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AGENDA

• Smart Peripherals and IoT

• What is FlexIO

• Enablement for FlexIO

• Autonomous Monitoring Example

− Hands On

• Advanced Interfaces

− Demonstration

• Summary
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Challenges for Today’s Embedded Designs
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Attributes of a Smart Peripheral

A
s
y
n
c
h
ro

n
o
u
s Independent clocking 

and the ability to 
perform operations 
based on events

A
u
to

n
o
m

o
u
s Capable of 
independent decisions 
and actions

A
d
a
p
ta

b
le

Able to be modified to 
for new use or 
purpose



PUBLIC USE5 #NXPFTF

Example MCU Block Diagram
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Example MCU Block Diagram

DMA: Operation in stop & 

channel to channel linking
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Example MCU Block Diagram

ADC: Threshold checks & average

DMA: Operation in stop & 

channel to channel linking
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Example MCU Block Diagram

ADC: Threshold checks & average

Timer: Generate PWM in STOP

DMA: Operation in stop & 

channel to channel linking
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Example MCU Block Diagram

ADC: Threshold checks & average

UART: Automatic Address 

matching

Timer: Generate PWM in STOP

DMA: Operation in stop & 

channel to channel linking
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Example MCU Block Diagram

ADC: Threshold checks & average

UART: Automatic Address 

matching

Timer: Generate PWM in STOP

TMR: Pulse counting in 

STOP

DMA: Operation in stop & 

channel to channel linking
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Example MCU Block Diagram
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FlexIO: The Smartest Peripheral
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Generate PWMS, 
State machines 

and data passing

Perf. Offload

Match and 
pattern 

recognition

Energy Eff.

Operation in 
stop modes

Smart Control Fast TTM

Use the Flex IO Smart Peripheral to Change Raw Data Into 

Valuable Data and Reactions
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Use the Flex IO Smart Peripheral to Change Raw Data Into 

Valuable Data and Reactions
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Shifters and Timers
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Shifters and Timers
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Shifters can be associated with 

1, 4, 8 , 16 or 32 IO pins 

supporting a wide range of 

interfaces

Shifters can be linked together 

so that as data is received, the 

data can be shifted into the 

next shifter
Timers are used to control 

when data is shifted in or 

shifted out (Shift timing)
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Timer Triggers

Internal 
(to the FlexIO)

Triggers

Any FlexIO pin

Any FlexIO Shifter status 
flag

Any other timer output 

External 
(Chip Specific) 

Triggers

Chip Trigger pin 
(EXTRIG_IN)

Chip Comparators

Chip Timers
DMA Timers (PIT)

PWM timers (FTM)

Low Power Timers (LPTMR)

RTC (Seconds and Alarm)



PUBLIC USE18 #NXPFTF

Timers: Uses and Generating Shift Timing

Example Uses

•Generating a clock 
signal

•Counting triggers

•Clock counting
•Serial transfer 
size

Timer Decrement 
Control

• FlexIO Clock

• Trigger input (1)

• Trigger input (2)

• Pin Input

Shift Clock 
Control

• Timer Output

• Trigger Input

• Pin Input  
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Logical Operators: Match Capabilities
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• Each shift register 

supports 16 bits of 

match data and 16 

bits of mask data to 

easily configure 

thresholds

• Match can be used to 

monitor data and 

create reactions
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FlexIO Use Case: Functional Description – Transmit Data
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Disable on compare

Timer status flag set when 

STOP bit has been sent

Enable on trigger 

(shifter 0 status) 

rising edge

Shifter status flag 

cleared

Shifter status 

flag set

7. 6. 5. 4. 3. 2. 1. 0.

7. 6. 5. 4. 3. 2. 1. 0.

-2.

0.

Write data to be send

Shifter 

output

……... 8.1.

-1.

• Starting at -2, the shifter is 

ready for data to be loaded, 

SW or DMA is used to write 

the data

• The timer triggers after the 

data is written as the shifter 

status flag is set

• The timer starts counting and 

data is shifted out 

(transmitted)
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FlexIO Use Case: Functional Description – Receive Data
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Timer 1
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10.

Timer status flag set when 

STOP bit detected

• Starting at -1, timer counting is 

triggered by the rising edge of a 

FlexIO pin (a clock)

• Data is shifted into the shift 

register until the bit count is 

reached at the expiration of the 

timer

• The data is transferred to the 

shift buffer and can be read
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4. 3. 2. 1. 0.5.6.7.8.9.10.11.28.29.30.31.

Write data as logic 

look-up table

…
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Timer m
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Shifter n

Shifter n input

Shifter n output

input 

combinations
Inputs In
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Log. 1 -> Status flag set

Log. 0 -> Status flag cleared

Log. 1 -> Error flag set

SSTOP[1:0]

SSTART[1:0]

0/10/10/10/10/10/10/10/10/10/10/10/10/10/10/10/1

Output

Logical Operators: Logic Mode

• In logic mode 4 FlexIO

pins along with the output 

of one FlexIO shifter can 

be used to generate a 5 

input by 32 output logical 

look up table

• A shifter holds the output 

value that will be placed 

onto the output pin based 

on the 5 input states

• Note that a FlexIO pin can 

also be a trigger to a 

FlexIO timer allowing this 

function to be expanded
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State Machine 
Up to 3 input pins setting 8 states controlling up to 8 output pins 

calculated

STATE POINTER                        next

Write data to 

the buffer

Logic states for the outputs
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SSTART[1:0]Next state is calculated based on this table

STATE 0

STATE 1

STATE 2

STATE N

Inputs

.

.

.

FXIO_D7

FXIO_D0
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FXIO_D5

FXIO_D6
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Shifters Buffer Aliases

 SHIFTBUF + BIS → Bit swapped

 SHIFTBUF + BYS → Byte swapped

24 23 16 15 8 7 031

7 8 15 16 23 24 310

3. Byte 2. Byte 1. Byte 0. Byte

24 23 16 15 8 7 031

3. Byte 2. Byte 1. Byte 0. Byte

0 15 8 23 16 31 247
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Shifters Buffer Aliases

 SHIFTBUF + BBS → Bit - byte swapped

 SHIFTBUF + NBS → Nibble byte swapped

24 23 16 15 8 7 031

31 16 23 8 15 0 724

3. Byte 2. Byte 1. Byte 0. Byte

………………………………..2731

3. Byte

28 24

………………………………..3127 24 28

………………………………..1923

2. Byte

20 16 ………………………………..1115

1. Byte

12 8 ………………………………..37

0. Byte

4 0

………………………………..2319 16 20 ………………………………..1511 8 12 ………………………………..73 0 4
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Flexio Possibilities

• 8 shifters each with individual control and configuration

• 8 timers each with individual control and configuration

• 4 modes of operation

− Including logic and state machine modes

• Internal and external triggers

• 32 input and output pins

• 1000s of possibilities
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FlexIO Appnotes

• AN4955: Emulating the I2S Bus Master with the FlexIO Module

• AN5034: Emulating UART by Using FlexIO

• AN5116: Emulating IRDA by Using FlexIO

• AN5133: Emulating I2C Bus Master by using FlexIO

• AN5209: AN5209:Generating PWM by Using FlexIO

• AN5239: Emulating Hardware State Machine Using FlexIO Module

• AN5242: Emulating Dual SPI Using FlexIO

• AN5275: Using FlexIO for parallel Camera Interface

• AN5280: Using Kinetis FlexIO to drive a Graphical LCD

http://cache.nxp.com/files/microcontrollers/doc/app_note/AN4955.pdf?fsrch=1&sr=1&pageNum=1
http://cache.freescale.com/files/32bit/doc/app_note/AN5034.pdf
http://cache.freescale.com/files/32bit/doc/app_note/AN5116.pdf
http://cache.freescale.com/files/32bit/doc/app_note/AN5133.pdf?fsrch=1&sr=2&pageNum=1
http://cache.nxp.com/files/32bit/doc/app_note/AN5209.pdf?fsrch=1&sr=5&pageNum=1
http://cache.nxp.com/files/32bit/doc/app_note/AN5239.pdf?fsrch=1&sr=4&pageNum=1
http://cache.nxp.com/files/32bit/doc/app_note/AN5242.pdf?fsrch=1&sr=3&pageNum=1
http://cache.nxp.com/files/microcontrollers/doc/app_note/AN5275.pdf?fsrch=1&sr=1&pageNum=1
http://cache.nxp.com/files/archives/doc/app_note/AN5280.pdf?fpsp=1&WT_TYPE=Application Notes&WT_VENDOR=FREESCALE&WT_FILE_FORMAT=pdf&WT_ASSET=Documentation&fileExt=.pdf
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FLEXIO in SDK 2.0

Start with the Kinetis SDK to leverage examples 

and drivers
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Example Showcase: FlexIO->USB Video Device

• SDK_2.0_FRDM-

K82F.zip\boards\frdmk82f\usb_examples\usb_device_video_flexio_ov7670
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Example Showcase: FlexIO->Read Accel Value Transfer
…SDK_2.0_FRDM-K82F\boards\frdmk82f\driver_examples\flexio\
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HANDS ON
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Read Accel Value Transfer: HW Setup

Board settings

==============

The flexio_i2c_read_accel_value 

example requires connecting the 

FLEXIO pins with the I2C pins of the 

accelerometer

The connection should be set as 

follows:

- J12-3, J12-15 connected

- J12-4, J12-16 connected

FXIO0_D5  Connected to PTA2 is the I2C SCL signal connected to FXOS8700

FXIO0_D6 Connected to PTA1 is the I2C SDA signal connected to FXOS8700
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Updating the Example Using the Flexibility of FlexIO

FXIO0_D12  MULTIPLEXED to PTA2 is the I2C SCL signal connected to FXOS8700

FXIO0_D11 MULTIPLEXED to PTA1 is the I2C SDA signal connected to FXOS8700
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Optimized Example (Less HW Configuration)

Board settings

==============

The flexio_i2c_read_accel_value 

example requires connecting the 

FLEXIO pins with the I2C pins of the 

accelerometer

The connection should be set as 

follows:

- J12-3, J12-15 connected

- J12-4, J12-16 connected

Hardware configuration, no longer needed
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FlexIO Distribution on FRDM-K82F
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Using FlexIO: Flex Your Mind and Make It Smart
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Shifter5 is used for X 
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l Timer5 is used for 
Red LED (Waiting for 
Shifter7 trigger)

Timer6 is used for 
Blue LED (Waiting 
for Shifter6 trigger)

Timer7 is used for 
Green LED (Waiting 
for Shifter5 trigger)

Built from the Kinetis SDK FlexIO driver example in the 

below directory
SDK_2.0_FRDM-K82F\boards\frdmk82f\driver_examples\flexio\i2c\read_accel_value_transfer

Uses the FlexIO I2C Master Driver in order to interface 

to the on board FXSO8700 6-Axis sensor

Readings are displayed using a UART and a terminal 

program
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Using FlexIO: Flex Your Mind and Make It Smart
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for Shifter5 trigger)
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Using FlexIO: Flex Your Mind and Make It Smart
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Using FlexIO: Flex Your Mind and Make It Smart

I2
C
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ti
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n Timer0 generates 

baud and bit timing

Timer1 contains data 
bit count

Shifter1 is used for 
Data (Transmit or 
receive)

I2
C
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n

if
fi

n
g Timer[5:7] is used for 

setting shift count

Shifter7 is used for Z 
data matching

Shifter6 is used for Y 
data matching

Shifter5 is used for X 
data matching

R
G

B
 L

E
D
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l Timer5 is used for 
Red LED (Waiting 
for Shifter7 trigger)

Timer6 is used for 
Blue LED (Waiting 
for Shifter6 trigger)

Timer7 is used for 
Green LED (Waiting 
for Shifter5 trigger)

Building from the example, other 

FlexIO resources can be used to 

monitor specific data within the 

I2C communications with the 6-

Axis Sensor
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Using FlexIO: Flex Your Mind and Make It Smart

I2
C
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baud and bit timing

Timer1 contains 
data bit count

Shifter1 is used for 
Data (Transmit or 
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g Timer[5:7] is used 
for setting shift count

Shifter7 is used for Z 
data matching

Shifter6 is used for 
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l Timer2 is used for 
Red LED (Waiting 
for Shifter6 trigger)

Timer4 is used for 
Blue LED (Waiting 
for Shifter5 trigger)

Timer3 is used for 
Green LED (Waiting 
for Shifter7 trigger)
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Hands On
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Parallel Mode



PUBLIC USE43 #NXPFTF

FlexIO Parallel Mode Features

• Parallel Mode supported in FlexIO v1.1

• Supports transmit and/or receive in parallel

• Bus widths of 4, 8, 16, or 32

• Possible Applications or interfaces:

− Graphical LCD

− Camera interface

− Motorola 68K bus

− Intel 8080 bus

− Etc.
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Parallel Transmit: 4-bit Bus Example 

NOTE 1: Shifter0, Shifter4 only support parallel transmit to the output pins

NOTE 2: Shifters can be chained together

1 03 25 47 6…29 2831 30

1 03 25 47 6…29 2831 30

Shift Register

Shift Buffer

}Parallel 

Output
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Parallel Receive: 4-bit Bus Example 

1 03 25 47 6…29 2831 30

1 03 25 47 6…29 2831 30

Shift Buffer

Shift Register

NOTE 1: Shifter3, Shifter7 only support parallel receive from the input pins

NOTE 2: Shifters can be chained together

Parallel 

Input{
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FlexIO Module Differences

KL17 / KL27 / KL33 / KL43     

(48MHz)

KL81Z128 / KL82Z128     

(72MHz)

K80FN256 / K81FN256

(150MHz)

Major 1 1 1

Minor 0 1 1

Standard x x x

State mode - x x

Logic mode - x x

Parallel mode - x x

FLEXIOx_PIN - x x

FLEXIOx_SHIFTSTATE - x x

FLEXIOx_SHIFTBUFNBSn 

FLEXIOx_SHIFTBUFHWSn 

FLEXIOx_SHIFTBUFNISn

- x x

16 16 16

8 32 32

4 8 8

4 8 8

Timers

Shifters

FlexIO module

Features

Versions

Triggers

Pins

Registers
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FlexIO CMOS Image Sensor Interface
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KSDK USB Camera OV7670 FlexIO Demo

• Image frames sent using USB Video Class

• Configures OV7670 for 160 x 120 resolution, 16bits/pixel

• Shifts 8-bits in parallel per PCLK using FlexIO

• FlexIO triggers DMA after frame received, moves to SRAM buffer for USB

FRDM-K82F

OV7670

Image

Sensor

MK82FN256VLL15

VSYNC
GPIO

I2C

SIOC

SIOD

FlexIO

D[7:0]

XCLK

HREF

PCLK

USB
USB

Host

CLKOUT

DMA
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USB Camera OV7670 FlexIO Timing

• FlexIO Timer0 trigger is HREF

− when HREF is high, timer is enabled

• FlexIO Timer0 input is PCLK

− rising edge on PCLK is shift clock –

pixel data is sampled

• VSYNC uses GPIO interrupt to 

reset DMA for next frame

... ... ... ...

………

VSYNC

HREF

PCLK

D0

D1

D2

D7

.

.

.

... ...... ...

... ...... ...

... ...... ...

... ...... ...

………

………

………

………

………

1 frame

1 line

1. row 2. row n. row(n-1). row

n = 240 for QVGA

t

t

t

t

t

t

t

m pixels 

(2 x m bytes for RGB565) m = 320 for QVGA

n = 120 for demo

m = 160 for demo
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KSDK USB Camera OV7670 FlexIO Demo

• Example included in KSDK, located at:

− SDK_2.0_FRDM-

K82F.zip\boards\frdmk82f\usb_examples\usb_device_video_flexio_ov7670

kex.nxp.com
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Driving Graphical LCD with FlexIO
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Using Kinetis K8x MCU to Drive Graphical LCD with FlexIO

Debug
Interfaces

DSP

Interrupt
Controller

Floating Point Unit 
(sFPU)

ARM® Cortex®-M4 - MPU
Up to 150 MHz with HSRUN

Bit Manipulation Engine

Internal and 
External

Watchdogs

32ch ADMA

24I/O Wake-Up unit  

Program Flash
(Up to 256KB)

SRAM
(256KB)

External Bus
Interface
(FlexBus)

Phase-Locked
Loop

Frequency-
Locked Loop

Low/High
Frequency
Oscillators

Internal
Reference

Clocks

Cyclic
Redundancy
Check (CRC)

True Random
Number

Generator

Cryptographic

Acceleration
Unit (CAU)

16bit ADC

2 x ACMP

12-bit
DAC

FlexTimer
LPTPM

Programmable
Delay Block

Periodic
Interrupt

Timers

Low-Power
Timer

Independent
Real-Time

Clock (RTC)

4x I2C 1xI2S

3xSPI

1 x USB OTG
(LS/FS) + PHY

4xLPUART

Secure
Digital Host
Controller

(SDHC)

GPIO

Core
System Memories Clocks SCG

Security/Integrity Analog Timers Communication  Interfaces HMI

USB
Voltage Regulator

USB Device
Charger Detect

FLEXIO

Tamper Detection
w/ LTC Security

Carrier
Modulator

Transmitter

SDRAM Controller

8KB Code Cache

XIP QuadSPI

TSI

FLEXIO

1.2V VREF

ROM

2xEMVSIM

RDC

8KB Sys Cache

* Dashed Line Represents Optional Features

On The Fly AES 
Decryption

• FlexIO v1.1 with 
Parallel mode

• SDRAM Controller 
for large frame 
buffers

• QuadSPI Flash 
interface to store 
graphics

• High-Performance 
150MHz CPU with 
large caches
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FlexIO to Graphical LCD

• FlexIO in Parallel mode for pixel data

• FlexIO timers can also drive HSYNC, VSYNC, and pixel clock

• For larger displays, frame buffer in external SDRAM

• FlexIO triggers DMA to pull data from frame buffer

• QuadSPI to store graphic images
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LCD Signal Generation With FlexIO

Simplified timing diagram
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FlexIO LCD Demo

Appnote AN5280 available and software AN5280SW

http://cache.nxp.com/files/archives/doc/app_note/AN5280.pdf?fpsp=1&WT_TYPE=Application Notes&WT_VENDOR=FREESCALE&WT_FILE_FORMAT=pdf&WT_ASSET=Documentation&fileExt=.pdf
http://cache.nxp.com/files/archives/doc/app_note/AN5280.pdf?fpsp=1&WT_TYPE=Application Notes&WT_VENDOR=FREESCALE&WT_FILE_FORMAT=pdf&WT_ASSET=Documentation&fileExt=.pdf
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