 CLKOUTT N 2=
CLKOUT2 |18 CLKOUT2 P <= - g 5.0x3.2 mm
S| &) CLKOUTZ N 2=
CLKOUTS (21 CLKOUT3 P ==
Eionadl 22 CLKOUT3 N =
e, 2 CLKOUT4 P 2= i
i CLKOUT4 N_Z= VCXO_0UT P
o~ R1 R2
an L. 25 clKouTs P = o0 e VCXO_OUT_N
TRt 27 CLKOUTS N 2=
— ¢ | 7.060mm
45 CLKOUTE P 2= L
CLKOUT6 2 <P @ =
clKouTe: (>4 CLKOUT6 N <= GND_VCXO
48 CLKOUT7 P X
B wia CLKOUT7 N 2= R3 us
CTRL_VCXO_F >>—WT' 2 {eno out -2 VCC_VCXO
50 CLKOUT8 P =C= 0
CLKOUT8 W@g C2
cLKouTs: (42— CLKOUTS N A* 100pF @
clKouTs (-3 CLKOUT9 B_22 I Vet Vee 14.2x9.14 mm
iRt &2 CLKOUTO N 2=
— anpXexo T22.88MHz
clkouTio [-85  CLKOUT10 P =2 Ve CVHD-950-4
CLKOUT10 N 2=
cLkouTo* -4
36 oscout P =
oscour |8 —_OSCOUT £~
o OSCOUT N 2=
PLLT cap |2 PLL1 CAP
R4 RS
CTRL_VCXO 41 CTRL VCXO ° CTRL_VCXQLF.
0 o
aens e PLL2 LDO CAP T T
ven @ | B VCO CAP1
VCO_LDO_cAP1 (-5 VCO LDO CAP1 R6 R7
) 0
s VCO CAP2
® VCO LDO_CAP:
GND
57 GND
AP use for external VCXO
Cra =

X

GND  GND

14 ——=C15
10uF | 10pF

GND

A
L

ND

)

GND
10 u'is only X5RI?

0.3mm hole, 0.5mm via diameter,

0.8mm via pitch

Figure 5-3. LMK04610 Main

This filter is a placeholder.
by default it's not used, however
3rd order pole can be used.

Please check feasibilty of overlaying this smaller
VCXO with other 3. the above 3 are possible.

cle 0SCOUT
oscout P RO = 0sco P H <= 0SCO1 P 1
[}
A3 0.1pF
ofip
c17
0SCOUT N R12 0SCO N H <= 0sco1 N
[}
ol 0.1y
Apply output layout guidelines on OSCOUT
OSCOUT supports LVDS/HSDS/HCSL/LVCMOS GND
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optional Pl-pad that can be used
for attenuation keeping
impedence matching (270 Ohm),
reused as 51 Ohm for single
ended termination

optional Balun, if used, remove
0-Ohm resistors, and AC couple
to the SMA

CLKIN1 c78 cr9
cs1 1 == ckip o RI4 ] =
CKO P R105 | o 1 > CLKINT_P
> CLKING_P
0 1 - ol 0.1pF
olp obF 01uF D)
R115 DRP.
100 = GND
GND
[+:14 CKIN o -~
CKO N R118 ] ScLkmo xfhwm N
9 o - DRP. DRP. oo
[ i HF DNP H
GND GND
By default, CLKINO SMA is DC coupled to the 100 By default, CLKIN1 SMA is DC coupled to the 51
Ohm, then AC coupled to CLKINO input Ohm, then AC coupled to CLKIN1 input
CLKIN1 is single-ended by default (negative input
is connected to 0.1uA)
100/51 Ohm resistors can be used for
attenuation, otherwise replace by 0-Ohm
GND
co0 cot CLOCK INPUT CLKINO,CLKIN1 LAYOUT REQUIREMENTS:
Vexo ouT B == 1| Rl == >OSCIN_P *** CONTROLLED IMPEDANCE ***
e 17 0 1T T - - Route as 50-ohm (+/-5% tol.) controlled-impedance single-ended RF traces from SMA center pin to DUT pin
ok F R129  0.1pF - Place component pads directly on RF traces (no stubs), match 50-ohm trace width to SMA center pad, and use 50-ohm Zo via structures
51 P ** LENGTH / SKEW MATCHING ***
- Equalize total path length and indiv. trace segments WITHIN pair from DUT to SMA pins (NO INTRA-pair skew).
R130 ol - There is NO requirement to match inter-pair skew between CLKINO path and CLKIN1 path.
0 - Total path length should be as short as possible. Use 45 deg. serpentine pattem on internal stripline only to equalize lengths within pair.
GND GND *** SHIELDING / ISOLATION ***
GND - Use ground shielding on routing layers with clearance to not affect controlled impedance of RF traces
ofe
cos - Ground flood on routing layers should have clearance of more than 2.5x width from RF traces.
VEXO OUT N == 1 R133 > OSCNN - Use ground stitching vias with 100 mil spacing around RF traces to connect together GND shielding on all layers.
-OUT 1) 100 - - Avoid crossing Digital signallreturn paths with REF input signaliretun paths; if unavoidable, cross at a 90 deg. angle
0.1pF

GND

Apply Clock input layout guidelines on OSCIN
By default VCXO path (single ended) is AC coupled to OCSIN_P

Copyright © 2017, Texas Instruments Incorporated
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c1s c19
R14 = - R15 o =
CLKOUTL P oip f outi P CLKoUTE P 06 P f ouTs P
0 o Output interface supports 0 01uF R19
DRP, DRP. HSDS/LVDS (diff 100 Ohm) DRP, 51
ofs HCSL (single ended 50 Ohm) ofs
GND GND
c20 GND c21
R22 == == R23 ==
cuxouriny ot i ourt cuxours 3 o I oute
0 0.1pF 0 0.1pF R27
ofp ofp D§P
series termination can Keep series termination 500mil spacing for the PIN 51
be optionally used in and the 50 Ohm close to SMA conmectors
case of HCSL device oo
c22 c23
R28 o = R29 = =
CLKOUTZ P 5 2P H our2 P CLKOUTT P 5 orp H out7 P
ks 0.1pF ?‘31 obp 0.1pF e
oip == oip
GND
c24 c25 GND
R36 = R37 = =
CLKOUT2 N o RS H CLIZN CLKOUT7_N 5 S H CLIIN
.13 1WF ;5;‘39 DYP 1WF 13
oD GND
c26 car
Ré2 == < R43 == e
cukours 3 g ose i ours p cuxouTs P 5 ose i outs p
ofip TWF ofip o§p TWF il
ofp ofp
GND c28 GND c29
RS0 = R51 =
CLKOUTA N = 03 N J} ouT3 N CLKOUTE N = 08 N J} ouT8 N
obe 0.1pF o obp 0.1pF ;55
GND GND
c30 [
RS6 o~ - RS7 o~ -
CLKOUTA P : o4 P iF outs P CLKoUTo P . 09 P iF outg P
DfiP TWF Roo ofip TWF ofip
B 13 oip
GND
c32 GND c33 GND
R64 = R65 == =
cuxoure 3 8 ocn i oure cuxouro 3 5 oo i oure
o 0.1pF R67 ol 0.1pF ol
GND GND
ca4 c35
R70 = < R71 = s
CLKOUTS P > o5 P H ouTs P CLKOUTIO P > o0 P H outio P
ok 0.1pF ol obs 0.1pF ?175
ofp oip
c36 car G
R78 e R79 e P
CLKOUTE N 5 05 N IF ouT5 N CLKOUTIO NS . 010 N T OUT10 N
obp 1F olF obp 0.1pF ;aa
aD
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for 3-level inputs
referred to internal 2.5V

High Level (min): 0.77 \/
Mid level : 0.52 V (0.21x2.5V)

Low Level (max) : 0.4 V (0.16 x 2.5V)
64 KOhm pull up/pull down at input

so mid level is designed to be
0.184 x 3.3V

3
SPI_SCSN
U2A SCSNR164 . ’ —

www.ti.com
VDD_1V8 PLANE
Pin 3 is SPI readback
U2a_SYNCRIT4
U2A STATO U2A CLKIN_SEL
U2A_SCL U2A_RESETN VDD_1V8 PLANE =
U1 GND
1 9
7 u10
5;1 VDD _3V3 PLANE
o= T VCCA vocs (£
3
GND bl
U2A_SDIO 52601-510-8l o a1l U2A_STAT1
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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