Freescale Semiconductor, Inc. Document Number: FRDMKL82ZUG
User s Gui de Rev. 0, 01/2016

FRDM-KL82ZUs er 060s Gui de

1.Introduction Contents
I 011 0o [1 [ox 1T o RSP RRS 1
The Freescale Freedom development plathSrmset of = 1.1, Featuros. . 2
software and hardware tools for evaluation and , 1.(2:. Getting Started.........cocveveeie e 21
; : ; . (0] 1 (= 01 £SO PSSR
deve_lopment' lis anldealtool_for the rapld prototyplng 3. FRDM-KL82Z hardware descriptian...........cccccccveee... 4
of microcontrollerbased applications. 3.1 POWET SUPPIY...eoveoieeeoeeeeeeeeee e 4

3.2.  Serial and Debugging Adapt ion 2
The FRDMKL82Z Supportsthepower SUpply VOItage  (GpenSDAV2) ..o 5
rangng from 1.71V to 3.6V. It features KL 82Z, a 3.3, MICrOCONIONEN. ...ooooooviiviriricnienn 7
deV'Ce boastlngp t0128 KB Fla.Shand 96|<B SRAM, 2451 ;rZOCl:JTh |n_terface ............ RETIETITII RTINS 10
.. . .. .5. nertial Sensor6-axis accelerometer and

andnumerous analog and digital peripherésaddition,  magnetometer............o..coovvveooreeeeeeoeeercee e 10
it also offersQSPI interface to expand program memory 3.6. RGB LED....oiiiei 11
andUSB FS 2.0 wihout requifing an external crystal 31 Fiojoic27fs Tt o 13
The FRDMKLS82Z includes the Freeate open . 3.JQ. Input/output head8 ... 12
; ) . UMPEr taDIE. ...t 14
standard embedded serial atebuggingadapter KnNOWn 5. Reference DOCUMENLS.................rvveveeresrereesrrrrereerens 16

as OpenSDA. This circuit offers the user several options
for serial communicationglash programmingand run
control debugging.

The FRDMKL82Z hardwareprovidesa broad range of
expansion boaroptions.TheMCU operagés normally
whentheboard powels 3.3V or 1.8V. The orboad
interfaces include an RGB LE®vhich works only
when VDDis 3.3V, a 6-axis digital sensor
(FXOS8700CQcombining a 3D acderometer and 3D
magnetometeriwo Touch &nsing Interfac€TSl)
touch pad.

© 2016 Freescale Semiconductor, Inc. All rights reserved.

-
2



Introduction

There arenany software development tool options available to the user. Choices include Bastja
Studio (KDS), IAR Embedded WorkbenamdKeil MDK featuring the Wision IDE.

All of these featuresnableusers to rpidly prototype many embeddeeésigns: a powerful
microcontroller built on a very loypower core and@SC platform, easyaccess to I/Qvith a large
ecosystem ofompatible hardware, a flexible programming and dgmggnterface, and a large
ecosystem a$dtware development environments.

1.1. Features

The FRDMKL82Z hardware is a Freescale Freedom developnpdgiform assembled with the
following features:

Board power seleetlwith 3.3V or 1.8V MCU operation
MKL82Z128VLK7 MCU (96 MHz,128 KB Flash,96 KB SRAM, 80 LQFP package)J16)
Accelerometer and magnetometexOS8700CQ U6)

1x128Mbit (16 MB) on-board QuadSPI memo(i11)

Flexible power supply option&JSB, coin cell batteryandexternal source
Two TSl touch pad (E1 and E2)

Reset pushbutton(SW1)

Two mechanical push buttonsMI and LLWU buttongSW2, SW3)
RGB LED (D3)

Standalone fullspeed USB host and device functionality

One interface for camera connection

One RF interface

One Bluetooth interface

The FRDMKLS82Z features two MCUSs:

1 Thetarget MCU s theMKL82Z128VLK7.
1 TheOpenSDA MCU is thtMK20DX128VFM5

Figure 1shows thgrimary components and thdacationon the hardware assembkgure 2shows a
block diagram of the FRDMKL82Z platform
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Figure 2. FRDM-KL82Z block diagram
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FRDM-KL82Z hardware description

1.2. Getting started

For stepby-step instructions for getting started with the freedom hosedthe FRDMKL82Z Quick
Start Packagedror the Quick Start Package ardftware lab guidese e t he AJump St art
section ahxp.com/FRDMKL82Z.

2. Contents

The FRDM-KL82Z includes:

1 FRDM-KL82Z for board assembly

9 Quick Start Guide

1 USB A to micreB cable fordebuggng interface and power supply
1 USB A to micreB cable forMKL822128VLK7 USB interface

3. FRDM-KL82Z hardware description

TheFRDM-KL82Z is a MCUmodule featuring MKL82Z128VLK&rd ARM® Cortex’-M0+ based

MCU with 128KB on-chip flash, 96 KB orchip SRAM, andUSB controllers in @80 pin LQFP
package. It has a maximum eavperating frequency of 96 MHit canalsooperate as a staradone
module. An orboarddebuggingeircuit, OpenSDA, provides the SWD delging interface and power
suppl input through a singl USB MicreAB connector. The following sections describe the hardware
in more detas.

3.1. Power supply

The FRDMKL82Z offers a design with multiple power supply options. It can be powered from the
USB connectorgcoin battery on the boaror an offboard suply. The USB and VIN supplies are
regulated orboard using a 3.9 linearregulatoranda 1.8V linearregulatorto produce the main power
supply.The ®in batterysourceis not regulated o#board.

Figure 3showsthe schematic drawing for the power supply inputs and tHeoand voltage regulator.

In addition,theregulated power can be supplied 8 from an external source through-B'g_VIN by
populating the board with an optional voltage regulétay, a 78® style regulatgrin a TG-220
packageandthus providing a high current supply to external devices. To prevent voltage sag under a
high load, G3, C54, C55, andC56 should be populated with appropriately sized capacitors to match the
selectedegulator
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Table 1provides the operational details and requirements for the power supplies.
Table 1. Tags Power supply requirements

Supply source and location Valid range OpenSDA operational? Regulated on-board?
OpenSDA USB (J5) 5V Yes Yes
KL82Z USB (J11) 5V No Yes
P5V0-9VO_VIN (J20) 43VioVv No Yes
Coin Battery (BT1) 2Vi 36V No No

Theinput 5V could beconveredto 3.3V or 1.8V output bythe onboard regulatgmproviding the
power selection for KL82 by J14.

Table 2lists the detailed information.
Table 2. Power selected for KL82Z

J14 setting Description
Close 1-2 VDD and VDDIO_E are both 3.3 V.
Close 2-3 VDD is 1.8V, and VDDIO_E is 3.3 V.
NOTE

The OpenSDA circuit is operationahly when a USB cable is connected
and supplying power tcbJHowever, the protection circuitry &abledo
allow multiple sources to be powered at oridee 3.3 V or 1.8 V power
supplied to the MO is routed through a jumperda The jumper shunt

can be remoed to allow the measurement of power consumetthdy
MCU.

3.2. Serial and Debugging Adapter version 2 (OpenSDAv?2)

OpenSDAvZs a serial and debggg adapter circuithatincludes an opesource hardware design, an
opensource bootloader, and delging interfae software. It bridges serial and debung
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FRDM-KL82Z hardware description

communications between a USB host and an embedded target progessmwn irFigure 4 The
hardware circuit is based on a Freescale KiddK20DX128VFM5 family MCU with 128 KB of
embedded flash and an integrated USB controller. OpenSi3Aw2loaded with the CMSIDAP
bootloadeii an openrsource mass storage device (M3iootloaderand the CMSIDAP interface
firmware @lso known as th®IBED interface), which providesnidVSD flash programming interface, a
virtual serial port interfageand a CMSISDAP debuggingorotocol interface. For more information on
the OpenSDAV2 software, se®ed.organdgithub.com/mbedmicro/CMSIBAP.

OpenSDAv2
OpenSDA MCU
K20DX128Vxx5 % Target
USB Host @ GPIO Processor
ED ¢ PWM MSD Bootloader
IDE < GPIO/ADC » nNRESET
File System ¢—YSB OpenSDAV2  |—2RTIXRX ) UART RX/TX

Application

Serial Terminal SWD/JTAG

SPI, GPIO
>

<

Figure 4. OpenSDAvV2 high-level block diagram

OpenSDAv2is managed by a Kinetis K20 MCU built on the ARM Corié# core. The OpenSDAvV2

circuit includes atatus LED ([1) and a pushbutton (SW1). The pushbutton asserts the Reset signal to
the KL82 target MCU. It can also be used to place the OpenSDAV2 circuit into bootloader mode. SPI
and GPIO signals provide an interface to either the Siatiuggingoort or he K20. Additionally,

signal connections are available to implement a UART serial channel. The OpenSDAV?2 circuit receives
power when the USB connectdrid plugged into a USB host.

3.2.1. Debugging interface

Signals with SPI1 and GPIO capability are used to ccingieectly to the SWD of thEL82Z. These
signalsare also brought out to a standardpl® Cortex Debuging connector (J9) as shown irFigure 5

Toisolate thekL82Z MCU from the OpenSDA circuit and useQitb connect to an ofboardMCU, cut
the tace between pinl and pin2 of7Ht thebottom layer. This disconnesthe SWD_CLK pin to the
KL82Z so that it interferewith the communications to an dfbard MCUconnected to Bl Figure 5
shows SWD connector signals descriptionkaB2Z.
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Figure 5. SWD debugging connector to KL82Z

3.2.2. Virtual serial port

A serial port connection is available between the OpenSDA MCU and pBsarRind PB17 of the

KL82Z. Several of the default Op&DA applications provided biXP, including the MSD Flash
programmer and the P&Microcomputedebuggingapplication, provié a USB communications

device class (CDQpterface that bridges serial communications between the USB host and this serial
interface.

3.3. Microcontroller

The FRDM-KL82Z is an MCU module featuring th®IKL82Z128VLK?7, a Kinetismicrocontroller with

USB 2.0 fultspeed OTG controller imeB0 LQFP packagelhe KL82 microcontroller family is part of
the Kinetis portfolio of devicebuilt around an ARM CorxeM0+ core.For comprehensive information
on the MKL82Z128VLK7device seethe KL82 Family Reference ManugfL82P121M72SFORNI

Table 3lists the KL82ZMCU features
Table 3. Features of MKL82Z512VLL7

Feature Description
Performance 1 Upto 96 MHz ARM Cortex-M0+ based core
Memory and memory 1 128 KB program flash memory
expansion 96 KB SRAM ) o
32 KB ROM with built-in boot loader
1 32 B backup register
1 QSPI to expand program code in external high-speed serial NOR flash memory
Analog modules  One 16-bit SAR ADCs and One 12-bit DACs
1  Support selectable 16-bit, 13-bit, 11-bit, and 9-bit different output modes, or 16-

bit, 12-bit, 10-bit, and 8-bit single-ended output modes

Selectable voltage reference: external or alternate

USB full-speed 2.0 OTG controller supporting crystal-less recovery
Two 16-bit SPI modules

Three low-power UART modules supporting asynchronous operation in low-power
modes

Two EMVSIM modules supporting EMV L1 compatible interface
Two 12C modules supporting up to 1 Mbit/s

One FlexIO module

128-bit unique identification number per chip

Advanced flash security and access control

Communication
interfaces

E I I e

Security

E I IE ]
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FRDM-KL82Z hardware description

Hardware CRC module

Low-power trusted crypto engine supporting AES128/256,DES, 3DES, SHA256,
RSA and ECC, with hardware DPA

True random number generator

4-channel periodic interrupt timer

Two low-power timer

One 6-channel general purpose / PWM timers

Two 2-channel general purpose timers

Independent real time clock

=a —a

Timers

Human machine
interface

Low-power hardware touch sensor interface (TSI)
General-purpose input / output

= =4 |—4&_—a_a_a_-a"-2-°

For more information aboulhe MCU, seethe Kinetis KL82 Microcontroller Data Sheet
(KL82P121M72SFOandKL82 Family Reference ManugkL82P121M72SFORM

3.3.1. Clock source

KL82Z stars up to the default reset clock for cagstem clockThe oftware can enable the main
external oscillator (EXTAL/XTAL) Two crystalsare providedn-boardfor clocking the
MKL82Z128VLK7 device:

1 A 12 MHz crystalasthe main oscillatoifor clocking theMCG madule
1 A 32.768 kHz crystal for clockinthe RTC module
Internal resiwr capacitor (IRC) oscillatonisclude the following:
1 48 MHz internal resister capacitor (IRC48bHcillator
1 4 MHz internal resister capacitor (4 MHz IRC) oscillator
1 32 kHz internal rester capacitor (32 kHz IRscillator

1 Low poweroscillator(LPO)

3.3.2. Serial port

The primary serial port interface signals aré8B&and PB17. These signals are connected to both the
OpenSDA.

3.3.3. USB interface

The Kinetis KL82 microcontrollerfeatures a duatrole USB controller with orchip full-speed antbw-
speed transceivers. The USB interface on the FRQB2Z is configured as a fubpeed USRlevice.
J11is the USB connector for this interfa@sshown inFigure 6
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Figure 6. USB connector schematic

TheRESETsignal on the&KL82Z is connected externally to a pushbutton,5Whd also to the
OpenSDA circuit. Howevedisconnectl8whenisolatingthe OpenSDA MCU from SWordoing
powerconsumption test fdKL82Z. Isolating theRESET line allows a more accurate measurement of
the target devi ce 6 spoweonadeThecesehlmittomgan bie osad ta farce o w
externalreset event on the target MCU.

3.3.5. Debugging

The soledebuggingnterface on all Kinetis L sers devices is a Serial Wire Debug (SWD) port. The
primarycontroller of this interface on the FRDKIL82Z is the onrboard OpenSDA circuit. However, a
2x5-pin CortexDebuggingconnector, J9, provides acceds the SWD signals for th€L.82Z MCU.
Table 4shows SWD connector signals descriptionkaB2Z. Figure 7shows the SWD connection.

SWD CONNECTOR SHORTING HEADER ON BOTTOM LAYER

Jumper 1is sheorted by a cut-trace

on bottom layer. Cutting the trace
will effectively isclate the on-board
MCU from the OpenSDA

SWD_DIO_TGTMCU  <>>—— debug interface.
VDD_KL82Z J19 317 [ 11 KL82Z SWD CLK
DNP| g | 2
1 [ool2 HDR 1X2 TH
3 4
=10 0% >>SWD CLK TGTMCU
O—t—
7 8
9 12910
Q0 >>RST_TGTMCU_b 3,4,6
= HDR 2X5

Figure 7. SWD connection
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FRDM-KL82Z hardware description

Table 4.  ARM JTAG/SWD mini connector description
Pin Function Connectiont o KL82Z
1 VTref VDD_KL82Z
2 SWDIO/TMS PTA3
3 GND GND
4 SWDCLK/TCK PTAO
5 GND GND
6 SWO/TDO NC
7 NC NC
8 TDI NC
9 NC NC
10 RESET RESET_b

3.4. Touch interface

TheTouch Sensing Interfadd@ S1) module of the Kinetis microcontrollers provides capagitouch

sensing detection with high sensitivity and enhanced robustness. Each TSI pin implements the capacitive
measurement of an electrode. Thaetavo individual electrodes dyoard that simulatpushbuttons

Two pinsremapto TSI signalsare connectetb capacitive electrodeas shown irFigure 8

TSI TOUCH PAD

E1

g
1

590x213

TSI_ELECTRODE1 R49 0 7SI
TST_ELECTRODE Ra4 ° 0 751
%

<{>> PTB18
<>> PTB19

E2

590x213

Figure 8. Touch Sensing Interface

3.5. 12C Inertial Sensor: 6-axis accelerometer and magnetometer

FXOS8700CQ is a small, lopower, 3axis, linear accelerometer anéh8is,magnetometer combined
into a single package. The device featursslactable 12C or poifstb-point SPI serial interface with 14
bit accelerometeaind 16bit magnetometer ADC resolution along with srartbeddedunctions.It is
interfaced through al2C bus and twaGPIO signalsas shown irFigure 9andTable 5

FRDM-KL 82 Z Us e r,&Rev. 0:01/20d6e
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Figure 9. FXOS8700CQ schematic diagram

By default, the I12C address is @ {As SAl is pulled highand SA pulledlow).

Table 5.  Accelerometer FXOS8700CQ signal connections

FX0S8700CQ KL82Z connection
SCL PTD2
SDA PTD3
INT1 PTC13
INT2 NC

3.6. RGB LED

ThreeKL82Z signals are connected to a red, green, and blue TEERGB LED only works when

VDD is 3.3V.

Figure 10. RGB schematic diagram

As is shown irFigure 1Qthe signal connecti@are shown imable 6
Table 6. RGB LED signals

RGB LED KL82Z connection
Red Cathode PTCO
Green Cathode PTC2
Blue Cathode PTC1

FRDM-KL 82 Z Us e r,&Rev. 0:01/20d6e
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