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i3 TEXAS INSTRUMENTS

ABSTRACT

The LMKO04832SEPEVM (EVM) is designed to evaluate the performance and features of the LMK04832-SEP
Space Grade Ultra-Low-Noise JESD204B Dual-Loop Clock Jitter Cleaner from Texas Instruments. The user’s
guide describes how to set up and operate the EVM. The LMK04832-SEP device on each EVM is an
Engineering Model, intended for engineering evaluation only. The devices and EVMs are not suitable for
qualification, production, radiation testing or flight use.
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1 Evaluation Board Kit Contents

Table 1-1 lists the components found in the evaluation board kit.

Table 1-1. EVM Contents
HSDC140
Evaluation Board LMKO04832SEPEVM Evaluation Board with VCXO (1)
USB cable USB Cable A Plug to Micro B Plug cable (1)

2 Quick Start

A

Laptop or PC

@ USB cable

Program with TICS Pro
Be sure to press ‘Ctrl - L or
USB commination = Write All Registers

Defaultis
LDOto IC

Figure 2-1. Quick Start Diagram

2.1 Quick Start Description

The LMKO04832SEP EVM allows full verification of the device functionality and performance specifications. To
quickly set up and operate the board with basic equipment, refer to the quick start procedure below and test
setup shown in Figure 2-1.

1. Connect a voltage of 4.5 V to the Vcc SMA connector or terminal block. The LMK04832-SEP and onboard
VCXO operate at 3.3 V provided by the onboard TPS73801-SEP LDO and LP5900 LDO, respectively.
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2. Connect a reference clock to the CLKin1* port from a signal generator or other source. Use 122.88 MHz for
the default configuration.
3. Connect a USB A Plug-B Micro Plug cable to a PC and the USB connector (J45) at EVM.
4. Program the device with TICS Pro. TICS Pro is available for download at: http://www.ti.com/tool/ticspro-sw.
a. Select LMK04832-SEP from the Select Device menu. Click Select Device — Clock Generator/Jitter
Cleaner (Dual Loop).
b. Select USB2ANY mode from the Communication Setup window. To access this, select USB
communications — Interface. Click Identify to confirm that the PC to USB communication is working.
A blinking green LED on the USB2ANY indicates the PC is able to communicate through the USB2ANY.
c. Select a default mode from the Default Configuration menu. For the quick start, use: CLKin1 122.88
MHz, OSCin 122.88 MHz, VCO1 2949.12 MHz.
d. Press Ctrl+L at least once to load all registers. Alternatively, click the USB communications — Write All
Registers menu, the Write All Registers button on toolbar, or the Raw Registers page (see Section 11.3).
5. Measurements may be made at an active CLKout port through the SMA connector.

2.1.1 Clock Outputs Page Description

Clock outputs are grouped in pairs. This description applies for all clock outputs on the Clock Outputs page of
the TICS Pro GUI (see Section 11.9).

Device Clock . ! [ CLKout0_1_PD
LVPECL (2 Vpp) ~ CLKout0
 Bypass Div 147456 |MHz

Half Step
[v HSg_PD
| DDLYdO_EN

| Polarity
[ DCC&HS

ADLY_EN : . Active v
= Polarity
v v LVPECL (2 V| v
aisidlos 1oee | _ {2.pp) 147456 |MHz
[T Half Step ¥ SCLKO_1_PD Device Clock

Figure 2-2. Clock Outputs Page Description Diagram

SYNC_DISX: Prevent the divider from being reset by SYNC/SYSREF path.

DCLKX_Y_DIV: Divide value for the device clock. If set to 1, then DCLKX_Y_DCC (DCC & HS) must = 1.

DDLYdX_EN: Enable dynamic digital delay for this divider.

DCLKX_Y_HSg_PD: If clear, glitchless half-step adjustments are enabled.

DCLKX_Y_HS: Set half step for this divider. DCLKX_Y_DCC (DCC & HS) must = 1.

DCLKX_Y _DDLY_PD: If clear, the digital delay value is assured when a SYNC occurs.

DCLKX_Y_DDLY: The digital delay value to be used when a SYNC occurs.

DCLKX_Y_PD: Power down the device clock divider and path.

DCLKX_Y_DCC: Enable duty cycle correct and half-step for this device clock divider.

10. DCLKX_Y_POL.: If set, polarity of device clock is inverted.

11. DCLKX_Y_BYP: If set, the device clock divider is bypassed for CLKoutX and #15 must be CML.

12. CLKoutX_SRC_MUX: Select device clock or SYSREF clock path for CLKoutX.

13. CLKoutX_Y_IDL: Increase input drive level to improve noise floor at cost of power (approximately 2 mA).

14. SYSREF_GBL_PD: Set the conditional for SCLKX_Y_ DIS_MODE registers.

15. CLKoutX_FMT: Set the clock output format for CLKoutX.

16. CLKoutX_Y_ODL: Increase output drive level to improve noise floor at cost of power (approximately 3 mA).
No effect for CLKoutX in bypass mode.

17. CLKoutX_Y_PD: Power down the entire CLKoutX_Y clock pair.

18. SCLKX_Y_DDLY: The SYSREF clock digital delay setting.

©CONOO A WN =
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19. SCLKX_Y_HS: Set half step for the SYSREF output.

20. SCLKX_Y_ADLY_EN: Enable analog delay for the SYSREF clock path.

21. SCLKX_Y_ADLY: If enabled, set the analog delay for the SYSREF clock path.

22. SCLKX_Y_PD: Power down the SYSREF clock path.

23. SCLKX_Y_POL: If set, polarity of SYSREF output clock is inverted.

24. CLKoutY_SRC_MUX: Select device clock or SYSREF clock path for CLKoutY.

25. SCLKX_Y_DIS_MODE: Set the output state of output clock drivers for the SYSREF clock. For values of 1
and 2 works in conjunction with control on this list #14, SYSREF_GBL_PD.

26. CLKoutY_FMT: Set the clock output format for CLKoutY.

27. Clock output frequency for CLKoutX and CLKoutY.

2.1.2 TICS Pro Tips

Mousing over different controls will display a help prompt with the register address, the data bit location and
length, and a brief register description in the lower-left Context help pane.

You can set a register equal to 0 or uncheck a register’s checkbox to perform the same action. Similarly, setting
a register equal to 1 is the same as checking that register’s checkbox.

3 PLL Loop Filters and Loop Parameters

In jitter cleaning applications that use a cascaded or dual PLL architecture, the first PLL’s purpose is to substitute
the phase noise of a low-noise oscillator (VCXO) for the phase noise of a dirty reference clock. The first PLL is
typically configured with a narrow loop bandwidth to minimize the impact of the reference clock phase noise. The
reference clock consequently serves only as a frequency reference rather than a phase reference.

The loop filters on the LMK04832SEPEVM evaluation board are set up using the approach above. The loop filter
for PLL1 has been configured for a narrow loop bandwidth (< 1 kHz). The specific loop bandwidth values depend
on the phase noise performance of the oscillator mounted on the board. Table 3-1 and Table 3-2 contain the
parameters for PLL1 and PLL2 for each oscillator option.

TI's PLLatinum™ Sim tool can be used to optimize PLL phase noiseljitter for given specifications. See https://
www.ti.com/tool/PLLATINUMSIM-SW for more information.

3.1 PLL1 Loop Filter
Table 3-1. PLL1 Loop Filter Parameters for Crystek 122.88 MHz VCXO

122.88 MHz VCXO PLL(")
Phase Margin 50° Ko (Charge Pump) 450 pA
Loop Bandwidth 14 Hz Phase Detector Freq 1.024 MHz
VCO Gain 2.5 kHz/V
Reference Clock Frequency 122.88 MHz Output Frequency 122.88 MHz (To PLL 2)
Loop Filter Components LF1_C1(C31) = 100 nF LF1_C2 (C14) =680 nF LF1_R2 (R44) = 39 kQ

(1) Loop Bandwidth is a function of K¢, Kvco, N as well as loop components. Changing Kg and N will change the loop bandwidth.
3.2 PLL2 Loop Filter
Table 3-2. Integrated VCO PLL

LMKO04832-SEP
PARAMETER(") UNIT
VCO0 VCO1
LF2_C1(C12) 0.047 nF
LF2_C2 (C10) 3.9 nF
C3 (internal) 0.03 nF
C4 (internal) 0.01 nF
LF2_R2 (R41) 0.62 kQ
R3 (internal) 0.2 kQ
R4 (internal) 0.2 kQ
Charge Pump Current, Ko 3.2 mA
4 LMK04832SEPEVM User’s Guide SNAU282 — SEPTEMBER 2022
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Table 3-2. Integrated VCO PLL (continued)
LMKO04832-SEP
PARAMETER(") UNIT
VCoo ‘ vco1

Phase Detector Frequency 122.88 MHz

Frequency 2457.6 2949.12 MHz
Kvco 13.0 25.0 MHz/V

N 20 24

Phase Margin 68 71 degrees

Loop Bandwidth 210 326 kHz

(1) PLL Loop Bandwidth is a function of K¢, Kvco, N as well as loop components. Changing K¢ and N will change the loop bandwidth.

4 Default TICS Pro Mode

TICS Pro saves the state of the selected LMK04832-SEP device when exiting the software. Table 4-1 lists the
available modes for the software. To ensure a common starting point, go to the Default Configuration menu and
select the appropriate device configuration for your device.

Table 4-1. Default TICS Pro Modes for the LMK04832-SEP
DEFAULT TICS PRO MODE DEVICE MODE CLKin FREQUENCY 0SCin FREQUENCY

CLKin1 122.88 MHz, OSCin Dual PLL, Internal VCO 122.88 MHz 122.88 MHz
122.88 MHz, VCO1 2949.12 MHz

Figure 4-1. Selecting a Default Mode for the LMK04832-SEP Device

5 Using TICS Pro to Program the LMK04832-SEP

This section will demonstrate how to use TICS Pro. For more information on using TICS Pro, refer to Appendix
A. TICS Pro is available for download at http://www.ti.com/tool/ticspro-sw.

Before proceeding, be sure to follow the instructions in Section 2 to ensure proper hardware connections.
5.1 Start TICS Pro Application

Click Start — Programs — Texas Instruments — TICS Pro.

The TICS Pro program is installed by default to the Texas Instruments application group.

5.2 Select Device

Click Select Device — Clock Generator/Jitter Cleaner (Dual Loop) — LMK04832-SEP.

After start-up, the TICS Pro will load to the last used device. A recent history of used devices can be quickly
accessed under the File menu. To load a new device, click Select Device from the menu bar, select the
subgroup, then select the device to load.
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TICS Pro - LMK04832-5EP = C
E——
File USBE communications: | Select Device | Options Toofs Default configuration  Help
Import User Device ‘owerdown DDLY  Toggle SYNC_POL  Start Dynamic DDLY _
Delete User Device(s)
User Devices %
PLL » | Clock Input
sency Calculations
PLL + VCO 2y . O PLL1_PD
Clock Distribution with Divider » 12288 MMz PLL1 R Divider FLLY Paoes Detwciavand Chmes Cawe | ml Exten
120@— 1.024 Phase Detector F MHZ) 3
Clock Generator/Jitter Cleaner {Single Loop) , J » o jaitiagll ) ﬁg_ Filter vex
i « Charge Pump State bt
Clock Generator/Jitter Cleaner (Dual Loop) » | LMK03328 Astive oe: P = % @
N Divider Positive  ~ Phase Detector Polarity N -
Demodulator v | LMKO40xx * |122.8¢
= — 120[=}— | 450uA - |Charge Pump Gain
Network Synchronizer Clock (Digltal PLLs) g | LMKO41xx »
Oscillators v | LMK 04208
OSCin | LMK04228
0SCl |
D (12288 MH{ | ) []VCo_PD
| 4 ! E_ CIPLL2 PO [JPLLZ PRE_PD [1VCO_LDO _PD
05Cin Source | LMK0480x v P Internal VCo/Ch
External vex0| | ! S Oaive o veos ﬁﬁw
General | Context | LMK048168 i 112288 Phase Detector Freq (MHz) =598
. | LMK0482x * Active + Charge Pump State Voo
clock_input_select_s [ FB_MUX_EN veg
tatus2 _ . | LMK04832 N Divider Negative ~ Phase Detector Polarity =
= = | — " Fin
T |imKossazser | j— 12[5}— 3200uA | Charge Pump Gain 1oa
CLKout6 [ N Cal Divider
prigieer] | LMKD4832.5P NCLK MUX (51 0-Delay) Ve
SYSREF » | 2P - i
LMIcnsa05 = 2[5 BOESHEN Mz [ PD_FINO
(Feedback) | NP l_ w g c :
L =y = =
To Clock O
PLLY Status Messages PLL2 Status Messages
PLL1 locked PLLZ locked.

5.3 Program the Device

To program, press Ctri+L.

Figure 5-1. Selecting the LMK04832-SEP

Alternatively, click USB communications — Write All Registers from the menu to program the device to the
current state of the register map to the device. Ctrl+L is the accelerator key assigned to the Write All Registers

option and is very convenient.

Figure 5-2. Loading the Device

After the device is initially loaded, TICS Pro will automatically program changed registers, so it is not necessary
to reload the device upon subsequent changes in the device configuration. It is possible to disable this
functionality by ensuring there is no checkmark by the Options — AutoUpdate.
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A default mode will be restored in the next step, therefore this step is not necessary. It is included, however, to
emphasize the importance of pressing Ctrl+L to load the device at least once after starting TICS Pro, restoring a
mode, or restoring a saved setup using the File menu.

See TICS Pro instructions located at http://www.ti.com/tool/ticspro-swi/.
5.4 Restoring a Default Mode

Click Default configuration — CLKin1 122.88 MHz, OSCin 122.88 MHz, VCO1 2949.12 MHz. Press Ctrl+L to
restore the default configuration.

Figure 5-3. Setting the Default Configuration for LMK04832-SEP

For the purpose of this walkthrough, a default mode will be loaded to ensure a common starting point. This
is important because when TICS Pro is closed, the software remembers the last settings used for a particular
device. Again, remember to press Cirl+L as the first step after loading a default mode.

5.5 Visual Confirmation of Frequency Lock

After a default mode is restored and loaded, LED D1 and D2 must illuminate when PLL1 and PLL2 are
locked to the reference clock applied to CLKin1. This assumes PLL1_ LD MUX = PLL1_DLD, PLL2 LD_MUX =
PLL2_DLD, and PLLX_LD_TYPE = Output (Push-Pull).

5.6 Enable Clock Outputs

The LMKO04832-SEP offers programmable clock output buffer formats, the evaluation board is shipped with
pre-configured output terminations. Refer to Table 6-1 to see the list of output formats available and what output
formats your hardware is configured for out of the factory.

To measure phase noise at one of the clock outputs (for example, CLKoutO):

1. Go to the Clock Outputs page (Section 11.9).
2. Uncheck CLKoutX_ Y PD in the Clock Output box to enable the channel.
3. Set the following as needed:
a. For Device Clock:
i. DCLKX_Y_PD =0 in Clock Mode Select box
i. SetBypass Div(DCLKX_Y_BYP) or Clock Divider (DCLKO_1_DIV) as desired for device clock
frequency:
1. If bypass mode is set, CLKoutX must be set to a CML output format. Bypass mode is not
available on CLKoutY.
2. If Clock Divider = 1, then DCLKX_Y_DCC must be set for clock output.
iii. Phase of the device clock can be adjusted with:
1. Static Digital delay (DCLKX_Y_DDLY) after a SYNC. Digital Delay (DCLKX_Y_DDLY_PD) must
be powered up.
2. Dynamic Digital delay (DDLYdX_EN), then programming DDLYd_STEP_CNT. Digital Delay
(DCLKX_Y_DDLY_PD) must be powered up. Press the Send button at top-right of Clock
Outputs window to program the DDLYd_STEP_CNT field multiple times.
3. Half Step bit (DCLKX_Y_HS) if DCC & HS (DCLKX_Y_DCC) is set.
4. The Polarity bit (DCLKX_Y_POL)
iv. Select the device clock for CLKoutX or CLKoutY with CLKout# SRC_MUX = 0 (Device Clock) as
desired.
b. While the phase noise of a SYSREF Clock is typically not of concern, to configure an output for
SYSREF:
i. SCLKX_Y_PD =0 in Clock Mode Select box
i. Phase of the SYSREF clock can be adjusted:
1. Local digital delay can be set with SCLKX_Y_DDLY.
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2. Local analog delay can be set by enabling with ADLY_EN =1 (SCLKX_Y_ADLY_EN) and then
setting SCLKX_Y_ADLY to the desired time delay.

3. Global digital delay can be set with SYSREF_DDLY, but this delay change will take effect only
after a SYNC.

iii. Enable SYSREF outputs globally. The necessary bits depend upon the type of SYSREF to be
enabled. For a simple continuous SYSREF (not recommended in final application due to extra
power consumption and crosstalk), set SYSREF_PD = 0, SYSREF_MUX = 0x03 (Continuous), and
SYNC_DISSYSREF = 1.

iv. Select the SYSREF clock for CLKoutX or CLKoutY with CLKout# SRC_MUX = 1 (SYSREF) as
desired.

Figure 5-4. Setting Digital Delay, Clock Divider, Analog Delay, and Output Format

4. Depending on the configured output type, the clock output SMAs can be interfaced to a test instrument with
a single-ended, 50-Q input as follows:

a.

For LVDS:

i. Abalun (like ADT2-1T or a high-quality Prodyn BIB-100G) is recommended for differential-to-single-
ended conversion.

For LVPECL:

i. A balun can be used, or

ii. One side of the LVPECL signal can be terminated with a 50-Q load and the other side can be run
single-ended to the instrument.

For HSDS:

i. A balun (like ADT2-1T or high-quality Prodyn BIB-100G) is recommended for differential-to-single-
ended conversion.

For CML:

i. Abalun can be used, or

i. One side of the CML signal can be terminated with a 50-Q load and the other side can be run
single-ended to the instrument.

For LVCMOS:

i. Connect the LVCMOS signal to measurement equipment as desired. If an output of a pair is
not used, Tl recommends leaving the output floating close to the IC. Alternatively, place a 50-Q
termination at the end of an unused trace.

5. The phase noise may be measured with a spectrum analyzer or signal source analyzer.
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Evaluation Board Inputs and Outputs

6 Evaluation Board Inputs and Outputs

Table 6-1 contains descriptions of the inputs and outputs for the evaluation board. Additionally, some applicable
TICS Pro programming controls are noted for convenience.

Table 6-1. Description of Evaluation Board Inputs and Outputs

CONNECTOR NAME SIGNAL TYPE, INPUT/OUTPUT DESCRIPTION
Clock Outputs Clock outputs with programmable output buffers.
Populated: The output terminations by default on the evaluation board are
CLKout0_P(J1), shown here:
CLKout0_N(J2), Clock Output Pair Default Board Termination
CLKout1_P(J3), CLKout0 LVPECL / LCPECL, 240 Q
CLKout1_N(J4) CLKout1 LVPECL / LCPECL, 240 Q
CLKout2_P(J6),
CLKout2_N(J5) CLKout2 LVPECL / LCPECL, 120 Q
CLKout3_P(J8), CLKout3 LVPECL / LCPECL, 120 Q
CLKout3_N(J7), CLKout4 CML, 68 nH-20 Q
CLKout4_P(J9), CLKout5 CML, 50 Q to Ve
CLKoutd_N(J10), CLKout6 CML, 68 nH - 20 Q
CLKout3_P(J12), CLKout7 CML, 50 Qto V
o o Vce

CLKouts_N(J11), . ‘
CLKout6_P(J13) CLKout8 LVDS / HSDS
CLKouts_N(J14), Analog, Output CLKout9 LVDS / HSDS
CLKout7_P(J16),
CLKout7_N(J15),
CLKout8_P(J17),
CLKout8 N(J18),
CLKout9_P(J20) Each CLKout pair has a programmable LVDS, LVPECL, LCPECL,

- ’ HSDS, CML, or LVCMOS buffer. The output buffer type can be
CLKout9_N(J19) selected in the TICS Pro under the Clock Outputs page (Section

Not Populated:

CLKout10_P(J21),
CLKout10_N(J22),
CLKout11_P(J24),
CLKout11_N(J23),
CLKout12_P(J25),
CLKout12_N(J26),
CLKout13_P(J28),
CLKout13_N(J27)

11.9) through the CLKoutX_FMT control. All clock outputs are AC-
coupled to allow safe testing with RF test equipment. If an output
pair is programmed to LVCMOS, each output can be independently
configured (normal, inverted, or off/tri-state). Best performance/EMI
reduction is achieved by using a complementary output mode like
Norm/Inv. Tl does NOT recommend using Norm/Norm or Inv/Inv
mode.

OSCout
OSCout_P(J29)
OSCout_N(J30)

Analog, Output

Buffered outputs of OSCin port.

The output terminations on the evaluation board are shown here:

OSC Output Pair Default Board Termination

OSCout LVPECL, 240 Q

OSCout has a programmable LVDS, LVPECL, or LVCMOS output
buffer. The OSCout buffer type can be selected in the TICS

Pro under the Clock Outputs page (Section 11.9) through the
OSCout_FMT control.

OSCout is AC-coupled to allow safe testing with RF test equipment.
If OSCout is programmed as LVCMOS, each output can be
independently configured (normal, inverted, inverted, and off/tri-
state). Best performance/EMI reduction is achieved by using a
complementary output mode like Norm/Inv. TI does NOT recommend
using Norm/Norm or Inv/Inv mode.
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Table 6-1. Description of Evaluation Board Inputs and Outputs (continued)

CONNECTOR NAME

SIGNAL TYPE, INPUT/OUTPUT

DESCRIPTION

Power
VccEXT(J39/J40/TP13)
Vee(TP12)

Power, Input

Main power supply input for the evaluation board.

The LMK04832SEPEVM default is setup to use the TPS73801-SEP
voltage regulator. This is a space grade (SEP) voltage regulator.
0-Q resistors R93, R94 and R95 can be re-configured to route
power through the onboard commercial grade LDO, the TPS73801-
SEP. The LMK04832-SEP contains internal voltage regulators for
the VCO and other internal blocks. The clock outputs do not have
an internal regulator, so a clean power supply with sufficient output
current capability is required for optimal performance. If using an
external voltage please ensure the voltage is filtered to get the best
performance on the outputs.

Apply power to either Vcc SMA(J39) or terminal block(J40), but not
both.

Clock Inputs
CLKin0_P(J32),
CLKin0_N(J31),
CLKin1_P(J34),
CLKin1_N(J33)
OSCout_P(J29),
OSCout_N(J30)
Fin0_P(J37),
Fin0_N(J38)

Analog, Input

Reference Clock Inputs for PLL1 or PLL1 (CLKinO, CLKin1, CLKin2)

CLKin1_N is configured by default for a single-ended reference clock
input from a 50-Q source. The non-driven input pin CLKin1_P can be
configured as R15 - DNI and R216 replace with 0-Q resistor. CLKin0
is configured by default for a differential reference clock input from a

50-Q source.

CLKin1 is the default reference clock input selected in the TICS Pro.

If OSCout is to be used as a CLKin2, then the PCB must be updated
to operate as an input instead of an output.

Clock Distribution with Fin0 or CLKin1/Fin1
Fin0 and CLKin1 (Fin1) are shared for use as an RF Input for Clock
Distribution mode or for an external VCO mode.

External Feedback Input (FBCLKIin) for 0-Delay

CLKin1 is shared for use as an external feedback clock input
(FBCLKin) to PLL1 N or PLL2 N for 0-delay mode. Refer to the
LMKO04832-SEP (SNAS838) data sheet for more details on using
0-delay mode with the evaluation board and the evaluation board
software.

OSCin,

PLL2 reference/PLL1 feedback
OSCin_P(J36),

OSCin_N(J35)

Analog, Input

Feedback VCXO clock input to PLL1 and Reference clock input to
PLL2.

The single-ended output of the onboard VCXO (Y1/Y2) drives the
OSCin_N input of the device and the OSCin_P input of the device is
connected to GND with 0.1 pF. VCXO Y1 and Y2 may also be used
with differential VCXOs.

An external VCXO may be optionally attached through these SMA
connectors with minor modification to the components going to the
OSCin pins of device.

A single-ended or differential signal may be used to drive the OSCin
pins and must be AC coupled. If operated in single-ended mode, the
unused input must be connected to GND with 0.1 pF.

Refer to the LMK04832-SEP (SNAS838) data sheet Electrical
Characteristics table for PLL2 Reference Input (OSCin)
specifications.

VCO Tuning Voltages
VTUNE1 (TP1/J41)
VTUNEZ2 (TP2/J42)

Analog, Input/Output

Tuning voltage output from the loop filter for PLL1 and PLL2 of the
LMKO04832-SEP. If an external VCXO is used, this tuning voltage can
be connected to the voltage control pin of the external VCXO.

The default board does not come with J41 and J42 populated.
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Table 6-1. Description of Evaluation Board Inputs and Outputs (continued)
CONNECTOR NAME SIGNAL TYPE, INPUT/OUTPUT DESCRIPTION

USB connector to program onboard USB2ANY device and configure
the LMK04832-SEP device through SPI interface.

SPI signals include SDIO (TP11), SCK (TP8) and CS* (TP4).

The programmable logic I/O signals accessible through this header
include: RESET (TP16), SYNC (TP10/J46), CLKin_SELO (TP9), and

CLKin_SEL1 (TP5).
USB Connector n_ ( )

USB connector (J45) Input Clock Switching — Pin Select Mode
SPI / GPIO Test points By default CLKin_SELO and CLKin_SEL1 are input pins.
SDIO (TP11), To enable input clock switching, CLKin_SEL_AUTO_EN =
SCK (TP8), CMOS, Input/Output 0, CLKin_SEL_PIN_EN = 1, CLKin_SEL_PIN_POL =0, and
CS* (TP4), Status_CLKinX_TYPE must be 0 to 3 (pin enabled as an input).
CLKin_SELO(TP9), When CLKin_SEL_AUTO_EN =0 and CLKin_SEL_PIN_EN = 1, the
CL Kin_SEL1(TP5). Status_CLKinX pins select which clock input is active as follows:
RESET(TP16), CLKin_SEL1 |CLKin_SELO |Active Clock

0 0 CLKin0

0 1 CLKin1

1 0 CLKin2

1 1 Holdover

Programmable status I/O pin. By default, set as an input pin

for synchronize the clock outputs with a fixed and known phase
relationship between each clock output selected for SYNC. A SYNC
event also causes the digital delay values to take effect.
SYNC/SYSREF_REQ pin forces the SYSREF_MUX into SYSREF

SYNC Continuous mode (0x03) when SYSREF_REQ_EN = 1.
CMOS, Input/QOutput . ) .
SYNC (TP10/J46) SYNC/SYSREF_REQ pin can hold outputs in a low state, depending
on system configuration. SYNC_POL adjusts for active low or active
high control.

A SYNC event can also be programmed by toggling the
SYNC_POL_INV bit in the SYNC/SYSREF page (Section 11.8) in
the TICS Pro.

Programmable status output pin. By default, Status_LD1 and
Status_LD2 are set to output the digital lock detect status signal for
PLL1 and the digital lock detect status signal for PLL2, respectively.
By the default TICS Pro configuration, LEDs will illuminate green
when lock is detected (output is high) and turn off when lock is lost
(output is low).

Status LEDs
Status_LD1(TP6), CMOS, Input/QOutput
Status_LD2(TP7)
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7 Recommended Test Equipment
Power Supply

The power supply must be a low-noise power supply, particularly when the devices on the board are being
directly powered (onboard LDO regulators bypassed).

Phase Noise / Spectrum Analyzer

Tl recommends that an Agilent E5052 Signal Source Analyzer or comparable test equipment is used to measure
phase noise and RMS jitter.

Oscilloscope

To measure the output clocks AC performance, such as rise time or fall time, propagation delay, or skew, Tl
suggests using a real-time oscilloscope with 8+ GHz analog input bandwidth with 50-Q inputs. To evaluate

clock synchronization or phase alignment between multiple clock outputs, Tl recommends using phase-matched,
50-Q cables to minimize external sources of skew or other errors/distortion that may be introduced if using
oscilloscope probes.

12 LMKO04832SEPEVM User’s Guide SNAU282 — SEPTEMBER 2022
Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SNAU282
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNAU282&partnum=LMK04832SEPEVM

13 TEXAS
INSTRUMENTS
www.ti.com

Schematics

8 Schematics

The components on the EVM can be found on the following schematic by searching for their reference

designators.
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Figure 8-1.

Schematic - LMK04832-SEP
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Power Plane for LMK Except Outputs
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EVEN CLOCK OUTPUTS
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Figure 8-4. Schematic - Clock Outputs 1 of 2
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Figure 8-5. Schematic - Clock Outputs 2 of 2
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9 Bill of Materials
Table 9-1. Bill of Materials (BOM)
Designator Description PartNumber PackageReference Manufacturer
C1,C8, C33 CAP, CERM, 10 uF, 16 V, |EMK212BB7106MG-T 0805 Taiyo Yuden
+/- 20%, X7R, 0805
C2, C9, C37 CAP, CERM, 1 pF, 16 V, |CGA3E1X7R1C105K080A [0603 TDK
+/- 10%, X7R, AEC-Q200 |C
Grade 1, 0603
C3,C4 CAP, CERM, 100 pF, 50 V, | 500R07N101JV4T 0402 Johanson Dielectrics Inc
+/- 5%, COG/NPO, 0402
C7,C13, C20, C30, C31 |CAP, CERM, 0.1 uF, 25V, |C0603C104J3RACTU 0603 Kemet
+/- 5%, X7R, 0603
C10 CAP, CERM, 3900 pF, 100 |06031C392JAT2A 0603 AVX
V, +/- 5%, X7R, 0603
C12 CAP, CERM, 47 pF, 50 V, |C0603C470J5GACTU 0603 Kemet
+/- 5%, COG/NPO, 0603
C14 0.68pF £10% 10V CCO0603KRX7R6BB684 0603 Yageo
Ceramic Capacitor X7R
0603 (1608 Metric)
C15 CAP, CERM, 0.1 uF, 16 V, |C0603C104K4RACTU 0603 Kemet
+/- 10%, X7R, 0603
C16, C19, C27, C29, C32, |CAP, CERM, 0.1 yF, 10 V, |C0402C104K8RACTU 0402 Kemet
C36, C51, C52, C53, C54, |+/- 10%, X7R, 0402
C55, C56, C57, C58, C59,
C60, C61, C62, C63, C64,
C65, C66, C67, C68, C69,
C70, C71, C72, C73, C74,
C75, C76, C77, C78, C79,
C80
Cc21 CAP, CERM, 100 pF, 50 V, | C0603C101J5GACTU 0603 Kemet
+/- 5%, COG/NPO, 0603
C24,C28 CAP, CERM, 10 uF, 10V, |GCM21BR71A106KE22L |0805 MuRata
+/- 10%, X7R, 0805
C25 CAP, CERM, 2200 pF, 50 |C0603C222K5RACTU 0603 Kemet
V, +/- 10%, X7R, 0603
C26 CAP, CERM, 82 pF, 50 V, |C0603C820K5GACTU 0603 Kemet
+/- 10%, COG/NPO, 0603
C39 CAP, CERM, 2.2 uF, 16 V, |885012106018 0603 Wurth Elektronik
+/- 20%, X5R, 0603
C40 CAP, CERM, 3300 pF, 50 |885012206086 0603 Waurth Elektronik
V, +/- 10%, X7R, 0603
C41, C42 CAP, CERM, 30 pF, 50 V, |06035A300JAT2A 0603 AVX
+/- 5%, COG/NPO, 0603
C43, C45 CAP, CERM, 1 uF, 16V, |885012206052 0603 Waurth Elektronik
+/- 10%, X7R, 0603
C44, C48, C49, C50 CAP, CERM, 0.1 uF, 16 V, |885012206046 0603 Waurth Elektronik

+/- 10%, X7R, 0603
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Table 9-1. Bill of Materials (BOM) (continued)
Designator Description PartNumber PackageReference Manufacturer
C46 CAP, CERM, 2200 pF, 16 |885012206036 0603 Wurth Elektronik
V, +/- 10%, X7R, 0603
C47, C82 CAP, CERM, 220 pF, 50 V, | 06035A221JAT2A 0603 AVX
+/- 5%, COG/NPO, 0603
C81, C96, C97 CAP, CERM, 0.47 uF, 16 |C0603C474K4RACTU 0603 Kemet
V, +/- 10%, X7R, 0603
C83, C89 CAP, TA, 22 uF, 25V, +/- | T495D226K025ATE200 7343-31 Kemet
10%, 0.2 ohm, SMD
C88, C94, C100 CAP, CERM, 0.01 uF, 25 |GCM155R71E103KA37D |0402 MuRata
V, +/- 10%, X7R, 0402
C90, C91 CAP, CERM, 10 yF, 6.3V, |CL10B106MQ8NRNC 0603 Samsung Electro-
+/- 20%, X7R, 0603 Mechanics
C95 CAP, CERM, 0.1 uF, 25V, |C0603C104K3RACTU 0603 Kemet
+/- 10%, X7R, 0603
C105, C111, C115, C118 |CAP, CERM, 0.1 uF, 25V, |GRM155R71E104KE14D |0402 MuRata
+/- 10%, X7R, 0402
C123, C126, C129, C134, |CAP, CERM, 1 uF, 10V, |GCM155C71A105KE38D |0402 MuRata
C137 +/- 10%, X7S, AEC-Q200
Grade 1, 0402
D1, D2 LED, Green, SMD 150141VS73100 2.8x1.9x3.2mm Wurth Elektronik
D3, D4 LED, Red, SMD 150141RS73100 SMD, 2-Leads, Body Wurth Elektronik
3.2x3mm
D5 LED, Green, SMD LTST-C190GKT 1.6x0.8x0.8mm Lite-On
FB1, FB2, FB12 Ferrite Bead, 120 ohm @ |BLM18AG121SN1D 0603 MuRata
100 MHz, 0.5 A, 0603
FB4, FB5, FB6, FB7, FB8, |Ferrite Bead, 120 ohm @ |MMZ1005Y121CT000 0402 TDK

FB9, FB10, FB11

100 MHz, 0.4 A, 0402

J1,J2, J3, 44, J5, J6, J7,
Js8, J9, J10, J11, J12, J13,
J14, J15, J16, J17, J18,
J19, J20, J29, J30, J31,
J32, J33, J34, J35, J36,
J37, J38

Connector, End launch
SMA, 50 ohm, SMT

142-0701-851

SMA End Launch

Emerson Network Power

Labels, 0.650" W x 0.200"
H - 10,000 per roll

0.200"W

J39 Connector, TH, SMA 142-0701-201 SMA Emerson Network Power
J40 Terminal Block, 5.08mm, [0395443002 Terminal Block, 5.08mm, |Molex
2x1, TH 2x1, TH
Jas Receptacle, USB 2.0, 10118194-0001LF USB-micro B USB 2.0, FCI
Micro-USB Type B, R/A, 0.65mm, 5 Pos, R/A, SMT
SMT
L1,L2,L3, L4 Inductor, Multilayer, MLG1005S68NJTD25 0402 TDK
Composite, 68 nH, 0.15
A, 1.5 ohm, AEC-Q200
Grade 1, SMD
LBL1 Thermal Transfer Printable | THT-14-423-10 PCB Label 0.650"H x Brady
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Table 9-1. Bill of Materials (BOM) (continued)

Designator Description PartNumber PackageReference Manufacturer

Q1 MOSFET, N-CH, 50 V, BSS138 SOT-23 Fairchild Semiconductor
0.22 A, SOT-23

R1, R3, R4, R6, R12, R25, [RES, 0, 5%, 0.063 W, CRCW04020000Z0ED 0402 Vishay-Dale

R33, R34, R46, R47, R62, | AEC-Q200 Grade 0, 0402

R68, R109, R112, R114,

R116, R133, R137, R140,

R150, R163, R169, R193,

R202

R5, R15, R23, R26 RES, 18, 5%, 0.063 W, CRCWO040218ROJNED 0402 Vishay-Dale
0402

R8, R11, R48, R53 RES, 10, 5%, 0.1 W, AEC- | CRCWO060310R0JNEA 0603 Vishay-Dale
Q200 Grade 0, 0603

R9 RES, 100, 1%, 0.063 W, |CRCWO0402100RFKED 0402 Vishay-Dale
AEC-Q200 Grade 0, 0402

R10, R16, R17, R18, R24, |RES, 270, 5%, 0.063 W, |CRCW0402270RJNED 0402 Vishay-Dale

R27, R28, R30 AEC-Q200 Grade 0, 0402

R22, R36, R39, R42, R65, |RES, 0, 5%, 0.1 W, AEC- |CRCWO06030000Z0EA 0603 Vishay-Dale

R66, R69, R71, R73, R76, |Q200 Grade 0, 0603

R79, R91, R94, R95,

R209, R213, R216, R220,

R226, R230, R232

R38, R49, R105, R123, RES, 240, 5%, 0.063 W, |CRCWO0402240RJNED 0402 Vishay-Dale

R160, R176 AEC-Q200 Grade 0, 0402

R41 RES, 620, 5%, 0.1 W, CRCWO0603620RJINEA 0603 Vishay-Dale
AEC-Q200 Grade 0, 0603

R44 RES, 39k, 5%, 0.1 W, CRCWO060339K0JNEA 0603 Vishay-Dale
AEC-Q200 Grade 0, 0603

R45, R52, R54, R75, R88, |RES, 33, 5%, 0.1 W, AEC- | CRCW060333R0OJNEA 0603 Vishay-Dale

R89 Q200 Grade 0, 0603

R50, R59, R77, R80 RES, 270, 5%, 0.1 W, CRCWO0603270RJNEA 0603 Vishay-Dale
AEC-Q200 Grade 0, 0603

R55 RES, 1.0 M, 5%, 0.1 W, CRCWO06031MO00JNEA 0603 Vishay-Dale
AEC-Q200 Grade 0, 0603

R61 RES, 100, 5%, 0.1 W, CRCWO0603270RJNEA 0603 Vishay-Dale
AEC-Q200 Grade 0, 0603

R70, R103, R121, R127, |RES, 49.9, 1%, 0.063 W, |CRCWO040249R9FKED 0402 Vishay-Dale

R132, R144, R145, R148, |AEC-Q200 Grade 0, 0402

R154, R183, R185, R196,

R198, R200, R206

R74 RES, 51k, 5%, 0.1 W, CRCWO060351K0JNEA 0603 Vishay-Dale
AEC-Q200 Grade 0, 0603

R81 RES, 330, 5%, 0.1 W, CRCWO0603330RJNEA 0603 Vishay-Dale
0603

R84 RES, 10k, 5%, 0.1 W, CRCWO060310K0JNEA 0603 Vishay-Dale
0603

R86 RES, 33k, 5%, 0.1 W, CRCWO060333K0JNEA 0603 Vishay-Dale
AEC-Q200 Grade 0, 0603
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Table 9-1. Bill of Materials (BOM) (continued)

Designator Description PartNumber PackageReference Manufacturer

R90 RES, 1.5k, 5%, 0.1 W, CRCWO06031K50JNEA 0603 Vishay-Dale
AEC-Q200 Grade 0, 0603

R92 RES, 1.2 M, 5%, 0.1 W, CRCWO06031M20JNEA 0603 Vishay-Dale
AEC-Q200 Grade 0, 0603

R96 RES, 6.81k, 1%, 0.1 W, |CRCWO06036K81FKEA 0603 Vishay-Dale
AEC-Q200 Grade 0, 0603

R97 RES, 3.92 k, 1%, 0.1 W, |CRCWO06033K92FKEA 0603 Vishay-Dale
0603

R102, R120, R158, R175 |RES, 120, 5%, 0.063 W, |CRCWO0402120RJNED 0402 Vishay-Dale
AEC-Q200 Grade 0, 0402

R149, R153, R201, R205 |RES, 180, 5%, 0.063 W, |CRCWO0402180RJNED 0402 Vishay-Dale
AEC-Q200 Grade 0, 0402

R166, R189 RES, 20.0, 1%, 0.063 W, |CRCWO040220ROFKED 0402 Vishay-Dale
AEC-Q200 Grade 0, 0402

S1, S2, S3, S4, S5, S6 HEX STANDOFF TCBS-6-01 7.9x9.5 mm Richco Plastics
SPACER, 9.53 mm

S7 Switch, Tactile, SPST-NO, |FSM4JSMA SW, SPST 6x6 mm TE Connectivity
0.05A, 12V, SMT

TP1, TP2, TP3, TP4, Test Point, Miniature, 5002 White Miniature Testpoint |Keystone

TP5, TP6, TP7, TP8, TP9, | White, TH

TP10, TP11, TP12, TP13,

TP14, TP15, TP16, TP17,

TP18, TP19, TP20

U1 Space Grade Ultra-Low- |LMK04832SPAPSEP TQFP64_PowerPAD Texas Instruments
Noise JESD204B Dual-
Loop Clock Jitter Cleaner

u2 25 MHz Mixed Signal MSP430F5529IPN PNOO80OA Texas Instruments
Microcontroller with 128
KB Flash, 8192 B SRAM
and 63 GPIOs, -40 to 85
degC, 80-pin QFP (PN),
Green (RoHS & no Sb/Br)

U3 4-Channel ESD Protection | TPD4EO04DRYR DRYO0006A Texas Instruments
Array for High-Speed Data
Interfaces, DRY0006A
(USON-6)

U4 Ultra Low Noise, 150mA  |LP5900SDX-3.3/NOPB NGFO0006A Texas Instruments
Linear Regulator for RF/
Analog Circuits Requires
No Bypass Capacitor, 6-
pin LLP, Pb-Free

us 150-mA Ultra-Low Noise |LP5900SD-3.3/NOPB NGFO0006A Texas Instruments

LDO for RF and

Analog Circuits Requires
No Bypass Capacitor,
NGFO0006A (WSON-6)
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Table 9-1. Bill of Materials (BOM) (continued)
Designator Description PartNumber PackageReference Manufacturer
U6 LDO Regulator Pos 1.21V | TPS73801MDCQPSEP SOT223-6 Texas Instruments
to 20V 1A 6-Pin(5+Tab)
SOT-223 Tube
Y1 VCXO, CMOS 122.880 CVHD-950-122.880 CVHD-950-4 Crystek Corporation
MHz, 3.3V, SMD
Y3 Crystal, 24.000 MHz, ECS-240-20-5PX-TR Crystal, 11.4x4.3x3.8mm |ECS Inc.
20pF, SMD
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A USB2ANY Firmware Upgrade

When the onboard USB2ANY programmer is first connected, or if the firmware revision used for the onboard
USB2ANY programmer does not match the version used by TICS Pro (2.7.0.0), TICS Pro will request a firmware
update. Follow the pop-up instructions to complete the update.

1. When the USB2ANY Firmware Requirement pop-up window appears, click OK to continue.

USB2ANY Firmware Requirement x|

The connected <unknown device™ requires a firmware update to version
2.7.0.0.

Serial Number: 70DBS16F 27001300
Current version is: UNKNOWN

The update takes only a few seconds and does not require an Internet
connection,

o

Figure A-1. Firmware Requirement

2. The Firmware Loader pop-up window will load. Disconnect the USB cable from the EVM.

[N usB2ANY Firmware Loader x|

Prepare the USB2ANY for download:
1. If a USB cable is connected to the USB2ANY, disconnect it.

2. While pressing the BSL Button (S1), connect the USB cable.

Help me locate the BSL Button (51)

Close

Figure A-2. Firmware Loader

3. Press and hold the BSL button while you connect the USB2ANY cable.
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Qe
0

CLKIN_SEL1

Figure A-3. BSL Button Location
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4. The firmware loader should recognize the USB2ANY as a target for programming, and an Update Firmware

button should appear.

N USB2ANY Firmware Loader
The USB2ANY is ready for download.
Click the Update Firmware button Update
Firmware

to start the update process.

Close

Figure A-4. Update Firmware

5. Click Upgrade Firmware to start the firmware upgrade. Click Close after the upgrade is complete.

[N usB2ANY Firmware Loader

USB2ANY firmware update is complete.

L

x|

Mass erase occured!

Password Sent Successfully
Sending RAM BSL v00.07.88.38
Sending RAM BSL v00.07.88.38
Sending firmware (USB2ANY v2.7.0.0)
Firmware Sent

Memory successfully verified

Total programming time is 1544ms
Sending reset vectors

Reset vector sent

Interrupt reset successfully verified
Resetting device

Done!

Close

Figure A-5. Firmware Update Complete
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6. Go to USB communications — Interface in the TICS Pro software to check the USB connection. Make sure
the USB Connected button is green.

TSI
r Interface Select USB2ANY
i ?S_E%:MY IA2C3EI-3€~F24DD2TUCI j Identify | Select a Protocol I SP1 'I
: ;_el?rl\oMode O USE Connected
Cloze
Figure A-6. USB Communications
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B TICS Pro Usage

TICS Pro is used to program the evaluation board with the onboard USB2ANY interface (MSP430F5529IPN).
TICS Pro can also be used to generate register maps for programming the device and current consumption
estimates. This appendix outlines the basic purpose and usage of each page. TICS Pro is available for download
at http://www.ti.com/tool/ticspro-sw.

11.1 Communication Setup

The Communication Setup window allows you to select the USB2ANY or DemoMode interface. In case you
plan to connect multiple evaluation boards to your PC and run multiple instances of the TICS Pro software, the
drop-down box will allow you to select specific USB2ANY devices. Press the Identify button to determine which
USB2ANY is currently selected. Devices used by other instances of TICS Pro will not display in this list.

m' Communication Setup IE o=l g

Interface Select USB2ANY

@ USB2ANY |100DSCEF2FD01CO0 - Identify | selecta Protocol| SPI
TIHera
FTDI 6 USB Connected

' DemoMode

Figure 11-1. TICS Pro - Communication Setup Window
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11.2 User Controls
The User Controls page has controls typically not included on one of the other dedicated pages.
B TICS Pro - LMK04332-5EP — jm) *

i Write All Registers  Read All Registers | SYNC Dividers  Powerdown DDLY | Toggle SYNC_POL  Start Dynamic DOLY _

Expand Al

Mode Control SPI Lock

¥ SPI_3WIRE_DIS ] POWERDOWN SDIO_RDBK_TYPE [ GLKin_OVERRIDE SPI_LOCK

[ RESET Output (open drain)  + o]
SYNCISYSREF
Clock Outputs
Other - g
ey v
Burst Mode My

MAN_DAC o OTRACK.EN DAC_CLK CNTR 'HOLDOVER_EXIT_NADJ

[ suf DAC_CLK_MULT (I | | 30

@ MAN_DAG_EN 16384 =

[ HOLDOVER_FORCE

— T
Info m

ID_DEVICE_TYPE ID_FROD 1D_VNDR[15:8]
bsetMode_DualLoop L,
s | sefs] 5
ID_PROD[15:8] ID_MASKREV ID_VNDR
209 | wFﬂ | 4Eﬂ
SYSREF
[ SYNC_BYPASS
] SYSREF_TEMP_COM
P FN
. Fin0
« Fi0NRUT TYRE CLENe D2 e !
1 >
Figure 11-2. TICS Pro - User Controls Page
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11.3 Raw Registers Page

The Raw Register page displays the register map including address. The address bits have the shaded
background and are not editable. The unshaded bits are the data bits. This register map may be directly
manipulated by clicking into the bit field, moving around with the arrow keys, and typing 1 or 0 to change a bit.

All registers may be read or written in addition to individual registers. For individual register read or write, the
active register is highlighted in the list of registers and displayed in the top right. An individual register or field
may be read back by entering the name into the bottom right and clicking the Read button.

Register maps may be exported, but also imported. The import format may simply be the address and register
data in hex format as illustrated in the address/value column, one register to a line.

Note

Use the Export Register Map option to create a text file with the register values for simple re-use of
the register configuration.

Figure 11-3. TICS Pro - Raw Registers Page
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11.4 Set Modes Page

The Set Modes page allows the user to quickly configure the LMK04832 into a desired mode. If the LMK04832 is
already in the desired mode, or several registers are already programmed as needed, the log will not display any
or many register writes.

The top LMK04832 modes section allows the user to set high level usage profiles to allow the device to operate
in dual loop, single loop, or distribution mode.

The bottom LMK04832 sub-modes section allows further JESD204B configuration, 0-delay configuration, or
clock input configuration which may apply for many of the LMK04832 modes of operation.

TICS Pro - LMK04832-SEP = O X
Filz | USB communications ‘ Select Device Options Tools Defaull configuration  Help

Write All Registers  Read All Registers  SYNC Dividers  Powerdown DDLY | Toggle SYNG_POL  Start Dynamic DOLY

4 |MKO4832-5EFP

Raw Regiers LMK04832 Modes
Set Modes

Holdover | Set Dual Loop | ] Set Single Loop | Set Distribution Fin1 |
g’lﬂ“: S‘;”"D' | setDualLoop 0-Delay Gascaded | | SetSingleLoop0-Delay | | Set Distribution Find |
il
SYNCISYSREF | SetDual Loop 0-Defay Nested |
Clock Outputs
Gihér {Set Dual Loop 0-Delay Nested«Casc]
Frequency Planner
Burst Mode
LMKO04832 Sub-Modes
JESD204B
JESD204B Mode: [ Continuous | [ Puiser | Reciocked | [ SYSREFReguest | [ NoJEsD204B |

0-Delay Options

General Context Feedback Source: [ CLKauté | CLKouts | [ SYSREF divider | [ CLKin1 {External)
bsetmode_DualLoop Cl Kiﬂﬂ
| clxinooft | | CLKnDdrvesPLL1 | | CLKinDdrivesPLL2 | |  CLKinOdrives SYNC/SYSREF |
CLKin1
[ cikmior | | clxinidrivesPLL1 | [ ClLikintdrivesPLL2 | | CLKin1 diives Clock Distribution (extemal VCO/distribution mode) |
CLKin2
[ CLKin2 for PLL1 | [ clKin2 drives PLL2

Figure 11-4. TICS Pro - Set Modes Page
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11.5 Holdover Page

The Holdover page contains many registers pertaining to how the device will enter and exit holdover. To enable
holdover and LOS detect for entry and exit of holdover:

* Set HOLDOVER_EN = 1 (checked)
* Set HOLDOVER_EXIT_MODE combo box to 0x00 (Exit based on LOS)

* SetLOS_EN =1 (checked)

* Set LOS_TIMEOUT combo box to the LOS frequency threshold as desired. For example, if 200 MHz is set as
the frequency threshold, the input must be above approximately 200 MHz to lock, otherwise PLL1 will enter
holdover. If holdover is not enabled, PLL1 will be prevented from locking if the input frequency is less than the
threshold frequency and LOS is enabled.

In addition to the above steps, auto clock selection mode must be used to allow the LMK04832 to automatically

switch to holdover when enabled clocks for auto switching (CLKinX_EN) are lost.

TICS Pro - LMK04832-5EP — m} s |
File USB communications Select Device Oplions Default configuration  Help
|
Write All Registers Read All Registers | SYNC Dividers Powerdown DDLY | Toggle SYNC_POL  Start Dynamic DOLY
4 LMKO4832-SEP
User Controls
Raw Registers PLL1 Holdover Control
Set Modes Holdover Entry Phase D Joldover exit Cond Manual or Tracked DAC Value
(¥ HOLDOVER_EN HOLDOVER_DLD_CNT 12~ i MAN_DAC_EN
CLKinX Cantrol T = S i 2E| e = =
PLL1 and 2 Exit based on LOS PLL1_WND_SIZE: | 43 ns - MAN_DAC 513]2:'
SYNC/SYSREF [1LOS_EN PPM needed for holdover exit: ~86.0 ppm
Clock Qutputs 1 TRACK_EN
Bih 5 MHz -
ther . DAC_CLK_MULT: | 15384 v
Frequisicy Pianner [1LOS_EXTERNAL_INPUT =
Burst Mode (1 HOLDOVER_PLL1_DET PLLY N divider reset during holdover exit DAC.CLE.CNTR 1271
| HOLDOVER_VTUNE_DET HOLDOVER_EXIT_NAD.J a0 r_ﬂ DAC Update Rate: ~2.0 s
DAC Low Trip 01;' =005V
DAC High Trip o];‘ =325V
Holdover enabled.
Warning: Set LOS_EN = 1 to allow LOS exit
to operate properly.
General Context B basss
bSetMode_DuallLoop
Figure 11-5. TICS Pro - Holdover Page
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11.6 CLKinX Control Page

The CLKinX Control page allows to the user to enter the input frequency at the different CLKinX pins, change the
mode by which the active CLKinX is selected, and change the routing options for the CLKinX inputs.

You can also reset the PLL1 R or PLL2 N divider on this page.

TICS Pro - LMK04832-5EP

= [m] *
File USBcommunications SeiectDevice Options Tools Default configuration Help
Write All Registers = Read All Regislers | SYNC Dividers Powerdown DOLY | Toggle SYNC_POL = Start Dynamic DDLY _
4 LMKO4832-SEP PLL1 Reference Input Select
User Controis i PLLY v [[1 CLKin_SEL_PIN_EN
122.88 MHz CLKIn_SEL_MANUAL =t === e
Raw Registees CLKinD CLKinD_DEMUX (eLicn WMaria ] CLKin_SEL_PIN_POL
Set Modes Bipolar + |CLKInG_TYPE CLKint Manual  ~ [ _SEL_PIN_|
Holdover 3—_.:|> 7 CLKinD EN [ CLKin_SEL_AUTO_EN CLKin_SELD
= = [ CLKin_SEL_AUTO_REVERT_EN | INPUtW/ pull-dwn v
PLL1 and 2 CLKin1 | PLLT = | Logic Low -
SYNC/SYSREF 12288 |MHz CLKin1_DEMUX
SEL1
Clock Outputs CLKinY =1 TVPE CLKin1 (Ext. VCO S
Other gq> Sfpok v jEEKM. CLKin1 M Selected Clock input for PLL1 | input w/ pull-dwn v
Frequency Planner [ CLKIn1_EN L\}..“w CLKIn1 = [Togic Low .
Burst Mode CLKIN2/0SCout To FLL1 Phase Detector »
Clkinzy |193.6 Mz Manual Glock Select Mode
0SCout | Bipolal v |CLKINZ_TYPE
oscin ~|
[ CLKin2_EN 0SCout MUX
0SCout clock format 0SCin
Feedback Mux
LVPECL (2 Vpp) e
Powerdown 0SCout for CLKin2
General  Context
CLKinX Control PLIR
[TPLLIR_SYNC_EN Step 1) Enable PLLR 1 SYNC and Select SYNC source
= = - Step 2) Arm divider for SYNC by toggling PLL1R_RST
nG Bouenm PLLT will unlock upon assertion of PLLIR_RST
off s Step 3) Provide rising edge to CLKInD or SYNC pin
[1PLLIR_RST meeting timing to CLKInX
PLLZ R Divider Synchronization
[1PLL2R_SYNC_EN Step 1) Enable PLLR 2 SYNC
Step 2) Synchronize divider While SYNC pin is high,
divider |5 held in reset. Release SYNC pin
while meeting timing to O5Cin.

Figure 11-6. TICS Pro - CLKinX Control Page
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11.7 PLL1 and 2 Page

The PLL1 and 2 page shows the operating frequencies of the PLL1 and PLL2. In distribution mode, the CLKin1
frequency will directly be connected to the VCO/clock distribution path frequency. In addition to the basic PLL
dividers and controls, when the PLLX_NCLK_MUX selects the feedback mux as a source, 0-delay modes are
achieved. When enabling 0-delay red text will help guide the user through properly setting up 0-delay mode.

When using dual PLL mode, the OSCin Source combo box can be set to External VCXO which links the OSCin
frequency with the external VCXO frequency. When using single PLL2 mode, the OSCin Source combo box can
be set to Independent to allow the OSCin frequency to be unlinked from the external VCXO frequency.

R TICS Pro - LMKD4832-5EP = m} bd |
File USBcommunications SeiectDevice Options Tools Default configuration Help

Write All Registers | Read All Registers = SYNC Dividers Powerdown DDLY | Toggle SYNC_POL  Start Dynamic DDLY

4 LMKD4832.SEP
User Controls Manual Clock Select Mode
Raw Registers
Sel Modes Selected Clock Input
Holdaver for Frequency Calculations
CLKinX Control CLKinO CLKin1 = O PLL1_PD
v [ (12288 |wa PELYRONe | O Wi Chiorge. Peamp External
it Cliiol 120[3}— [1.024 Phase DetectorFrea (MH2) 3 oo vexo
Other ClKin2 *) Active - Charge Pump State S .
Frequency Planner SCout Y
N Divider Posilive v Phase Detector Polarity N
Burst Mode f\] 12288 MMz
> 120F2}— |450uA -~ Charge Pump Gain
) PLL1 NCLK MUX
1 0SCin_PD
s oscin
0sCin
0sCi
" (12288 MHz == [ veo_PD
g:D v y [IPLL2.PD  [1PLLZ PRE PD [ vCo_LDO_PD
OSCin Source VCO/Clock Dist.
T R Divider PLL2 Phase Detector and Charge Pump Intarnal ‘": ”
General Context External VGXO  « PLLZ RCLK MUX = 2 VCOs A
5 1 %— 12288 Phase Detector Freq (MHz) 294812 MH
n -
Active « | Charge Pump State VCOO |
bSetMode_DuallLoop [ FB_MUX_EN — Phase Dt Pol veol
— . N Divider Negative ~ se Detector Polarity —Fim
e bt r r — Find
~ FB_MUKX 4 12F5— 3200uA - Charge Pump Gain O gam;am
ClLKouth N Cal Divider & | __veo.mux
CLKouts ”’Lj- :;‘; MUX  (PLL2 0-Delay) e Vool
SYSREF - Fol.
CLkin o = 12 BS4GHAN MHz @ PD_FIND m Div2
(Feedback) N Prescaler mm - =
i y .1
To Clock Distributior
PLLY Status Messages PLLZ Status Messages
PLL1 lockad PLLZ locked
Figure 11-7. TICS Pro - PLL1 and 2 Page
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11.8 SYNC / SYSREF Page

The SYNC / SYSREF page allows some mode set buttons for JESD204B features. The SYNC dividers button
will stop all SYNC inputs, set normal SYNC mode, enable all dividers for SYNC, issue a SYNC by toggling
SYNC_POL, set all dividers to ignore SYNC, then return any other changed parameter to its original state. This
is a nice feature to ensure all outputs are synchronized together or to be run after changing the digital delay
value which requires a SYNC to update. This functionality is also available on any other page through the toolbar
as SYNC Dividers.

Note

To use SYNC or SYSREF, ensure that SYNC_EN = 1. To use SYSREF in continuous, pulser, or
reclocked modes, be sure SYSREF_PD = 0.

The SCLKX_Y_DIS_MODE bits allow the clock outputs to be disabled or set to a low state. Values 1 and 2 are
only conditionally set by the SYSREF_GBL_PD bit, therefore it is possible to power up/down several SYSREF
outputs by programming only one register. When changing between Active (0x00) and Conditional Low (0x01)
states, keep the SYSREF_CLR = 1 during the transition to prevent glitch pulses from the SYSREF output.

TICS Pro - LMK04832-5EP — [m| X |

File | USB cmmunl.calinns\ Select Device Opfions Tools Default configuration Help
|

Write All Registers  Read All Registers  SYNC Dividers Powerdown DDLY | Toggle SYNC_POL  Start Dynamic DOLY

4 LMEG*‘;‘?-S‘EF'I Set SYNC/JESD2048 SYSREF Output Mode
Sel Onirois T
Raw Reglsters [ MNormal | [ Re-Clocked | | Pulser | | Gonlinuous| [ SYSREF Request
Set Modes SYNC Dividers Set SYNC/JESD204B SYSREF Input Mode/Source
| None [ syncPn ][ CiKind

Holdover
CLKInX Cantrol
PLL1 and 2
SYNC/SYSRE! PLL1 v Other SYNC Controls
Clock Outputs CLKinD_DEMUX [ SYNC_EN

Other

1 [l SYNC_PLL1 DLD
Frequency Planner CLKin0 gq>—| .
S‘ffLI [JSYNC_PLL2 DLD

Burst Mode
SYNC Fin = 71 SYNC_1SHOT_EN
“SYNG_MODE Clock Dtslnb?mun Path [ SYSREF_CLR
1 Invert SYNC Pin D:‘mhledm MNormal SYNGC v
SYNC D—LD)_D—'P—[ Pin (Pulser) YSHEF_MUX SYNC Disable Bits
] SPI (Pulser) — | AllGn || Al Of
SYNC_POL s SYSREF Distribution Path L |:
e YSREF Distribution Path_ = SSECS:YSREF
General Conlext -
[ SYSREF_REQ_EN —
Clock Distribution Path _ DC ©n | | OC Off
bSetMode_DuallLoop \ [1 SYNC_DIS0
Pulser [ SYNG_DIs2
4 SYSREF_PLSR_FD B SYNC_DIS4
[C1 SYNC_DIS6
— » SYSREF_PULSE_CNT g . 1 SYNG_DIS8
[ SYNG_DIS10
=] ] SYNC_DIS12
e [ SYSREF_GBL_PD
i ) = SCLKX Y DIS MoDE 6.7 Active -
vCo1 T !\'SR:.FI.SIQILII SYSREF Clock Divider | _ Froquency |01 [Aciive = e =
Internal ) i 0.96 MHz 2 3| Active w | 10_11 Active
() o e A i
Frequency 4_5 | Active « | 12_13] Active
- M SYSREF  |[]SYNC
2949.92 MMz _DDLY_PD _DISSYSREF Condition s true if SYSREF_GBL_PD = 1
Figure 11-8. TICS Pro - SYNC / SYSREF Page
32 LMK04832SEPEVM User’s Guide SNAU282 — SEPTEMBER 2022

Submit Document Feedback
Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SNAU282
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNAU282&partnum=LMK04832SEPEVM

13 TEXAS
INSTRUMENTS

www.ti.com TICS Pro Usage

11.9 Clock Outputs Page

The Clock Outputs page allows control of all the clock outputs format and other options relating to the clock
outputs. All the clock outputs are paired and allow two device clocks, two SYSREF clocks, or one of each.

The naming convention uses X_Y for controls which can impact both CLKoutX (even clock) and CLKoutY (odd
clock), X for controls impacting only CLKoutX and Y for controls impacting only CLKoutY.

Figure 11-9. TICS Pro - Clock Outputs Page
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11.10 Other Page

The Other page contains some registers to control the GPIO pins of the LMK04832. Each pin has two fields, the
first is the _TYPE field which allows the input or output mode of the pin to be defined. The second is the _ MUX
field which, when set for output, controls what the pin will output.
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Figure 11-10. TICS Pro - Other Page
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TICS Pro Usage

11.11 Burst Mode Page

The Burst mode page allows the user to program sequences of register programming or pin control.

TICS Pro - LMK04832-5EP
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Figure 11-11. TICS Pro - Burst Mode Page
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STANDARD TERMS FOR EVALUATION MODULES

Delivery: Tl delivers Tl evaluation boards, kits, or modules, including any accompanying demonstration software, components, and/or
documentation which may be provided together or separately (collectively, an “EVM” or “EVMs”) to the User (“User”) in accordance
with the terms set forth herein. User's acceptance of the EVM is expressly subject to the following terms.

11

1.2

EVMs are intended solely for product or software developers for use in a research and development setting to facilitate feasibility
evaluation, experimentation, or scientific analysis of Tl semiconductors products. EVMs have no direct function and are not
finished products. EVMs shall not be directly or indirectly assembled as a part or subassembly in any finished product. For
clarification, any software or software tools provided with the EVM (“Software”) shall not be subject to the terms and conditions
set forth herein but rather shall be subject to the applicable terms that accompany such Software

EVMs are not intended for consumer or household use. EVMs may not be sold, sublicensed, leased, rented, loaned, assigned,
or otherwise distributed for commercial purposes by Users, in whole or in part, or used in any finished product or production
system.

Limited Warranty and Related Remedies/Disclaimers:

21

2.2

2.3

These terms do not apply to Software. The warranty, if any, for Software is covered in the applicable Software License
Agreement.

Tl warrants that the TI EVM will conform to TI's published specifications for ninety (90) days after the date Tl delivers such EVM
to User. Notwithstanding the foregoing, Tl shall not be liable for a nonconforming EVM if (a) the nonconformity was caused by
neglect, misuse or mistreatment by an entity other than TI, including improper installation or testing, or for any EVMs that have
been altered or modified in any way by an entity other than TI, (b) the nonconformity resulted from User's design, specifications
or instructions for such EVMs or improper system design, or (¢) User has not paid on time. Testing and other quality control
technigues are used to the extent Tl deems necessary. Tl does not test all parameters of each EVM.
User's claims against Tl under this Section 2 are void if User fails to notify Tl of any apparent defects in the EVMs within ten (10)
business days after delivery, or of any hidden defects with ten (10) business days after the defect has been detected.

TI's sole liability shall be at its option to repair or replace EVMs that fail to conform to the warranty set forth above, or credit
User's account for such EVM. TI's liability under this warranty shall be limited to EVMs that are returned during the warranty
period to the address designated by Tl and that are determined by TI not to conform to such warranty. If Tl elects to repair or
replace such EVM, Tl shall have a reasonable time to repair such EVM or provide replacements. Repaired EVMs shall be
warranted for the remainder of the original warranty period. Replaced EVMs shall be warranted for a new full ninety (90) day
warranty period.

WARNING

Evaluation Kits are intended solely for use by technically qualified,
professional electronics experts who are familiar with the dangers
and application risks associated with handling electrical mechanical
components, systems, and subsystems.

User shall operate the Evaluation Kit within TI's recommended
guidelines and any applicable legal or environmental requirements
as well as reasonable and customary safeguards. Failure to set up

and/or operate the Evaluation Kit within TI's recommended
guidelines may result in personal injury or death or property
damage. Proper set up entails following TI's instructions for
electrical ratings of interface circuits such as input, output and
electrical loads.

NOTE:

EXPOSURE TO ELECTROSTATIC DISCHARGE (ESD) MAY CAUSE DEGREDATION OR FAILURE OF THE EVALUATION
KIT; TI RECOMMENDS STORAGE OF THE EVALUATION KIT IN A PROTECTIVE ESD BAG.
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Regulatory Notices:

3.1

3.2

United States
3.1.1 Notice applicable to EVMs not FCC-Approved:

FCC NOTICE: This kit is designed to allow product developers to evaluate electronic components, circuitry, or software
associated with the kit to determine whether to incorporate such items in a finished product and software developers to write
software applications for use with the end product. This kit is not a finished product and when assembled may not be resold or
otherwise marketed unless all required FCC equipment authorizations are first obtained. Operation is subject to the condition
that this product not cause harmful interference to licensed radio stations and that this product accept harmful interference.
Unless the assembled kit is designed to operate under part 15, part 18 or part 95 of this chapter, the operator of the kit must
operate under the authority of an FCC license holder or must secure an experimental authorization under part 5 of this chapter.

3.1.2 For EVMs annotated as FCC — FEDERAL COMMUNICATIONS COMMISSION Part 15 Compliant:

CAUTION

This device complies with part 15 of the FCC Rules. Operation is subject to the following two conditions: (1) This device may not
cause harmful interference, and (2) this device must accept any interference received, including interference that may cause
undesired operation.

Changes or modifications not expressly approved by the party responsible for compliance could void the user's authority to
operate the equipment.

FCC Interference Statement for Class A EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference when the equipment is
operated in a commercial environment. This equipment generates, uses, and can radiate radio frequency energy and, if not
installed and used in accordance with the instruction manual, may cause harmful interference to radio communications.
Operation of this equipment in a residential area is likely to cause harmful interference in which case the user will be required to
correct the interference at his own expense.

FCC Interference Statement for Class B EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference in a residential
installation. This equipment generates, uses and can radiate radio frequency energy and, if not installed and used in accordance
with the instructions, may cause harmful interference to radio communications. However, there is no guarantee that interference
will not occur in a particular installation. If this equipment does cause harmful interference to radio or television reception, which
can be determined by turning the equipment off and on, the user is encouraged to try to correct the interference by one or more
of the following measures:

« Reorient or relocate the receiving antenna.

« Increase the separation between the equipment and receiver.

« Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.
« Consult the dealer or an experienced radio/TV technician for help.

Canada
3.2.1 For EVMs issued with an Industry Canada Certificate of Conformance to RSS-210 or RSS-247
Concerning EVMs Including Radio Transmitters:
This device complies with Industry Canada license-exempt RSSs. Operation is subject to the following two conditions:

(1) this device may not cause interference, and (2) this device must accept any interference, including interference that may
cause undesired operation of the device.

Concernant les EVMs avec appareils radio:

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de licence. L'exploitation
est autorisée aux deux conditions suivantes: (1) I'appareil ne doit pas produire de brouillage, et (2) l'utilisateur de I'appareil doit
accepter tout brouillage radioélectrique subi, méme si le brouillage est susceptible d'en compromettre le fonctionnement.

Concerning EVMs Including Detachable Antennas:

Under Industry Canada regulations, this radio transmitter may only operate using an antenna of a type and maximum (or lesser)
gain approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type
and its gain should be so chosen that the equivalent isotropically radiated power (e.i.r.p.) is not more than that necessary for
successful communication. This radio transmitter has been approved by Industry Canada to operate with the antenna types
listed in the user guide with the maximum permissible gain and required antenna impedance for each antenna type indicated.
Antenna types not included in this list, having a gain greater than the maximum gain indicated for that type, are strictly prohibited
for use with this device.
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3.3

Concernant les EVMs avec antennes détachables

Conformément a la réglementation d'Industrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et
d'un gain maximal (ou inférieur) approuvé pour I'émetteur par Industrie Canada. Dans le but de réduire les risques de brouillage
radioélectrique a l'intention des autres utilisateurs, il faut choisir le type d'antenne et son gain de sorte que la puissance isotrope
rayonnée équivalente (p.i.r.e.) ne dépasse pas lintensité nécessaire a I'établissement d'une communication satisfaisante. Le
présent émetteur radio a été approuvé par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le
manuel d'usage et ayant un gain admissible maximal et lI'impédance requise pour chaque type d'antenne. Les types d'antenne
non inclus dans cette liste, ou dont le gain est supérieur au gain maximal indiqué, sont strictement interdits pour I'exploitation de
I'émetteur
Japan
3.3.1 Notice for EVMs delivered in Japan: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page HZAEMAIC
BAThBEAETY M, R—RIZDOVTRE, ROEZHEZEBIEEL,
http://www_tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page

3.3.2 Notice for Users of EVMs Considered “Radio Frequency Products” in Japan: EVMs entering Japan may not be certified
by Tl as conforming to Technical Regulations of Radio Law of Japan.

If User uses EVMs in Japan, not certified to Technical Regulations of Radio Law of Japan, User is required to follow the
instructions set forth by Radio Law of Japan, which includes, but is not limited to, the instructions below with respect to EVMs
(which for the avoidance of doubt are stated strictly for convenience and should be verified by User):

1. Use EVMs in a shielded room or any other test facility as defined in the notification #173 issued by Ministry of Internal
Affairs and Communications on March 28, 2006, based on Sub-section 1.1 of Article 6 of the Ministry’s Rule for
Enforcement of Radio Law of Japan,

2. Use EVMs only after User obtains the license of Test Radio Station as provided in Radio Law of Japan with respect to
EVMs, or

3. Use of EVMs only after User obtains the Technical Regulations Conformity Certification as provided in Radio Law of Japan
with respect to EVMs. Also, do not transfer EVMs, unless User gives the same notice above to the transferee. Please note
that if User does not follow the instructions above, User will be subject to penalties of Radio Law of Japan.
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PAYNX Y HA LM

REBHMEXEHMBCOTE24&E 15
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3.3.3 Notice for EVMs for Power Line Communication: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page

ENBRMERBECOVTOBERTY REBEVICEIBOEEBEICOVTR, ROEIBREIBEBSEEV, hitp/
/www.tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page

3.4 European Union

3.4.1 For EVMs subject to EU Directive 2014/30/EU (Electromagnetic Compatibility Directive):

This is a class A product intended for use in environments other than domestic environments that are connected to a
low-voltage power-supply network that supplies buildings used for domestic purposes. In a domestic environment this
product may cause radio interference in which case the user may be required to take adequate measures.
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4 EVM Use Restrictions and Warnings:

4.1 EVMS ARE NOT FOR USE IN FUNCTIONAL SAFETY AND/OR SAFETY CRITICAL EVALUATIONS, INCLUDING BUT NOT
LIMITED TO EVALUATIONS OF LIFE SUPPORT APPLICATIONS.

4.2 User must read and apply the user guide and other available documentation provided by Tl regarding the EVM prior to handling
or using the EVM, including without limitation any warning or restriction notices. The notices contain important safety information
related to, for example, temperatures and voltages.

4.3 Safety-Related Warnings and Restrictions:

4.3.1 User shall operate the EVM within TI's recommended specifications and environmental considerations stated in the user
guide, other available documentation provided by TI, and any other applicable requirements and employ reasonable and
customary safeguards. Exceeding the specified performance ratings and specifications (including but not limited to input
and output voltage, current, power, and environmental ranges) for the EVM may cause personal injury or death, or
property damage. If there are questions concerning performance ratings and specifications, User should contact a Tl
field representative prior to connecting interface electronics including input power and intended loads. Any loads applied
outside of the specified output range may also result in unintended and/or inaccurate operation and/or possible
permanent damage to the EVM and/or interface electronics. Please consult the EVM user guide prior to connecting any
load to the EVM output. If there is uncertainty as to the load specification, please contact a Tl field representative.
During normal operation, even with the inputs and outputs kept within the specified allowable ranges, some circuit
components may have elevated case temperatures. These components include but are not limited to linear regulators,
switching transistors, pass transistors, current sense resistors, and heat sinks, which can be identified using the
information in the associated documentation. When working with the EVM, please be aware that the EVM may become
very warm.

4.3.2 EVMs are intended solely for use by technically qualified, professional electronics experts who are familiar with the
dangers and application risks associated with handling electrical mechanical components, systems, and subsystems.
User assumes all responsibility and liability for proper and safe handling and use of the EVM by User or its employees,
affiliates, contractors or designees. User assumes all responsibility and liability to ensure that any interfaces (electronic
and/or mechanical) between the EVM and any human body are designed with suitable isolation and means to safely
limit accessible leakage currents to minimize the risk of electrical shock hazard. User assumes all responsibility and
liability for any improper or unsafe handling or use of the EVM by User or its employees, affiliates, contractors or
designees.

4.4 User assumes all responsibility and liability to determine whether the EVM is subject to any applicable international, federal,
state, or local laws and regulations related to User's handling and use of the EVM and, if applicable, User assumes all
responsibility and liability for compliance in all respects with such laws and regulations. User assumes all responsibility and
liability for proper disposal and recycling of the EVM consistent with all applicable international, federal, state, and local
requirements.

5. Accuracy of Information: To the extent Tl provides information on the availability and function of EVMs, Tl attempts to be as accurate
as possible. However, Tl does not warrant the accuracy of EVM descriptions, EVM availability or other information on its websites as
accurate, complete, reliable, current, or error-free.

6. Disclaimers:

6.1 EXCEPT AS SET FORTH ABOVE, EVMS AND ANY MATERIALS PROVIDED WITH THE EVM (INCLUDING, BUT NOT
LIMITED TO, REFERENCE DESIGNS AND THE DESIGN OF THE EVM ITSELF) ARE PROVIDED "AS IS" AND "WITH ALL
FAULTS." Tl DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR IMPLIED, REGARDING SUCH ITEMS, INCLUDING BUT
NOT LIMITED TO ANY EPIDEMIC FAILURE WARRANTY OR IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF ANY THIRD PARTY PATENTS, COPYRIGHTS, TRADE
SECRETS OR OTHER INTELLECTUAL PROPERTY RIGHTS.

6.2 EXCEPT FOR THE LIMITED RIGHT TO USE THE EVM SET FORTH HEREIN, NOTHING IN THESE TERMS SHALL BE
CONSTRUED AS GRANTING OR CONFERRING ANY RIGHTS BY LICENSE, PATENT, OR ANY OTHER INDUSTRIAL OR
INTELLECTUAL PROPERTY RIGHT OF TI, ITS SUPPLIERS/LICENSORS OR ANY OTHER THIRD PARTY, TO USE THE
EVM IN ANY FINISHED END-USER OR READY-TO-USE FINAL PRODUCT, OR FOR ANY INVENTION, DISCOVERY OR
IMPROVEMENT, REGARDLESS OF WHEN MADE, CONCEIVED OR ACQUIRED.

7. USER'S INDEMNITY OBLIGATIONS AND REPRESENTATIONS. USER WILL DEFEND, INDEMNIFY AND HOLD TI, ITS
LICENSORS AND THEIR REPRESENTATIVES HARMLESS FROM AND AGAINST ANY AND ALL CLAIMS, DAMAGES, LOSSES,
EXPENSES, COSTS AND LIABILITIES (COLLECTIVELY, "CLAIMS") ARISING OUT OF OR IN CONNECTION WITH ANY
HANDLING OR USE OF THE EVM THAT IS NOT IN ACCORDANCE WITH THESE TERMS. THIS OBLIGATION SHALL APPLY
WHETHER CLAIMS ARISE UNDER STATUTE, REGULATION, OR THE LAW OF TORT, CONTRACT OR ANY OTHER LEGAL
THEORY, AND EVEN IF THE EVM FAILS TO PERFORM AS DESCRIBED OR EXPECTED.
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8.

10.

Limitations on Damages and Liability:

8.1

8.2

General Limitations. IN NO EVENT SHALL Tl BE LIABLE FOR ANY SPECIAL, COLLATERAL, INDIRECT, PUNITIVE,
INCIDENTAL, CONSEQUENTIAL, OR EXEMPLARY DAMAGES IN CONNECTION WITH OR ARISING OUT OF THESE
TERMS OR THE USE OF THE EVMS , REGARDLESS OF WHETHER Tl HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES. EXCLUDED DAMAGES INCLUDE, BUT ARE NOT LIMITED TO, COST OF REMOVAL OR
REINSTALLATION, ANCILLARY COSTS TO THE PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES, RETESTING,
OUTSIDE COMPUTER TIME, LABOR COSTS, LOSS OF GOODWILL, LOSS OF PROFITS, LOSS OF SAVINGS, LOSS OF
USE, LOSS OF DATA, OR BUSINESS INTERRUPTION. NO CLAIM, SUIT OR ACTION SHALL BE BROUGHT AGAINST TI
MORE THAN TWELVE (12) MONTHS AFTER THE EVENT THAT GAVE RISE TO THE CAUSE OF ACTION HAS
OCCURRED.

Specific Limitations. IN NO EVENT SHALL TI'S AGGREGATE LIABILITY FROM ANY USE OF AN EVM PROVIDED
HEREUNDER, INCLUDING FROM ANY WARRANTY, INDEMITY OR OTHER OBLIGATION ARISING OUT OF OR IN
CONNECTION WITH THESE TERMS, , EXCEED THE TOTAL AMOUNT PAID TO Tl BY USER FOR THE PARTICULAR
EVM(S) AT ISSUE DURING THE PRIOR TWELVE (12) MONTHS WITH RESPECT TO WHICH LOSSES OR DAMAGES ARE
CLAIMED. THE EXISTENCE OF MORE THAN ONE CLAIM SHALL NOT ENLARGE OR EXTEND THIS LIMIT.

Return Policy. Except as otherwise provided, Tl does not offer any refunds, returns, or exchanges. Furthermore, no return of EVM(s)

will be accepted if the package has been opened and no return of the EVM(s) will be accepted if they are damaged or otherwise not in
a resalable condition. If User feels it has been incorrectly charged for the EVM(s) it ordered or that delivery violates the applicable
order, User should contact TI. All refunds will be made in full within thirty (30) working days from the return of the components(s),
excluding any postage or packaging costs.

Governing Law: These terms and conditions shall be governed by and interpreted in accordance with the laws of the State of Texas,
without reference to conflict-of-laws principles. User agrees that non-exclusive jurisdiction for any dispute arising out of or relating to
these terms and conditions lies within courts located in the State of Texas and consents to venue in Dallas County, Texas.
Notwithstanding the foregoing, any judgment may be enforced in any United States or foreign court, and Tl may seek injunctive relief
in any United States or foreign court.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated
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