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Table 1. Ordering Information
EVM ID DEVICE ID DEVICE PACKAGE
LMKO03328EVM LMKO03328RHS QFN-48

1 Overview

The LMKO03328EVM evaluation module provides a complete clocking platform to evaluate the clock
performance and pin-/software-configuration modes and features of the Texas Instruments LMK03328
Ultra-Low-Jitter Clock Generator with Dual PLLs, 8 outputs, 2 inputs, and integrated EEPROM.

The LMKO03328EVM can be used as a flexible, multi-output clock source for compliance testing,
performance evaluation, and initial system prototyping. The onboard edge-launch SMA ports provide
access to the LMK03328 clock inputs and outputs for interfacing to test equipment and reference boards
using commercially available coaxial cables, adapters, or baluns (not included). This connectivity enables
integrated system level testing between TI's LMK03328 and third-party FPGA/ASIC/SoC reference
boards. A software graphical user interface (GUI) platform can be installed on a Host PC to access the
LMKO03328 device registers and EEPROM via the on-board USB-to-12C interface. The GUI platform can
also be used to export / import Register and EEPROM data files to facilitate factory or in-system
programming of custom device configurations.

2 Features

» Two independent clock domains in Dual PLL operation for clocking multiple interface
standards/protocols

» Outputs up to 8 pairs of Differential or 1.8V LVCMOS clocks, or any combination of both
— 100 Q differential and 50 Q single-ended output drivers
e PLLs can lock to a common reference clock or two separate reference clocks
— Differential / single-ended clock or crystal input (50 MHz crystal on-board)
— Automatic or pin-controlled input selection
» Flexible pin modes offers multiple start-up register configuration (jumper selectable)
— Soft Pin Modes: 6 pre-programmed settings in EEPROM (100+ programming cycles)
— Hard Pin Modes: 64 predefined settings in ROM
— Register Default Mode
* Clock frequency margining
— Up to £50 ppm adjustment of output frequencies via on-board pullable crystal

» Jumper-configurable power using direct or on-board regulator supplies: VDD = 3.3V, VDDO =
1.8/2.5/3.3V

e GUI platform for full access to device registers and EEPROM
e On-board USB-to-12C programming interface
» LEDs indicators: Loss of Reference and Lock Detection per PLL, and USB / 12C activity
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3 Modes of Operation

The LMK03328 can be configured to start-up in one of three modes upon power-on/reset (POR). The
mode of operation and associated control pins determine which on-chip memory type and memory page
settings are used to initialize the active registers to configure the Input, PLL, Output, Device Control, and
Status blocks for full operation:

1. Soft Pin Modes (EVM Default) — Loads all registers with one of the 6 page settings in EEPROM. In
the EVM-default EEPROM image, all 6 EEPROM pages have pre-programmed register settings to
demonstrate the various clock configurations in Soft Pin Mode using the default EVM hardware. The
EEPROM settings can be easily re-programmed by the user through the GUI platform.

2. Hard Pin Modes — Loads all registers from one of the 64 page settings in ROM. All 64 ROM pages
are “hard-coded” with predefined register settings by TI.

NOTE: Referto the ROM page configurations for Hard Pin Mode in the LMK03328 datasheet. Some
ROM page settings may not operate with the default EVM configuration, and modification of
the EVM may be necessary to operate the intended mode. EVM modification areas may
include the crystal (Y1), PRIREF / SECREF input interfaces, OUT / STATUS output
interfaces, and PLL1 / PLL2 loop filter C2 capacitor selection (switches S1 / S2).

3. Register Default Mode — Loads all registers from the register default setting. The Register Default
Mode is hard-coded with predefined settings.

NOTE: Refer to the Register Default Mode in the LMK03328 datasheet. The Register Default Mode
will NOT operate using the on-board 50 MHz crystal (Y1) as the device expects a 25 MHz
reference input. To operate in Register Default Mode using a crystal input, Y1 must be
changed to a 25-MHz, 9-pF crystal (example P/N: TXC 7M25072001).

Once the LMKO03328 is start-up in any of these modes, the 12C interface is enabled to provide (optional)
access to all device register for full control of the LMK03328 settings. For convenience, a USB-to-12C
interface is integrated on-board and can be controlled by the GUI platform.

4 Configuring the EVM

The LMK03328 is a highly-configurable clock generator with multiple power domains and input & output
clock domains. To support a wide range of evaluation use cases, the EVM was designed for maximum
flexibility so it has more functionality than actually needed to implement the clock solution in a typical
system application.

This section describes the jumpers and connectors on the EVM, as well as how to connect, set-up, and
use the LMKO03328EVM. When operating the LMK03328EVM, the power supply, clock inputs, and clock
outputs can be connected to the SMA ports shown in Figure 2. These SMA ports are labeled in the top
silkscreen layer.
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Figure 2. Power, Input, and Output Connections
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4.1

Configuring the Power Supply

The LMKO03328 has four analog/digital VDD core supply pins that operate from 3.3V (+/- 5%) and six
VDDO output supply pins that operate from 1.8V to 3.3V (+/- 5%). The VDD and VDDO power planes on
the EVM can be powered from a single supply (3.3 V) or dual supplies (3.3 V and 1.8/2.5/3.3 V). Each
plane can be powered directly from an external supply or an on-board LDO regulator. Although the
LMKO03328 has integrated LDO regulators for excellent power-supply-ripple-rejection (PSRR), the EVM’s
on-board regulators (U3 & U4) can allow a higher supply voltage (like 5 V) to power the EVM and jumper-
selection of the VDDO voltage. The direct external supplies or on-board regulator supplies can be
independently routed for the VDD and VDDO planes by configuring the power terminals and jumpers
shown in Figure 3.

J3 (PWR) is the main power terminal block for the EVM for connecting power and GND leads from an
external power supply. Power SMA ports EXTVDD (J1) and EXTVDDO (J3) provide an alternative
connector style to apply power using coax cables.

NOTE: Some power connections will NOT be used or required to operate the EVM.

vDDO

LDOIN
(JP1)

PWR LDOSEL
(J3)  (JPB)

Figure 3. Power Terminals and Jumpers
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Table 2 summarizes the EVM power configurations to connect and route power to the VDD and VDDO
supply domains of the LMK03328. Refer to Section 7 for more details.

Table 2. Power Configurations

On-board Regulators

CONNECTION NAME (Default) Direct Single Supply Direct Dual Supply
LMK03328
VDD pins VDDIx] 3.3V 33V 33V
LMK03328
VDDO pins VDDOIX] 1.8/25/33V 33V 18/25/33V
J1 EXTVDD Alternative SMA power connection to J3 pins 1 & 3
J2 EXTVDDO Alternative SMA power connection to J3 pins 2 & 3
-Pin 1 (EXTVDD): Connectto | -Pin 1 (EXTVDD): Connect to éPéT\}S(Eg(J;/DD): Connect to
5-V supply 3.3-V supply o .
J3 PWR -Pin 2: N/A -Pin 2: N/A 1Pé”/22(5E;(;\§?/DS?J)b§;””eCt o
;Em I3 (GND): Connect to GND -sllDJm ? (GND): Connect to GND “Pin 3 (GND): Connect to GND
pply pply supply
Tie pins 2-3:
JP1® LDOIN Selects 5 V from EXTVDD to N/A N/A
operate regulators
Tie pins 1-2: Tie pins 2-3: Tie pins 2-3:
JP2 VDD - Selects 3.3 V directly from Selects 3.3 V directly from
Selects VDD = 3.3 V from U3 EXTVDD EXTVDD
Tie pins 1-2: Tie pins 2-4: Tie pins 2-3:
JP3 & J4®@ VDDO Selects VYDDO =1.8/2.5/3.3 P Selects 1.8/2.5/3.3V
V from U4 Selects 3.3 V from VDD directly from EXTVDDO
-Open (JP8 Default):
Selects VDDO = 1.8V
-Tie pins 1-2:
JP8 LDOSEL (U4) Selects VDDO = 3.3 V N/A N/A
-Tie pins 2-3:

Selects VDDO =25V

@ In typical configurations, the LMK03328EVM can consume more current than USB 2.0 limit of 0.5 A. Thus, it is advised to not
use the USB5V rail to power the on-board LDO regulators (i.e. do not tie pins 1-2 on JP1), unless the LMK03328 device
configuration and peripheral circuitry are assured to never exceed 0.5 A current limit set by the TPS2553 USB switch (U10). The
LMKO03328 may not initialize / operate properly when current limited.

@ JP3 and J4 form a 3-way header where J4 is pin 4.

10
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4.2 Configuring the Control Pins

The LMK03328 has multiple external control pins to configure the operating mode and initial settings on
POR (see Section 3). Depending on the selected mode, some control pins will change between 2-level, 3-
level, or 8-level input scheme to increase the amount of control with a limited number of pins.

The LMK03328 control pins can be configured through the jumpers and switches shown in Figure 4.

I
GY (o] Gl ] (] (]
J28 2 '_ﬁ: T I X T I =
(TP Access) r 2 8 ¢ 8 8§ & 8

P

]

L)

B

: ) :‘l \n
- ey o
"'_:Il::j___-I
a

X0 MARGIN
{GPIOS)

PDN SYNC
(GPIOD)

Figure 4. Control Pin Interfaces (Default Jumper Settings)

Jumpers JP17 through JP24 can be used to configure the corresponding control pin to either high or low
state by strapping the center pin to “HI” position (tie pins 1-2) or “LO” position (tie pins 2-3), respectively.

Jumpers JP17, JP20, JP21, and JP22 can be used to configure the control pin with 3-level input scheme,
where Vo < 0.4V, Vyp ~ 0.9V, V,, > 1.4V. Each of these 4 jumpers use a resistor divider network to bias
the control pin to a mid-level state of 0.9 V, when the jumper is left open (“MID” position).

The LMK03328 control pins perform different functions depending on the mode of operation.

* For Soft Pin Modes or Register Default Mode, refer to Table 3 for jumper and switch descriptions.

e For Hard Pin Modes, refer to Table 4. Jumpers not listed in Table 4 have identical functions described
in Table 3.
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Table 3. Control Pin Interfaces for Soft Pin Mode or Register Default Mode (JP18 HWCTRL = LO)

NAME
COMPONENT (TYPE) DESCRIPTION
Hardware / Software Control (HW_SW_CTRL) pin
HWCTRL state is sampled on POR and determines the mode of operation.
HWCTRL STATE OPERATING MODE
LO Soft Pin Mode or Register Default Mode
P18 HWCTRL (3P Default) GPIO[3:2] plr?s adredalso sa_mpledfon POR to determ(ljnef: thle initial
(2-level input) page setting loaded to registers (from EEPROM or default).
Hard Pin Mode
GPIOI[5:0] pins are also sampled on POR to determine the initial
HI page setting loaded to registers (from ROM).
See Table 4: Control Pin Interfaces for Hard Pin Mode (JP18
HWCTRL = HI)
Reference Select (REFSEL) pin for PLL1 and PLL2 Input Muxes
RSEL selects the PLL1 and PLL2 reference input when “Pin Select” is configured by the INSEL_PLL1 or
INSEL_PLL2 register bits (R50[1:0] and R50[3:2]).
PLL1 REF INPUT PLL2 REF INPUT
®
RSEL STATE (INSEL_PLL1=Pin Select) (INSEL_PLL2=Pin Select)
LO PRIREF SECREF
JP17 RSEL @
(3-level input) MID Auto Select SECREF
HI ® ®
(JP Default) Auto Select Auto Select
) RSEL is ignored when INSEL_PLLx bits # 01b.
@ In Auto Select mode, PRIREF is prioritized over SECREF when a valid signal is detected by the on-
chip reference detector logic. To use the SECREF input in Auto Select mode, the input signal to
PRIREF must be made invalid (disabled or disconnected).
SYNC pin (active low)
GPIOO0 can be used to mute the output clocks (when asserted) and trigger output divider
synchronization (when de-asserted) if synchronization is permitted by the SYNC_MUTE,
PLL1_SYNC_EN, and PLL2_SYNC_EN register bits.
GPIOO GPIOO STATE SYNC OPERATION
JP19 (2-level input) —
LO Assert SYNC: Outputs muted, dividers in reset
HI i
(3P Default) Normal output operation
SYNC can also be asserted when switch S4 is pressed.
I2C Slave Address LSB Select pin
GPIO1 is sampled on POR to configure the lower 2 bits of the 7-bit slave address. The upper 5 bits of
the slave address are initialized from EEPROM (SLAVEADR([7:3] = 10101b). By configuring GPIO1, the
composite slave address can be selected as follows:
7-BIT SLAVE ADDRESS
GPIO1 GPIO1 STATE )
JP20 (3-level input) (excludes W/R bit)
LO
(3P Default) 1010100b / Ox54
MID 1010101b / Ox55
HI 1010111b / Ox57
12 LMKO03328EVM User's Guide SNAU184—-August 2015
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Table 3. Control Pin Interfaces for Soft Pin Mode or Register Default Mode (JP18 HWCTRL =

LO) (continued)

NAME

COMPONENT (TYPE)

DESCRIPTION

GPI02
GPIO3
(3-level inputs)

JP21
JP22

Page Select pins for Soft Pin Mode or Register Default Mode
With HWCTRL = LO, GPIO[3:2] pins are sampled on POR and select the EEPROM page or Register
Default settings to initialize the registers as follows:

GPIO3 STATE | GPIO2 STATE DEVICE MODE / PAGE SELECT® @

LO LO Soft Pin Mode, EEPROM Page 0

LO MID Soft Pin Mode, EEPROM Page 1

LO HI Soft Pin Mode, EEPROM Page 2

HI LO Soft Pin Mode, EEPROM Page 3

HI MID Soft Pin Mode, EEPROM Page 4

HI HI

(JP Default) (JP Default) Soft Pin Mode, EEPROM Page 5

MID MID Register Default Mode

@ Refer to Table 6 for Soft Pin Mode configurations pre-programmed to the EEPROM for EVM
demonstration purposes.

@ Register Default Mode will not operate using the on-board 50 MHz crystal (Y1) as the device expects
a 25 MHz reference input. To use Register Default Mode with a crystal input, Y1 must be changed to a
25-MHz 9-pF crystal (example P/N: TXC 7M25072001).

GPI104

Jp23 (2-level input)

XTAL Frequency Margining Enable pin
GPIO4 can be used to enabled the XTAL frequency margining when permitted by the
MARGIN_OPTION register setting (R86[3:2]) as follows:

XO MARGIN PIN CONTROL

GPIO4 STATE MARGIN_OPTION=00b

MARGIN_OPTION=01b (Default)

XO Margining is enabled.
GPIO5 pin selects XO Margining
offset.®

LO XO Margining is enabled.

GPIO5 pin selects XO Margining

HI offset. @
(JP Default)

XO Margining disabled.
GPIOS5 pin is ignored. @

@ See the description for JP24 (GPI05) and switch S5 (XO MARGIN).
@ XOOFFSET_STEP4 register setting sets the XTAL load capacitance

GPIO5

Jp24 (8-level input)

XTAL Frequency Margining Offset Select pin

GPIO5 can be used to select the one of the 8 on-chip XTAL load capacitance settings on the crystal
input (SECREF input) when XTAL frequency margining is enabled by the MARGIN_OPTION register
and JP23 setting (GPIO4). The 8 load capacitance settings are programmable (by XOOFFSET_STEP#
register settings) and initialized from the selected operating mode/page setting. The 8-level input state
can be configured by selecting one of the pull-down resistors through switch S5.

By default, JP24 is left open, so switch S5 can be used to set the frequency margining offset. See the
description for S5 (XO MARGIN).

S4 SYNC

SYNC push-button switch
When pressed, the GPIOO pin is pulled down to assert SYNC.

SNAU184—August 2015
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Table 3. Control Pin Interfaces for Soft Pin Mode or Register Default Mode (JP18 HWCTRL =

LO) (continued)

NAME
COMPONENT (TYPE) DESCRIPTION
XTAL Frequency Margining Offset Resistor switch bank
If the XTAL input is used as the PLL reference, the PLL and its output clocks will track the frequency
offset of the XTAL.
When JP24 is open and JP23 is low, switch S5 can be used to configure one of the 8 pull-down
resistors (RPD) on GPIO5 and select the corresponding XTAL load capacitance and frequency offset
(STEP1 to 8) as follows:
XO XO OFFSET
S5 Position OFFSET_STEP _STEP# Nominal Freq.
ON @ GPIOS RPD | GPIOS Voltage | ™, Register Setting (dec) Offset @
Control @
Pos. 1 0Q o0V STEP1 227 +50 ppm
XO MARGIN
S5 (8-position Pos. 2 2.32 kQ 0.2V STEP2 306 +25 ppm
SPST switch) Pos. 3 5.62 kQ 04V STEP3 345 +15 ppm
Pos. 4
(Default) 10.5 kQ 0.6V STEP4 412 0 ppm
Pos. 5 18.7 kQ 0.8V STEPS 494 -15 ppm
Pos. 6 34.8 kQ 1.0V STEP6 558 -25 ppm
Pos. 7 84.5 kQ 1.2V STEP7 676 -40 ppm
Pos. 8 open 1.4V STEPS8 778 -50 ppm
@ Only one position should be ON at a time (all others are OFF).
@ Applies only to Soft Pin Mode using the EVM’s default EEPROM settings optimized for a 9-pF crystall.
For Register Default Mode, refer to the datasheet for the default XOOFFSET_STEP# register settings.
PDN push-button switch
When pressed, the device PDN pin (active low) is pulled down to power-down the device. When
released, the PDN pin is pulled high to trigger the POR sequence, initialize the registers per the
PDN selected operating mode, and begin normal operation.
S6 (2-level input) PDN STATE DEVICE OPERATION
Power-down mode
LO (Pushed) (I12C interface disabled)
HI (Released) Normal operation
USB port (Mini-B type)
Using the GUI platform, USB controller (U8) provides the USB-to-12C interface to manage the
127 USB LMKO03328 device registers and EEPROM. When USB communication is established with a Host PC
running the GUI, LED D10 should be lit solid green.
By default, the USB port powers LDO regulator U9 to supply 3.3 V power for the MCU and its peripheral
circuitry.
Optional Test Point Access to I12C and Control pins
Pin 1: SDA Pin 2: SCL
J28 Pin 4: N/C Pin 3: N/C
U2A _ -
(not populated) Pin 5: GND Pin 6: N/C
Pin 7: REFSEL Pin 8: HW_SW_CTRL
Pin 9: PDN Pin 10: GPIOO

14 LMKO03328EVM User's Guide
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Table 4. Control Pin Interfaces for Hard Pin Mode (JP18 HWCTRL = HI)®®@

NAME
COMPONENT (TYPE) DESCRIPTION
Page Select pins for Hard Pin Mode
GPIO[5:0] pins are sampled on POR and select the ROM page
settings to initialize the registers as follows:
GPIO[5:0] STATES® DEVICE MODE / PAGE SELECT
000000 Hard Pin Mode, ROM Page 0
JP19 gg:gg 000001 Hard Pin Mode, ROM Page 1
ng? GPIO2 000010 Hard Pin Mode, ROM Page 2
ap22 gg:gi 000011 Hard Pin Mode, ROM Page 3
Jp23 GPIO5 000100 Hard Pin Mode, ROM Page 4
JP24 .
(2-level inputs)
111101 Hard Pin Mode, ROM Page 61
111101 Hard Pin Mode, ROM Page 61
111110 Hard Pin Mode, ROM Page 62
111111 Hard Pin Mode, ROM Page 63
S4 SYNC Not used for Hard Pin Mode.
S5 XO MARGIN Not used for Hard Pin Mode. Set all switch position to OFF.

@ Jumpers not listed in Table 4 are identical to functions described in Table 3.

@ Refer to the ROM page configurations for Hard Pin Mode in the LMK03328 datasheet. These settings may not operate with the default
EVM configuration, and modification of the EVM hardware may be required to operate the intended Hard Pin Mode configuration. EVM
modification areas may include the crystal (Y1), PRIREF / SECREF input interfaces, OUT / STATUS output interfaces, and PLL1 / PLL2
loop filter C2 capacitor selection (switches S1/ S2).

®  GPIO[5:0] values are BCD representation of the ROM Page value.

4.3 Configuring the PLL Loop Filters

Each PLL of the LMK03328 has configurable PLL loop bandwidth with most loop filter components
integrated on-chip (C1, R2, C3, and R3). Only one loop filter capacitor, C2, needs to be connected
externally to LF1 (pin 34) for PLL1 and LF2 (pin 29) for PLL2.

LF1 and LF2 pins are each connected to 3-position SPST switches S1 and S2, respectively. This
conveniently allows the user to select between one of three C2 values per Table 5. The C2 values were
chosen to work well for different PLL modes / loop bandwidths (BW).

Table 5. PLL Loop Filter C2 Selection

COMPONENT NAME DESCRIPTION

PLL1 Loop Filter C2 Capacitor Select
S1 Position ON @ C2 value Intended PLL Mode (Loop BW)

- LF1 Pos. A 3300 pF Integer-N (Wide, >100 kHz)
Pos. B 0.033 uF Fractional-N (Med, <100 kHz)
Pos. C 22 uF Jitter Cleaner (Narrow, <1 kHz)
@ Only one position should be ON at a time (all others are OFF).

S92 LE2 PLL2 Loop Filter C2 Capacitor Select
S2 has the same capacitor selection table as above for S1.
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4.4

Configuring the Reference Inputs

The LMK03328 has two reference input pairs, PRIREF and SECREF, which can be configured to accept
single-ended clock input, differential clock input, or crystal input (SECREF only). The input SMAs labeled
PRI_P and PRI_N are routed to the PRIREF inputs, and SMAs labeled SEC_P and SEC_N are routed to
the SECREF inputs. Both SMA input pairs are routed using 50-ohm single-ended traces to the input pins
of the chip.

The PRI_P and PRI_N input SMAs are DC-coupled on the EVM and have no on-board terminations at the
PRIREF input pins (high impedance inputs). By default, a LVCMOS clock input with 1.5V to 3.3V levels
can be connected to the PRI_P input for DC-coupling to the PRIREF_P input (assumes the LVCMOS
driver is source-terminated). The unused complementary input (PRIREF_N) can be tied to GND. If a
differential clock source is required, LMK03328 supports programmable input termination and common-
mode biasing options (through 200 kohm internal bias resistors) for either DC- or AC-coupled inputs.

The SECREF input pins of the LMK03328 can accept a fundamental-mode crystal for the internal crystal
oscillator circuit. By default, R40 and R41 are installed to enable the onboard 50-MHz crystal (Y1), which
can be selected as the PLL reference input when using the Soft Pin Mode configurations listed in Table 6.
If a different crystal is required for the intended configuration (e.g. Register Default or Hard Pin mode
configurations), remove the original crystal on Y1 and install the new part. The new part should comply
with the recommended crystal characteristics specified in the LMK03328 datasheet. If using a crystal with
high load capacitance spec (e.g. 18 pF), external trim capacitors may be installed on C58 and C59 to
supplement the on-chip load capacitance.

The SECREF_P and SECREF_N input SMAs are AC-coupled on the EVM and have 100-ohm center-
tapped differential termination near the inputs. The input common-mode voltage is biased to 1.2 V when
tying pins 1-2 on JP16. If using a differential clock input to SEC_P and SEC_N, remove R40 and R41 to
disconnect the crystal input path and install 0 ohms on R36 and R37. If using a LVCMOS clock input with
1.5V to 2.5V levels to SEC_P, remove R40 and R41 to isconnect the crystal path, install 0 ohms on C51
and C52, and remove R33 and R34 to provide a DC-coupled, high-impedance path to the SECREF_P
input (assumes the LVCMOS driver is source-terminated). The unused complementary input (SECREF_N)
can be tied to GND. If using a 3.3-V LVCMOS clock input to SECREF_P, a voltage divider network is
required, like shown in Figure 5, to comply with the maximum single-ended input swing of 2.6 V. The
resistive divider can be installed on R29 and R33 with the shunt resistor connected to GND by tying pins
2-3 of JP16.

3.3-V LVCMOS 1250 g per p
Driver LMK03328

Ro=500Q 3750

Figure 5. Interfacing a 3.3-V LVCMOS Clock Input to SECREF_P
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4.5

4.6

4.7

Configuring the Clock Outputs

All eight clock output pairs of LMK03328 are routed via 50-ohm single-ended traces to SMA ports
(OUT[7:0]_P/_N) through AC coupling capacitors. These outputs have series resistor (0-Q populated)
options. Each output pair supports AC-coupled Differential output levels with 400 mV (LVDS-like), 600 mV
(CML-like), and 800 mV (LVPECL-like) single-ended swing, HCSL output levels (programmable 50-Q on-
chip termination), and 1.8-V LVCMOS output levels. Each channel divider output bank has its own VDDO
output supply pin that operates from 1.8 V to 3.3 V. The on-chip LDOs provide regulated power to the
output channel and provide excellent PSRR. The LVCMOS output is limited to an output high level of 1.8
V even with VDDO of 2.5 V or 3.3 V, since the LDOs step-down the output driver supply to 1.8 V
internally.

Configuring the Status Outputs

The STATUSO and STATUSL1 outputs of LMK03328 are configured as 3.3-V LVCMOS by default and are
routed via 50-ohm single-ended traces to SMA ports (STATO and STAT1) through AC coupling capacitors.
The status pins can also be connected to yellow LEDs (D6 and D7) through switch S3 (2 positions) to
enable or disable visual indication of the status output states. When the switch position is ON, the LED will
be lit when the STATUS output state is logic low.

Using the USB Interface Connection

The on-board MSP430F5529 USB microcontroller (U8) provides an 12C host interface to the LMK03328
slave device. The device registers can be controlled via USB using the GUI platform running on a Host
PC.
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5 EVM Quick Start Guide

The following guide allows the user to quickly configure the LMKO03328 to evaluate any of the pre-
programmed Soft Pin Mode configurations.

1. Confirm the EVM Default power configuration is set per Table 2 / Figure 3 to power the LMK03328
using the on-board LDO regulators with VDD = 3.3 V and VDDO =1.8 V.

2. Connect the 5-V lead to EXTVDD (J3, pin 1) and ground lead to GND (J3, pin 3) from a 1A-capable
power supply, and enable the 5-V output.

3. Set the Control Pin jumpers to select the desired Soft Pin Mode configuration in Table 6.

4. To use the on-board XTAL on SECREF as the reference input to the PLLs, set JP17 = HI and do not
connect any input clock to PRIREF SMAs.

5. Toggle the PDN push-button switch to restart the device in the selected mode.

6. Observe any active output clock on OUT[7:0] SMA ports or STAT[1:0] SMA ports.

(a) All clock and status outputs are AC-coupled to the SMAs.

(b) Use 50-ohm coax cables to connect the test equipment to the output SMA ports. If making a single-
ended measurement on a differential output, terminate the unused SMA port with a 50-ohm load.

(c) Status LEDs, D6 & D7 (active low), can also be monitored for activity on STATUS pins when switch
S3is in the “ON” position.

7. Refer to the Soft Pin Mode Control Interfaces descriptions in Table 3 for configuration of PLL reference
input selection (JP17), output SYNC (switch S4), and XTAL frequency margining (JP23, JP24, and
switch S5).
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Table 6. Soft Pin Mode - EEPROM Page Configurations (EVM-Default EEPROM Image)

SECREF Input

XTAL on-board

XTAL on-board

XTAL on-board

XTAL on-board

XTAL on-board

EEPROM Page Page 0 Page 1 Page 2 Page 3 Page 4 Page 5
HWCTRL (JP18) Lo Lo Lo Lo LO LO
Jumper Setting
GPIO3 (JP22)
Jumper Setting LO LO LO HI HI HI
GPI102 (JP21) LO MID HI Lo MID HI
Jumper Setting
PRIREE Input 50 MHz 50 MHz 50 MHz 50 MHz 50 MHz 50 MHz
P LVCMOS LVCMOS LVCMOS LVCMOS LVCMOS LVCMOS
50 MHz 50 MHz 50 MHz 50 MHz 50 MHz 50 MHz

XTAL on-board

PLL1 Input Mux

Pin Control ®

Pin Control ®

Pin Control ®

Pin Control ®

Pin Control ®

Pin Control ®

PLL2 Input Mux

Pin Control ®

Pin Control ®

Pin Control ®

Pin Control ®

Pin Control ®

Pin Control ®

Integer mode

Integer mode

Integer mode

Integer mode

Integer mode

Integer mode

PLL1 PFD =100 MHz | PFD =100 MHz | PFD =100 MHz | PFD =100 MHz | PFD =100 MHz | PFD = 100 MHz
VCO =5.1 GHz VCO =5 GHz VCO =5 GHz VCO =5 GHz VCO =5 GHz VCO = 4.8 GHz
LF1 C2 Value 3300 pF 3300 pF 3300 pF 3300 pF 3300 pF 3300 pF
Integer mode E?St?q%lom,ﬁﬂi Integer mode
PLL2 PFD = 100 MHz VCO_- 4.97664 Disabled Disabled Disabled PFD = 100 MHz
VCO =5 GHz 0 VCO =5 GHz
GHz
LF2 C2 Value 3300 pF 0.033 uF N/A N/A N/A 3300 pF
ouTo 312.5 MHz 155.52 MHz 156.25 MHz 125 MHz 156.25 MHz 156.25 MHz
LVPECL LVPECL CML LVPECL LVPECL LVPECL
ouT1 312.5 MHz 155.52 MHz 156.25 MHz 125 MHz 156.25 MHz 156.25 MHz
LVPECL LVPECL CML LVPECL LVPECL LVPECL
oUT2 156.25 MHz 125 MHz 156.25 MHz 156.25 MHz 156.25 MHz 125 MHz
LVPECL LVPECL CML LVPECL LVPECL LVPECL
ouT3 156.25 MHz 125 MHz 156.25 MHz 156.25 MHz 156.25 MHz 125 MHz
LVPECL LVPECL CML LVPECL LVPECL LVPECL
ouT4 212.5 MHz 156.25 MHz 100 MHz 100 MHz 156.25 MHz 133.333 MHz
LVPECL LVPECL CML LVPECL LVPECL LVPECL
ouT5 212.5 MHz 100 MHz 50 MHz 125 MHz 125 MHz 133.333 MHz
LVPECL LVPECL LVPECL LVPECL LVPECL LVPECL
ouT6 106.25 MHz 100 MHz 25 MHz 156.25 MHz 125 MHz 100 MHz
LVPECL LVPECL LVPECL LVPECL LVPECL LVPECL
ouUT7 106.25 MHz 25 MHz 66.666 MHz 156.25 MHz 125 MHz 100 MHz
LVPECL LVCMOS(+/-) LVCMOS(+/-) LVPECL LVPECL LVPECL
STATUSO PLL1 loss of lock | PLL1 loss of lock | PLL1 loss of lock | PLL1 loss of lock | 25 MHz LVCMOS | PLL1 loss of lock
(active low) (active low) (active low) (active low) 3.3V (active high) (active low)
STATUS1 PLL2 loss of lock | PLL2 loss of lock | PLL2 loss of lock | PRIREF loss of | 25 MHz LVCMOS | PLL2 loss of lock
(active low) (active low) (active low) signal (active low) | 3.3V (active low) (active low)
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Figure 9. Layer 2
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Figure 10. Layer 3
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Figure 11. Layer 4

SNAU184—-August 2015 LMKO03328EVM User’s Guide 25

Submit Documentation Feedback
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU184

13 TEXAS
INSTRUMENTS

EVM Layout www.ti.com

°

®° °®q
©“ o0 ©
° °
°

© 00000 0 0

© @ 00 00 00 00 0

»BBo o0 000000

@ ..
o @g® ® 000
& o

© 0 000 0 0

© 00 000 0 0

°
°
) oo
P o%BB% 0 0 © °
°
° °
an%ﬁegoe@@
[ J ® ° O
°@® o ® ([ ]
0® %0 o
0 0 0 0 0 0 0 O

°

Figure 12. Layer 5

26 LMKO03328EVM User’s Guide SNAU184—-August 2015

Submit Documentation Feedback
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU184

13 TEXAS
INSTRUMENTS

www.ti.com EVM Layout

Figure 13. Layer 6

SNAU184—-August 2015 LMKO03328EVM User’s Guide 27

Submit Documentation Feedback
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU184

13 TEXAS
INSTRUMENTS

EVM Layout www.ti.com

o
000 000 0O

Figure 14. Layer 7

28 LMKO03328EVM User’s Guide SNAU184—-August 2015

Submit Documentation Feedback
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU184

13 TEXAS
INSTRUMENTS

www.ti.com EVM Layout

7 . 1 R N A e =t A\

,‘ﬂi M T

Figure 15. Layer 8 (Bottom Side, View from Top)

SNAU184—-August 2015 LMKO03328EVM User’s Guide 29

Submit Documentation Feedback
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU184

{i’ TEXAS
INSTRUMENTS

www.ti.com

EVM Layout

. .
° o
Q « °
.
D o e °
.
. e o o
D . .
.
e o o o
.
g .
.
. .
. .
. Y
. . o, .
. ®e .
. .
. .
. * .
. . e .
. o o
e .
.
.
« .
.
. « .
. . o .
. . o e
° .
. .
.
o, * . . .
. .
. . .
. . .
. . . .
. . « e
o o
.
.
. . .
.
e o o o .
. .
.
« ° °
LY *
. . . LY
o .
. . .
.
. . . * .
.
.
. .
. * e .
.
. .
. e o o
* .
. .

e o o o o
.
Q

. .

(o] *
- .

cENEE

JHEER T

T .

. [ 1]

Figure 16. Bottom Solder Mask

SNAU184—-August 2015

Submit Documentation Feedback

LMKO03328EVM User’s Guide

30

Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU184

J‘i; TEXAS
INSTRUMENTS

EVM Layout

www.ti.com

. .
.
o o
.
. .
.
.
.
.
.
.
. .
. )
* . . > .
o« o g2
. . . [oR=N=] ® .
o o o ® o 0 o 0 0 0 0 0 o o exeeTe o
. ] Oov o .
. u .
. . oo oo °*
Y e o, .
* .
.
= .
. @ .
)
e o o o °*
.
Cl
o . .

cl

-

.o

.

.

.

.

.

.

.

g e °

X .
=

m .

™ e
|

g* .
.

.

03‘.
. AR

DY oDo*o LY

aay riJqaave ane

. .
. .
. .
.
.
. . .
® e .
. e o
. °« e
* .
. > > @
TS
. P
.
LIS .
.
.
.
e .o .
o X
=
. m
« ™
|
. °=
.

ssug
NIV

9e334332

. .
"
3
®: .
a2 .
2. . B 4%
2 .
£
: : :
] . A
b3 . o .
5 . . A
5 .
.l . . D
. o
. . . . L4 ..'
. -- * LR N S . P 4
.. 0.0 . . e o . o
o« T e o] . o o o .
* . oI waaw Cee *
* o o Uuw eq=y
. .“aa.ﬁ.ﬂi_gn..!-._E% . .
o «C88 O ‘cmilgIS3 o
eMD L Dy o | s WSS e
o e
S ADDLITS » o paaa . (Mg .
O ~pp . ® * DL, % cmllgsg e
oo . o o v
. P o o cMHEIIg .
.
. .. oz B s millgrig e . ..
.o =%
ST Y5 mamaTst (W e e
. == . .
L% °  .nbDOS3 . S0 . ..
@ WONITN. °
. .w._m..w QUmmEETeTee, e et e . T
LB et L2 .. .
o e o o . o o o
o oaw B -
e o o o o o . * b . .
ﬂmQQQIIII_ . . . ° o
ST .
B ==
‘ 8o of Qum-_ °
. = .
0 B_S cgmame . . 3 ST
=0 e o o o e o o o .
.. 3 B..-" Sua o .
. g 3 R L.
. ¢ e 0 o o] ® e 0 0 e e e e o o
[ oo ot S Owaww. . ° R
* ee e SlmEEE.s, |, . . . oo
. . [ebeh) Kummam .
.
. 2
° o
o« e (o]
o
o e
o e
o e
o
. .
*  *BIR3crog
e oBIRYBIRg bDA
L oEenl
. o brestiee,
. . ooe
s
* * LR X ]
e ¢
©
e o B
=X
m
™
o . .
M.
. o
. .

Figure 17. Bottom Overlay

31

LMKO03328EVM User’s Guide

SNAU184—-August 2015

Submit Documentation Feedback

Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU184

EVM Layout

i3 TEXAS
INSTRUMENTS

www.ti.com

(all 8 sides>

I<—600. OO—>I<—3&][B]&?—>I

EVO R R ] OVOQV:}G Gge oyl {:VO o
o ¢ o oo O 00 © 9 oo O o
o @ o o o
o o o & o v
v o o oo e [+l o v o
[} o o
o o o o o
o o ° o S Vg
o o o
o
° o o © Vg
5 © LY ° an o
x o © o o
oo [e] o a s @00 A
o B soo0f® 4 @ o 4 o o
000D
o o g o o eov
o o [+ oo [+ (e o
o o © 5 Togo o
o o
o o o o o o
o o o ¢ v
< o o o 0 )
o < o o o o o o o
v @ [+ o ] o o ] o @ LRV
o s 0 ® 5 © o ° o o o OO o
] o o o @ o o oo o o
o o o o oMo o o v
I e © o ° ° @ o @ ° o o
] o © o © © o o °  og P
o ¢ 5 o ° 5 o g P - s Of o o o
2 o o v 5 v % @ v ol o ©ogQ o
o] o e} o o o o @ [+) o
o © o © o o =
o
o v Y v CoCO0C0O0D
oG
R ° g O@évg ox v @ O Ty o o o
v [y R @
o BBV v o000 0000
00 oo o §§ o & o o B Or::
o o 5 © o oo o
coo v o o Y, o o o
s O [l =] Q =] =] =] el < s} [+l [+l < [«] < [l
v o o o o oo o
6o © 0 000000000000 o oeo o O
@QOOO oo v &3:}% o O o o §0v§8v v
VOOOO 00000000000 o v % o % & 3 o
© © “ o o 0000 oD O
coo e g
o o o oeﬁ eeoeeo%@ o LI o o © o o o o
v o
SO oo o o
Co
v V o Oeoesogs@ 06593 %3@%‘%}3{9&00000 v o e
oo O o
* %
o v o o o, © V. VVV %%0 § ;1118%0000000081%000020 o o v o
v © v o O £ %O © 000 c ol
oo oo v o -] o
v o o o o o o o
o o
30000 o o o QGO o agao@@@@@o o o o o
0o © 0 COCOCODOO00C0000000 o o - o
ea® 0 0 o o o %vvv v
VGOOQ 000000 O0COO0DCODO DO OD o o
< o
COo g o o o o o oo % 00 g © o o o o
o o o
oo oo & xx X o o o@ © o ©
o ou gq° ev, @ o o
Oveo LR . o % w 0%, {:O o % 4
XX o o o
o o o P o o QO o o SeC g ¢ o o o o
SOGE O X 3o o o o °
XX o o o0 ©
o o VVVVYV ° oo oo 90,
é}{: VVVVYV X § "0{: o o o OO
X o o
o % © o X 5 o 0% HE OO o 5 @ “sooo00 %o
o 5 X B R o oo 2z v 7o v v oo o 2
X 3 . v © v, v voe v o ooo o
VO oV oV ov oV Voo 4 E o
o oo X X - o o o o vs
e o & X v o o O e Ho w © ° o e oo
o o ° g ol OO XX XX ¢ o o 6 vS
o o
oo 2 3 e o © o o 9
o o =
TOH W o o 00 o
° o MO o 5 [ERPe] [+) e} [+] o oV
o o
S L, oue, XX o OOGGOQV‘G
o X X go o C’OGGGGGDOQOQO
o o o
x B oo
{mg o o © 5 o o o vO
o O o L+ o o
o o e ovS
o o o = o o
o o, o o
< [+] [+} [+ s}
v o R © o v N
e 4 oo s ©
o o
o
[+) oVO GV{:G vo {:V o

<—1000 (m1>—>

Figure 18. Drill Drawing
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7 EVM Schematic

LMKO033x8 EVALUATION MODULE (EVM)

PCB DIMENSIONS, STACKUP, CONTROLLED IMPEDANCE

DIMENSIONS:

- OCTOGON shape with 3" sides with equal length

- Final PCB thickness 62 mil +/- 10%

STACKUP: 8 layers

--- Layer 1: Device layer with Digital routing, Signal/Power Jumpers/Switches, Crystal, RF microstrip traces from DUT to SMAs, Ground flood

== FR4: 7 mil
--- Layer 2: Ground Plane
= FR4: 7 mil
Layer 3: Ground Plane
== FR4: 5 mil

--- Layer 4: Digital and Power routing, Ground flood

===== FR4: 16 mil

er 5: Split Power plane
FR4: 5 mil

--- Layer 6: Ground Plane
=====FR406: 7 mil

--- Layer 7: Ground Plane

= FR406: 7 mil

--- Layer 8: RF microstrip traces from SMAs to DUT, Digital and Power routing, Ground flood

CONTROLLED IMPEDANCE TRACES:

-- EXTERNAL 11 mil traces to be 50 ohm Zo +/- 10%
-- INTERNAL 6 mil traces to be 50 ohm Zo +/- 10%

-- TOP 25 mil traces to be 50 ohm Zo +/- 10%, ref to Layer 3 (plane cutout on Layer 2)
-- BOTTOM 25 mil traces to be 50 ohm Zo +/- 10%, ref to Layer 6 (plane cutout on Layer 7)

GROUND VIA STITCHING:

-- Use ground vias with 100 mil spacing to stitch ground shielding around RF microstrip traces from DUT to SMAs.
-- Use ground vias with 400 mil spacing to stich ground planes/floods across the rest of board.

HARDWARE AND MARKINGS

LAYOUT NOTE:
Place 6 standoffs at corners of the board

H1 H4,

NY PMS 440 0025 PH NY PMS 440 0025 PH

H2 H5

_N‘Y'F'MS 440 0025 PH _NVPMS 440 0025 PH

H3 He

D D

NY PMS 440 0025 PH  NY PMS 440 0025 PH
PCB

LOGO one

Texas Instruments -

PCB ‘PCB

LOGO LOGO

Pb-Free Symbol  FCC disclaimer

PCB Number: SV601123
PCB Rev: A

H7.

1902C
Hg

1902C
HY

1902C

© &
1902C

H11

@ FiD2
1902C

H12

FID3
1902C

FID4

©®©

FID5

3
o
3

FID7

FID8
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POWER SUPPLY INPUTS

EXTVDD

EXTYDDO

LABEL PINS: DNP
1=33V
2=18-33V L
3=GND =
- VDD R
LABEL PINS:
1=USB R6
2=LDOIN 510
3=VIN <
LDOIN LDOIN §
J1 @
1 . EXTVDD D5
3.3-36V <V vooo
N ” | o Green
20V
= )
= Q1
BSS138
LDQVDD o
JP:
LABEL PINS: 1 =
1=LDO 2
2=VDD 3
3=EXT SH2_1-2
VDD VDD R VDD _Plane
DNP I
* R1 S
lm lcg lcm
10pF [ 1pF | pF
1206
A3y Vout = (I_load x Rshunt) x Gain + Vref
U1
3 V+ IN+
ADCO_6 5
c1  ADCO 6 4 oyr IN-
CApF TV @IA
2| GND REF a1
INA214BIDCK
VDD CURRENT MONITOR
LABEL PINS:
1=LDO 3-way Header Alignment
2=VDDO 1-pin header is adjacent to center pin of
3=EXT 3-pin header, and is the "4th" pin
4=VDD
VDDO VDDO R VDDO_Plane
J2
1833V 1 e EXTVDDO
20V
£33V
U2
3 V+
ADC1_6
c2  2DCl e oyr
0apF 1BV @A
2 eND
INAZ14BIDCK

VDDO CURRENT MONITOR

VDD CORE SUPPLY SELECTION & BYPASSING

VDDO

VDDO OUTPUT SUPPLY SELECTION & BYPASSING

8V (open): Ra=4.99k, Rb=3.92k
.99k, Rb=3.92k // 5.76k=2.33k

) Plane
R19 VDDOO1
j 0 DNP :P\
FB5
M v = s
c31 22000 ——c37 {==ca3 )
0.ApF 10uF 0.1pF,
LABEL PINS:

0402 0402
1=vbbo = = = =
2 = <JP NAME> = = = =
3=GND Place all 0.1u caps close to

buT
R20 VDDO23
o DNP T
FB6
ot 1

c32 220 0hm ——c3s ca4

0.ApF 10uF 0.1pF

0402 0402

R21 VDDO4
0 DNP
FB7
DNP ,

33 220 0hm ——c39 c45

0.4pF 10uF 0.1pF

0402 0402

R22 VDDOS
o DNP
FB8
DNP e
220 ohm

C34 C40 C46

0.1pF 0402 10uF 0.1uF

0402 0402

R23 VDDO6
DNP
FBY
DNP , e
Ca5 220 0hm ——c44 ca7
0.1pF 0402 10uF 0.1uF
0402 0402
R24 VDDO7
DNP
FB10
DNP ., e
cap 2200hm ¢4y c48
0.1pF 0402 10uF 0.1uF
0402 0402
USER NOTE:

Most applications may not require as many ferrite beads and decoupling / bypass caps. Multiple bypass caps in
parallel are used to provide low power supply impedance over a wide frequency range for general evaluation.

Aferrite bead and bulk cap may be shared to supply multiple output banks with the same PLL/frequency, but
each VDDO pin should have its own bypass cap.

Vout=3.3V: (short pins 1-2) Ra=4.99k, Rb=3.92k // 2.67k=1.59k

VDD _Plane
R9 VDDDIG
j 0 DNP :P\
FB1
DNP DNP . - N
1y 22000m _L 1
C15 220 ohn c21 c27
0.1pF 10pF 0.1pF,
LABEL PINS 0402 0u02)
2 = <JP NAME> = = = ~
3=GND Place all 0.1u close to DUT
R10 VDDIN
0 DNP T
FB2
S
c16 220 ohm ——c22 c28
0.1yF 0402 10pF 0.1yF
0402 0402
R11 VDDPLLI
0 DNP T
FB3
. B M v o 1
c17 220 ohm ——c23 c29
0.1uF 04 10pF 0.1yF
0402 0402
R12 VDDPLL2
0 DNP T
FB4
- B ot 1
c18 220 0 ——ca4 €30
0.1pF 04 10pF 0.1pF
0402 0402
3.3V REGULATOR
LDOIN LDOVDD
ouT e P
our (2T R13
R
@ 24.99k
33k FBISNS [a-2
4_GND o
1WF NR Rb iR14
S_{pAD c1e 1162
TPS7AB00TDRB To 01pF
.
1.8/2.5/3.3V REGULATOR
LDOIN LDOYDDO
u4
IN ouT (—L L
IN our 21
Ra $R15
e 4,99k
FBISNS o2
GND .
NR Rb iR16 IR17
2 PAD iczu 3.92k $5.76k $2.67k
TPS7AB001DRE Ta 01uF
P8
1_LDO SEL 3v3 0.8" (1 +Ra/Rb)
DNP o2
3 1DO SEL 2V5 5V (short pins 2-3): Ra
[DOSEL
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LOOP FILTER "C2" CAP SELECTION

DNP
LF1 R4z L 3 .
0 TF1 LABEL SW = PLL1 C2
s1B LABEL SW POSITIONS:
DNP o2 5 A=INT-N
tF° 8 = FRAC-N
s1c C = NARROW
= L3 o5 4
L ==C64 =—C66
0.033uF | 3300pF

Add Surface-Mount GND pad on top

side near Test Point USER NOTE:

"C2" Loop Filter Cap Selection Switches
Pos A: C2 = 3300 pF —- Integer-mode LBW
Pos B: C2 = 0.033 uF - Fractional-mode LBW

DNP oo Pos C: C2 = 22 uF — Narrow LBW (< 1 kHz)
LF2 R43 1 6
0 LABEL SW = PLL2 C2
LABEL SW POSITIONS:
DNP A=INT-N
B = FRAC-N
C = NARROW

=——=C65 67
0.033uF | 3300pF

LOOP FILTER LAYOUT NOTES:

- Use sufficient clearance on these noise-sensitive nodes (traces, vias, TPs) from dynamic signals
and power planes/traces.

- Connect loop filter caps to clean analog ground return path back to DUT.

PRIMARY REF INPUT LMKO033x8 DUT
50-ohm single-ended RF traces
VDDPLLI  VDDDIG )¢ VDDOO!  VDDO4  VDDO6
USER NOTE: , . ; § ;
By default, PRIREF SMA ports are DC-coupled to DUT inputs with programable on-chip termination. VDDELL2 [ VDRIN L VoD DIG vopo_o1 18| YPRO | VRROS | VhROT
Ls VDD_IN VDDO_23
gs VDD_PLL1 VDDO_4
5 ca VDD_PLL2 VDDO_5
AC PRI P VDDO_6
PRI_P ¢ c DIG 3 &
I Resistor CPItT— | SeDe, vDDO_7
o 0402 CPLL2 28 |cappiie outo_p (14 OUTO P
= OUTON 15 OUTO N
i C55 =—C856 =—=C57 _LF1 3 |\ ey 2
= 10uF | 10pF | 10pF_LF2____ 29 | 17_OUT1 P
PRI N Cs}»—w AC_PRIN [ I = = PRIREF P 6 e QUM |16 OUTT N
- Resistor VDD Planc DNP. DNP = = =  _PRIREEP 6| prirer_p
" 0 T { ! Place Caps close DUT pins  —PRIREE N_7 oJ pRIREF_N ourz_p -2 OUTZE
fo] <]
e R25 §VT—‘_I‘PR| / SECREF P 10, | spcrer p OUT2_N
= 4,32k Cs4 —SECREF N 11 ] secReEF N out3 P23 QUTS P
S 1 oa 2 OUTI N 22 OUT3 N
LABEL JP PINS: [ g 4 N >
1=VB1 . RSEL 8 39 OUT4 P
2=VT1 — ————————— REFSEL ouT4_P 38 OUTA N
: o R26 Place close DUT pins OUT4 N
3=GND 2.49k —HW CTRL 9 .f yw _sw_cTRL
P £ ouTs_p b2 OUTS P
L GPIOD outs N4 OUTS N
SHT5_1-2 PIO; S 45 OUT6 P
T GPIO2 0ouTe_P
FIO GPIO3 ouTe N[44 OUT6 N
SECONDARY REF INPUT PIO cEtoF ourr e bds ouTz P
50-ohm single-ended RF traces OUT7 N 47 OUT7 N
USER NOTE: PON 1
By default, the onboard crystal (Y1) is connected to the SECREF inputs of the DUT. To use the SECREF SMA ports, depop —EDN____ 13 fppy L sTATo
R40/R41 and short R36/R37 o bypass the crystal. SECREF SMA ports are AC-coupled to external termination/biasing DA 25 sTATUSO (-1 STATO
(on-chip termination disabled). —SA  Z%spA STATUST
—SCL_ 26.Lgc
Overlap OR pads on PAD |42
a7 cst SECREF nets
P ~ TN [MKO3328RHSR
oo DUT LAYOUT NOTES:
s { oip, DECREF P *** THERMAL REQUIREMENTS ***
- LMK03328 thermal vias: Use 6x6 via array with 0.3mm hole, 0.5mm via diameter, 0.8mm via pitch,
R30 1 0z. copper plating

- Remove soldermask on bottom thermal pad to expose copper.
- Use Ground flood on all layers (except split power plane) and DUT thermal vias using solid
connection (no thermal relief) to all ground layers.

00402

VDD _Plane ~—
VT sec | 0402 | 04p2
R27

= o 4.32k

LABEL JP PINS: 1

1=VB2 2

2=VT2 3 A

o R28  Place close to XTAL on top side
3=GND .49k i R4
VTSEC SECREF P
070402
SH16_1-2

CLOCK INPUT (PRIREF_P,/_N, SECREF_P/_N) LAYOUT REQUIREMENTS:

*** CONTROLLED IMPEDANCE ***

- Route as 50-ohm (+/-5% tol.) controlled-impedance single-ended RF traces from SMA center pin to DUT pin

- 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.
** LENGTH / SKEW MATCHING ***

- Match input path length WITHIN pair from DUT to SMA pins (minimize intra-pair skew)

*** SHIELDING / ISOLATION ***

- Use ground shielding on routing layers with sufficient clearance to not affect controlled impedance of RF traces.

- Use ground stitching vias with 100 mil spacing around RF traces to connect together GND shielding on all layers

- Use sufficient clearance between OUT# paths, as well as from other dynamic signal paths.

- Avoid crossing Digital signal/return paths with REF input signal/return paths; if unavoidable, cross at a 90 deg. angle

3.2x0.55x2.5mm
7M50072001

R41 _SECREF N
00402

CRYSTAL LAYOUT REQUIREMENTS:

*** PLACEMENT ***

- CRITICAL: Minimize PCB trace and Pad parasitic cap <0.9pF (each leg of XTAL to DUT pin)

- Place XTAL as close as possible to DUT on Top side with short traces.

- Try to match lengths from each XTAL pin (XA/XB) to DUT pin (SECREF_PIN).

*“** SHIELDING / ISOLATION ***

- XA/SECREF_P and XB/SECREF N traces should be separated and kept away from other traces.

- Avoid routing below the XTAL pads and use plane cutouts below XTAL pads to minimize parasitic capacitance
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CLOCK OUTPUTS
50-ohm (+/-5%) single-ended RF traces

ce8 J9 c76
ouTo R44 ouTo P ||___SMA OUTO P 1 ouToP outs p__ Re4 R OUT4 P ||___SMA OUT4
o 1f - ) I
0402 0.1pF 0.1pF
DNP 0402 wof<[o 0402 DNP 0405
R52 R72
ONP oo o DNP o7
ouTo R45 ouTO N ||___SMA OUTO N 1 OUTON outa N R65 R OUT4 N ||__SMA OuT4
o 1f . . 1f
0402 0.ApF 0.1pF
0402 w|<[e 0402 0402
cro J1 crs
ouT1 Rag ouT1 P H SMA OUT1 P_1 OUT1 P outs p__ RE6 R OUT5 P H SMA_OUT5
0 - 0
0.14F 0.1pF
0402 DNP 0402 .,, 0402 DNP  (id2
RS3 R73
oNP 2 ONP g
ouT1 R47 OUT1_N s ||__SMA OUT1 N 1 OUTI N outs N Ré7 R_OUT5 N s ||__SMA_OUTS5
1T - 1T
0 0
0.1pF 0.1pF
0402 0402 ! 0402 0402
cr2 J13 c80
ouT2 R48 oUT2 P - ||__SMA OUT2 P 1 ouT2 P oute P RE8 R_OUT6 P - |L_SMA_OUT6
1T - I
] 0
0.1pF 0.1pF
0402 DNP 0402 0402 DNP 0402
R54 R74
PNP 73 14 NP gy
ouT2 R49 ouT2 N o |l SMA OUT2 N 1 ouT2 N outs N R69 R_OUTE N o |l__SMA OUTE
1T - 1T
0 0
0.1pF 0.1pF
0402 0402 m 0402 0402
cr4 J15 c82
ouT3 R20 ouT3 P ||__SMA OUT3 P 1 ouT3 P out7 p__ R70 R OUT7 P ||__SMA ouT7.
17 - 1
0 0
0.1pF 0.1pF
0402 DNP 0402 .n 0402 DNP 0402
R85 R75
DNP o 16 NP cg3
ouT3 R51 oUuT3 N ||___SMA OUT3 N 1 OUT3 N out7 N RT1 R OUT7 N ||___SMA OUT7.
17 - I
0 0
0.1pF 0.1pF
0402 0402 m o) 0402 0402

CLOCK OUTPUT (OUT#_P, OU T#_N) LAYOUT REQUIREMENTS:

*** CONTROLLED IMPEDANCE ***

- Route as 50-ohm (+/-5% tol.) controlled-impedance single-ended RF traces from DUT pin to SMA center pin

- Place component pads directly on RF traces (no stubs), match 50-ohm trace width to SMA center pad (25 mils wide), and use 50-ohm Zo via structures.
*** LENGTH / SKEW MATCHING **

- Match output path lengths between all OUT#_P/_N pairs from DUT to SMA pins (Minimize inter-pair or intra-pair skew).
*** SHIELDING / ISOLATION ***

- Use ground shielding on routing layers with sufficient clearance to not affect controlled impedance of RF traces

- Use ground stitching vias with 100 mil spacing around RF traces to connect GND shielding on all layers.

- Use sufficient clearance between OUT# paths, as well as from other dynamic signal paths

- Avoid crossing Digital signal/return paths with clock OUT signalireturn paths; if unavoidable, cross at a 90 deg. angle

STATUS OUTPUTS

Rea c86 J25
STATO R_STATO i SMA_STATO 1 STATO
[
R88 0.1pF
0402 ) o 0402 |
0402 L
R85 ca7 J26
STAT1 R_STAT1 f SMA_STAT1 1 STAT1
[
R90 0.1pF
0402 o O 002 |
0402
VDD R D6 = =
R86 4 R 2 4 1 STATO SWg
510 S3A
|=2ma STATO=LO
Yellow
D7
N
R87 1 2 3 2 STAT1 SW
510 S38
|=2ma STAT1=LO
Yellow
DNP__DNP

STATUS OUTPUT (STATO, STAT1) LAYOUT REQUIREMENTS:
*** CONTROLLED IMPEDANCE ***

- Route as 50-ohm (+/-5% tol.) controlled-impedance single-ended RF traces from DUT pin to SMA center pin.

- Place component pads directly on RF traces (no stubs), match 50-ohm trace width to SMA center pad (25 mils wide), and use 50-ohm Zo via structures.
*** LENGTH / SKEW MATCHING **

- Match status output path lengths between STATO and STAT1 paths from DUT to SMA pins.

*** SHIELDING / ISOLATION **

- Use ground shielding on routing layers with sufficient clearance to not affect controlled impedance of RF traces

- Use ground stitching vias with 100 mil spacing around RF traces to tie together GND shielding on all layers.

- Use sufficient clearance between STATO and STAT1 paths, as well as from other RF paths.

- Avoid crossing Digital signal/return paths with STATUSS signal/return paths; if unavoidable, cross at a 90 deg. angle
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DIGITAL CONTROL PIN CONNECTIONS
U2A GPIO4 0.,, R129 RSEL
U2A_GPIO5 0., R130 HW_CTRL
U2A GPIO7 0, R131__GPIOO
T
U2A GPIOT2 0, R132___GPIOT
U2A_GPIO9 0,, R133 GPI02 DRE,
U2A GPIO8 0,, R134 GPIO3
U2A_GPIO10 0,, R135 GPI04
U2A_DACO 0, R136 _ GPIOS
U2A _GPIO6 0,, R137 PDN
VDD R VDD R VDD R VDD R VDD R VDD R VDD R
R93 R98 R106 R112 R127
13.0k DBE, 13.0k 13.0k 13.0k DAp, 13.0k
LABEL JP's PER n
COMMENTS VDD RR92  SRo4 R95 VRR R 99 VRD R [R104 107 VED R IR111  [R113 VRD R 1R114 R128
JP17 1,00k $4.99% 1.00k DNP JP19 1.0k JP21 100k 3499k  Jp22 1.00k 34.99%  Jp23 1.00k DNP 1.0k
LABEL JP PINS: 1 1 1 1 1
1=HI 2 2 2 2 2
3 = = 3 o 3 = 3 = 3 = «,E
RSEL GPIO0 sS4 GPIO2 GPIO3 GPIO4 S6
= = Y SYNC = = = = PDN
f -
SH17_2-3 SH18_2-3 SH19_1-2 SH21_2-3 SH22_2-3 SH23_2-3 SH24_2-3
OR R117
O Rz 23\ Ril8
LABEL SW = XO MARGIN O R .6 R119 b
LABEL POSITIONS: O R 0. R120 ¢
1=0V O R 8. R121
2=02V O R 4. R122
3=04V O R 4. R123
4=06V O _R8
USER NOTE: 508V DNP
RSEL, GPIO[1:3] are 3-level input pins: 6=10V
LO =VIN < 0.4V 7=12V
MID = VIN ~ 0.9V (13k/4.99k voltage divider) 8=14V
HI=VIN > 1.4V
VDD R
GPIO[0,4,5], HW_SW_CTRL, and PDN are 2-level input pins: T
LO=VIN'<04V .
HI= VIN > 1.4V
D8
GPIO5 can be an 8-level input pin in XO MARGIN mode. (GPIO5 Jumper should be left OPEN) C88 C8: N
0V = 0 ohm pulldown only 1pF 0.1 2
0.2V = 2.32k pulldown only
0.4V = 5.62k pulldown only = = Yellow $R103
0.6V = 10.5k pulldown only 570 DNP. |~ DNP
0.8V = 18.7k pulldown only
1.0V = 34.8k pulldown only 1
1.2V = 84.5k pulldown only U2A _SDA 0., R109 SDA
1.4V = OPEN ¢
U2 sCL o\ R110 scL
T
DNPC ) DNP
=
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USB MINI-B CONNECTOR

3.3V, 150mA REGULATOR

SWITCHED 5V, 0.5A USB SOURCE TO LDO REGULATORS

VBUS VBUS_FILT R151 3.3V USBSV
Joz B 33k U9 T
VBUS = 6 [ out | 1
33 R141_0402 DN om 1
33 1420402 D P 0o co4 & 4l e 2 EXTSV_FAULT _4 c110
o o108 1SMBso228T3G | 10T Ne 5 10uF
1 R143 22F v 7 o g2 EXT5V_EN 3
° ,,%< o co3 15K 0805 - $ [
USB 0.1uF $.0402 PUR = LP5900SD-33/NOPB R161
9 3 = c105 100k
R139 g 8 8| = 0.14F
33k s7
o ol o UsB =
-t Rias St C100
S O & 1.2Meg 220pF
(? c\i ol LABEL SW = BSL
U6
TPD4E004DRY—
433V
R160 N
100k
MSP430 MCU (USB2ANY) 1 103
1™ Fsi13170L-T1-GE|
us o of
N —U2A GPIOT2 pNp " 2Le| p1.0TAOCLKIACLK P2.0mA11 k22— pNp —U2A GPIO6 —
33V UoA GPIOT 2{ P1.17TA0.0 P2.1/TA1.2 [ ) ! I }g|51317DL—T1—GE3
—UY2A GPIOT  pNp 234 p1.27TA0A P2.2/TA2CLK/SMCLK [ L
4] p13ma02 P2.3TA2.0 el l2cPU_ 1 Q2
5 20 2N7002W-7-F |
P1.4/TAO.3 P2.4/TA2.1
R145  LR146 8t P1.5TA0.4 P2.5[TA2.2 (s N
A A | P1.6/TACLK/CBOUT P2 6/RTCCLK/DMAEQ R162 R165
ur : : 8t P1.7TAT0 P2.7/UCBOSTE/UCAOCLK [ L 1.5k 1.5k
VDD SDA H§2 ggfggg 37,1 P3.0/UCBOSIMO/UCBOSDA P4.0/PM_UCB1STE/PM_UCA1CLK |8 I OWR166_U2A SDA
38} P3.1/UCBOSOMIUCBOSCL P4.1/PM_UCB1SIMO/PM_UCB1SDA O R167 U2A SCL
vout scL 91} P3.2/UCBOCLK/UCAOSTE P4.2/PM_UCB1SOMI/PM_UCB1SCL
01 P3.3/IUCAOTXDIUCAOSIMO P4.3/PM_UCB1CLK/PM_UCATSTE [arsd U2A GPIOA
GND PRty - Ll P3.4/UCAORXDIUCAOSOMI P4.4/PM_UCATTXDIPM_UCATSIMO 2l pp - —J2A SEIO4
DAcsETIDBY P35TB0.5 P4.5/PM_UCATRXD/PM_UCA1SOMI (22— NP~ —22A GPIOS
3l P3.6TBO.6 P4.6/PM_NONE (23
4 P3.7/TBOOUTHISVMOUT P4.7IPM_NONE (25
R158
9 7 ADCO
P5.0/ABIVREF +/VEREF+ P6.0/CBO/AD
co4 U2A_GPIO10 g _ﬁp P5.1/A9/VREF-/VEREF- PG.1/CB1/AT ok 510 R159  Apcq
_‘;g P5.2/XT2IN P6.2/CB2/A2 ; ’ 4010
P5.3/XT20UT P6.3/CBI/A3 510
30pF St P54XIN P6.4/CBAIAL | C108=—=C109 gfeiSOMM
cos ECS-240-20-5PX-TR S PSS B Bome [r5 . U2A GPIOY O-F | 0-1uF
~l 24MHz B g U2A_GPIOg
P5.7/TB0.1 P6.7/CBT/AT [ri— DNP  —U2A GPIO8 =
L 30pF Sl P7.0/CBBIAT2 P8.0 krlS 1 535138
= >e$<u> P7.1/CBI/A13 P8.1 ﬁg
$6kot P7.21CB10A14 P82 v
Se&et PTICB1IIATS 3
o ENGT—oaw] Pr.4TB02 PJ.OTDO (L
58l P7.5/TB0.3 PJA/TDITCLK fael
RI47 XT3.3V EN __59, | b7 6/Ro.4 PJ2ITMS (ol R157
100k XT3.3V FAULT 601} b7 7/7B0CLK/MCLK PJBTCK <L 33k
——=C9% 76
O 1uF RETINMIISBWTDIO (el
TEST/SBWTCK [L5¢
V18 Dp = C107
T vis PU.0DP (22 DB F 2200pF USB2ANY HEADER
VCORE 20| ycore PU.1/DM (84 D N2 P
- Connects to J4 of USB2ANY module via Ribbon cable (Backup Host interface if on-board MCU fails)
co7 c99 pUR |63 _PUR =
220pF | OA4TWF _VBUS 65 |\5g
3v VUSB 66 | voen T LABEL PINS U2A SDA U2A SCL
= = 1=SDA
B AVSS1 % X
18] Avee) et U2A_GPIO& DNP X oA GPIOS
50 | pyvoce Dvase U2A_GPIO6 U2A_GPIO7

Features not supported by On-board USB2ANY hardware:

- Switched +3.3V_EXT supply (TPS7A8001 LDOs can be switched via
USBSV supply)
- GPIO2 (pin 45), GPIO3 (pin 33), GPIO11 (pin 9)
-ADC2, ADC3

-DAC1

- PWMs 0-3

- SPI interface (12C/SMBus only)

MSP430F5529IPN

USER NOTE:

OR resistors between MSP430 and "U2A_GPIO[4:7]" nets should be de-populated
before attaching the External USB2ANY module to the USB2ANY Header.

38 LMKO03328EVM User's Guide

Copyright © 2015, Texas Instruments Incorporated

SNAU184—August 2015
Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU184

13 TEXAS
INSTRUMENTS

www.ti.com

EVM BIll of Materials

8 EVM Bill of Materials

FID5, FID6, FID7, FID8

mount.

DESIGNATOR DESCRIPTION MFR PART NUMBER QTY
IPCB1 Printed Circuit Board Any SV601123 1
C1, C2, C6, C89, C92, CAP, CERM, 0.1uF, 16V, +/-5%, X7R, Kemet C0603C104J4RACTU 13
C93, C96, C98, C101, 0603
C102, C105, C108, C109
C103 CAP, CERM, 22uF, 10V, +/-20%, X5R, Taiyo Yuden LMK212BJ226MG-T 1
0805

C104, C110 CAP, CERM, 10uF, 10V, +/-20%, X5R, TDK C1608X5R1A106M 2
0603

C107 CAP, CERM, 2200pF, 50V, +/-10%, X7R, | Kemet C0603C222K5RACTU 1
0603

C13, C14 CAP, CERM, 1 pF, 10 V, +/- 10%, X5R, Kemet C0603C105K8PACTU 2
0603

C15, C16, C17, C18, C27, | CAP, CERM, 0.1uF, 10V, +/-10%, X5R, TDK C1005X5R1A104K 42

C28, C29, C30, C31, C32, | 0402

C33, C34, C35, C36, C43,

C44, C45, C46, C47, C48,

C51, C52, C53, C54, C68,

C69, C70, C71, C72, C73,

C74, C75, C76, C77, C78,

C79, C80, C81, C82, C83,

C86, C87

C19, C20 CAP, CERM, 0.01 pF, 50 V, +/- 10%, X7R, | Kemet C0603C103K5RACTU 2
0603

C21, C22, C23, C24, C37, | CAP, CERM, 10 pF, 6.3V, +/- 20%, X5R, |Kemet C0603C106M9PACTU 14

C38, C39, C40, C41, C42, | 0603

C55, C56, C57, C106

C25, C26 CAP, CERM, 4.7 uF, 10 V, +/- 10%, X5R, | Kemet C0603C475K8PACTU 2
0603

C3,C4,C5,C7,C8 CAP, CERM, 10 pF, 10 V, +/- 20%, X7R, | TDK C3216X7R1A106M 5
1206

C49, C50, R29, R30, R31, |RES, 0, 5%, 0.063 W, 0402 Vishay-Dale CRCWO04020000Z0ED 10

R32, R40, R41, R44, R45

C62, C63 CAP, CERM, 22 pF, 6.3V, +/- 20%, X5R, | TDK C1608X5R0J226M0O80AC 2
0603

C64, C65 CAP, CERM, 0.033 pF, 16 V, +/- 10%, MuRata GRM188R71C333KA01D 2
X7R, 0603

C66, C67 CAP, CERM, 3300 pF, 50 V, +/- 5%, MuRata GRM1885C1H332JA01D 2
COG/NPO, 0603

C9, C10, C11, C12, C88 CAP, CERM, 1uF, 10V, +/-10%, X5R, Kemet C0603C105K8PACTU 5
0603

C94, C95 CAP, CERM, 30pF, 100V, +/-5%, MuRata GRM1885C2A300JA01D 2
COG/NPO, 0603

C97, C100 CAP, CERM, 220pF, 50V, +/-1%, AVX 06035A221FAT2A 2
COG/NPO, 0603

C99 CAP, CERM, 0.47uF, 10V, +/-10%, X7R, MuRata GRM188R71A474KA61D 1
0603

D1, D2 Diode, Schottky, 20V, 2A, SMA Diodes Inc. B220A-13-F 2

D3, D4, D5, D10 LED, Green, SMD Lite-On LTST-C190GKT 4

D6, D7, D8 LED, Yellow , SMD Lite-On LTST-C170KSKT 3

D9 Diode, Zener, 7.5V, 550mW, SMB ON Semiconductor | 1ISMB5922BT3G 1

FB1, FB2, FB3, FB4, FB5, | Ferrite Bead, 220 ohm @ 100 MHz, 0.45 MuRata BLM15AG221SN1D 10

FB6, FB7, FB8, FB9, FB10 | A, 0402

FB11 3.5A Ferrite Bead, 60 ohm @ 100MHz, TDK MPZ1608S600A 1
SMD

FID1, FID2, FID3, FIDA4, Fiducial mark. There is nothing to buy or N/A N/A 8
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DESIGNATOR DESCRIPTION MFR PART NUMBER QTY
H1, H2, H3, H4, H5, H6 Machine Screw, Round, #4-40 x 1/4, B and F Fastener NY PMS 440 0025 PH 6
Nylon, Philips panhead Supply
H7, H8, H9, H10, H11, H12 | Standoff, Hex, 0.5"L #4-40 Nylon Keystone 1902C 6
J1, J2, J5, J6, J7, J8, J9, Connector, End launch SMA, 50 ohm, Emerson Network 142-0701-851 24
J10, J11, J12, J13, J14, SMT Power
J15, Ji6, J17, J18, J19,
J20, J21, J22, J23, J24,
J25, J26
J27 Connector, Receptacle, Mini-USB Type B, | TE Connectivity 1734035-2 1
R/A, Top Mount SMT
J3, JP1, JP2, JP3, JPS, Header, TH, 100mil, 3x1, Gold plated, 230 | Samtec, Inc. TSW-103-07-G-S 13
JP17, JP18, JP19, JP20, mil above insulator
JP21, JP22, JP23, JP24
J4 Header, TH, 100mil, 1pos, Gold plated, Samtec, Inc. TSW-101-07-G-S 1
230 mil above insulator
JP15, JP16 Header, 100mil, 3x1, Gold, TH Samtec TSW-103-07-G-S
Q1, Q4 MOSFET, N-CH, 50V, 0.22A, SOT-23 Fairchild BSS138
Semiconductor
Q2 MOSFET, N-CH, 60V, 0.115A, SOT-323 Diodes Inc. 2N7002W-7-F
Q3, Q5 MOSFET, P-CH, -20V, 1.4A, SOT-323 Vishay-Siliconix S11317DL-T1-GE3
R1, R2 RES, 0.015, 1%, 0.5 W, 1206 Stackpole CSR1206FK15L0 2
Electronics Inc
R103 RES, 270, 5%, 0.1 W, 0603 Vishay-Dale CRCWO0603270RJIJNEA 1
R118 RES, 2.32 k, 1%, 0.1 W, 0603 Vishay-Dale CRCWO06032K32FKEA 1
R119 RES, 5.62 k, 1%, 0.1 W, 0603 Vishay-Dale CRCWO06035K62FKEA 1
R120 RES, 10.5k, 1%, 0.1 W, 0603 Vishay-Dale CRCWO060310K5FKEA 1
R121 RES, 18.7 k, 1%, 0.1 W, 0603 Vishay-Dale CRCWO060318K7FKEA 1
R122 RES, 34.8 k, 1%, 0.1 W, 0603 Vishay-Dale CRCWO060334K8FKEA 1
R123 RES, 84.5k, 1%, 0.1 W, 0603 Vishay-Dale CRCWO060384K5FKEA 1
R13, R15 RES, 4.99 k, 1%, 0.1 W, 0603 Vishay-Dale CRCWO06034K99FKEA 2
R14 RES, 1.62 k, 1%, 0.1 W, 0603 Vishay-Dale CRCWO06031K62FKEA 1
R141, R142 RES, 33 ohm, 5%, 0.063W, 0402 Vishay-Dale CRCWO040233R0JNED 2
R143 RES, 1.5k ohm, 5%, 0.063W, 0402 Vishay-Dale CRCWO04021K50JNED 1
R144 RES, 1.2Meg ohm, 5%, 0.1W, 0603 Vishay-Dale CRCWO06031M20JNEA 1
R145, R146, R162, R165 RES, 1.5k ohm, 5%, 0.1W, 0603 Vishay-Dale CRCWO06031K50IJNEA 4
R147, R160, R161 RES, 100k ohm, 5%, 0.1W, 0603 Vishay-Dale CRCWO0603100KIJNEA 3
R16 RES, 3.92 k, 1%, 0.1 W, 0603 Vishay-Dale CRCWO06033K92FKEA 1
R164 RES, 52.3 k, 1%, 0.1 W, 0603 Vishay-Dale CRCWO060352K3FKEA 1
R166, R167 RES, 0 ohm, 5%, 0.1W, 0603 Vishay-Dale CRCWO06030000Z0EA 2
R17 RES, 5.76 k, 1%, 0.1 W, 0603 Vishay-Dale CRCWO06035K76FKEA 1
R18 RES, 2.67 k, 1%, 0.1 W, 0603 Vishay-Dale CRCWO06032K67FKEA 1
R25, R27 RES, 4.32 k, 1%, 0.1 W, 0603 Vishay-Dale CRCWO06034K32FKEA 2
R26, R28 RES, 2.49 k, 1%, 0.1 W, 0603 Vishay-Dale CRCWO06032K49FKEA 2
R3, R4 RES, 1.5k, 5%, 0.1 W, 0603 Vishay-Dale CRCWO06031K50JNEA 2
R33, R34 RES, 49.9, 1%, 0.063 W, 0402 Vishay-Dale CRCWO040249R9FKED 2
R42, R43, R46, R47, R48, | RES, 0 ohm, 5%, 0.063W, 0402 Vishay-Dale CRCW04020000Z0ED 20
R49, R50, R51, R64, R65,
R66, R67, R68, R69, R70,
R71, R84, R85, R88, R90
R5, R6, R86, R87, R103, RES, 510, 5%, 0.1 W, 0603 Vishay-Dale CRCWO0603510RJINEA 8
R158, R159, R163
R52, R53, R54, R55, R72, | RES, 100, 1%, 0.063 W, 0402 Vishay-Dale CRCWO0402100RFKED 8
R73, R74, R75
R7, R8, R139, R151, R157 | RES, 33k ohm, 5%, 0.1W, 0603 Vishay-Dale CRCWO060333K0JNEA 5
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DESIGNATOR DESCRIPTION MFR PART NUMBER QTY
R9, R10, R11, R12, R19, RES, 0, 5%, 0.1 W, 0603 Vishay-Dale CRCWO06030000Z0EA 23
R20, R21, R22, R23, R24,
R109, R110, R117, R126,
R129, R130, R131, R132,
R133, R134, R135, R136,
R137
R92, R95, R100, R104, RES, 1.00 k, 1%, 0.1 W, 0603 Vishay-Dale CRCWO06031K00FKEA 6
R111, R114
R93, R98, R101, R106, RES, 13.0k ohm, 1%, 0.1W, 0603 Vishay-Dale CRCWO060313KOFKEA 7
R112, R125, R127
R94, R102, R107, R113 RES, 4.99k ohm, 1%, 0.1W, 0603 Vishay-Dale CRCWO06034K99FKEA
R99, R128 RES, 1.0 k, 5%, 0.1 W, 0603 Vishay-Dale CRCWO06031K00JNEA
S1, S2 Switch, Slide, SPST 3 poles, SMT CTS 219-3LPST
Electrocomponents
S3 Switch, Slide, SPST 2 poles, SMT CTS 219-2LPST 1
Electrocomponents
S4, S6, S7 Switch, Tactile, SPST-NO, 0.05A, 12V, TE Connectivity 4-1437565-1 3
SMT
S5 Switch, Slide, SPST 8 poles, SMT CTS 219-8MST 1
Electrocomponents
SH1_2-3, SH2_1-2, Shunt, 100mil, Gold plated, Black 3M 969102-0000-DA 13
SH3_1-2, SH15_1-2,
SH16_1-2, SH17_2-3,
SH18 2-3, SH19 1-2,
SH20_2-3, SH21_2-3,
SH22_2-3, SH23_2-3,
SH24_2-3
U1, U2 Voltage Output, High or Low Side Texas Instruments | INA214BIDCK 2
Measurement, Bi-Directional Zerg-Drift
Series Current-Shunt Monitor, DCKOO06A
ulo PRECISION ADJUSTABLE CURRENT- Texas Instruments | TPS2553DBV-1 1
LIMITED POWER-DISTRIBUTION
SWITCHES, DBV0O006A
U3, U4 Low-Noise, Wide-Bandwidth, High PSRR, | Texas Instruments | TPS7A8001DRB 2
Low-Dropout 1A Linear Regulator,
DRBO008A
us Ultra-Low Jitter Clock Generator Family Texas Instruments | LMKO3328RHSR 1
with Two Independent PLLs, Up to 8
Differential Outputs, Two Inputs,
RHS0048A
ué 4-CHANNEL ESD-PROTECTION ARRAY | Texas Instruments | TPD4EO04DRY 1
FOR HIGH-SPEED DATA INTERFACES,
DRYO0O6A
u7 2.7V 1to 5.5V, I2C INTERFACE, Texas Instruments | DAC5571I1DBV 1
VOLTAGE OUTPUT, 8-BIT DIGITAL TO
ANALOG CONVERTER, DBVO0OO6A
us Mixed Signal MicroController, PNOO80A Texas Instruments | MSP430F5529IPN 1
U9 Ultra Low Noise, 150mA Linear Regulato, | Texas Instruments | LP5900SD-3.3/NOPB
6-pin LLP, Pb-Free
Y1 Crystal, 50 MHz, 9 pF, SMD TXC Corporation 7M50072001
Y3 Crystal, 24.000MHz, 20pF, SMD ECS Inc. ECS-240-20-5PX-TR
DNP COMPONENTS BELOW
C58, C59 CAP, CERM, 1 pF, 50 V, +/- 5%, MuRata GRM1555C1H1R0CA01D 0
COG/NPO, 0402
C60, C61 CAP, CERM, 3000 pF, 50 V, +/- 5%, MuRata GRM1885C1H302JA01D 0
COG/NPO, 0603
C84, C85 CAP, CERM, 8.2 pF, 25V, +/- 5%, MuRata GRM1555C1E8R2CA01D 0
COG/NPO, 0402
C90, Ca1 CAP, CERM, 10pF, 50V, +/-5%, COG/NPO, | Kemet C0603C100J5GACTU 0
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DESIGNATOR DESCRIPTION MFR PART NUMBER QTY
J28 Header, 100mil, 5x2, Tin plated, TH Sullins Connector PECO5DAAN 0
Solutions
JP4, JP5, JP6, JP7, JP9, Header, TH, 100mil, 3x1, Gold plated, 230 | Samtec, Inc. TSW-103-07-G-S 0
JP10, JP11, JP12, JP13, mil above insulator
JP14
LBL1 Thermal Transfer Printable Labels, 0.650" | Brady THT-14-423-10 0
W x 0.200" H - 10,000 per roll
R105, R108 RES, 1.5k ohm, 5%, 0.1W, 0603 Vishay-Dale CRCWO06031K50IJNEA 0
R124 RES, 1.00 M, 1%, 0.1 W, 0603 Vishay-Dale CRCWO06031MO0FKEA 0
R140 RES, 510, 5%, 0.1 W, 0603 Vishay-Dale CRCWO0603510RINEA 0
R148, R149, R150, R152, |RES, 0 ohm, 5%, 0.1W, 0603 Vishay-Dale CRCWO06030000Z0EA 0
R153, R154, R155, R156
R35, R38, R138 RES, 49.9, 1%, 0.063 W, 0402 Vishay-Dale CRCWO040249R9FKED 0
R36, R37, R56, R57, R58, |RES, 0, 5%, 0.063 W, 0402 Vishay-Dale CRCWO04020000Z0ED 0
R59, R60, R61, R62, R63,
R76, R77, R78, R79, R80,
R81, R82, R83
R89, R91, R97, R116 RES, 4.99k ohm, 1%, 0.1W, 0603 Vishay-Dale CRCWO06034K99FKEA 0
R96, R115 RES, 13.0k ohm, 1%, 0.1W, 0603 Vishay-Dale CRCWO060313KOFKEA 0
SH4, SH5, SH6, SH7, SH8, | Shunt, 100mil, Gold plated, Black 3M 969102-0000-DA 0
SH9, SH10, SH11, SH12,
SH13, SH14
TP1, TP2, TP3, TP8, TP9, | Test Point, Miniature, Red, TH Keystone 5000 0
TP10, TP11, TP12, TP13,
TP14, TP15, TP16, TP17,
TP18, TP19, TP23
TP20, TP21, TP22 Test Point, Miniature, Orange, TH Keystone 5003 0
TP4, TP5, TP6, TP7 Test Point, Compact, Black, TH Keystone 5006

9 Recommended Test Instruments

For making accurate measurements on ultra-low noisel/jitter, high-speed clock signals, the following
instruments are recommended:

e Source Signal Analyzer: Keysight/Agilent E5052 for phase noisel/jitter measurements

» Oscilloscope: Agilent DSA90000A series (or equivalent) for AC measurements and time-domain jitter
analysis with jitter software package

» Reference Oscillator: Low-jitter clock source with LVCMOS or Differential output to SMA connector(s)
to interface to PRIREF or SECREF inputs

* Balun: M/A-COM H-183-4 (30-3000 MHz) 180° coupler, or equivalent

42 LMKO03328EVM User’s Guide

Copyright © 2015, Texas Instruments Incorporated

SNAU184—August 2015
Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU184

13 TEXAS

INSTRUMENTS

www.ti.com

Example Performance Measurements

10

Example Performance Measurements

RMS Jitter and phase noise measurements were taken on the output clocks measured using Soft Pin

Mode, EEPROM Page 5 with the on-board 50-MHz crystal as the PLL reference input. The differential
output clocks were measured using a balun to a Keysight/Agilent E5052B. Some phase noise plots are
provided below.

Table 7. Output RMS Jitter Summary — Soft Pin Mode, EEPROM Page 5

tart 100 Hz

RMS Jitter (fs), 12k-20M RMS Jitter (fs), 12k-20M
Output Output Frequency / Type band, spurs off band, spurs on Reference Plot
OuUTO 156.25 MHz LVPECL 103 116 Figure 19
OuUT1 156.25 MHz LVPECL 104 128
ouT2 125 MHz LVPECL 104 130
OuUT3 125 MHz LVPECL 102 114 Figure 20
ouT4 133.33 MHz LVPECL 98 132
OUT5 133.33 MHz LVPECL 98 120 Figure 21
OuUT6 100 MHz LVPECL 136 143
ouT7 100 MHz LVPECL 134 143 Figure 22
PPhase Moise 10.00dB/ Ref -20.00d4Bc,Hz )
20,00 p r Carrier 156249767 MHz 52859 dBm Average
' =1: 1 kHz -137.2115 dBc/Hz
21 10 kHz -142.6303 dBc/Hz Averaging
-20.00 31100 kHz  -142.8356 dEC/Hz Restart
4: 1 MHz 1149.2091 dBC/Hz =y
401,00 5: 5 MHz =159.9477 dBC/Hz Avg Factor
f: 10 MHz -162.4447 dBcC/Hz 4 |
50.00 Ji 20 MHz -163.9862 dBC/Hz
e g1 40 MHz =164 . 3717 dBEC/H=z Averaging
Mi sStart 12 kHz OFF
-50.00 Stop 20 MHz é
Center 10.006 MHZz Correlation
70,00 Span 19.988 MHz 5
£== Nojse ===
Analysis Range x: Band Marker
-80.00 Analysis Range Y: Band Markerp Return
Intg Moise: -8l.8676 dBc |/ 19.69|MHz
-90.00 RMS nMoise: 114,061 prad
B.53521 mdeg
4000 RMS Jitter: |116.182 fsec
' Residual FM: BL5.139 Hz
-110.0
-1200
-120.0 1
-140.0
-150.0 2 3
4
-160.0 m
|4
1700 2L e “ETA
-180.0455 * e 185k fial B =~
IF Gain 40cB | Freq Band [99M-1.5GHz] Spur LQ Opt [<150kHz] 724pts| Corre 5

Figure 19. Soft Pin Mode, EEPROM Page 5, OUTO — 156.25 MHz LVPECL (Spurs On)

SNAU184—-August 2015

Submit Documentation Feedback

LMKO03328EVM User’s Guide 43

Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU184

13 TEXAS

INSTRUMENTS
Example Performance Measurements www.ti.com
|PPhase Moise 10.00dB/ Ref -20.00dBcHz ) )
20,00 p r Carrier 124.999722 MHz ~ £.735 dBm Average
i =1: 1 kHz -139.5778 dBc/Hz
2 10 kHz -145.1873 dBc/Hz Averaging
-30.00 3100 kHz | -144.9727 dBC/HZ Restart
4: 1 MHz -151.1172 dBC/HZ S
401,00 5: 5 MHz =161.9004 dBEC/Hz Avg Factor
6: 10 MHz -163.3529 dBcC/Hz 4 |
50 00 7i 20 MHEZ -166.1437 dBc/Hz
e g1 40 MHz -165.1853 dEC/H=z Averaging
Mi sStart 12 kHz OFF
-60.00 Stop 20 MHz é
Center 10.006 MHz Correlation
70,00 Span 19.988 MHz 5
£== Nojse ===
Analysis Range x: Band Marker
-80.00 Analysis Randge Y: Band Markerp Return
Intg Moise: +853.95%97 dBc 4/ 19.69 |MHz| [
-90.00 RMS nNoise: 896458 prad
5/13632 mdeg
4000 RMS Jitter: |114.141 fsec
' Residual FM: 741.423 Hz
-110.0
-120.0
-120.0 1
-140.0
-150.0 3 3
160.0 4 o
oy
-170.0 5 e AN
-180.0455 * e 185k fial B =~
[1F Gain 4048/ Freq Band [99M-1.5GHz] Spur LQ Opt [<150kHz] 724pts| Corre 5

tart 100 Hz

Figure 20. Soft Pin Mode, EEPROM Page 5, OUT3 — 125 MHz LVPECL (Spurs On)
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Figure 21. Soft Pin Mode, EEPROM Page 5, OUT5 — 133.33 MHz LVPECL (Spurs On)
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Figure 22. Soft Pin Mode, EEPROM Page 5, OUT7 — 125 MHz LVPECL (Spurs On)
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Using TI's USB2ANY Module for In-System Programming of LMK03328

When designing in the LMK03328 into a system application board, it is a recommended to provision a
dedicated header to access the I2C lines of the device to support external programming from Texas
Instruments’ USB2ANY module (see Figure 23). The USB2ANY module can be very useful to support in-
system programming of the initial clock configuration (e.g. before the system software/firmware is enabled)
and rapid clock prototyping, optimization, and debugging.

Figure 23. USB2ANY Module

Because the USB2ANY module implements the same MSP430-based USB-to-12C interface/firmware as
the one integrated on the LMKO3328EVM, the same EVM GUI platform can be used to easily program the
device in-system.

Once the customer’s system software/firmware is enabled and can provide reliable configuration of the
LMK03328, then the provisional 12C header may be removed or superseded in the next iteration of the
hardware design.

USB2ANY Board Connections

The USB2ANY has four interface connectors: one USB 2.0 connector (J2) and three I/O connectors (J3,
J4, and J5). The USB connector is a standard ‘A’ type mini USB receptacle. The I/O connectors are
standard dual-row, 0.1” center, pin headers.

I/O connectors J3 and J5 are 8-pin type and J4 is a 10-pin type. They are configured such that they will
accept either individual cable connections or a single 30-pin connection.

SNAU184—August 2015 LMKO03328EVM User's Guide 47
Submit Documentation Feedback

Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU184

13 TEXAS
INSTRUMENTS

Using TI's USB2ANY Module for In-System Programming of LMK03328 www.ti.com

Status LED USE Mini-B Switch 51

’:';_’-. p

: f-ltusaz'ii“’ 2| O

U, E E'_' :

JTAG i HPEEP T AR

i

-

RN

J5 J4 J3

Figure 24. USB2ANY Board Connections

The standard USB2ANY Kit (HPA665-001) includes both a 10-pin cable and a 30-pin cable. The 10-pin
cable is intended to be connected to J4. J4 provides the SDA, SCL, and GND connections of interest.

NOTE: J5 and J6 supply other connections that are NOT required and therefore, outside the scope
of this document.

When the USB2ANY board is in the enclosure, there is a key notch above J4 that will prevent the cable
connector from being plugged in upside-down. With the notch at the top, pin 1 of the 10-pin cable
connector is located at the upper-right corner.

The 10-pin cable is about 6 inches in length and has a keyed female 10-pin IDC connector on each end.
The cable should be connected to the USB2ANY board as shown in Figure 25 (note that the key must be
facing up, away from the board). The opposite end of the cable should be connected to the target board.
The red stripe on the cable indicates pin 1 as shown in Figure 26.
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Figure 25. 10-pin Cable Connection to J4

Pin 2
Pin 1

Pin 10

Key =24

Figure 26. 10-pin Cable Pinout
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Figure 27. USB2ANY Board Connector Pinout Diagram
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Table 8. USB2ANY Board Connector J4 and 10-pin Cable Pinouts

Pin Name J4 Pin # Cable Pin # Description
P4.1/GPIO0/12C(SDA) 1 10 I12C Data
P4.2/GPI01/12C(SCL) 2 I12C Clock
P4.0/GPIO2/SPI(SCLK) 3 General-purpose digital I/0
(not required)

P2.4/GPIO3 4 7 General-purpose digital I/0
(not required)

GND Common Ground

+3.3_EXT +3.3V output power supply
(100 mA limit)

P4.4/GPIO4/SPI(SIMO) 7 4 General-purpose digital I/0
(not required)

P4.5/GPIO5/SPI(SM01) 8 3 General-purpose digital I/0
(not required)

P2.0/GPIO6/SPI(CS) 9 2 General-purpose digital I/0
(not required)

P1.2/GPIO7 10 1 General-purpose digital I/0
(not required)

Instead of using the 10-pin header and supplied cable, a board designer may alternatively choose to use a
3-pin “I2C header” on the application board and 3 jumper wires to connect the SDA, SCL, and GND
signals from J4 of USB2ANY to the I12C header.
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11.2 Ordering a USB2ANY Module

To order a USB2ANY module, submit a request to clock support@list.ti.com with the following
information:

1. Request/Reason: 1 pc. USB2ANY module for LMK03328 in-system programming/prototyping
Company Name:

Application/End-Equipment:

LMKO03328 Est. Annual Volume/Year:

Ship-To Address:

akrwn
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STANDARD TERMS AND CONDITIONS FOR EVALUATION MODULES

Delivery: Tl delivers Tl evaluation boards, kits, or modules, including any accompanying demonstration software, components, or
documentation (collectively, an “EVM” or “EVMs”) to the User (“User”) in accordance with the terms and conditions set forth herein.
Acceptance of the EVM is expressly subject to the following terms and conditions.

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 and conditions 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 and conditions 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 any defects that are 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. Moreover, Tl shall not be liable for any defects that result from User's design, specifications or
instructions for such EVMs. Testing and other quality control techniques are used to the extent Tl deems necessary or as
mandated by government requirements. TI does not test all parameters of each EVM.

If any EVM fails to conform to the warranty set forth above, TI's sole liability shall be at its option to repair or replace such EVM,
or credit User's account for such EVM. Tl'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.

Regulatory Notices:

3.1

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

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 madifications 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.



3.2

3.3

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
Concerning EVMs Including Radio Transmitters:

This device complies with Industry Canada license-exempt RSS standard(s). 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.

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 I'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 BAEMAIZ
BATNDFHMEAFY b, R—RIZOVTRK, KOECAZEZEBLSEE,
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 by Radio Law of
Japan to follow the instructions below with respect to EVMs:

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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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
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Lo http://lwww.tij.co.jp/Isdsl/ti_ja/general/eStore/notice_02.page

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 Tl, 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.
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6.

10.

Disclaimers:

6.1 EXCEPT AS SET FORTH ABOVE, EVMS AND ANY WRITTEN DESIGN MATERIALS PROVIDED WITH THE EVM (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 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 AND
CONDITIONS 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 MADE, CONCEIVED OR ACQUIRED PRIOR TO OR AFTER DELIVERY OF
THE EVM.

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 AND CONDITIONS. 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.

Limitations on Damages and Liability:

8.1 General Limitations. IN NO EVENT SHALL TI BE LIABLE FOR ANY SPECIAL, COLLATERAL, INDIRECT, PUNITIVE,
INCIDENTAL, CONSEQUENTIAL, OR EXEMPLARY DAMAGES IN CONNECTION WITH OR ARISING OUT OF THESE
TERMS ANDCONDITIONS OR THE USE OF THE EVMS PROVIDED HEREUNDER, REGARDLESS OF WHETHER TI 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 ONE YEAR AFTER THE RELATED CAUSE OF ACTION HAS OCCURRED.

8.2 Specific Limitations. IN NO EVENT SHALL TI'S AGGREGATE LIABILITY FROM ANY WARRANTY OR OTHER OBLIGATION
ARISING OUT OF OR IN CONNECTION WITH THESE TERMS AND CONDITIONS, OR ANY USE OF ANY TI EVM
PROVIDED HEREUNDER, EXCEED THE TOTAL AMOUNT PAID TO TI FOR THE PARTICULAR UNITS SOLD UNDER
THESE TERMS AND CONDITIONS WITH RESPECT TO WHICH LOSSES OR DAMAGES ARE CLAIMED. THE EXISTENCE
OF MORE THAN ONE CLAIM AGAINST THE PARTICULAR UNITS SOLD TO USER UNDER THESE TERMS AND
CONDITIONS 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 TI may seek injunctive relief
in any United States or foreign court.

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

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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