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1. Overview of the ADC1002S020 demo board

1.1 ADC1002S020 demoboard

Figure 1 presents the connections to measure the ADC1002S020 based on DEMO8766G:
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GENERATOR

CLOCK SIGNAL
. sinewave
.AC

SYNTHESIZED
SIGNAL
GENERATOR

[INPUT SIGNAL FILTER

- 2 Vyp sinewave Ly | High-order
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PRESENTED CONFIGURATION

. 2Vppinput full scale

. Single TTL-CMOS clock signal
. 3.3V power supply
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.VRB = 1.2 V¢

. VI+OFS = VRM (= 2.25 V()
.VRT=3.3 \/DC

Fig 1. ADC1002S020 demoboard set-up
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1.2 Power supply

The board is powered with a single 12 Vpc power supply. A power supply regulator is
used to supply all the circuitry on the board.

Table 1.  General power supply

Name Function View
J3 Green connector — Power supply 12 Vpc / 50 mA.
il
DS2 PWR green light — It indicates the good supply plugging
K3 PWR switch — ADC power supply selection !KZ

DS2

TP31  VCC test point — ADC power supply

T™M1, MASSE test point — Analog ground ™2
T™M2

TM3, GND test point — Digital ground
T™M4

K2 STDBY switch — ADC stand-by activation

ADC active ADC OFF

1.3 DC voltage adjustments
The ADC1002S020 allows to adjust the full scale input signal from 1.6 V to 2.4 V.

Table 2.  DC voltage adjustments
Name Function View

P1 VRT trimmer — TOP reference adjustment

TP1 VRT test point — TOP reference value (typ 3.3 V)

P2 VRB trimmer — BOT reference adjustment

TP5 VRB test point — BOT reference value (typ 1.2 V)

P3 OFS trimmer — Input signal DC offset adjustment

TP3 VI+OFS test point — Input signal DC offset (typ 2.25 V)

TP7 VRM test point — MIDDLE reference value (typ 2.25 V)

QS_ADC1002S020_2 © NXP B.V. 2010. All rights reserved.
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1.4 Input signals (VI, CLK)

To ensure a good evaluation of the device, the input signal and the input clock must be
synchronized together.

Moreover, the input frequency (Fi, MHz) and the clock frequency (Fclk, Msps) should
follow the formula:
Fi M

Fclk N

, Where M is an odd number of period and N is the number of samples.

Table 3. Input signals

Name Function View

J2 VI connector — Analog input signal (50Q matching)

J3 CLK connector — Clock input signal (50Q matching) "H

A

1.5 Output signals (DO to D9, IR)

Table 4. Output signals

Name Function View

TP10  Array connector — ADC digital output(DO to D9) and In

to range signal (IR) DS
TP30
DS1 IR green light — It indicates that the analog input signal is '

in the full scale range TP10 to TP30
K1 OEN switch — Output enable selection

Active output High impedance ' K1

output
L]

QS_ADC1002S020_2 © NXP B.V. 2010. All rights reserved.
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2. HSDC extension module: acquisition board

The figure 2 shows an overview of the extension module HSDC-EXTMODO01/DB acquisition board:

+5V POWER SUPPLY
.I=32A

e JUMPER FOR I/O SUPPLY

L . define either /0 is 1.8 V or 3.3V
SIGNAL
GENERATOR

REFERENCE SIGNAL

. typical 10 MHz

CMOS 1I/O CONNECTOR
. 2 channels up to 200 MHz 16-bit

USB SPI . | [Hga== i ; PRESENTED CONFIGURATION
MODULE | = bpau : _ % SIS . acquisition board
I TN o S external reference signal
o e @, . LVDS DDR 16-bit input stream
. CMOS 2 16-bit channels input

LVDS DDR I/O CONNECTOR

. up to 325 MHz 16-bit LVDS DDR
Fig 2. HSDC extension module: acquisition board
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The HSDC extension module is intended for acquisition/generation and clock generation

purpose. When connected to an ADC demo-board it is intended as an acquisition system
for digital output bits delivered by ADC, either CMOS (HE14 P1 connector) or LVDS DDR
(SAMTEC QTH_060_02 P2 connector).

The board brief specification is shown below:
« 8MB memory size for acquisition pattern;
» 2 16-bit channels CMOS up to 200 MHz;
e 16-bit LVDS DDR input data stream up to 320 MHz;
» On-board or external reference for signal generation.

In this section the specific requirement for the use with ADC1002S020 demo-board will
be shown.

For more details on the HSDC-EXTMODO1/DB, please contact dataconverter-
support@nxp.com.

HSDC extension module: hardware initialization

Before using the generation board, make sure that you connect the USB cable prior to
the supply.

HSDC extension module: software initialization

Before using the generation board, the user needs to install software to control the board.
The steps are described below.

Go to the installation directory “\HSDC-EXTMODO01\Software\USBConfigSetup v1.3
100212 1525” on the CD. Double click on the file “CDM 2.04.16.exe” file.

Run the application “\HSDC-EXTMODO01\Software\USBConfigSetup v1.3 100212
1525\USBConfigSetup.msi”, this will display the following window:

¥ use Configurator E]
Welcome to the USB Configurator Setup Wizard m

ELECTRONIQUE

The installer will guide vou through the steps required to install USE Configuratar on your computer.

WARMING: This computer program is protected by copyright law and international treaties.
Unauthorized duplication or distribution of this pragram, or any portion of it, may result in severe civil
of criminal penalties, and will be prozecuted to the maximunn extent pozsible under the lav:

Cancel

Fig 3. “USBConfigSetup” window: step 1

Click “Next” to proceed with installation process:

© NXP B.V. 2010. All rights reserved.
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13'USB Configurator E] [
Select Installation Folder
ELECTRONIGUE
The installer will install USE Configurator to the following folder.
Taoinstal in this folder, click "Mext". Tainstall to a different folder, enter it below or click "Browse'"
Folder:
C:\Program Filez\Electronigue ConcepthUSE Configurator Browsze...
[ Cancel ] [ < Back ] | Meut >
Fig 4. “USBConfigSetup” window: step 2
Click “Next” to continue:
13'USB Configurator E] [
Confirm Installation eC
ELECTRONIGUE
The installer is ready to install USE Configurator on your computer.
Click. "Mext" ta start the installation.
[ Cancel ] [ < Back ] | Meut >

Fig 5. “USBConfigSetup” window: step 3

Click “Next” to finish the installation process.

The system is now ready to use the ADC1412D series board for evaluation purpose.

HSDC extension module: CMOS connector descripti

on

The figure 6 shows a brief description of the hardware connection on the HE14

connector:

© NXP B.V. 2010. All rights reserved.
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Fig 6. HSDC extension module: HE14 CMOS hardware sc hematic overview

The HSDC extension module can acquire data in CMOS level using:

« either the on-board clock generated by the internal PLL, refer to as
pDFS_CLK[0}/nDFS_CLK]O0] that will be used by the FPGA. In this case, the
reference of the board should be delivered by the clock signal generator;

QS_ADC1002S020_2 © NXP B.V. 2010. All rights reserved.
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 or the clock provided by the ADC refer to as P1_CLK_IN. This is the preferred
situation since the user will not deal with any set-up/hold timing for the acquisition.

Refer to section 3.2 for software configuration.

QS_ADC1002S020_2 © NXP B.V. 2010. All rights reserved.
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3.1 Measurement set-up overview

The figure 07 below shows an overview of the whole system ADC1002S020+HSDC extension module for which connection is done with the
accessory (HSDC-ACCO07/DB). The measurement set-up presented below shows 1 generator for input signal. Clock signal is delivered by the
HSDC-EXTMOD for ADC clocking and data acquisition purpose:

+5 V POWER SUPPLY

REFERENCE

REFERENCE SIGNAL
.e.g 10 MHz

......... i gt : - SIGNAL
- Ja = F s ! GENERATOR
-z VL 9 ke 37 REFERENCE SIGNAL
' .e.g 1 MHz

HSDC-EXTMOD ===
CLOCK &=

CLOCK SIGNAL

........

PRESENTED CONFIGURATION
, e 2 . Single-ended clock on CLK
o g MEHEN e . 2 Vpinput full scale
P . Signal generator synchronized with HSDC-EXTMOD

Fig 7. Evaluation set-up measurement with ADC1002S0 20 and HSDC-EXTMODO01/DB
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3.2 HSDC extension module: FPGA flash

3.3

To get access to the software control of the generation system, run the “USB
Configurator.exe”. It is located by default in the directory "C:\Program Files\Electronique
Concept\USB Configurator\".

If a HSDC extension module is connected to the user system it will display the following
window:

= USB Configurator - Electronique Concept - V1.3 m=x]

Ele  Yiew

= ) ELCO 113 CGAP b

Pawer statuis

45 Input; 0K +3/3: 0K A2 0K +IVICLK: OK 10: 33

FPGA, Status

Power: OK BiStiean: configured ard runring VHDL Versior: 03 Rieset FPGA
FPGA Corfiguration Flash

Flashtype: M25P20

Configuration fie: | Megap_v1%Saftware\CGAP FREA bin v03\cgap,v03_P2C_RE 33 ACD bin

[ Eee | [ Pogam | [ veiy || | successhl

Number of devices: 4 Device size: 4Mb Totalmemory size: 16 Mb = 2 MB =524 288 veclors

Fig 8. “USB Configurator” window: board main contro I

This window gives an overview of the current status of the board connected. If supply is
not connected, a FAIL status appears on the Power status field.

Flash the FPGA with the appropriate bin file provided on the CD located at “\HSDC-
EXTMODO1\Software\USBConfigSetup v1.3 100212 1525\HSDCEXTMOD FPGA bin
v03”. Among the 8 files, 2 are considered here:

 “HSDCEXTMOD v03 P1C_RE_3V3 GEN.bin": the FPGA will use the rising edge
of the clock delivered by connector P1C;

 "HSDCEXTMOD v03_P1C_FE_3V3_ACQ.bin": the FPGA will use the falling edge
of the clock delivered by connector P1C.

For further details regarding the others file please contact dataconverter-
support@nxp.com.

Browse to select the wanted bin file. Click “Erase” and “Program” buttons. Once the
“Successful’ message appears, click “Reset FPGA” button: board is programmed.

HSDC extension module: DATA clock configuration

To acquire the digital input pattern on P1 connector, the user needs to choose the
wanted frequency. In our example, the frequency used for acquisition is 20 MHz and the
reference signal is provided on external “REF” pin:

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2010. All rights reserved.
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 USB Configurator - Electronique Concept - V1.3 =Joled

Ele  View

{61 ELCO271: CGAP board main coniol
ion

FRiG4 Configuration Reference Select

Data Clo atior:  native configuration © Intemal 10 MHz

Data Clock input: P1 Port [P1_CLE_IN) (®) SMA REF input

Diata Clock polaiy active on ising edge

Data Frequency Synthesizer
Diata Clock Frequency Corfigurations: Synthesizer is LMKD3001C

LMKD3001 153 6 MHz - 163.6 MHz [153 600 MHz) -~
LMK(T3007 184,32 MHz - 184 32 MHz [184.320 MHz]

LMK03001 36864 MHz - 368,64 MHz [368.640 MH2]
LMKO3001 431.52 MHz - £1.44 MHz [61.440 MHz]
| LMKO3001 431 52 MHz - 122,88 MHz [122 880 MHz]

v
Update New... | [Copy. | [ Edt Delele

% Reset & Configuie DFS
& il for DFS locked

&2 Synchiorize DFS oulputs
& Reset FPGA DCHs

% Wit for FPGA DCMs locked
o Stan FFA logic Actual output fiequency: 20,000 MHz

Dot Phase Shit
Limits  (ather lower linit may apphy)
0000 2 ne 5,565 s < Phase Shit <5.865 ns (Phase Shift Step = 0,023 ns)

Fig 9. “USB Configurator” window: DATA clock config uration

The FPGA configuration indicates which configuration file has been programmed in
FPGA, in the example shown it is the rising edge of the embedded clock.

In the directory “\HSDC-EXTMODO01\Software\USBConfigSetup v1.3 100212
1525\Config” of the CD, there are 2 configurations files that already defines frequencies
for the DFS and AFS (AQM clock configuration that we don’t use here). Copy these files
to the directory “C:\Documents and Settings\All Users\Application Data\Electronique
Concept\UsbConfig” to get access to these frequencies.

Select “LMKO03001 20 MHz — 20 MHz (20.000 MHz)" to define the frequency to be 20
MHz. The pattern will be acquired as this sampling rate, meaning 20 MHz CMOS.

Click “Update”, this should display 6 green check boxes and the value of the
corresponding frequency being actually generated by the board.

The Data Phase Shift allows the user to shift the clock position wrt data by the amount of
time indicated.

Note: you can edit the LMK file by clicking on the “Edit...” button to define your own
frequency, as long as you respect the frequency range defined by the PLL. For other
frequencies to generate, please contact dataconverter-support@nxp.com for more
details.

HSDC extension module: pattern acquisition
The clock frequency is defined, and the board is ready to acquire the pattern.

In order to do the acquisition, the number of samples needs to be filled in the Pattern size
field: this number is a power of 2 with a maximum of 8MB.

Select one-shot mode and source P1 to acquire data (see figure 10).

The hardware connection between the ADC1002S020 and the HSDC extension module
has to be described to get correct results. This is done by using the fields in “Channel 0
Input Configuration” and in “Channel 1 Input Configuration”.

The channel 0 receives the data from ADC where ADC MSB is connected to the 1% bit
and ADC LSB is connected to the 10™ bit of the HSDC extension module. Tune the fields
“Input is located on file A between xx (MSB) and xx (LSB)” to describe this configuration

(see figure 10).

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2010. All rights reserved.
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 USB Configurator - Electronique Concept - V1.3 M=%
Bl View
= (&) ELCO271: CGAP board main control A
5 AGM closk configuration
& DATA elock configuration Pattern size: 8192| vectors [modulus 8] Mode: O cortinuous &) oneshot — Source: (3 P1 () P2
[ Pattemn Generation
7 P B e e L e e
CF Debug functions [ Seve ) (NNANANNANANAANANNNAANNRNRNAN] 5uccessiuy saved s 812 vacios pattem

Channel 0 Inpt Confiqurstion
‘Wiite input from channel 0 ta output fle &

Input from channel Dis shifted ight by [0 || bits, [] sign estended
Inputis located on fie & between [0 [ve| MSBland (9 [v| (LSB). unused bits are filed with |0 [w|
Filed | CAWorkATemp\ADC] 0023 020_CHMOS_chil pat

15 14 13 12 11 10 8 & 7 6 6§ 4 3 2 1 0
Filedowpit | 0 0 0 0 0 0 10 1 12 13 W 15 B 17 I8 \a‘

Chanel 1 Input Configuration

] ‘e input from channel 1 to output file B

Fig 10. “USB Configurator” window: pattern acquisit ion for ADC1002S020

3.4.1 Pattern acquisition

3.5

Browse on both channel path configuration to select the file to store the data that will be

acquired.

Click on “Acquire” and “Save” buttons to end the capture process.

FFT post-processing

Once acquisition is done, the captured data can now be processed for FFT results using
the “NXP_ADC_Acquisition.exe” tool located under directory “\HSDC-
EXTMODO1\Software\NXP_ADC_Acquisition” of the CD.

Run the application it will display the following window:

All information provided in this document is subject to legal disclaimers.
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[ HXP_ADC_Acquisition.vi |=%]
1 / ' NXP ADC acquisition software v1.6
}j \ k copyright NeP semiconductors 2010
= ST Coding st Format i
Step 1 & El & binary @amMos
S T2 complement | (O LVDS Folded bit-wise
o e Daray code (O LWDS Folded byke-wise
FL- E' O LYDS interlsaed

i e

1700 125M =) coherent ol bohindaw =
) nen coherent Fs

‘step3 [ comeure | Display ADEL ADC1 Harmonics ADC! Dynaric Parameters  ADCL Output Code
HLfHz)  Hi (dee) ENCBIb). LavellFs) Max, Code i, Code
FFT Spectrum I Reorgarized signal | Unreconstructed signal | Histogram | 0 o o o o o
HE () H2 (e STHADIEE) THO(dEC) Offset
o o o 0 o
HaghE) 3 (o) SHR(dBC) SR{ERS)
o o o o
He ) 4 o) SFDR(dBE) SFOR(EFS)
o o o 0
HS {He)  HS (dBe)
o o

He{Hz)  Ha {dBe)

8 o o

k-1

2 ADE2 Harmenics ADC2 Dynamic Parameters | ADC2 Output Code

E‘ HL{Hz)  HI (dBc) ENGB(BL). Level(Fs) M&¥, Code Min, Code
o o 0 0 0 [
He(He)  Haidec) SINAD(dE) THO(dEC) Offéet
o 0 i 0 o
HE {He)  Ha{dsc) SHR(dSc)  SHR(dEFS)
o o o o
HifHa)  Hé (dBe) SFDR(dEC) SFOR(dEFS)
o o 0 0

: ; : ; : : i H5 {He)  H5 {dBc)
0 SM  10M 15 20M  25M  30M  35M 38.4M. o 0

Frequency (Hz)

He {He)  He fdec)

@l "

Fig 11. “NXP_ADC_Acquisition” window: start-up scre en

3.5.1 Acquisition software: input files

The first step consists in delivering the files to be processed. Browse in field “Select
ADCI file:” to indicate the file to be used.

Indicate the data format (by default data are stored in binary format).

Note: both files needs to have the same data format and have the same input and clock
frequency.

Indicate CMOS mode.
3.5.2 Acquisition software: frequency indication
The second step consists in indicating the relevant numbers for the FFT processing:
« the resolution N: 10 in this case;
« the input frequency Fin: 1.25 MHz in our example;
e the sampling frequency Fs: 20 Msps in our example;
» whether Fin or Fs are coherent or not:

— if signals are coherent, selected which Fin or Fs are fixed for the calculation (see
appendix A.1). The value of coherent frequency resulting from this calculation will
be displayed (this corresponds to the value to be generated in front of the ADC);

— if signals are not coherent, select the window for FFT processing to apply (the
Blackman window gives better results).

The example shown below is for Fin = 1.25 MHz Fs = 20 Msps, with Fin and Fs coherent
and Fs fixed value in CMOS mode:

QS_ADC1002S020_2 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2010. All rights reserved.
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[ HXP_ADC_Acquisition.vi |=%]
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bl L S I
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Fig 12. “NXP_ADC_Acquisition” window: frequency ent ry

3.5.3 Acquisition software: FFT results display

Press the “COMPUTE” button to display the results from the FFT processing. The results
fields will be updated depending on the number of input files. If 2 files have been
processed, it is possible to display both results on the same picture for all graphs using
the “Display ...” button (“Display ADC1” or “Display ADC2" or “Display ADC1 & ADC2").

3.5.3.1 FFT spectrum
The first graph to be displayed is the FFT spectrum of the digital pattern acquired:

QS_ADC1002S020_2 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2010. All rights reserved.
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5/ NXP_ADC_Acquisition. vi | 98[=1>]

'NXP ADC acquisition software v1.7
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Fig 13. “NXP_ADC_Acquisition” window: FFT result

Press the “Autoscale” button to display the whole content.

The tables ® and @ give the relevant dynamic parameters:

» Table @: first 6 harmonics frequencies and amplitude level;

» Table @: dynamics parameters:

ENOB expressed in bit;

Level of the digital output signal relative to the full-scale;
SINAD in dBc;

THD in dBc calculated over first 6 harmonics;

SNR in dBc and dBFS;

SFDR in dBc and dBFS.

3.5.3.2 Reorganized signal

The Reorganized signal displays the reconstructed sine wave from coherency calculation
corresponding to 1 period of the input signal:
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Fig 14. “NXP_ADC_Acquisition” window: reorganized s ignal
Press the “Autoscale” button to display the whole content.

3.5.3.3 Unreconstruted signal

The unreconstructed signal displays the unreconstructed sine wave corresponding to the
whole number of period being acquired following the coherency rule:
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1% Ciiwiork| TemplADC L0025020_CMOS._ch0, pat.

Fig 15. “NXP_ADC_Acquisition” window: unreconstrute d signal

Press the “Autoscale” button to display the whole content.

Use the zoom tool to observe in more details all the captured data.

3.5.3.4 Histogram

The histogram graph shows the distribution of output codes. This graph allows to know
which code is present and if there is any missing code in the conversion range:
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Fig 16. “NXP_ADC_Acquisition” window: code histogra m

Press the “Autoscale” button to display the whole content.

The table ® shows the range of output codes.
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The coherency relies on the fact that clock and analog input signal are synchronized and
the first and last samples being captured are adjoining samples: it ensures a continuous
digitized time process for the FFT processing.

To achieve this, one has to follow the equation:

Fon M

F. N
where M is an odd integer equal to the number of periods being acquired and N the
number of samples acquired.

With Fin, Fs and N known, M has to be chosen such that it follows the equation above.
To do this iterative calculation, one has to decide whether Fin or Fs is fixed.

To illustrate this process, let's consider our current example with Fin =1 MHz, Fs = 20
Msps and N = 8192 samples acquired:

« if Fin is fixed, this leads to M = 409 periods of input signal to be acquired and a real
sampling frequency to be Fs = 20.0293399 MHz;

« if Fsis fixed, this leads to M = 409 periods of input signal to be acquired and a real
input frequency to be Fin = 0.998535156 MHz.

Those values needs to be programmed in the signal generator and clock generator
before capture is done, otherwise the FFT calculation will lead to a non-coherent result
as shown below:
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b Y 4
\ . NNXP ADC acquisition software v1.7 QUIT
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Fig 17. “NXP_ADC_Acquisition” window: non-coherent

capture example

The numbers given for SNR, SFDR are completely wrong if coherency is not respected.
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5. Notes
For any question, feel free to contact us at the following e-mail dataconverter-
support@nxp.com.
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6.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences
of use of such information.

6.2 Disclaimers

Limited warranty and liability —  Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors accepts no liability for inclusion and/or use of
NXP Semiconductors products in such equipment or applications and
therefore such inclusion and/or use is at the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
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Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from national authorities.

Evaluation products —  This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express,
implied or statutory, including but not limited to the implied warranties of non-
infringement, merchantability and fitness for a particular purpose. The entire
risk as to the quality, or arising out of the use or performance, of this product
remains with customer.

In no event shall NXP Semiconductors, its affiliates or their suppliers be
liable to customer for any special, indirect, consequential, punitive or
incidental damages (including without limitation damages for loss of
business, business interruption, loss of use, loss of data or information, and
the like) arising out the use of or inability to use the product, whether or not
based on tort (including negligence), strict liability, breach of contract, breach
of warranty or any other theory, even if advised of the possibility of such
damages.

Notwithstanding any damages that customer might incur for any reason
whatsoever (including without limitation, all damages referenced above and
all direct or general damages), the entire liability of NXP Semiconductors, its
affiliates and their suppliers and customer’s exclusive remedy for all of the
foregoing shall be limited to actual damages incurred by customer based on
reasonable reliance up to the greater of the amount actually paid by
customer for the product or five dollars (US$5.00). The foregoing limitations,
exclusions and disclaimers shall apply to the maximum extent permitted by
applicable law, even if any remedy fails of its essential purpose.

6.3 Licenses

Purchase of NXP <xxx> components

<License statement text>

6.4 Patents

Notice is herewith given that the subject device uses one or more of the
following patents and that each of these patents may have corresponding
patents in other jurisdictions.

<Patent ID> — owned by <Company name>

6.5 Trademarks

Notice: All referenced brands, product names, service names and
trademarks are property of their respective owners.

<Name> — is a trademark of NXP B.V.
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