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Description

The TIDA-00886 consists of a low-power, high-
performance, wideband PLLatinum™ RF synthesizer
being powered from a buck-boost converter. The
LMX2571, a low-power RF synthesizer, will be
powered by a single-cell battery using the TPS63050,
a DC-DC buck-boost converter. The TIDA-00886
shows that the DC-DC has a small to negligible effect
on the phase noise performance of the LMX2571.

The LMX2571 is very popular in two-way radio
applications and handheld test and measurement
equipment. Although this is a low-current consumption
device, 39 mA in synthesizer mode (internal VCO) and
9 mA in PLL mode (external VCO), efficiency is critical
for battery operated applications.
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Features

¢ 3.3-V DC Buck-Boost to Power LMX2571 From
Single-Cell Battery
e 2.5-10 5.5-V Input Voltage Range

e TPS63050 Can Source up to 0.5 A in Boost Mode,
1 A in Buck Mode

- Efficiency > 90% in Boost Mode and > 95% in Buck
Mode

e Any Frequency From 10 to 1344 MHz

¢ Low Phase Noise and Spurs
— =123 dBc/Hz at 12.5-kHz Offset at 480 MHz
— —145 dBc/Hz at 1-MHz Offset at 480 MHz
— —231 dBc/Hz Normalized PLL Noise Floor

Applications

» Duplex Mode Digital Professional Two-Way Radio
« Handheld Test and Measurement Equipment
e Wireless Microphone

An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and other
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1 System Overview
1.1 System Description
The TIDA-00886 is a low-power, high-performance, wideband PLLatinum™ RF synthesizer. The LMX2571
will be powered by a single-cell battery using the TPS63050, a DC-DC buck-boost converter. The voltage
of the battery will be in the range of 2.8 to 4.2 V. Therefore, a buck-boost converter that has capabilities to
step up or down the voltage is needed. There are several other advantages of using DC-DC converters.
High efficiency is critical in battery operated applications to maximize battery life. Another advantage of
efficiency is that most of the power loss is dissipated in heat. It can be impractical to use a heat sink when
trying to keep solution size at a minimum.
The TIDA-00886 demonstrates that using a DC-DC will have negligible effect on the performance of the
low-power synthesizer. Typically, a low-noise LDO is considered for RF PLL applications. LDOs do not
have good efficiency and cannot step up the voltage as needed for this application. Selecting the right
output capacitance for the DC-DC regulator is critical to maintain a lower output voltage ripple, which
might affect the performance of the synthesizer.
This Tl Design can be controlled from any Windows® PC through a USB2ANY SPI controller. A low-cost
microcontroller or DSP can also program the synthesizer.
1.2 Key System Specifications
Table 1. Key System Specifications
PARAMETER SPECIFICATION
Output frequency range 10 to 1344MHz
Optional input reference clock frequency 10 to 150MHz
Input voltage range 25055V
DC-DC switching frequency 2.5 MHz
1 A in buck mode
DC-DC loyr max 0.5 A in boost mode
Onboard XO 20 MHz
1.3 Block Diagram
2.8-t04.2-V
single-cell battery
@ 20-MHz Reference XO
3.3V
TPS63050 39 mA LMX2571 100 T
Buck-Boost > PPL + VCO
Copyright © 2016, Texas Instruments Incorporated
Figure 1. TIDA-00886 Block Diagram
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1.4

14.1

1.4.2

1.4.3

Highlighted Products

LMX2571

The LMX2571 is a low-power, high-performance, wideband PLLatinum™ RF synthesizer that integrates a
delta-sigma fractional N PLL, multiple core voltage-controlled oscillator (VCO), programmable output
dividers and two output buffers. The VCO cores work up to 5.376 GHz resulting in continuous output
frequency range of 10 to 1344 MHz.

This synthesizer can also be used with an external VCO. To that end, a dedicated 5-V charge pump and
an output divider are available for this configuration.

A unigue programmable multiplier is also incorporated to help improve spurs, allowing the system to use
every channel even if it falls on an integer boundary.

The output has an integrated SPDT switch that can be used as a transmit and receive switch in FDD radio
application. Both outputs can also be turned on to provide two outputs at the same time.

The LMX2571 supports direct digital FSK modulation through programming or pins. Discrete level FSK,
pulse shaping FSK, and analog FM modulation are supported.

A new FastLock technique can be used allowing the user to step from one frequency to the next in less
than 1.5 ms even when an external VCO is used with a narrow band loop filter.

The LMX2571 has low current consumption: 39-mA typical synthesizer mode (with internal VCO) and 9-
mA typical PLL mode (with external VCO). This makes it ideal for handheld test equipment and battery
operated applications.

TPS63050

The TPS6305x family of devices is a high-efficiency, low-quiescent current buck-boost converter, suitable
for applications where the input voltage is higher or lower than the output.

Continuous output current can go as high as 500 mA in boost mode and as high as 1 A in buck mode.
The maximum average current in the switches is limited to a typical value of 1 A. The TPS6305x family of
devices regulate the output voltage over the complete input voltage range by automatically switching
between buck or boost mode depending on the input voltage, ensuring seamless transition between
modes.

The buck-boost converter is based on a fixed-frequency, pulse-width-modulation (PWM) controller using
synchronous rectification to obtain the highest efficiency. At low load currents, the converter enters power
save mode to maintain high efficiency over the complete load current range.

The power saving mode (PFM)/PWM pin allows the user to select between automatic-PFM/PWM mode
operation and forced-PWM operation. During PWM mode, a fixed-frequency of typically 2.5 MHz is used.
The output voltage is programmable using an external resistor divider or is fixed internally on the chip. The
converter can be disabled to minimize battery drain. During shutdown, the load is disconnected from the
battery. The device is packaged in a 12-pin DSBGA and in a 12-pin HotRod package.

Programming Interface

SPI is used to program the LMX2571. See the LMX2571EVM user guide (SNAU176) to use the Code
Loader GUI to program the LMX2571 using USB2ANY.
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2.2

System Design Theory

The system consists of the LMX2571, a low-power, high-performance, wideband PLLatinum™ RF
synthesizer that integrates a delta-sigma fractional N PLL, multiple core VCO, programmable output
dividers, and two output buffers. The VCO cores work up to 5.376 GHz resulting in continuous output
frequency range of 10 to 1344 MHz.

The LMX2571 input voltage 3.3 V at 39 mA in synthesizer mode (internal VCO). The single-cell battery
voltage will be from 2.8 to 4.2 V at the input of the DC-DC regulator. The output of the regulator will be 3.3
V to power the LMX2571. The TPS63050 can source up to 1 A in buck mode and 0.5 A in buck mode.

Frequency Synthesizer

The LMX2571 needs a reference frequency provided from an XO. The input frequency must be in the
range of 10 to 150 MHZ. The onboard XO could be used as the input frequency. If the XO is powered
from the DC-DC, a 47-uF decoupling capacitor between the XO V. pin and ground is recommended. The
output frequency range is 10 to 1344 MHz.

The LMX2571 supports direct digital FSK modulation through programming or pins. Discrete level FSK,
pulse shaping FSK, and analog FM modulation are supported.

The RF output buffer type is in push-pull configuration for the TIDA-00886. See Section 8.1.8: RF Output
Buffer Type in the LMX2571 datasheet for more details (SNAS654).

Buck-Boost Regulator

The TPS63050 can take an input voltage of 2.5 to 5.5 V. The output voltage is in the range of 2.5t0 5.5 V.
For the TIDA-00886, the output voltage of the regulator was designed to be 3.3 V to power the LMX2571
synthesizer. The switching frequency of the DC-DC regulator is 2.5 MHz.

The TPS63050 has two modes of operation, PFM and PWM. Pin 6 enables PFM mode. If pin 6 is tied to
ground, it is automatically enabled. If pin 6 is tied to V,, or 3.3 V, forced PWM is enabled. If PFM is
enabled, the device enters PFM mode automatically if the load current is below a certain threshold, in this
case, 350 mA. PFM mode causes the switching frequency to fallback and increase the output voltage
ripple from 30 to 50 mV (with a 10-pF output capacitor); this mode of operation has a significant negative
impact on the performance of the LMX2571 if the current is below 350 mA in PFM. There is no upper limit
for the output capacitance value. Larger capacitors cause lower output voltage ripple as well as lower
output voltage drop during load transients. At least a 20-pF capacitance at the output of the regulator is
suggested.
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3 Getting Started Hardware and Firmware

3.1 Hardware

Signal generator
Onboard XO

TPS63050

Vin
LMX2571

USB2ANY interface T
Phase noise analyzer

Figure 2. TIDA-00886 Top View of PCB

3.11 Power

1. Operate using the TPS63050 buck-boost (default).
(a) Apply a voltage from 2.5t0 5.5 V at V.
(b) Do not populate R38, R39b R40, R40d, C31, and C32 with this configuration.
(c) Populate R40c and R39.

2. Apply 3.3V at vV, SMA.
(a) Do not populate R40c, R40d, R39b, and R38.
(b) Populate C31, C32, and R39.

3. Apply a voltage higher than 5 V to VCC5VSMA or VCC5V_TB.
(a) Use regulator U4 to get 5 V at VCC5V_TP.
(b) Use regulator U3 to get 3.3 V for VCC3V_TP.

4. Apply 5V to Vcc5V SMA.
(a) Connect resistors to get this same voltage at VCC5V_TP.
(b) Use regulator U3 to get 3.3 V for VCC3V_TP.
(c) Do not populate R34, R39b, R39, R40c, and R40d with Option 2.
(d) Populate R35, R33, and R40.
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3.1.2 Input Signal

» Option 1 (default): The onboard crystal oscillator is powered on and outputs a 20-MHz signal to OSCin
(pin34) of the device input.

» Option 2: Power supply resistor (R1) should be removed (Powers XO) and resistor R3 moved to
position R2, which routes the input signal from the OSCin SMA connector instead of the onboard
oscillator.

NOTE: If using a noisy signal source such as a signal generator, be aware that this can dominate
close-in phase noise.
3.1.3 Output Signal
Connect RFoutRx or RFoutTx to a phase noise analyzer. Connect a 50-Q termination on the unused
output if using only single-end.
3.2 Firmware
3.2.1 Download Code Loader
1. Download the Code Loader 4 software from Tl.com.
2. To start the software, open Codeloader4.exe from the installed directory.
3.2.2 Getting Started With Code Loader
1. After completing the installation, start the software.
&8 tvxes71 o (5
File Keyboard Controls Select Device Options Mode LPT/USE Help
PonSewp | Registers | Bits/Pins | BurstMode | PLLFI | PLLF2 |
e
B LE(Lotch Enoble) B Address Confict
G c [ ] [0 se 0 Reserved O tnput
Pin Conbiugion 10/14 Pin Connector FTup View)
w'L'E\E.‘ri 2C3C4CS8S Ce6 C?7 C38 < () (o)
w':“ixﬂ(u"z C3IC4CSs C3 C?2 C8 COCNCI12C14
:R!IG?'E? ®3C4C85 C9 C72 C8 COCHCI12C4
COMM Mode: USB | Selected device: LMX2571 QTrmJ\ﬂmwms
Figure 3. Getting Started With Code Loader

2. Click on USB if using USB2ANY. Click on identify, check if the adapter on USB2ANY is blinking and it
is communicating with the PC.

3. Select the LMX2571 device from the Select Device menu on Code Loader.
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B LMX2571 = —
File Keyboard Controls [Select Device| Options Mode LPT/USB Help
Port Setwp| | Regis o shde | PR | PR |
Comemunication Mode ;tt ;u'f::::f' ) - USB2ANY Port Sotup
CT &YW pu - Fractional VPR =] ey | @ Clock Otar Fins
PLL + VCO . LMY25415Q2060€ @ Datn (e
Transceiver » LMX25415Q23808 B LE(LaichEnable) W Address Confict
Clock Conditioners  »|  LMX25415Q2690€ O Fesorved O teput
Engineering . LMX25415Q3030€ 10/14 Pin Connector { Top View )
BRSNS LMX5415033206
Clock B LMX25415037408
C1C203CACE C6 C7 &8 € pos3iQLI46E
Deta Bt LMX2531LQ1226E
C1C2CI®ACSE C6 C7 C8 ( LMX2531LQ1312E
LE it LMX2531LQ1415E
C1®2C3C4CSs C6 7 C8 € [MX2531LQIS00E
e LMX2531LQ1515E
C1C2C3CACE C8 C7 C8 (  LMX2531LQISIOE
bt LMX2531LQ1650E
®1C2C30C40E C8 C7 C8 (  LWZSIIQITE
— LMX2531LQ1778E
C1C2CICA0S C8 &7 C8 MQSILOIM2
— LMX2531LQ1910F
C1C2@®3CACs Ca 7 g ( MX2531LQ2080E
LMX2531LQ2265E
LMXZ531LO2570E
LMX2531LQ2820€
LMX2531LQ30106
LMX2502
LMX2505
LMX2512
LMX2515
LMX2522
LMX2525
LMX2532
LMX2542
LMX2581
COMM Mode: LISB | Selected devics: LM2571 B Toos bsTmmens

Figure 4. Selecting LMX2571 in Code Loader

4. Click on the Mode menu and select the default mode. For the test results, a 480-MHz output frequency
was used.

&8 ivpsTL =8 X
File Keyboard Controls Select Device Options Mode LPT/USB Help
PortSetp | Registers | Bits/Pins | BurstMode | PLLFI | PLLF2 |

Spur-b-Gane | Switch Int/Ext VCO l
Rsferencs : . )
Oscillator // —\ This PLL is active
Multiplier [ Counter
0SCin i‘ =
2 - Phase  Cherge Charge i i
( ) _— Do ok R Operating with Internal Charge Pump
ra— Detector Palasity Gain State
20 MHz Freguency

:’: 80000 i, + H o H acive [SPo

N Counter -
— . " = /_
6000000
= RN

Fraction

FLLN \ /
S (5) mo

_4|‘ 5 _{ 2 ﬁ
= Qulint/CO

COMM Mode: USB Seledted device: LMX2571 43 Texas ISTRUMENTS

Figure 5. LMX2571 PLL F1 Tab Settings

A text file with register values will be provided. These values can be easily imported into Code Loader. To
download the software files for this reference design, see the link at http://www.ti.com/tool/TIDA-00886.
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4 Testing and Results

4.1 Test Setup

Figure 6 shows the test setup used in the lab to test the reference design and make the measurements in
Section 4.2.

Phase noise and
spectrum analyzer

50-Q termination
USB2ANY SPI

Power supply
(25t05.5V)

External reference and
oscillator

5052 phase noise analyzer

) " . g —"""-—__.\_

Figure 7. E5052 Phase Noise Analyzer

4.2 Test Data

The test results were taken using the E5052 Phase Noise analyzer.
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Table 2. Phase Noise Performance of LMX2571 in Different Regulator Modes

PHASE NOISE (dBc/Hz)
OFFSET FREQ
33V REGULATOR ON BUCK MODE REGULATOR ON BOOST MODE
1 kHz -103.66 -104.14 -102.91
10 kHz -116.94 -117.23 -116.25
100 kHz -117.68 -117.65 -117.67
1 MHz -142.38 -142.38 -142.39
10 MHz ~155.84 -156.18 —155.64

4.2.1 Results in Boost Mode

Prhase Nose 10.0008/ Ref -20.000Bc/H

[PPhase Nose 10.00d8/ Ref -20.00dBc /W
Cariee 479995873 Mz 0235 dbny -20.00

479955002 MHz 0257 iy

20k i ~103.6611 dec/Hz 1 1 knz £z 91 B du /2
~116.9397 HBC;’HL 2 kHz
=117.6843 dBC/HZ »3: n
-142.3739 deEC/WzZ 4z
-155.8447 dBC/HzZ 5
.5 kHz i k.
ConthE 30100825 iz center 10, 00625 Mz
Span 16,9875 uiz Span 19,9675 Muz
;;;1;25" ;:‘;e x: Band m.rl Er Analysis Range x: Band Marker
analysis Range Y: Band Mar analysis Range v: Band Marker
g 262.7 < E Intg Nofse: -62.7018 dBc / 19.99 MMz
Incg noise: -62.7852 doc / 15,69 Mz i
RN e R 2
s Jhcters 345, 203 Foel s ditter: 343.563 fsec
residual FM: 1.36033 kHz Residual FM: 1.49835 knz
3.3 2.6V Boost
3 v
1 Mode

w“ M”w WM_WLP\

Figure 8. Phase Noise Performance in Boost Mode

4.2.2 Results in Buck Mode

ilent ES0528 S Source Anal lent ES0528 Signal Source
[PPhase Noise 100008/ Ref -20.0008c/Hz PPhase Nose 10,0008/ Ref -20.0008c/Re
20,00 r Caeg amgseraiae omzs i o0 on). r Gt 479.955877 Miz___ (221 cBirm
- 1 knz -103.6611 dec, - 1 1 knz ~104.1396 nB-c/
10 ki 116. 9397 ISHC/ 2: 10 kW2 =117.227% /14"
100 k 7.6843 dBc s31 100 HHz C117.8508 dBc/z
1 Mz 142.3730 dec 4: 1mWz  -142.3774 dBC/Mz
10 MMz -155.8447 S: 10 MHz_ -156.1806 dBc/Wz
start 12 z xi start 12.5 knz
stop 20 stop 2
Center 10,00625 Mz center 10, 00625 MHz
Sean 19,9875 Mz Span 19,9875 MHz
ass NOiSE mem aen NOISE man
Analysis Range x: Band parker Analysis range x: Band Marker
analysis Range ¥: Band M analysis Range v: Band Marke
Tacg notsas D82, 893 dbc 15,69 Wiz Intg Notser C62.6860 dec / 19,69 Mz
RMS Nofse: 1 02626 mrad RMS Nois@: 1.03804 mrad
8. 8003 mdeg 50,4756 mdeg
s yitter: 540,982 Feas RMS Jitter: 344.19 fsec
residual FM: 1.38033 knz Residual FM: 1.38236 khz
33v
5V Buck
. Mode
g 4
e 1100 1
e,
\Mr-u“.m_.a*,_-w . ”""‘K s A oot
2 2
; S
“'—u_\ —\\
"’""wn—-ﬁ,w.q W““w\.ri_.‘
s s

_ | Phase Noise [Cui_ov]Pow oV ]Atin SdBlExRef1]ExRef2]Stop]

Figure 9. Phase Noise Performance in Buck Mode
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4.2.3 PWM Mode versus PFM Mode at Light Loads

If PFM is enabled, the device enters PFM mode automatically if the load current is below a certain
threshold, in this case 350 mA. PFM mode causes the switching frequency to fallback and increase the
output voltage ripple from 30 to 50 mV (with a 10-uF output capacitor), this mode of operation has a
significant negative impact on the performance of the LMX2571 if the current is below 350 mA in PFM.
PWM is recommended when using the LMX2571 unless the total load will be above 350 mA.

———
(PPhase Noise 10.00d8/ Ref -20.00d8Bc/Hz (PPhase Nose 10.00d8/ Ref -20.00dBc/Hz
20000 r aier 47990058 My ofsas iy | g o) r ir 479.999765 Mz 1:H719 B
T e IG5 HGS doee 17T kWE 05790 detse
2: 100 kWz =-117.5231 dﬁ(/h* 21 100 kMz =~118.4258 dBC/HZ
3ok L3 deci 3: 10 khz 11617710 dac/wz
4: 1 MHz -1 7 dBC/HZ 4: 1 MHZ ~142. 5287 dec/Hz
S0 o CitedN B >5: 1o m ~154.9857 dec/Hz
X STt 2.9 kiz xi start 12 5, knz

op 2
conter 1000825 Mz

stop
center 1000825 Mz
Span 19,9875 MHz Span 19,9875 MHZ
1 o mark analya1s rang Band Mark
Ana]ysis Range x: Band Marker nalysis Range x: Band Marker
PFM Mode at 60 mA Lgad ana im mge ¥: Band Marker nnaﬁsts Range ¥: Band Marker
Ity Noise: -5d.3702 dec / 19.99 MMz Intg Noise: -63.2316 dec / 19.69 MHz
rM$ Nofse: 2. 7u 98 mra RME Noise: © 848 prad
26 mdeg 547 mdeg
RMS Jitrer: 323.233 fsec

RMS|Jitrer: B“i 565 fsec
Res{dual FM: 1.60743 kMz residual FM: 1.6777 kHz

PWM Mode 3t 60 mA Load
%\M\m 2 M%M
,;V‘-\—-»uw..w,..—_g——‘—'ﬁ\\

F|gure 10. PWM versus PFM at Light Loads

4.2.4 Using a Ferrite Bead to Mitigate Switching Frequency Spur

DC-DC regulators may affect the spurious performance of the LMX2571. Using a ferrite bead at the output
of the DC-DC will help mitigate spurs related to the switching frequency or other noise in the system.

ilent ES052B Signal Source Anal

=) Agilent E50528 Signal Source Analyzer
bPhase Nose 10.00dB/ Ref -20.00dB¢/Hz
poivens ° Carrier 439.997100 MHz __ 0.9794 dBm [[*#ase Nose 10.0067 Ref 20000k e 479,595 e (5996 cEon
%; %Oktz 71?3.%1’.?% 3BC/HZ 2000 ik ;ug.az%g gsc/
H H. -1 o Bc /H i 100 knz -118.5422 dBC/Mz
-30.00 335 khz 11903124 dBesiz 1% i ng3~5
4: 50 kHz | -119.1920| dBC/Hz SR 7 Bz
40.00 5: 100 kHz -118.2229 dBc/Hz % stare B ol
>6: 1 MHz  -143.2775 dBS/Mz center 30.00825 w2
-50.00 span 19 9B75 MHZ
=== NOiSE
Analysis Range x: Band Marker
60,00 Analysis Range Band Marker
Intg Noise:
RMS Noise:
70,00
RMS JitTT
PQS‘\duAT FH 1. ]"JS; knz
80,00
Buck Mode
“90.00 Buck Mode
without Ferrite Bead . .
-100.0 with Ferrite Bead

-1100 i f‘s\v\“‘ ‘\wmw .
_ " 3 M“"‘T

— Phase Noise: Heos EEEENICTEET T B BT EE
Figure 11. Spur Mitigation Using a Ferrite Bead
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5 Design Files

5.1 Schematics
To download the Schematics for each board, see the design files at: TIDA-00886.

5.2 Bill of Materials
To download the Bill of Materials for each board, see the design files at TIDA-00886

5.3 PCB Layout Recommendations

53.1 Board Stackup Information

Top copper

FR4
~16 mils thick

GND layer

FR4
~24 mils thick

Power layer

FR4
~16 mils thick

A1) sjiw 29

Bottom copper v

Total Height (60.8mil)

— Prepreg (16mil)
Top Layer —> Core (22mi)
GND —> Prepreg (16mil)

Power —>
Bottom Layer —» U

Figure 12. TIDA-00886 Layer Stackup Information

FR4 material was chosen because of convenience, availability, and cost.
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5.3.2 DC-DC Regulator Guidelines

The PCB layout is an important step to maintain the high performance of the TPS6305x devices.

¢ Place input and output capacitors as close as possible to the IC. Keep traces short. Routing wide and
direct traces to the input and output capacitor results in low-trace resistance and low parasitic
inductance.

e Use a common-power GND.
¢ The sense trace connected to FB is signhal trace. Keep these traces away from L1 and L2 nodes.

» For the HotRod package option, add a capacitor between FB node and ground to filter ground noise
and to match efficiency results documented in the TPS63050 datasheet (SLVSAMS) .

Figure 13. TPS63050 Layout Guidelines
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5.3.3 Frequency Synthesizer Guidelines
See EVM instructions EVM instructions for details. In general, the layout guidelines are similar to most
other PLL devices. The followings are some guidelines specific to the device.
» It may be beneficial to separate main ground and OSCin ground, crosstalk spurs might be reduced.

*  When using FSK I12S mode on this device, take care to avoid coupling between the 12S clock and any
of the PLL circuil2S clock and any of the PLL circuit.

Figure 14. LMX2571 Layout Example

5.3.4 Layout Prints
To download the layer plots, see the design files at TIDA-00886.

5.4 Gerber Files
To download the Gerber files, see the design files at TIDA-00886.

5.5 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-00886.
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6

Software Files

To download the software files for this reference design, please see the link at TIDA-00886.

References

1.

Texas Instruments, LMX2571 Low-Power, High-Performance PLLatinum™ RF Synthesizer with FSK
Modulation, LMX2571 Datasheet (SNAS654)

Texas Instruments, LMX2571 User’s Guide (SNAU176)

Texas Instruments, TPS6305x Single Inductor Buck-Boost With 1-A Switches and Adjustable Soft
Start, TPS63050 Datasheet (SLVSAMS)

Texas Instruments, TPS63050 User's Guide (SLVUB806)
Texas Instruments, WEBENCH® Design Center http://www.ti.com/webench
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated (‘TI") reference designs are solely intended to assist designers (“Designer(s)”) who are developing systems
that incorporate Tl products. Tl has not conducted any testing other than that specifically described in the published documentation for a
particular reference design.

TI's provision of reference designs and any other technical, applications or design advice, quality characterization, reliability data or other
information or services does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl products, and
no additional obligations or liabilities arise from TI providing such reference designs or other items.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its reference designs and other items.

Designer understands and agrees that Designer remains responsible for using its independent analysis, evaluation and judgment in
designing Designer’s systems and products, and has full and exclusive responsibility to assure the safety of its products and compliance of
its products (and of all Tl products used in or for such Designer’s products) with all applicable regulations, laws and other applicable
requirements. Designer represents that, with respect to its applications, it has all the necessary expertise to create and implement
safeguards that (1) anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the
likelihood of failures that might cause harm and take appropriate actions. Designer agrees that prior to using or distributing any systems
that include TI products, Designer will thoroughly test such systems and the functionality of such TI products as used in such systems.
Designer may not use any TI products in life-critical medical equipment unless authorized officers of the parties have executed a special
contract specifically governing such use. Life-critical medical equipment is medical equipment where failure of such equipment would cause
serious bodily injury or death (e.g., life support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such
equipment includes, without limitation, all medical devices identified by the U.S. Food and Drug Administration as Class Il devices and
equivalent classifications outside the U.S.

Designers are authorized to use, copy and modify any individual TI reference design only in connection with the development of end
products that include the TI product(s) identified in that reference design. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY
ESTOPPEL OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR
INTELLECTUAL PROPERTY RIGHT OF Tl OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right,
copyright, mask work right, or other intellectual property right relating to any combination, machine, or process in which Tl products or
services are used. Information published by Tl 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 the reference design or other items described above may require a license from a
third party under the patents or other intellectual property of the third party, or a license from TI under the patents or other intellectual
property of TI.

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

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

TI's standard terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products. Additional terms may apply to the use or sale of other types of Tl products and services.

Designer will fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2016, Texas Instruments Incorporated
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