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- Smart Peripherals and loT
- What is FlexIO
- Enablement for FlexIO

- Autonomous Monitoring Example
-Hands On

- Advanced Interfaces
- Demonstration

- Summary

h o

P R



Explosive Growth of Smart Connected Solutions
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Challenges for Today’s Embedded Designs

Ease of
use

Software

Scalable
Performance
Smart
MCUs
integrated
Security
and
integrity
™ Software S-mart
System level updates Peripherals

costs
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Attributes of a Smart Peripheral

) Independent clocking

= and the abillity to

O perform operations
based on events

0 Capable of
= Independent decisions
and actions

O Able to be modified to
— for new use or
O purpose

& =
O o
e C
G S

D)
7) <
<
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Example MCU Block Diagram

5
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=D A

ARM" Cortex'-M4 Up to 150 MHz with
HSRUN B Manipulation Engine

omhm' DSsP

Clocks SCG

Wm MMMWEPUJ

ﬁ(BUDCad\o

.-
]
'
L

: Cryptographic hardware support and execution from external encrypted memories is available on the Kinetis K82 MCU
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Example MCU Block Diagram

DMA: Operation in stop &

Core channel to channel linking

ARM" Cortex” -M4 Up to 150 MHz with
HSRUN Ba Manipulation Engine

by

N ":ﬂ;‘!i"-.l'("C’S)‘)‘iVl‘?.’.

« el oo
[Z-&’..\'.f‘?."f@""?."?s‘n
e

: ’ Cryptographic hardware support and execution from external encrypted memories is available on the Kinetis K82 MCU

'
(S5
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Example MCU Block Diagram

DMA: Operation in stop &
channel to channel linking

ARM® Cortox*-14 Up to 150 MHz with
HSRUN Ba Manipulation Engine

Debug Interfaces DsP

Intemupt Controler  Floating Point Unit (FPU)

SKB 1D Cache

KB Sys Cache

L Cryptographic hardware support and execution from external encrypted memories is available on the Kinetis K82 MCU
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Example MCU Block Diagram

DMA: Operation in stop &
channel to channel linking

ARM" Cortex”-M4 Up to 150 MHz with
HSRUN Ba Manipulstion Engine

L' Cryptographic hardware support and execution from external encrypted memories is available on the Kinetis K82 MCU

y
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Example MCU Block Diagram

v DMA: Operation in stop &
ARM" Cortax®-M4 Up to 150 MHz with channel to channel linking

ADC: Threshold checks & average

UART: Automatic Address
matching

and Integ

L Cryptographic hardware support and execution from external encrypted memories is available on the Kinetis K82 MCU
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Example MCU Block Diagram

ARM* Cortax" -14 Up to 150 MHz with
HSRUN Ba Manipulation Engine

ADC: Threshold checks & average

DMA: Operation in stop &
channel to channel linking

TMR: Pulse counting in
STOP
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and execution from external encrypted memories is available on the Kinetis K82 MCU



Example MCU Block Diagram

Core System Memories Clocks SCG
ARM® Cortox” -4 Up to 150 MHz with £  PhateLocked Loob
HSRUN B Manipulation Engine ]
Debug Interfaces DsP
Intemupt Controller  Floating Point Unit (FPU) On-tha-fy D : * Law/High Frequenc:
- ' i e e PN
8KE VD Cacha —_—

L' Cryptographic hardware support and execution from external encrypted memories is available on the Kinetis K82 MCU
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FlexlO: The Smartest Peripheral

Timers/
Shifters
Up to
32 pin
inputs
Triggers

Raw data
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SHIFTBUFO

[T

L

Selection

SHIFTERD

SHIFTBUFI

[T

~LII 1

Timer
Selection

!

TIMERO

nnT+

State
——= Machine
- Up to
" 32 pin
|| outputs
Logical
operators

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

New or

incremental S
Generate PWMS, Match and Operation in

State machines interface pattern stop modes
and data passing (Camera’ recognition

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

31 SHIFTBUFO. (]

Selection Selection

(110 I N
Timers/ e t State
Shifters — . s . —= Machine
P —=1 D000 scoossass 1] T cueiten
Up to —— . H . — Up to
32 pin U —— 1 32 pin
inputs "f T || outputs
: N \ Logical
Triggers i i operators
fTHE fri
‘ 1N |

External Triggers.

Valuable data/

Raw data .
reactions
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Shifters and Timers

Read data by SW >

MS Aq erep el

Shifter buffer N

y

Pin & polarity

Selection -
FXIO_DO —— P
ST e owcion ~ | & Sher (v The MCU on the
FXIO_D2 —p» Source detectiol g g g N e
_ . 5 5 g ——®» FXIO_DO -
. } 578 al ﬁi, s FRDM-K82F has 8
FXIO_Dn —— P - > l l l ) 4». FXIO_D2 Shlft reg|sters & 8
Shifter .
Shifter (N + 1) input \ Shifter N \ Shifter output . TI N
tput
o \ Shift timing \ > f L P FXIO_Dn
Start / Stop Pin & polarity
insertion Selection

_ e —,

- .
< Atthe Continuosly
expiration

Timer m

Timer & polarity

Selection
N
=
=

At the start
of counting

TIMO ——
TIML ——
TIMM ——

y
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Shifters and Timers

> [5)
2 (=R
g 2
< o
° o
] <
[
(5]
14
Pin & polarity
Selection
FXIO_DO ——
Start / Sto <
FXIO_ D1 ———p» Input detectionp rx | £ g MATCH %
FXIO_D2 ———p» Source 3 3 g %
. ﬁ 3 5 g
%) o 3
FXIO_Dn 4>
- > > l l l VAN "N
. Shifter
Shifter (N +1) input \ Shifter N \
output f
\ Shift timing \
Start / Stop
insertion
At the Continuosly At the st'art
expiration of counting
Timer m

Shifters can be linked together
so that as data is received, the
data can be shifted into the
next shifter
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ﬁm - FXIO_DO

Shifter output

- FXIO_D1
- FXIO_D2

P FXIO_Dn

Pin & polarity
Selection

Timers are used to control
when data is shifted in or
shifted out (Shift timing)



Timer Triggers

17
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Internal
(to the FlexlO)

Triggers

External
(Chip Specific)

Triggers

Any FlexIO pin

Any FlexlO Shifter status
flag

Any other timer output

Chip Trigger pin
(EXTRIG_IN)

Chip Comparators

. . DMA Timers (PIT)
Chlp Tl merS PWM timers (FTM)
Low Power Timers (LPTMR)
RTC (Seconds and Alarm)
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Timers: Uses and Generating Shift Timing

Timer Decrement Shift Clock
Example Uses Control Control
*Generating a clock * FlexlO Clock » Timer Output
signal  Trigger input (1)  Trigger Input
 Trigger input (2) * Pin Input
«Counting triggers * Pin Input

*Clock counting
*Serial transfer
size
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Logical Operators: Match Capabilities

Read data by SW >

MS Aq erep alum

Pin & polarity Shifter buffer N

Selection

FXIO_DO ——»

—» Start / Sto o . .
Fio b2 Souro detection RX | & ¢ | matc g Shifter (N - 1)
FXIO_D2 ———| ource 3 g E - o (N
. ﬁ g S § —® FXIO_DO0
. - FXIO_D1
FXIO_Dn ——p» ——®» FXIO_D2
i Shifter . _ .
Shifter (N + 1) input \ Shifter N \ Shifter output .
. ift timi f ——» FXIO_Dn
\ Shift timing \
Start / Stop Pin & polarity
insertion Selection
Atth Continuolly Atthe start
expiratigg of counting
Timer m

Timer & polarity
Selection

TIMO ———
TIML ———

N
=
[~

TIMMm ———p
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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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FlexlO Use Case: Functional Description — Transmit Data

« 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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o
=3

@ °=
o
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Write data to be send %
Shifter status flag .
cleared Shifter buffer O
X X X X ... X 7.1 6. | 5 3.1 2 1.] 0.
% Shifter status
o flagset 1.} = e
) TX
3 m m
X X X X X...X 7.0 6.} 5. 3.0 2 1. 0. HFXlO—DA'
Shifter
Shifter O output
Shift on positive edge > f
Start as 0 enabled
Stop as 1 enabled
@ At the start atthe |Timer status flag set when
of counting expiration STOP bit has been sent

Trg

Timer O

Enable on trigger
(shifter O status)
rising edge

~

Disable on compare
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FlexlO Use Case: Functional Description — Receive Data

« Starting at -1, timer counting is
triggered by the rising edge of a
FlexlO pin (a clock)

« Data is shifted into the shift
register until the bit count is
reached at the expiration of the
timer

e The data is transferred to the
shift buffer and can be read

21 PUBLIC USE

Read data by SW

Shifter buffer 1

Read data from buffer
Shifter status flag
cleared

31.130.|29.|28.]27.126.] 25.] 24.] x...x X X x | x

Store event generated at
the expiration of the timer 1

Shifter status flag set

Timer status flag set when
STOP bit detected

Start as 0 enabled RX g
Stopaslenabled 19 Yy @ g
@ S
m m (2]
IE;’(JFOE_22)5 . P4 31. 130. ] 29. | 28. § 27.§26. ] 25. § 24.§ x...x X X X X
Shifter "
input Shifter 1 \
/ Shift on negative edge \ >
@ at the
{>0 B input expiration
L~ Timer 1

Enable on input pin
rising edge

Disable on compare
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Logical Operators: Logic Mode

Write data as logic

look-up table Q
Output -

on on on on 01 01 01 01 01 01 01 01 01 01 01 D

SSTOP[lO] 31 30. 29, 28. 11, 10. 9. 6. 4. 3. 2, 1 0.

SSTARTIL0] BENEEE o s e s |2 [ o

| — 1/0({1|0 1/0/12/0/2/0/1/0j2/0j1 /0

[e2]
FXIO_Dx+1 5 £ 1/1{0|0 1/12/0/0/2|1/0/012/2/0/0
=) input

Inputs 4 FXIO_Dx+2 £8 1/1/1]1 0000111100001

FXIO_Dx+3 11111 1/1/1/1/0/0/0|0|0|0]|0]|O0

Shifter n output 111111 0/j0j0j0|0|0O|0O|0O|0O|0O|O|O

P

Shifter n
Shlﬁer nw 3 30. 29. 28. 11. 10. 9. 8. 7. 6. 5. 4. 3. 2. 1. 0.
Shift timing >
Timer m

22 PUBLIC USE

0g. 1 -> Status flag set
FXIO_Dx+4 fog. 1 -> Error flag set
Log. 0 -> Status flag cleared

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 FlexlO pin can
also be a trigger to a
FlexlO 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

23
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TIMER x output

Shifter status 0 flag

TIMER y output |

STATE POINTER

STATE POINTER

set
CUITENt [r——————ppe{ STATE 0 Write data to
| calculated the buffer
next
L Respective 8 states for the next state based on inputs configuration 1 Logic states for the outputs )
M SHIFTER BUFFER 0
o I1Iz s | |5 . |7 |B . |.o|.. mljglm 21I22I23 z.lzslzslylnlzglwlml
1state value | 2.state value | 3.state value | 4.state value 7.state value | 8.state value \—>_ -
R G
>
0 1 0 1 0 1 > 2 >
©
> 0 »
=l
0 0 1 1 1 1 > 35 »
»l 5 >
]
> 0 0 0 0 1 1 > »
» >
\ . ) PWIDTH[3:0]
. . SSTOP[L:0
Next state is calculated based on this table (0]

SSTART[1:0]

/ = FXIO_D1

STATE 1

Inputs —————1—» »
STATE 2

Inputs ——F————» 1
STATEN

Inputs ———F———» 1

—® FXIO_D

= FXIO_D2
——® FXIO_D3
——® FXIO_D4

FXIO_DS
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Shifters Buffer Aliases

24

= SHIFTBUF + BIS — Bit swapped

= SHIFTBUF + BYS — Byte swapped

PUBLIC USE

3. Byte 2. Byte 1. Byte 0. Byte
31 24 | 23 16 | 15 8 7 0
0 7 8 15 | 16 23 | 24 31
3. Byte 2. Byte 1. Byte 0. Byte
31 24 | 23 16 | 15 8 7 0
7 0 15 8 23 16 | 31 24
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Shifters Buffer Aliases

25

- SHIFTBUF + BBS — Bit - byte swapped

= SHIFTBUF + NBS — Nibble byte swapped

PUBLIC USE

3. Byte 2. Byte 1. Byte 0. Byte
31 24 | 23 16 | 15 8
24 31 ] 16 23 8 15
3. Byte 2. Byte 1. Byte 0. Byte
31 (... 28 | 27 ..., 24} 23 |..|] 20 | 19 {...; 16 ] 15 |...| 12 J 11 |...; 8 4 3
27 |...| 24 | 31 {..., 2819 |..|] 16 | 23 |...;. 20 ] 11 |...| 8 15 |...| 12 0 7
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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

26 PUBLIC USE
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Flex|O Appnotes

27

- AN4955:

Emulating the 12S Bus Master with the FlexIO Module

- ANS034:

Emulating UART by Using FlexlO

- ANS116:

Emulating IRDA by Using FlexlO

- ANS133:

Emulating 12C Bus Master by using FlexlO

- ANS209:

AN5209:Generating PWM by Using FlexlO

- ANS239:

Emulating Hardware State Machine Using FlexlO Module

- ANS242:

Emulating Dual SPI Using FlexiO

« ANDS275:

Using FlexlO for parallel Camera Interface

« ANS280:

Using Kinetis FlexlO to drive a Graphical LCD

PUBLIC USE
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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

FLEXIO in SDK 2.0

Overview

The KSDK provides a generic driver for the FlexIO module of Kinetis devices, as well as multiple protocol-specific FlexIO drivers.

Modules

FlexIO Camera Driver
FlexIO Driver

FlexIO 12C Master Driver
FlexIO 125 Driver

FlexIO SPI Driver

FlexIO UART Driver

Start with the Kinetis SDK to leverage examples
and drivers
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¥ FlexlO Driver

Y Y Yy Y Y YYYYTYTYY

Yy

Tsl_flexio.h

flexio_config_t
flexio_timer_config_t
flexio_shifier_config_t
FSL_FLEXIO DRMNWER_VERSION
FLEXIO _TIMER_TRIGGER_SEL_FPININFUT
flexio_isr_t
flexio_timer_trigger_polarity_t
flexio_timer_trigger_source_i
flexio_pin_config_t
flexio_pin_polarity_t
flexio_timer_mode_t
flexio_timer_output_t
flexio_timer_decrement_source_t
flexio_timer_reset_condition_t
flexio_timer_disable_condition_t
flexio_timer_enable_condition_t
flexio_timer_stop_bit_condition_t
flexio_timer_start_bit_condition_t
flexio_shifter_timer_polarity_t
flexio_shifter_mode_t
flexio_shifter_input_source_i

flexio_shifter_stop_bit_t

» flexio_shifter_start_bit_t
- flexio_shifter_buffer_type t

FLEXIO_ GetDefaultConfig
FLEXIC_Init

FLEXIO_Deinit

FLEXIO_Reset

FLEXIC _Enable
FLEXIO_SetShifterConfig
FLEXIO_SetTimerConfig
FLEXIO_EnableShifterStatusintermupts
FLEXIO_DisableShifterStatusinterrupts
FLEXIO_EnableShifterErmorinterrupts
FLEXIO_DisableShifterErrorinterrupts
FLEXIO_EnableTimersStatusintermupts
FLEXIO _DisableTimerstatusinterrupts
FLEXIO GetShifterStatusFlags
FLEXIO_ClearShifterStatusFlags
FLEXIO_GetShifterErrorFlags
FLEXIO_ClearShifterEmarFlags
FLEXIO_ GetTimerStatusFlags
FLEXIO_ClearTimerStatusFlags
FLEXIO_EnableShifterStatusDMA
FLEXIO_GetsShifterBufferAddress
FLEXIO _RegisterHandlelRQ
FLEXIO_UnregisterdHandlelRC



Example Showcase: FlexIO->USB Video Device

. SDK_2.0 FRDM-

K82F.zip\boards\frdmk82f\usb examnples\usb device video flexio ov/670

. armgecc

, atl

. iar

, kds

. mdk

. owlG70
board

| board

=

| cleck_config

| cleck_config

L | dev_wvideo_flexio_owf&70_lite_bm.bin

=l flexio_ow 7670
= flexio_ow 7670
| pin_mux

Ll pin_mux

'@ readme

| usb_device_ch8
| usb_device_ch9
| usb_device_config

usb_device_descriptor

| usb_device_descriptor
ush_device_wvideo

=

ush_device_wvideo

wvideo_camera

wvideo_carera
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Overview

The USB video FlexIO camera application is a simple demonstration program that uses the KSDK software. It is enumer-
ated as a camera and users can see the video of the device by using a PC test tool.

System Requirement

Hardware requirements
+ J-Link ARM
* P&E Micro Multi-link universal
» Mini/micro USB cable
* USB A to micro AB cable
* Hardware (tower/base board, OV7670 camera module, ...) for a specific device

* Personal Computer(PC)

Software requirements

h o
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Example Showcase: FlexIO->Read Accel Value Transfer
...SDK 2.0 FRDM-K82F\boards\frdmk82f\driver _examples\flexio\

30

| flexio

i2c
interrupt_i2c_transfer
read_accel_value_transfer

iar

spi
edma_dspi_transfer
int_dspi_transfer

uart
edma_transfer
int_ring_buffer_transfer
interrupt_transfer

polling_transfer

PUBLIC USE

| readme.txt -
File Edit Format View Help
overview .

The flexio_i2c_read_accel_value example shows how to use FLEXIO I2C Master driver to communicate with an i2c device:

1. How to use the flexio i2c master driver to read a i2c device who_am I register.
2. How to use the flexio i2c master driver to write/read the device registers.

In this example, the values of three-axis accelerometer print to the serial terminal on pC through
the virtual serial port on board.

Toolchain supported

workbench 7.50.1

mbedde
- Keil MDK 5.17
- GCC ARM Embedded 2015-4.9-g3
- Kinetis pevelopment studio IDE 3.0.0
- Atollic TruesTupIO 5.4.0

Hardware requirements

- Mini/micro uss cable
- FROM-K82F board
- Personal Computer

Board settings
The flexio_i2c_read_accel_value example is requires connecting the FLEXIO pins with the 12C pins of accelerometer
The connection should be set as following:

- J12-3, 112-15 connected

- J12-4, 112-16 connected

m

Prepare the Demo

1. Connect a mini USB cable between the PC host and the OpenspA USB port on the board.
2, open a serial terminal on PC for OpensDA serial device with these settings:
- 115200 baud rate
- 8 data bits
- No parity
- One stop bit
- No_flow control
3. Download the program to the target board.
4, Either press the reset button on your board or launch the debugger in your IDE to begin running the demo.

Running the demo

when the deno runs successfully, the Tog would be seen on the opensDa terminal Tike:

FlexI0o I2¢C example read accelerometer value

Found a FOXS8700 on board, the device address is Ox1D

The accel values:

status_reg = Oxff , x= -21 ,y = 12, z = 2007

status_reg = Oxff , x = -20,y 20 , z = 2008

status_reg = Oxff , x = -19 ,y 4, z= 2008

status_reg = Oxff , x = -20,y 29, z = 2022 L
status_reg = Oxff , x = -22 ,y 11, z = 2008

status_reg = Oxff , x = -18 , y 33,z= 2013

status_reg = Oxff , x = -28 , y 21, z = 2005

status_reg = Oxff , x = -16 , y 30, z= 2022

status_reg = Oxff , x = -20 ,y 13, z = 2010

status_reg = Oxff , x = -14 , y = 6 ,2z= 2024

end of Flex1o 12C example -




Building from a

HANDS ON

emulates an

. FlexlO Smart 12C Bubble Level 20 master 10

from the 6 axis
sensor

FlexlO is used
to monitor X, Y
and Z Axis data.

If negative ‘ ‘ : R
» & o S & EO}TO.’ = = s
values are A= i Ae ey Negative X axi's
AT

detected, the - acceleration turns
RGB LED is 'v on BLUE
controlled ; ]
Negative Y axis
acceleration turns

1 BRIED)

Sl

s

Negative Z axis
acceleration turns
on GREEN

i
ra



Read Accel Value Transfer: HW Setup

Board settings

FLEXIO/Camera HEADER

The flexio i2c_read accel value

: : P3V3 52

example requires connecting the T —

FLEXIO pins with the 12C pins of the esg FR2 €O sdan Q2 PIM (359

accelerometer  ase) P §§§ ENREERD ggg ez (3]
. ; 36) PTB21 > 00 { PTB20 (3,6

The connection should be set as a5 PRI S 2100t & p1ets (25

(3) PTBI1 <O 710013 <y PTBIO (3)
follows: (36) PTC8 <) 00 T > PTCO (3,6)
- J12-3, J12-15 connected e T

-J12-4, J12-16 connected

FXIO0_ D5 Connected to PTA2 is the 12C SCL signal connected to FXOS8700
FXIOO0_D6 Connected to PTAL is the I12C SDA signal connected to FXOS8700

32 PUBLIC USE
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Updating the Example Using the Flexibility of FlexIO

pava VDD FX0S8700CQ SENSOR
VoD T ACCELEROMETER + MAGNETOMETER
i - o
4.?quL :EUF EUF
R13 ¥ R = = =
22K 22K -
us
2 n
GEE) PTAZ K 1203 5CL__ RS 012G SCL FX0S8700CQ 4 sousck 9 T4 |11 INT1_FXOS87000Q R R3s HPTC1E (3
esel PTAICS r2c3 spA  R18, . o 0 12C SDA FXOS87000Q & | coamos: o |8
VDD 7 | caamiso CRST L8 CAST FXOS57006Q “g,]]%F -
] 10) ca/S AsT 18 RST FX0s8700cQ =
& Raz . = RsvDI 2
100K o 100K © %151 NG 15 = & RsvDz[S
SAQ_FXO0S5700CQ ? 5 & Tk
SAT FXOSE700C0 g T FXOS8700C0
8

FXIO0 D12 MULTIPLEXED to PTAZ2 is the I12C SCL signal connected to FXOS8700
FXIO0 D11 MULTIPLEXED to PTAL is the I12C SDA signal connected to FXOS8700

h o
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Optimized Example (Less HW Configuration)

J_r':l.-tttt:':ttt#ttt#ttt#ttttttt#tttt#t
T‘ # NDefinitions
R R X S E E E-E-E E E EEEEEEEEE-E-EEEEEESEEESE.] -
Board settings
#define BE-ERIJ_FLEKID_EASE FLEXTOO g
Ai#define FLEEIG_IEC_SEA_PIN ;x| m—————————————

//#define FLEXIQ I2C SCL PIN 5U The flexio_i2c_read_accel value
#$define FLEXIO I2C_SDA FIN 110 example requires connecting the
#define FLEXIQ I2C_SCL_PIN 12U FLEXIO pins with the I2C pins of the

accelerometer
The connection should be set as

follows:
CLOCK EnableClock (kCLOCK Portd): - J12-3, J12-15 connected
A* Affects PORTA PCRI1 reglster #/ - J12_4’ J12_16 Connected

// PORT SetPinMux (PORTA, 1U, kPORT MuxAlts):

/* Affects PORTA PCR2 reglster #/

// PORT SetPinMux (PORTA, 20U, kFORT MuxAlts) : ) )

PORT_SetPinMux (FORTA, 10U, kPORT MuxAltS);: Hardware COnflgurathn, NO IOnger needed
/% Affects PORTA PCRZ register */

PORT_SetPinMux (FORTA, 20U, kPORT MuxAltS);

h o
P R
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Timer0O generates
baud and bit timing

Built from the Kinetis SDK FlexlO driver example in the

Timerl contains data below directory
bit count SDK_2.0_FRDM-K82F\boards\frdmk82f\driver_examples\flexio\i2c\read_accel_value_transfer

Uses the FlexlO 12C Master Driver in order to interface

Shifterl is used for to the on board FXS0O8700 6-Axis sensor
Data (Transmit or

receive
) Readings are displayed using a UART and a terminal

program
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PUBLIC USE

TimerQO generates
baud and bit timing

Timerl contains data

Shifterl is used for
Data (Transmit or

HNXPFTF

/* Do hardware configuration. */
A% 1. Configure the shifter 0 fg
shifterConfig.timerSelect =Ctase- }tlmfrlndex[l]
shifterfonfig.timerPolarity = : FErPolarityOnPositive;
shifterConfig.pinConfig = kKFLEXIO PlnCanlgﬂpenDralnﬂrBldlrectlun.
shifterConfig.pindelect = base->5SDAPinIndex;
shifterConfig.pinPolarity KFLEXTO Piplhotd
shifterConfig.shifterMode
shifterCfonfig.inputSource
shifterConfig.shifterStop kFLEKID ShlfterStanltngh'
shifterfonfig.shifteritart = KFLEEIQ ShifterStartBitLow;

[l
E L
[l

C"

FLEXIO SetShifterConfig(base->flexicBase, base-»shifterIndex[0], &shifterConfig);

A% 2, Configure the shifter 1
shifterConfig.timerSelect & base- }tlmfrlndex[l]
shifterConfig.timerPolarity = erPolarityinlegitive;
shifterConfig.pinConfig = kKFLEXIO PlnCanlgﬂutputﬂlsabled'
shifterConfig.pindelect = base->3DAPinIndex;

shifterConfig.pinPolarity = kKFLEXI(Q Pindeweeseeiiio
shifterConfig.shifterMode = kFLEX(D ShifterModeReceive; )
shifterConfig.inputiource = kEFLEXIC | n;

shifterConfig.shifter3top = kFLEXI0 ShifterStopBitLow;
shifterConfig.shifter3tart = kEFLEXI0 Shifter3tartBitDisabledLoadDatalnEnable;

FLEXTC SetShifterConfig(base->flexioBase, base-rshifterIndex[l], sshifterfConfig):
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timer-Config.pinConfig
timer-Config.pinSelect

TimerQO generates
baud and bit timing

timer-Config. cimerMode

Timerl contains data
bit count

timerConfig.tcimerStop

A% Set TIMCMP[7:0] =

Shifterl is used for
Data (Transmit or
receive)

timer-Config.pinConfig
timer-Config.pinSelect

timer-Config.timerMode

timerConfig.timerStop

timerConfig.triggerSelect

timer-Config.pinPolarity

timerConfig.timerutput — Y
timerConfig.timerDecrement = kKFLEXI0O TimerDecSrcOnFlexIOC1
timerConfig.timerFeset = kFLEXIO TimerResetUnTimerFinEqual
timer-Config.timerDisakle

timerConfig.timerEnable

timer-Config.timerStart

A*3. Configure the timer Wlocﬂu B

FLEXTO TIMER TRIGGEER SEI. SHIFTnSTAT (base—>shifterIndex

o>

k . ROrRidire

Es=->SCLEinIndex:

- S . =

I-D_Ii_m:e rModelual EBitBaudbBits

E - T = v ] - e ol

timerConfig.triggerPolarity = KFLERETUO Iyl o
timerConfig.triggerSource = KFLEXIO TimerTriggerSourcelnte

rnal;
ction;

edByvEReset;:
cckShiftTimerCutput;
ToTimerOutput;

= kKFLEXID TimerDisablelOnTimerlompare;
= EFLEXTIO TimerEnableOnTriggerHigh;
EFLEXTO TimerStopBitEnablelinTimerDisabler

= KFLEXTIO TimerStartBitEnabled:

(baud rate diwvider ~ 2} - 1. */
= (3rcClock Hz / masterConfig->baudRate Bps) 7 2 — 1:

timer-Config.timerCompare

A% 4. Configure the timer 1 for e
timerConfig.triggerSelect
timerConfig.triggerPolarity = k
timerConfig.triggerSource = KFLEXIO TimerTriggerSourcelnte

timer-Config.pinPolarity

timerConfig.tcimerutput
timerConfig.timerDecrement = kKFLEXKI0O TimerDecSrocOmnFinInputShiftFinInput:
timerConfig.timerBeset = kFLEXIO TimerResetNewver:
timer-Config.timerDisakle

timerConfig.timerEnable

timer-Config.tcimerStartc

FLEXIO SetTimerConfig(base->flexicBase, base->timerIndex[0

], stimerConfig)

e
BITEErS. *

EFLEXTO PinConfigiutputDisabled:
base->5CLPinIndex;

= EKFLEXIO PinRBctiveLow:

EFLEXIC TimerModeSinglel&Bit:

= KFLEXI(Q TimerOutputlOnelNotALfectre

FLEXTO TIMEER TEIGGEER SEL SHIFTnSTAT (base—->shifterIndex[0])

ool 7.0 = B s 0
rnal;

dBvResetT;

= kKFLEXI( TimerDisableUnFreTimerDisable;
= EFLEXTI0O TimerEnablelnFrevIimerEnable;
EFLEXTO TimerStopBitEnablelinTimerCompare;

= EKFLEXI0O TimerStartBitEnabled:

Set TIMCME[15:0] = (numbery of bikts x 2) — 1. */
timerConfig.timerCompare — 8 * 2 — 17

FLEXIO SetTimerConfig(base->flexicBase, base->timerIndex[l],

stimerConfig) ;
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c Timer0O generates o Timer[5:7] is used for
.g baud and bit timing E setting shift count
© —
S -
& Timerl contains data 8 Shifter7 is used for Z
L bit count data matchin .
. N J Building from the example, other
s _ . _ . FlexlO resources can be used to
2 Shifterl is used for Shifter6 is used for Y monitor specific data within the
S Data (Transmit or data matching S )

: |I2C communications with the 6-
() receive) _
~ AXIS Sensor

Shifter5 is used for X

data matching
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TimerO generates
baud and bit timing

Timerl contains
data bit count

Shifterl is used for
Data (Transmit or
receive)

HNXPFTF

12C Sniffing

Timer[5:7] is used
for setting shift count

Shifter7 1s used for Z
data matching

Shifter6 1s used for
Y data matching

Shifter5 is used for
X data matching

g
c
o
O
a
LL
—
m
O
e

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)




Hands On

41 PUBLICUSE #NXPFTF



Parallel Mode
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lex|O Parallel Mode Features

- Parallel Mode supported in FlexlO 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.

PUBLIC USE
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Parallel Transmit: 4-bit Bus Example

Shift Buffer |31 |so| 29|28 SRR 716 |5

Shift Register

NOTE 1. ShifterO, Shifter4 only support parallel transmit to the output pins
NOTE 2: Shifters can be chained together

44 PUBLIC USE

Parallel

vV vy

Output
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Parallel Receive: 4-bit Bus Example

Parallel
Input

Shift Register |31 |30 20|28 . u o

Shift Buffer | 31|30 29| 28 .

NOTE 1: Shifter3, Shifter7 only support parallel receive from the input pins
NOTE 2: Shifters can be chained together
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FlexlO Module Differences

KL17 / KL27 / KL33 / KL43 KL81Z128 / KL82Z128 K8OFN256 / K81FN256
(48MHz) (72MHz) (150MHz)

Major 1 1
Minor 0
Standard X
Features Stat.e mode :

Logic mode

Parallel mode

FLEXIOx_PIN

FLEXIOx_SHIFTSTATE
Registers FLEXIOx_SHIFTBUFNBSn
FLEXIOXx_SHIFTBUFHWSn
FLEXIOx_SHIFTBUFNISN

FlexlO module

Versions

P [ L

Triggers
Pins
Timers
Shifters
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Flex]O 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
MK82FN256VLL15
VSYNC o
>  GPIO |
‘SIOC P |
. 12c
OV767O :S|OD =:_ ------------------ i I' '''''''''''''' : USB R H
Image o[ I .| usB > Host
Sensor > PooTT T """"
HREF , i
> FlexIO i I’ ''''''''''''''
PCLK | : DMA
XCLK
< CLKOUT

48 PUBLIC USE
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USB Camera OV7670 FlexlO Timing

- FlexlO TimerO trigger is HREF -« 1 frame .-
- when HREF is high, timer is enabled ~ VS"™¢ | | -
- FlexIO TimerO input is PCLK < lhine n = 120 for demo
- rising edge on PCLK is shift clock — HREF
pixel data is sampled PCLK

- VSYNC uses GPIO interrupt to 50

reset DMA for next frame "

D2

D7

m pixels

(2 x m bytes for RGB565) m = 160 for demo

h o
P R
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KSDK USB Camera OV7670 FlexIO Demo

- Example included in KSDK, located at:

-SDK_ 2.0 FRDM-
K82F.zip\boards\frdmk82flusb examples\usb device video flexio ov7670
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Driving Graphical LCD with FlexIO
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Using Kinetis K8 MCU to Drive Graphical LCD with FlexIO

System Memories Clocks SCG
ARM® Cortex®-M4 - MPU
Up to 150 MHz with HSRUN Plr’ograr:sl:::th ::GAI:\/; _
Bit Manipulation Engine (Up to ) ( )
Interface
(FlexBus)

On The Fly AES
Decryption

Debug
Interfaces R
Interrupt Floating Point Unit
Controller (sFPU)
8KB Code Cache

8KB Sys Cache

- -

Communication Interfaces HMI

Security/Integrity Analog Timers

* Dashed Line Represents Optional Features
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« FlexlO v1.1 with
Parallel mode

- SDRAM Controller
for large frame
buffers

- QuadSPI Flash
Interface to store
graphics

- High-Performance
150MHz CPU with
large caches

NX



FlexlO to Graphical LCD

- FlexlO in Parallel mode for pixel data

- FlexIO timers can also drive HSYNC, VSYNC, and pixel clock
- For larger displays, frame buffer in external SDRAM
- FlexlO triggers DMA to pull data from frame buffer

- QuadSPI to store graphic images

53
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SDRAM

Frame
Buffer

QuadSPlI

Images

Kinetis K80
eDMA
Pixel Clock
HSYNC
FlexlO VSYNC

Output Enable

Pixel Data Bus

16

LCD

h o
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LCD Signal Generation With FlexIO

Simplified timing diagram

Clock

R B B —
| |
I [ —— T
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FlexlO LCD Demo

Appnote AN5280 available and software AN5280SW
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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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