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1 Introduction

The Freescale Freedom development platform is a set of software and hardware tools for evaluation
and deelopment. It is ideal for rapid prototyping of microcontroHeased applications.

The Freescale Freedom KV31 hardware, FRDBILF, is a simple, yet sophisticated design featuring a
Kinetis K series microcontroller, built on the ARM® Corddd®ore- isa highperformance solution

for BLDC, PMSM and ACIM motor control applicatidfRDMKV31Fcan be used to evaluate tH€v3x
Kinetis K series devices. It features MKV31F512VLLMCU,running at 100/120 MHz with DSP and
floating point unit, it featureslual 16bit analogto-digital converters (ADCs) sampling at up to 1.2

mega samples per second (MSPS), multiple motor control timers, 64 to 512 KB of flash memory and a
comprehensive enablement suite from Freescale and its {bady resources including ference

designs, software libraries and motor configuration todlse FRDMKV31Fardware is forrfactor
compatible with the ArduinB" R3 pin layout, providing a broad range of expansion board options. The
onboard interface includes a saxis digital acelerometer & magnetometer, and RGB LEOThe
FRDMKV31mlatform features OpenSDAvV2, the Freescale epeurce hardware embedded serial and
debug adapter running an opesource bootloader. This circuit offers several options for serial
communication, flais programming, and rt@2 y i N2 f RS60dz33Ay3Id hLISy{5! OH
compatible debug interface preloaded with the opsaurce CMSIBAP Interface firmware (mbed
interface) for rapid prototyping and product development.

FRDMKV31FHardware Overview

The tatures of the FRDMV31F hardware are as follows:

w MKV31F512VLLIMCU (20 MHz with DSP instructions, 512 KB flash memory and 96 KB RAM ,
motor control timers,and 100 LQFP)
Dual role USB interface with micB2USB connector
RGB LED
FXOS8700Cg{accderometer and magnetometer
Two user push buttons
Flexible powesupply optionc OpenSDAv2 USBNnd external source
Easy access to MCU input/output through Arduind"R®mpatible 1/0 connectors
Programmable OpenSDAv2 debug circuit supporting the COISFSInterface software that
provides:
0 Mass storage device (MSD) flash programming interface
o CMSISDAP debug interface over a driviess USB HID connection providing runcontrol
debugging and compatibility with IDE tools o Virtual serial port interface
0 Open-source CMSIBAP software project: github.com/mbedmicro/CMEIAP.

gegegeegege=
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Figure 1 shows the block diagram of the FRENB1F design. The primary components and their
placement on the hardware assembly are explained in Figure 2.

| 1/OHeader (Arduino R3 “:
} compatible) |

aaRtISASeAsassassassasessssssssassassassassases ADC,ACMP, GPIO,FTM

Power

Kinetis K-Series | Kinetis V-Series
K20DX128VFM5 : { KV31

-~
e
=z

FX0$8700

| 1/OHeader (Arduino R3 |
: compatible) :

Figurel FRDMKV31F platform Block Diagram
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Power / OPENSDAV2.1 Debug
micro-USB

e !ﬁ | Reset Button Bypass

OPENSDAV2.1 SWD Debug
Optional 5V Power input

J2 |/O Header

J3 1/0O Header we—

Accelerometer / Magnetometer

MKV31F512VLL12 J11/0 Header

J4 1/0 Header s

Ry — SW2
RGB LED f KV31F SWD Debu
Thermistor —' :

Figure2 FRDMKV31F main components placement

2 FRDM-K31F hardware description

Power supply

There are multiple power supply options on the FRRWBLF board. It can be powered from théSB
connectors, the VIN pin on the I/O header, DC Jack (not populated), or an offboac8.6. Visupply

from the 3.3 V pin on the I/O header. The USB, DC jack, and VIN supplies are regulated onboard using a
3.3 V linear regulator to produce the main povaipply. DC to DC linear regulator is not available in

3.3 V on J20 Header, however a direct supply to KV31 MCU is available. Table 1 provides the
operational details and requirements for the power supplies.

FRDMKV31R 4 SN & al ydz f Pageofl?
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Tablel Power supplyrequirements

Supply source Valid range OpenSDAv2 Regulated
operational? onboard?
OpenSDAv2 USB 5V Yes Yes
VIN Pin 5¢9V No Yes
3.3V Header (J20) 1.71¢3.6V No No
DC Jack (Not 5¢9V No Yes
Populated)
P3V3 P3V3_KV31
J24 ey
C';:[Elf ; DC_JACK P5-9V_VIN PSV_SDA_PSW
e <
gsgPWRa DI:'LSM&DLL-)?g *DWD * D6 =
° “’# °¥ P5-9V VIN VR 3 :gpmwsmamsz P3V3 VREG T;EE A o c P3v3_SDA
DFLST30L-7 DFLST30L-7 1 VIN g vour 44] I —Pp
= LT The e
l l I(ZOrnOhm Resistor @ e

in layout

HDR 1X2 TH

DNP
SHORTING HEADER

Figure3 Power Supply schematic

Serial and Debug Adapter version 2 (OpenSDAv2)

OpenSDAV2 is a serial and debug adapter circuit which includes arsopere hardware design, an
opensource bootloader, and debug interface software. It bridges serial andglebmmunications

between a USB host and an embedded target processor as shown in Figure 4. The hardware circuit is
based on a Freescale Kinetis K20 family microcontroller (MCU) with 128 KB of embedded flash and an

integrated USB controller. OpenSDAv2 cemeeloaded with the CMSIZAP bootloadeg an open
source mass storage device (MSD) bootloader and the CMW&PInterface firmware (aka mbed

interface), which provides a MSD flash programming interface, a virtual serial port interface, and a
CMSISDAP dbug protocol interface. For more information on the OpenSDAV2 software, see mbed.org

and https://github.com/mbedmicro/CMSI®AP
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(" OpenSDAY2 R
=

& OpenSDAv2 MCU

GPIO K20DX128Vex5
;P
PWM

USB Host MSD Bootloader Target Processor
IDE NnRESET
Flle System U UART RX/TX
‘-——SB‘ OpenSDsz
~ SPI.GPIO A =
Serial Terminal Application SWD/JTAG

Debug interface

Signals with SPI and GPIO capabilityusesd to connect directly to the SWD KY31 These signals are

also brought outto astandard A Y o6ndnpé v [/ 2NISE RS6dza 0O02yySoOi
KV31IMCU from the OpenSDAV2 circuit and use J9 to connect to an offboard MCU. To lsitdinig

cut the trace on the bottom side of the PCB that connects J11 pin 2 to J9 pin 4. This will disconnect the
SWD_CLK pin to thH€V31so that it will not interfere with the communications to an offboard MCU

connected to J11.

FRDMKV31R & SNDa al ydz €
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SHORTING HEADER ON BOTTOM LAYER

Jumper 1is shorted by a cut-trace

TP30 on bottom layer. Cutting the trace
. will effectively isolate the on-board
MCU from the OpenSDA

SWD_DIO_TGTMCU <4 >>—l— HDR 1X2 TH debug interface.

J1 1

P3V3_KV31 - TP31 a— »>  SWD_CLK_KV3x

; o ﬁ ? DNP { SWD_CLK_TGTMCU

00 .

5 6  TRACE SWO R80 0 R PTA2

! 8 8 8 NN AG TDO ‘

9 10 X
| o 3 ¢ RST_TGTMCU B 34,5 o
= HDR 2X5

Figure4 SWD Debug connecor

J9 is populated by default. A mating cable, such as a Samtec FFSD IDC cable, can then be used to
connect from the OpenSDAV2 of the FRBIM31F to an offboard SWD connector.

Virtual serial port
A serial port connection mvailable between the OpenSDAv2 MCU and pins PTAL and PTA2 of the
KVv31

Microcontroller

The FRDMKV31F features thBIKV31F512VLLICU. The KV31 MCU family is a highly scalable

member of the Kinetis V series and provides a {fpgtformance, costompetitive motor control

solution. Built on the ARM®Cortek® core running at 120 MHz, combined with floating point and

DSP capability, this is implemented in the 100pin LQFP package. The following table describes some of
the features of theMKV31F512VLLMCU.

Performance w MHA al | -Mcare Witk DEP Bdfructions
delivering 1.25 Dhrystone MIPS per MHz

w 5 dzbif AD@scsampling at up to 1.2 MS/s inki®2
Y2RS w un OKlFyySfa 2F KA3
(PWMs) across 4 independenttime & S& w [ I NJ
enabling local execution of fast control loops at full clock

FRDMKV31R 4 SN A& al ydzl £ PageSofil7
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speed

Memories and memory interfaces

w pMH Y. 2F SYO6SRRSR Fftl &
SEGSNYyLIt o0dza AYyiUiSNFIFOS w |
69Tt 2NIUV w tinedsiEsEoaddfor oNdnie,

insystem factory programming

System peripherals

w Cft S Epoddr iodds2maltiple wakdzL) & 2 dzNJ
OKIFyySt 5a! O2yuGNRff SN w
software watchdog monitor

Clocks w hyS ONEai ltwo rahge® 32140tkHzior32)
all o ¢KNBS AYyiSNYylf 238041
w adzf GALJzZNILIZAS Oft 201 3ISYyS

Security and integrity modules w | FNRgl NB / whit unig@eRddrttifiatian (1)

y dzY 6 SNJ LIS NJ O fandadyuazYl o SN\NR g3 SNJ
Flash access control to protect proprietary software

Analog modules

w ¢tgBAMCc{!w !'5/a OM®DPH af{-K
oAU 5! /a8 w ¢g2 YylIi2HAG2%
Accurate internal voltage reference

Timers

wTwo 8chmotorO2 Y G NP f k ISY SN f LI
Two 2ch motorcontrol/general purpose timers with

j dzr RNJ G4 dzZNB RS O2RSNJ FTdzy Ol A
w -kitdow-LI2 § SNJ GAYSN) w t NBINI

Communication interfaces

w ¢g2 RArfLSEY 2w ¢KNBS ! we Y
LI26SNI ! 'we w ¢62 LHu/Y {dzLJ

Clock Source

A 8MHzexternal crystalis used for the external clock source of the3KV

TP35

c37 |r 18PF 8MHz EXTAL )

X501
8.00MHZ R52

EXTALO
® [EXTALO
| XTALO

|
C38 9 [18PF
DNP

Figure5 Clock Source

FRDMKV31R 4 SN & al ydzl £ Pagedofil7
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Accelerometer ad magnetometer

A Freescale FXOS8700CQpmwer, sixaxis Xtrinsic sensor is interfaced through an 12C bus and two
GPIO signals, as shown in Table 5. By default, the 12C address is 0x1D (SAO pullup and SA1 pulldown).

Table2 Accderometer and magnetometer signals connections

FX0S8700Cd KV31

SCL PTD2/LLWU_P13/SPI0_SOUT/UART2_RX/FTM3_CH2/FBA_AD4/LPUARTO_RX/I2C0O_S
SDA PTD3/SPI0_SIN/UART2_TX/FTM3_CH3/FBA_AD3/LPUARTO_TX/I2CO_SDA

NT1 PTDO/LLWU_P12/SPI0_PCSO/UART2_RTS/FTM3BA&HIE/FBA_CS1/FBA_TS/LPUART(
INT2 PTC18/LPUARTO_RTS/FBA TBST/FBA_CS2/FBA_BE15 8 BLS23 16

FRDMKV31R 4 SN A& al y dzi f PagelOof17
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C14 =— ——{o] i
0.1F | | 0aUF 4.7uF
Pava ‘
R
SR ) | =
SR $R15 =< [l
47K 47K ua
o o
e q
— 4 | 1 PTDO D
PTD2 - 2CO SCL_ *y scusscik > INT1 g PTDO
PTD3 RCOSDA 6| . o i 2 PTC18 Ny PTC18
£ 7 i 8 FXOS8700CQ_CRST
SAQMISO CRST
2 1 s 16 Q5 e
0y saics RST f¢ S B A—) pre2
MMAB451_BYP
R4 @ AB45Y_BY I 2 | gyp RSVD1 | DNP
15 = s 13
ca —ia NC_15 = o RSVD2 & rep =13
0.1UF & & 0.1UF
] 10.0K
= ol
P3V3 v FXOS8700CQ
® R32 I
10.0K =
®res
FXOS8700CQ_2C_SAD
¥ R31
10.0K
DNP
Default 12C Slave Address:
= 0011101 (0x1D)
P3v3a

¥ R40
10.0K
DNP ®re

R43

% 10.0K

Thermistor

Figure6 Accelerometer and Magnetometer

Thereis a thermistors RT1 provided dhe board that can be used asngle ended or differential
analog inputs to th&kV31
In addition to thethermistor there is a resistor between the thermistor and 3.3V system power supply

and another resistor

between the thersibr and ground. The thermistor is a 10K ohm gaut the

associated divider chain uses different resistors. This makes the voltage across the thermistor larger or
smaller and provides the ability to try the different gain settings on the analog chanhkés.

FRDMKV31E 3 SNDa al ydzt t Pagellof17
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thermistor circuitis designed to provide useable diffantial inputs overld KS G S Y LIS NI G dzZNB  N.
to-Hne/ @

In addition to the thermistor voltage divider chaithe thermistor has a 0.1 uF capacitor in parallel.

Each analog input to th&V31has a 10 ohm series resistor and a 234l capacitor as a low pass filter.
Thi helps protect theKV31from electrostatic discharges and lowers the impedance of the analog
signal so that it can be sampled with less noise.

P3Vv3
® R45
4.99K 90C to -20C
THER A Vdiff ~ 0.372V to 2.879V
(Ta=25C 1.650V)
ADC1 DP1 R47 100 c21 ® RT1
ADC1_DM1 R46 . 100 — 10K
* 0.1UF t
*—Cc22 =*=C35 THER B
2200PF 2200PF
1 2 R44
— 4.99K
GND
GND

Figure7 Thermistor

RGB LED

RGB LED is connected through GPIO, signal conneetiershown in Table.

Table3 LED Signal connections

RGHELED KV31

RED PTD1/ADCO_SE5B/SPI0_SCK/UART2_CTS/FTM3_CH1/FBA_CSO/LPUARTO)
BLUE PTE25/ADCO_SE18/FTMO_CH1/I2CO_SDA/EWM_IN

GREEN TD7/UARTO_TX/FTMO_CH7/FTMO_FLT1/SRI1_S

FRDMKV31R 4 SN A& al y dzi f Pagel2of17
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TP13 P17
A~
PTD1  ((—R69 4 576 JLEDRGB RED 1 % i 4 LEDRGB _GREEN R74 . 270 SS PTD?
P3Vv3 2 13 LEDRGB BLUE _ R73 270 PTE25
R88 130, | a1 * 2
* TP43 o ™
e
CLV1A-FKB-CJIM1F1BB7R4S3
FigureB RGB LED
Serial port

The primary serial port interface signals are PTB16 UARTO_RX and PTB17 UARTO_TX. These signals ar
connected to the OpenSDAV2 circuit.

Reset

The RESET signal on the K20 is connectednelteto a pushbutton, named SW1, and also to the
OpenSDAV2 circuit. The reset button can be used to force an external reset event on the target MCU.
The reset button can also be used to force the OpenSDAV?2 circuit into boot loader mode. For more
details,see Serial and debug adapter (OpenSDAV2).

FRDMKV31R 4 SN A& al y dzl f Pagel3of17
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P3V3 SDA P3V3 SDA V_TGTMCU V_TGTMCU
c17 | U3 cf3 E?
R14 Y, — Y R11
4.7uF | 1 8 4.7uF E_1UE 180K
10.0k == VCCA VCCB — é
SDA RST TGTMCU J B 2 A1 B 7
TP3 TP 2102 A 3 § TP 2102 B TP2
@ A2 B2 @
4 5
[ GND OE LVLRST_EN
= P3V3_SDA
NTSX2102GU8H o
J25 R4 4.7K
HDR_1X3
1-2: Default. o000 RST Push Button
2-3: Reset signal direct to the MCU, Bypass
to use when OpenSDA is not powered. =
SWi1
s Y- SW1 RSTB V_TGTMCU

SW2_STM151XX

e
10005F T

R2

;

Figure9 Reset circuit

Push button switches

100

D1
( I‘7 A__SDA RST LED. . o

4’4

RED

Two push buttons, SW2 and SW3, are available on FR®X¥ board, where SW2 is connected to
PTC6 and SW3 is connected to PTA4. Betfidageneral purpose input/output functions, SW2 and
SWa3 can be loywower wake up signal. Also, only SW3 can be amaskable interrupt.

Table4 Push button GPIO function

Switch GPIO Function
SW2 PTA4/LLWU_P3/FTMO_CH1/FTMO_RIWMBEZP_CS
SW3 PTE4/LLWU_P2/SPI1_PCSO/LPUARTO_TX

FRDMKV31R & SN &
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P3V3
P3V3
? R75 { R
10.0K SW2 10.0K

SW3
2._—¥1 2¥1 _

‘ . PTE4 /¢Ny  PTES .
SW2_STM151XX  C55 N C56 e
0.1UF SW2_STM151XX 0.1UF

PTA4 5> PTA4

DNP —

Figure10 Pushbutton switches

Input/output connectors

TheMKV31F512VLLgicrocontroller is packaged in a 1pih LQFP. Some pins are utilized in onboard
circuitry, but sone are directly connected to one of the four 1/O headers. The pins onKiti81
microcontroller are named for their general purpose input/output port pin function. For example, the
first pin on Port A is referred as PTAL. The name assigned to the 1/O conpatis same as of the
KV31pin connected to it, if applicable.

FRDMKV31R 4 SN A& al y dzi f Pagel50f17
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Figurell10 header pinout

Arduino compatibility

The 1/0 headers on the FRBE¥W31Fboard are arranged to enable compatibility with peripheral
boards (kimown asshields) that connect to Arduino and Arduiaompatible microcontroller boards.

The outer rows of pins (even numbered pins) on the headers, share the same mechanical spacing and
placement with the 1/0 headers on the Arduino Revision 3 (R3) standard.

FRDMKV31R 4 SN A& al y dzi f Pagel6of17






