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FRDM-33931-EVB Evaluation Board

Figure 1. FRDM-33931-EVB
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\ Important Notice

1 Important Notice

Freescale provides the enclosed product(s) under the following conditions:

This evaluation kit is intended for use of ENGINEERING DEVELOPMENT OR EVALUATION PURPOSES ONLY.
Itis provided as a sample IC pre-soldered to a printed circuit board to make it easier to access inputs, outputs, and
supply terminals. This evaluation board may be used with any development system or other source of I/O signals
by simply connecting it to the host MCU or computer board via off-the-shelf cables. This evaluation board is not a
Reference Design and is not intended to represent a final design recommendation for any particular application.
Final device in an application will be heavily dependent on proper printed circuit board layout and heat sinking
design as well as attention to supply filtering, transient suppression, and 1/O signal quality.

The goods provided may not be complete in terms of required design, marketing, and or manufacturing related
protective considerations, including product safety measures typically found in the end product incorporating the
goods. Due to the open construction of the product, it is the user's responsibility to take any and all appropriate
precautions with regard to electrostatic discharge. In order to minimize risks associated with the customers
applications, adequate design and operating safeguards must be provided by the customer to minimize inherent or
procedural hazards. For any safety concerns, contact Freescale sales and technical support services.

Should this evaluation kit not meet the specifications indicated in the kit, it may be returned within 30 days from the
date of delivery and will be replaced by a new kit.

Freescale reserves the right to make changes without further notice to any products herein. Freescale makes no
warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does
Freescale assume any liability arising out of the application or use of any product or circuit, and specifically
disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters
can and do vary in different applications and actual performance may vary over time. All operating parameters,
including “Typical”, must be validated for each customer application by customer’s technical experts.

Freescale does not convey any license under its patent rights nor the rights of others. Freescale products are not
designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or
other applications intended to support or sustain life, or for any other application in which the failure of the Freescale
product could create a situation where personal injury or death may occur.

Should the Buyer purchase or use Freescale products for any such unintended or unauthorized application, the
Buyer shall indemnify and hold Freescale and its officers, employees, subsidiaries, affiliates, and distributors
harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such
claim alleges Freescale was negligent regarding the design or manufacture of the part.Freescale™ and the
Freescale logo are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property
of their respective owners. © Freescale Semiconductor, Inc. 2015
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2 Getting Started
2.1 Kit Contents/Packing List

The FRDM-33931-EVB contents include:
» Assembled and tested evaluation board/module in anti-static bag
+ Warranty card

2.2 Jump Start

Freescale’s analog product development boards provide an easy-to-use platform for evaluating Freescale products. They support a range
of analog, mixed-signal and power solutions. The boards incorporate monolithic ICs and system-in-package devices that use proven
high-volume SMARTMOS technology. Freescale products enable longer battery life, smaller form factor, component count reduction, ease
of design, lower system cost and improved performance in powering state of the art systems.

All product development boards are accompanied by a Jump Start bundle available on the board’s Tool Summary Page. Jump Start
bundles offer the most current version of the resources that support the development board. The bundles contain everything you need to
begin using the Freescale development board in your environment.

To access the Jump Start bundle for the FRDM-33931-EVB:
* Go to www.freescale.com/FRDM-33931-EVB
* Review your Tool Summary Page
* Look for

Jump Start Your Design

» Download the documents, software and other resources

2.3 Required Equipment and Software

To use this kit, you need:
» DC Power supply: 5.0 V to 40 V with up to 10 A current handling capability, depending on motor requirements.
+ USB Standard A (male) to mini-B (male) cable
» Typical loads (brushed DC motor, power resistors or inductive load with up to 5.0 A and 28 V operation)
» Function generator (optional)
+ FRDM-KL25Z Freedom Development Platform (optional)
* ARM®mbed™ firmware loaded on FRDM-KL25Z board (To compile the code, you need to have an account in www.mbed.org.)
+ MC33931 microcode loaded on FRDM-KL25Z
» Graphical User Interface required for use with FRDM-KL25Z

24 System Requirements

The kit requires the following to function properly with the software:
* A USB enabled computer with Windows® XP or later (required only if FRDM-KL25Z is used)

KTFRDM33931UG Rev. 1.0

4 Freescale Semiconductor, Inc.


http://www.freescale.com/analogtools
www.freescale.com/FRDM-34931-EVB
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=FRDM-34931-EVB

y

A Getting to Know the Hardware

3 Getting to Know the Hardware

3.1 Board Overview

The FRDM-33931-EVB Evaluation Board (EVB) provides a development platform that exercises all the functions of the MC33931 H-bridge
IC. The EVB is designed for use in conjunction with the FRDM-KL25Z board (not included with the evaluation board). In this configuration,
the FRDM-KL25Z must be prepped and the hardware configured as described in Section 5. To control the MCU outputs, use the graphical
user interface “GUI Brushed DC FRDM-33931-EVB” available on Freescale’s website. Alternatively, the EVB can be used without the
FRDM-KL25Z, in which case the parallel inputs in the device must be controlled through 3.3/5.0 V compatible GPIO of the MCU or by
connecting the board to a function generator.

3.2 Board Features

The board allows evaluation of Freescale part MC33931 and all its functions. The board features the following:
» Compatibility with Freescale's Freedom Development Platform
» Built in reverse battery protection
» Test points to allow signal probing
» Built in voltage regulator to supply logic level circuitry
» LEDs to indicate the supply status and direction of motor
» Transient voltage suppressor to handle system level transients

3.3 Block Diagram

The hardware block diagram is shown in Figure 2.

5 > .| 5.0V Voltage
: @ Reverse "|  Regulator :
: Battery and :
Power Supply ; Tranrsyient L
: CD —»  Protection | VPWR T
H LED +—p Optional 5.0 V Supply to
= »O—@ VDD LED: FRDM
: Charge Pump Capacitor [ 4¢——— Optional 3.3 V Supply to
E | 5 FRDM
: I :
A4
VPWR —@
SF_B Flag
: : . ToMCU
I ; ol IN1 S8 5 > GPio
; outt F=——+—> (D >
: > IN2 FWD LED :
From : MC33931 : Load
MCU  — : REV LED :
GPIO : »| EN/D2_b ouT2 ) >
s D2 _ ToMCU
I FB : > ADC input
All Grounds

Figure 2. Block Diagram
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3.4 Device Features

This evaluation board features the following Freescale product:

Table 1. MC3491 Device Features

age.

Device Description Features
« 5.0 Vto 28 V continuous operation (transient operation from 5.0 V to
40V)
« 3.0Vand 5.0V TTL/CMOS logic compatible inputs
The 33931 is a monolithic H-Bridge PowerICina | . 235 mQ maximum Rpson) at Ty = 150 °C (each H-Bridge MOSFET)
MC33931 robust thermally enhanced 32 pin SOIC-EP pack-

« Overcurrent limiting (regulation) via internal constant-off-time PWM
« Output short-circuit protection (short to VPWR or GND)

« Temperature-dependent current-limit threshold reduction

» Sleep mode with current draw < 50 pA

3.5 Operation Modes
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Figure 3. Operation Modes
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3.6 Architecture
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Figure 4. General Architecture Diagram

3.7 Thermal Management

Thermal Management Thermal management
e PWM switching

to6.5Aat<165°C
W - Below 165 °C, the device PWMs the
outputs, averaging under 6.5 A to reduce
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fold back, averaging under 4.2 A to reduce
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Figure 5. Thermal Management (Thermal Fold-back)
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3.8 Board Description

Figure 6 and Table 2 describes the main blocks of the evaluation board.

5V Regulator Test Points

Output
Terminal
Jumpers
MC33931
Reverse
Battery
Protection
Diode
Power and Test Points
Ground
Inputs
Figure 6. Board Description
Table 2. Board Description
Name Description
MC33931 Monolithic H-Bridge Power IC in a robust thermally enhanced 32 pin SOIC-EP package
5.0 V Regulator 5.0 V regulator for VDD and supply
Jumpers Jumpers for configuring the board for different modes of operation
Reverse Battery Protection Diode Diode for protecting MC33931 in reverse battery condition
Power and Ground inputs Power supply terminal to connect the battery/power supply with the board
Test Points Test points to probe different signals
Output terminal Output connector to connect a load to the MC33931 output

KTFRDM33931UG Rev. 1.0

8 Freescale Semiconductor, Inc.



PR 4

3.9 LED Display

The following LEDs are provided as visual output devices for the evaluation board:
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Figure 7. LED Display

Table 3. LED Display

Getting to Know the Hardware

D5

LED ID Description
D3 YELLOW LED, indicates when main/battery supply is connected
D4 GREEN LED, indicates when +5.0 V supply is connected
D5 RED LED, illuminates when the H-Bridge detects a fault
D6 GREEN LED, indicates current flowing in forward direction
D7 RED LED, indicates current flowing in reverse direction

KTFRDM33931UG Rev. 1.0
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3.10 Jumper Definitions

Figure 8 shows the jumper locations on the board.

JP2

JP1 JP4
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JP3 JP6  JP7

Figure 8. Board Jumpers

JP5

The following table defines the evaluation board jumper positions and explains their functions. (The default settings are shown in blue.)

Table 4. Jumper Definitions

Jumper Description Setting Connection
JP1 5.0 V Regulator output 1-2 5.0 V regulator connected / External or USB 5.0 V
1-2 3.3V as VDD
JP2 VDD Select
2-3 5.0V as VDD
JP3 FB 1-2 Feedback to MCU ADC / NC
1-2 MCU GPIO
JP4 D1
2-3 GND
1-2 MCU GPIO
JP5 EN/D2_B
2-3 VDD
JP6 IN1 1-2 MCU GPIO / EXT Signal to IN1
JP7 IN2 1-2 MCU GPIO / EXT Signal to IN2

KTFRDM33931UG Rev. 1.0
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3.11 Input Signal Definition

The board has the following input signals which are used to control the outputs or functions inside the circuit.

Table 5. Input Signals

Input Name Description
D1 Disable signal to tri-state the outputs (Active High)
EN/D2_b Disable signal to tri-state the output and put the part in sleep mode (Active Low)
IN1 Logic input to control OUT1
IN2 Logic input to control OUT2

3.12 Output Signal Definition

The board has the following output signals which are used to drive a load such as a brushed DC motor. It provides an analog output for
real time load current monitoring. This signal allows closed loop control of the load.

Table 6. Output Signals

Output Name Description
OuT1 Output 1 of H-Bridge controlled by the logic input IN1
ouT2 Output 2 of H-Bridge controlled by the logic input IN2
SF_B Open drain Active Low status flag output to indicate fault
FB Current mirror output for real time load current monitoring

KTFRDM33931UG Rev. 1.0
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3.13 Test Point Definition

Figure 9 shows the location of the test points on the board.

GND2 END2 B | TP_D1

':HJ"

re
@
IN2
SF B
IN1
3V 5V GND1
VPWR VDD
Figure 9. Test Points
The following test points provide access to various signals to and from the board.
Table 7. Test Points
Test Point Name Signal Name Description
TP_D1 D1 Disable signal to tri-state the outputs (Active High)
EN/D2_B EN/D2_b Disable signal to tri-state the output and put the part in sleep mode (Active Low)
FB FB Current mirror output for real time load current monitoring
IN1 IN1 Logic input to control OUT1
IN2 IN2 Logic input to control OUT2
SF_B SF_b Open drain Active Low status flag output to indicate fault
GND1 GND Common Ground
GND2 GND Common Ground
VPWR VBAT Battery or power supply input voltage
5V 5V 5.0 V signal from regulator

KTFRDM33931UG Rev. 1.0
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Table 7. Test Points (continued)

Getting to Know the Hardware

Test Point Name

Signal Name

Description

3V

3V3

3.3 V supply from the FRDM board

VDD

VDD

VDD supply for the FS_B pull-up resistor

3.14 Screw Terminal Connections

The board has following screw terminal connections to connect the power supply and the load. Figure 10 shows the location of the screw

terminal connectors.

J5

Figure 10. Screw Terminal Connectors

Table 8. Screw Terminal Connections

Screw Terminal Name

Description

J5

Power supply connector for MC33931

J6

Output connector for connecting to a load

KTFRDM33931UG Rev. 1.0
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The Freescale Freedom development platform is a set of software and hardware tools facilitating rapid prototyping of designs based on
the Kinetis family of microcontrollers. The Freescale FRDM-KL25Z board serves as the basic hardware component of the development
platform. The FRDM-KL25Z implements a Kinetis L Series microcontroller and makes use of the device’s built-in USB, LED, and I/O port
features. The board can be loaded with application specific firmware and can be configured with Graphical User Interface software that
supports development and testing.

The Freescale FRDM-33931-EVB may be mounted to the FRDM-KL25Z as a shield board. When used in conjunction with the
FRDM-33931-EVB, the FRDM-KL25Z provides basic functions, such as PC communication, that support the application-specific features

of the evaluation board.

-25Z Freedom Development Platform

FRDM-KL25Z Freedom Development Platform

For use with the FRDM-33931-EVB, the FRDM-KL25Z must have ARM®mbed ™ firmware installed (see Section 5.2.2, Downloading
mbed® Firmware to the FRDM-KL25Z Board), MC33931 microcode installed (see Section 5.2.3, Downloading the MC33931 Microcode
to the FRDM-KL25Z Board), and must use the Freescale “GUI Brushed DC FRDM-33931-EVB” as the software interface (see

Section 5.2.4, Installing the Graphical User Interface).

For complete information on the FRDM-KL25Z, access the documentation available on the FRDM-KL25Z Tool Summary page.
Figure 11 illustrates the primary components of the FRDM-KL25Z that apply when ‘used in conjunction with the evaluation board.

RGB
LED

J101/0
J11/0
Header Header
J9 1/0
Header
J2 1/0
Header

KL25Z Reset OpenSDA
usB usB

Figure 11. FRDM-KL25Z Board
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41 Connecting the FRDM-KL25Z to the Evaluation Board

The FRDM-KL25Z development board provides an ideal support platform for the FRDM-33931-EVB kit. In this configuration, the
FRDM-KL25Z connects to a PC and allows the user—via the GUl—to set parameters that control the operation of the motor. The
FRDM-33931-EVB connects to the FRDM-KL25Z using the four dual row Arduino™ R3 connectors on the bottom of the board. The
connections are as follows:

FRDM-KL25Z Freedom Development Platform

2

964

© 2015 FREESCALE

PTA1 -2 pTE30 - 1 X Y12 - PTG
PTA2-4 pre20 - o XY 10 - pTC2 :
PTD4 - 6 PTE23 - 7L 38— PTB3
PTA12 - 8 PTE22 - 5 CX (6 - PTB2 05
PTAd— 10 PTE21 - 3 EX.3!4 - PTBI
PTA5 12| PTE20 — 1 [LE /2 - PTBO Ee:
—DTCH - 14| = 1 DL
AT e
PPT‘TRSS-E PTE3 — 11 X 342 - GND
Lok PTE2 - 0 L L4110~ P5V_USB
gl PTB11- 7. L8 J18 - P3V3
il PTB10 - 5 { L J/6 - RESET/PTA20
Ll PTBO - 3 L 44— P3V3
GND 14 PTB8 — 1 [[kJ2 - SDA_PTDS

VREFH - 16
—PTE() - 18

PTE1 - 20 LA

Figure 12. FRDM-KL25Z to FRDM-33931-EVB Connections

Table 9. FRDM-33931-EVB to FRDM-KL25Z Connections

FRDM-33931-EVB FRDM-KL25Z Pin Hardware Name
Description

Header Pin Header Pin FRDM-33931-EVB FRDM-KL25Z

J1 1 J1 1 N/C PTC7 Not Connected

J1 2 J1 2 N/C PTA1 Not Connected

J1 3 J1 3 N/C PTCO Not Connected

i 4 ] 4 1013 (D) PTA2 II-:l)iigﬁ)ble signal to tri-state the outputs (Active

J1 5 J1 5 N/C PTC3 Not Connected

J1 6 J1 6 N/C PTD4 Not Connected

J1 7 J1 7 N/C PTC4 Not Connected

J1 8 J1 8 N/C PTA12 Not Connected

KTFRDM33931UG Rev. 1.0

Freescale Semiconductor, Inc.




3
4

y

\ -25Z Freedom Development Platform

Table 9. FRDM-33931-EVB to FRDM-KL25Z Connections (continued)

FRDM-33931-EVB FRDM-KL25Z Pin Hardware Name
Description
Header Pin Header Pin FRDM-33931-EVB FRDM-KL25Z

J1 9 J1 9 N/C PTC5 Not Connected

J1 10 J1 10 N/C PTA4 Not Connected

J1 11 J1 11 N/C PTC6 Not Connected

J1 12 J1 12 PWM1 (IN1) PTA5 Logic input to control OUT1 using PWM signal
J1 13 J1 13 N/C PTC10 Not Connected

J1 14 J1 14 PWM1 (IN2) PTC8 Logic input to control OUT2 using PWM signal
J1 15 J1 15 N/C PTC11 Not Connected

J1 16 J1 16 N/C PTC9 Not Connected

J2 1 J2 1 N/C PTC12 Not Connected

J2 2 J2 2 N/C PTA13 Not Connected

J2 3 J2 3 N/C PTC13 Not Connected

J2 4 J2 4 N/C PTD5 Not Connected

J2 5 J2 5 N/C PTC16 Not Connected

J2 6 J2 6 N/C PTDO Not Connected

J2 7 J2 7 N/C PTC17 Not Connected

J2 8 J2 8 N/C PTD2 Not Connected

J2 9 J2 9 N/C PTA16 Not Connected

J2 10 J2 10 N/C PTD3 Not Connected

J2 11 J2 11 N/C PTA17 Not Connected

J2 12 J2 12 N/C PTD1 Not Connected

J2 13 J2 13 N/C PTE31 Not Connected

J2 14 J2 14 N/C GND Not Connected

J2 15 J2 15 N/C N/C Not Connected

J2 16 J2 16 N/C VREFH Not Connected

J2 17 J2 17 N/C PTD6 Not Connected

2 18 2 18 108 (EN/D2_b) PTEO ;?ai\?tailr)ulesf;%gar:g dtg'(ﬂi:ﬁ/;hfx;p“t and put the
J2 19 J2 19 N/C PTD7 Not Connected

J2 20 J2 20 N/C PTE1 Not Connected

J3 1 J10 1 N/C PTE20 Not Connected

i3 2 J10 9 FB PTRO rCng;ri?Qrtir:girror output for real time load current
J3 3 J10 3 N/C PTE21 Not Connected

J3 4 J10 4 N/C PTB1 Not Connected

J3 5 J10 N/C PTE22 Not Connected

J3 6 J10 6 N/C PTB2 Not Connected

J3 7 J10 7 N/C PTE23 Not Connected

KTFRDM33931UG Rev. 1.0
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Table 9. FRDM-33931-EVB to FRDM-KL25Z Connections (continued)
FRDM-33931-EVB FRDM-KL25Z Pin Hardware Name
Description
Header Pin Header Pin FRDM-33931-EVB FRDM-KL25Z
i3 8 J10 8 SF B PTB3 ;;;:r;airl?m Active Low status flag output to indi-
J3 9 J10 9 N/C PTE29 Not Connected
J3 10 J10 10 N/C PTC2 Not Connected
J3 11 J10 11 N/C PTE30 Not Connected
J3 12 J10 12 N/C PTCA Not Connected
J4 1 J9 1 N/C PTB8 Not Connected
J4 2 J9 2 N/C SDA_PTD5 Not Connected
J4 3 Jo 3 N/C PTB9 Not Connected
J4 4 Jo 4 N/C P3V3 Not Connected
J4 5 Jo 5 N/C PTB10 Not Connected
J4 6 J9 6 N/C RESET/PTA20 Not Connected
J4 7 J9 7 N/C PTB11 Not Connected
4 8 Jo 8 FSD 3V3 OUT P3V3 23 g output from FRDM-KL.252 board to
J4 9 J9 9 N/C PTE2 Not Connected
J4 10 J9 10 N/C P5V_USB Not Connected
J4 11 J9 11 N/C PTE3 Not Connected
J4 12 Jo 12 GND GND Not Connected
J4 13 Jo 13 N/C PTE4 Not Connected
J4 14 Jo 14 N/C GND Not Connected
J4 15 J9 15 N/C PTES Not Connected
s 16 J9 16 | FSD5VIN P5-9V_VIN B g it to g ROM-KL252 baard from

KTFRDM33931UG Rev. 1.0
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5 Setting up the Hardware and the Graphical User
Interface (GUI)

The evaluation board is designed to work in conjunction with Freescale’s FRDM-KL25Z board with the PC-based GUI providing direct
access to the MC33931 MCU for testing and analysis. Alternatively, the board may be used as a stand-alone component, in which case
lab hardware, such as a function generator, must be used to support testing and analysis.

The evaluation board consists of an H-bridge, a parallel interface, power conditioning circuitry, and a set of two Input Select jumpers. All
+5.0 V Vpp power required by the board is obtained via the parallel interface.

Caution:

To avoid damaging the board, the following restrictions must be observed:

+ The motor supply voltage (Vpyr) must be at least 5.0 V, but must not exceed 40 V.
» The peak operating current of the load must not exceed 5.0 A.

5.1 Setting up the FRDM-33931-EVB as a Stand-alone Component

This section describes how to configure the FRDM-33931-EVB for use as a stand-alone component. The procedure assumes that you are
using a four-channel function generator to do testing and analysis. The same connections apply if the board is connected to a
microcontroller instead of a function generator. Consult the board description (Section 3), the schematic (Section 6), and the MC33931
datasheet to determine how best to configure the board for use in your environment.

1. Connect the function generator to the board. There are two options:
+ use the function generator to control the enabling and disabling of the MC33931 H-bridge outputs (Option 1)
+ set the the H-bridge outputs to be continuously enabled while the board is connected to the function generator (Option 2).
Figure 13 illustrates how to set the jumpers and connect to a function generator (or an MCU) for each of these options.
2. With the power switched off, attach the DC power supply to the VPWR and GND screw connector terminals on the evaluation board
(J5in Figure 10).
3. Attach one set of coils of the brushed motor to the OUT 1 and OUT 2 screw connector terminals on the evaluation board (J6 in
Figure 10).

Figure 13 illustrates the hardware configuration.

KTFRDM33931UG Rev. 1.0
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5.2  Setting up the FRDM-33931-EVB for Use with the FRDM-KL252

To configure the evaluation board for use with the FRDM KL25Z and the Graphical User Interface (GUI) you must:
» Connect the hardware

* Download the mbed firmware to the FRDM-KL25Z board
* Download the MC33931 microcode to the FRDM-KL25Z board
* Install the Graphical User Interface “GUI Brushed DC FRDM-33931-EVB”

5.2.1 Connecting the Hardware

The FRDM-33931-EVB consists of an H-bridge, a parallel interface, power conditioning circuitry, and a set of two Input Select jumpers. All
+5.0 V Vpp power required by the board is obtained via the parallel interface.

WARNING
To avoid damaging the board, the following restrictions must be observed:

« The motor supply voltage (Vpygr) must be at least 5.0 V, but must not exceed 40 V.
» The peak operating current of the load must not exceed 5.0 A.

1. Connect the FRDM-33931-EVB to the FRDM-KL25Z.

2. With the power switched off, attach the DC power supply to the VPWR and GND screw connector terminals on the evaluation board
(J5 in Figure 10).

3. Attach one set of coils of the brushed motor to the OUT 1 and OUT 2 screw connector terminals on the evaluation board (J6 in
Figure 10).

Figure 14 illustrates the hardware configuration.

FRDM-33931-EVB

Standard A to Mini-B

USB Cable
| :
— |

Workstation OpenSDA

FRDM-KL25Z Board
(sold seperately)

5-40 V Power Supply, 10 A

Figure 14. FRDM-33931-EVB with FRDM-KL25Z Hardware Configuration
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5.2.2 Downloading mbed® Firmware to the FRDM-KL25Z Board

You must install mbed® firmware on the FRDM-KL25Z board to enable downloading of the MC33931 microcode. The procedure is as
follows:

1. Connect the USB cable between your PC and the OpenSDA port on the FRDM-KL25Z board.

2. Download the mbed firmware onto the FRDM-KL25Z board. The instructions are on the ARM®mbed™ website at the following url:
https://developer.mbed.org/handbook/Firmware-FRDM-KL25Z

3. After downloading the mbed firmware, power cycle the board (by disconnecting then reconnecting the USB cable to the OpenSDA
port) to initiate the firmware update. When this process completes, a USB drive named “mbed” should appear on your PC.

5.2.3 Downloading the MC33931 Microcode to the FRDM-KL25Z Board

The MC33931 microcode provides the firmware interface between the MC33931 device, the Freedom platform and the GUI. The
procedure is as follows:

1. Connect the USB cable between your PC and the OpenSDA port on the FRDM-KL25Z board.

2. Go to https://developer.mbed.org/teams/Freescale/code/Brushed_DC_Motor_Control_MC34931_MC33931/ then click on the
Import this Program tab.

1. Go to:
developer.mbed.org/teams/Freescale/code/
Brushed_DC_Motor_Control_MC34931_MC33931/

- : - —— - Y=
° 5 ‘ﬁ hitps:/developermbed.org/teams Freescale/code. - | B Brushed DC Motor Conton. x| | AL
1.3 Platforms Components Handbook Cookbook Code Questions Forum Dashboard Compiler A
ARM mbed  snmememeos [ < | # Loginor signup 2. Click Im port
Teams » Freescale » Code » Brushed_DC_Motor_Control_MC34931_MC33931 th IS p rog ra m

“mesce Fre€scale / @ Brushed_DC_Motor_Control_MC34931_MC33931

Repository toolbox
MCU Code for FRDMKL25Z which works with "MVHB Eval Brushed DC Motor GUI" to control a brushed DC motor

5 -
using FRDM-34931S-EVB / FRDM-34931-EVB / FRDM-33931-EVB. The code enables controlling the PWM lhzuency Import this program <

duty cycle, enabling/disabling while monitoring status flag pin for undervoltge, short circuit and over-temperature events
as well as real time load current for implementing advanced diagnostics.

5 Export to desktop IDE

‘@ Dependencies: < USBDevice . mbed
4 Build repository

Home || [jHistory % Graph [@ API Documentation [2jWiki & Pull Requests

Files at revision 1:52d7baa4af71 Download repository: £ 2p 1192 Repository details
1 defeutt| tip
Type: Program
Name Size  Actions
. 20 days
I tup) Created: S
USBDevice.lib 65 j Revisions [/ Annotate Imports: 39
main.cpp 8847 2) Revisions ¢ Annotate Forks: ko
mbed bid 65 ~] Revisions |/ Annotate Commits: 82
Dependents: @0
Dependencies: (2
Followers: @45

hioa | we're hirinal | sunnart | service status | orivacy policy | terms and conditions enjaesde
[ https:// gin/Inext=/teams/Freescale/s i.DC_Motor.... |

M ‘

Figure 15. MC33931/MC33931 mbed Import Screen
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3. Login to your mbed account. (If you do not have an mbed account, you must create one.) After logging in, you will be returned to
the screen in Figure 15. Click on Import this program again.

1. Ent U dP d
nter your Username and Passwor 2. Click Login

- [CSREER >
(& \) | mbed.org/account/login/Znext=/teams/| p-ac .| B Login or Signup | mbed %a
A Platoms  Components  Handbook ~ Cookbook ~Code  Questions  Forum Dashboard ~ Compiler
ARM mbed  sneweosemesas [ <o | # Login or signup
Login or Signup
kogin Signup
Username:

\ louk247

I've forgotten my usemame

Password:

/ /

I've forgotten my password

[JRemember me

=

mbed | blog| we're hiring! | support | service status | privacy policy | terms and conditions | Language: en ja es de

Figure 16. mbed Login Screen

4. The mbed compiler opens with the Import Program window displayed. Click on the “Import” button.

1. Click Import

- =B
o-ac|| Brushed_DC_Motor_Cnmml_M...l B mbedkcompiler Workspace ... X [_ i 53 €03

(<52)(=>)| M nttps://developer.mbed.org/compiler/Znav:/;

mbed Workspace Management
iNew v PYimport | bl save B saveal | (] compile v | @ commit v (D Revisons | v o | ¢4 [ & | \ | Frep FROMAL252 @
< Workspace Details
;a Manage your Program Workspace ka7
& rE e TotalPrograms 4
& [3] Mc34931_Tests A Modified 2hours, 2 minutes ag:
[Name  © [ Tecs | Modied Desarpton e
frdm_helloworld e e [£) main.cop 1week, 1day agc
] [mbed barky e [£) main.cop 1ueek, 1day age

MC34831 Demo

MC34931_Test1

Import Program g
Import  program from mbed.org into your workspace.

© Please specify name

[ mbed. 1_C_Motor_lontrol_MC34931 MC33931/|
Import As: @ program O Library
Import Name: | x|
Update: ] Update allibraries to the latest revision Y

Filter:[Search crteria.. [] Match Case [] Whole Word I

Figure 17. mbed Compiler Import Program Screen
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5. When the import completes, the mbed compiler screen should look like Figure 18. Click on the “main.cpp” item.

] mbeuCompiler/Bmshed_D.,.x| | AN

mbed X
Pinew v PYimport | bd save B saveall | (] compie v | @ commit v D Revisons | x3 o | @k | En | N [ [Hep FROMKL25Z ¢
Program We < Program: I_DC_Motor_( MC34931_MC33931 Program Detai
forkspace Brushed, Control_t ils
BB yprograms Neme || see e Modfied \ ["summary | ouid
Brushed_DC_Motor_Con | ) Uspevice: PublshedLbrary _ moments ago —
B soperee B a8kl cicisorcerie fnonnisoco ] it I
main, -
@ ™ & mbed Library Build moments ago [2st Modfied| | moments g0
® [ frdm_helloworld A Last Buit Never
] mbed _binky URL Freescale/Brushed DC Mot
MC34931_Demo Revision 1:52d7baadaf71
® [ Mc34931 Testr Status. synced

K7 Update @ Commit () Revisions

=) Export @) Publish €3 Homepage

Desaription

ﬁm [[] Match Case [[] whole Word

Compile output for program: Brushed_DC_Motor_Control_MC34931_MC33931 [0 Verbose | Emors:0 | wamings:0 | infos:o ‘
Description | Error Number | Resource | InFolder | Location |

< > Compile Output | FindResuits | Notifications v

Ready. | | ms

Figure 18. mbed Compiler Select Screen

6. The source code for main.cpp appears in the code editor. Click on the “Compile” button to compile the main.cpp source code.

1. Click on Compile

e@ L] / L.0c Motor O ~ @ ¢ || |ll8 mbed Compiler /BrushedD...

) import | b save Kl save Al | (] comple v | @ conmit v @ Revisons | <0 o+ | @8 | 8| N\ | [Hep
Program Workspace <
[£) main.cop x
1187 My Programs 1 pinclude "mbed.h’ al
[ Brushed_bc_Motor_Con| #include "USBHID.h"
(53] UsBDevice
L 4 //; g;ndec'mje s USBHID dev;:eé .
3 s t Reports are €4 Bytes long
BE
2 @ inbed 6 // Vendor ID (VID): ox1582 1
frm_heloworld 7// Product ID (PID): 00138
// Serial Number: 0%0001
2] 9 USBHID hid(64, 64, 0x1S5A2, 0x0138, 0x0001, true);
1
11 //5etup Digitel Outputs for the LEDs on the FRIM
12 //PamOut red_led (LEDL) ;
13 //Digitalout green_led (LED2):
14 //Digitalout blue_led (LED3):
16 //Setup B and Digital Outputs from FRDM-KL2SZ to FROM-17510
17 PwmOut IN1(PIC8); // Pin IN1 input to 931 (FRDM PIN Name)
12 PemOut IN2 (PTAS); // Pin IN2 input to MC34931 (FRDM PIN Name)
19 DigitalOut EN(PTEO); // Pin EN input to MC34931 (FRDM PIN Name)
20 DigitalOut DIS(PTA2); // Pin D1 input to MC34931 (FRDM PIN Name)
1 DigitalIn STATUS(PIB3):
22 AnalogIn CFB(PIBO);
//DigitalOut READY(PIC7); // Pin READY input to Motor Control Board (FRDM PIN Name)
S //Variable:
& int pwm_freq_lo;
7 int pwm_freq hi;
2¢ int frequencyHz = 500;
29 int runstop = 0;
int direction = 1;
1 int braking;
52 int ducyeycle = 75;
5% int newDateFleg = 0;
34 int scacus = 0
v
= I B
Compile output for program: Brushed_DC_Motor_Control_MC34931_MC33931 [ Verbose Errors: 0 ‘Warnings: 0 Infos: 0
| pesaription Error Number | Resource | In Folder | Location
¢4 > Compile Output | Find Results | Notifications v
Ready. N1 | clt 22 | INS |

Figure 19. mbed Compiler New Program Screen
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7. When the compiler completes, an executable file named “Brushed_DC_Motor_Control_MC33931_MC33931_KL25Z.bin”
downloads to your system download folder. Drag and drop this file to the mbed device which appears as a USB drive on your

system.

ol
O > Compue » g | arch Conputer »
Organize v System properties  Uninstall or change aprogram  Map network drive  Open Control Panel - A @
477 Favorites 4 Hard Disk Drives (1)
B Desktop Primary (C:)
8 Downloads > -
192 GB free of 207 GB
£ Recent Places 1 D d D
4 Devices with Removable Storage (2) . rag a n rop
4 Ml Desktop A MBED (€
44 Libraries ) DVD RW Drive (D) - Wl
= = S 128 KB free of 144 KB
< Documents ol d
& Music 4 Network Location (1)
&) Pict _ AMPD_WIP (\\azB4file20v) (Z:) oo
£ vid =4 T ) »
59 GB free of 499 G
A Kummerer Louis-B5406¢ — " °
4% Computer
&, Primary (C)
&3 DVD RW Drive (D)
e MBED (E:)
S5 AMPD_WIP (\\azB4file
€ Network
(&3 Control Panel
& Recycle Bin
L B54064-01 fsl.freescale.net Memory: 6.00 GB
o~ P Intel(R) Xeon(R) CPU ...

Figure 20. Downloading Brushed_DC_Motor_Control_MC33931_KL25Z.bin to FRDM-KL25Z

8. Remove the USB connector from the FRDM-KL25Z OpenSDA USB port and insert it in the KL25Z USB port.
The KL25Z board is now ready for use with the FRDM-33931S-EVB and the GUI.

5.2.4 Installing the Graphical User Interface

The Graphical User Interface provides a PC-based interface allowing you to easily exercise FRDM-33931-EVB functions to control a DC
Brushed Motor. The GUI runs on any Windows 8, Windows 7, Vista, or XP-based operating system at a maximum PWM frequency of 10

kHZ.

To install the software:
1. Go to the evaluation board Tool Summary Page www.freescale.com/FRDM-33931-EVB

2. Under “Jump Start Your Design,” click on the “Get Started with the FRDM-33931-EVB?” link.
3. From the list of files that appear, click on the link for the “GUI Brushed DC FRDM-33931-EVB” software.
The software automatically downloads to your PC and initiates the installation process. An Installation Wizard guides you through the rest

of the process.

5.2.5 Using the Graphical User Interface

To start the GUI, do the following:
1. Connect the hardware (Section 5.2.1, Connecting the Hardware) and plug the USB cable into the USB port on the FRDM-KL25Z.

2. Click on the Freescale GUI Brushed DC FRDM-33931-EVB icon to launch the GUI.
Make sure the GUI recognizes the FRDM-KL25Z. Check the USB connection in the upper left corner of the GUI.

3.

* The hex Vendor ID value should display as 0x15A2 and the Part ID value should display as 0x138.

+ If these value do not appear, the GUI has failed to establish a connection with the FRDM-KL25Z. You may need to disconnect
and reconnect the USB cable to the board’s KL25Z USB port. If the connection still fails, press the reset button on the
FRDM-KL25Z board.

4. Click the Enable Target checkbox on the GUI screen. The Target parameter on the GUI screen should change from “DISABLED” to

“‘ENABLED.”

KTFRDM33931UG Rev. 1.0
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5. Set the DI, EN/D2_B, Direction and Braking as desired (See Section 5.2.6 - Section 5.2.9.) Adjust the PWM Frequency and Duty
Cycle to meet your requirements.

6. Click the Run button to run the motor. Notice that some options of the GUI are disabled while the motor is running. To make
changes, click the Stop button on the GUI, make the desired changes, and then click “Run” on the GUI to continue.

7. When finished, deselect the “Enable Target” button on the GUI, and click the Quit button. Turn off DC power supply and remove the

USB cable.

The GUI is shown in Figure 21. The hex address numbers at the top are loaded with the vendor ID for Freescale (0x15A2), and the part
ID (0x138). The left side panel displays these numbers only if the PC is communicating with the FRDM-KL25Z via the USB interface.

Feedback Current
(FB pin out)

Status Fault
(SF_b pin out)

USB Connection
VendorID: [(x15A2 Target: o1
Part |D: 0138 Dissble @ () Enable
Enable Target EN/D2_B
Disable @ () Enable
> 0 mA Direction
Reverse ) @ Forward
mn Sleep Braking (Recirculation)
High Side @ (O Low Sids
PWM Frequency 500 Hz

Duty Cycle 75 %

. -

Figure 21. GUI Screen
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5.2.6 Forward with High-side Recirculation

To test the FRDM-33931-EVB in the forward with high-side recirculation mode, configure the GUI as follows:

D1: Enable
EN/D2_B: Enable
Direction: Forward
Braking: High-side
Figure 22 shows this configuration with the motor running.

USB Connection
VendorID:  (x15A2 Target: ENABLED D1
Patt ID: 00138 Disable @ Enable
Eniable T @ EN/D2.B
Disable ) @ Enable
‘ 273 mA
®
. Status Braking (Recirculation)
High Side @ ©) Low Side
PWM Frequency 500 Hz
Duty Cycle 75 %
LT

Forward High-Side Recirculation
(Forward)

VpwR VPWR

VPWR

Load
J | Current
ON

Figure 22. Forward with High-side Recirculation
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5.2.7 Forward with Low-side Recirculation

To test the FRDM-33931-EVB in the forward with low-side recirculation mode, configure the GUI as follows:
D1: Enable

EN/D2_B: Enable
Direction: Forward
Braking: Low-side
Figure 23 shows this configuration with the motor running.

 GUI Brushed DC FROM-3+931 EVB o)
USB Connection
Vendor ID: 0x15A2 Target: ENABLED D1
Part ID: 8 Disable ) @ Enable
Enable Tt EN/D2_B
Disable ) @ Enable
280 mA
‘_:;‘
M status e
Braki lat
i Forward Low-Side Recirculation
High Side ©) @ Low Side Fi
VewR VPWR (Forward) v
PWM Frequency 500 Hz VPWR PWR
: i il
Duty Cycle 75 % FF. OFF
|l L
OFF. ON J | Load | |_
ON Current ON
L L

PGND PGND
Figure 23. Forward with Low-side Recirculation
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5.2.8 Reverse with High-side Recirculation
To test the FRDM-33931-EVB in the reverse with high-side recirculation mode, configure the GUI as follows:

D1: Enable

EN/D2_B: Enable
Direction: Reverse
Braking: High-side

Figure 24 shows this configuration with the motor running.

USB Connection

Vendor ID: D1

Part ID: Disable ©) @ Enable

it EN/D2.B
Disable ) @ Enable

269 mA
®
. Status Braking (Recirculation)
High Side © @ Low Side

PWM Frequency 500 Hz

Duty Cycle 75 %

oo | -

Reverse

VPWR

o

Load
Current

High-Side Recirculation
(Reverse)
VPWR VPWR

ket

Load
Current
il L
OFF. OFF

N PGND

OouT10

PGND

Figure 24. Reverse with High-side Recirculation
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5.2.9 Reverse with Low-side Recirculation

To test the FRDM-33931-EVB in the reverse with low-side recirculation mode, configure the GUI as follows:
D1: Enable
EN/D2_B: Enable
Direction: Reverse
Braking: Low-side
Figure 25 shows this configuration with the motor running.

Disable )

@ Enable

EN/D2_B
Disable ©) @ Enable
252 mA : \
. Status Braking (Recirculation) . . .
Reverse Low-Side Recirculation
High Side ©) @ Low Side (Reverse)
VPWR VPWR v, VPWR
PWM Frequency 500 Hz PWR
Load
Current
il L
Duty Cycle 75 % OFF, OFF

ouT10

J I Load
ON Current
sop | [ 5
PGND PGND -

PGND PGND

Figure 25. Reverse with Low-side recirculation

5.2.10 Direction Control with High-side vs. Low-side Recirculation

Table 10 illustrates the login behind direction control with high-side versus low-side recirculation.

Table 10. H-Bridge Operation Logic

Forward - High-side recirculation
1 IN1T =1

IN2 = PWM signal with selected duty cycle and frequency

Reverse - High-side recirculation
2 IN1T=0

IN2 = PWM signal with selected duty cycle and frequency

Forward - Low-side recirculation

3 IN1 = PWM signal with selected duty cycle frequency
IN2=0

Reverse - Low-side recirculation

4 INT=0

IN2 = PWM signal with selected duty cycle

KTFRDM33931UG Rev. 1.0
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Figure 26. Schematic
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Figure 27. Silkscreen
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[l of Materials
A

8 Board Bill of Materials

Table 11. Bill of Materials ()

Item Qty Schematic Label Value Description Part Number Aos:ty
Freescale Components
1 1 U1 Freescale device MC33931 @)
Voltage Regulator
ICLINVREGLDO5V0.5A
2 1 u2 35V DPAK MC78M05CDTRKG
Diodes
DIODE SCH PWR RECT 10 A45V
3 1 D1 D2PAK MBRB1045T4G
DIODE DUAL ARRAY 2 A
4 1 D2 6-36 \V UQFN-2L SPT02-236DDB
5 1 D3 LED YEL SGL 25 MA SMT 0603 LY Q976-P1S2-36-0-20-R18
6 2 D4, D6 LED GRN SGL 20 MA 0603 LG L29K-G2J1-24-Z
7 2 D5, D7 LED SM RED 0603 ROHS COMPLIANT | QTLP600CRTR
DIODE SCH TRIPLE 70 MA 70 V / 200
8 1 D8 MW SOT363 BAS70TW-7
Capacitors
9 2 C1,C4 47 uF CAP ALEL 47 pF 50 V 20% AUTO SMD | UBC1H470MNS1GS
CAP CER 0.1 uF 50 V 5% X7R
10 2 C2,C5 0.1 uF AEC-Q200 0603 C0603C104J5RACAUTO
11 1 C3 10 uF CAP TANT 10 uF 10 V 10% — 3216-18 | 293D106X9010A2TE31
12 1 (5} 0.047 pF | CAP CER 0.047 uF 50 V 5% X7R 0805 | C0805C473J5RAC
13 1 Cc7 0.033 yF | CAP CER 0.033 uF 50 V 5% X7R 0603 | 06035C333JAT2A
14 2 C8, C9 0.1 uF CAP CER 0.01 uF 50 V 5% X7R 0603 06035C103JAT2A
Resistors
RES -- 1 KQ 1/4 W 1% AEC-Q200 0603
15 2 R1, R7 1.0 KQ ANTISURGE ESRO3EZPF1001
16 1 | rR2 4700 | RESMFPAT0QUEWS%AEC-Q200 | crew1206470RINEA
17 1 | R3 a7Ke | RESMPATKQUAW%AEC-Q200 - crewop03ak70FKEA
18 1 R4 270 Q RES MF 270.0 Q 1/10 W 1% 0603 RK73H1JTTD2700F
19 2 | R5,R6 0o | KSMPZEROQVIOW—ARC-Q200 | Rizaz1y1TD
20 1 R8, R9 10 KQ RES MF 10.0 KQ 1/10 W 1% 0603 RK73H1JTTD1002F
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Table 11. Bill of Materials (') (continued)

Board Bill of Materials

Item

Qty Schematic Label

Value

Description

Part Number

Assy
Opt

Switches, Connectors, Jumpers and Test P

oints

TP_D1,EN/D2_B, FB,

21 12 GND1,GND2, IN1,IN2, TEST POINT 40 MIL DRILL 180 MIL
SF_B, 3V,5V,VPWR,VDD
22 | 4 | JP1,JP3IP6IP7 FDR 1X2 TH 100 MIL SP 338H SN TSW-102-07-T-S
23 | 3 | JP2JP4JP5 FIDR Tx3 TH 100 MIL SP 343+ SN TSW-103-07-T-S
24 5 1, 4 :—loll())lf 2X8 TH 100MIL CTR 338H SN TSW-108-07-T-D
25 1 52 :—lo%li 2X10 TH 100MIL CTR 343H SN TSW-110-07-T-D
26 1 53 :—lo%li 2X6 TH 100MIL CTR 338H SN TSW-106-07-T-D
27 2 J5, J6 103%111 1X2 TB 5.08 MM SP 406H SN OSTTC022162
Notes
1. Freescale does not assume liability, endorse, or warrant components from external manufacturers are referenced in circuit drawings or tables.
While Freescale offers component recommendations in this configuration, it is the customer’s responsibility to validate their application.
2. Critical components. For critical components, it is vital to use the manufacturer listed.
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Accessory Iltem Bill of Materials

Table 12. Bill of Materials ©

Item

Qty

Part Number

Description

1

1

FRDM-KL25Z

Freescale Freedom Development Platform for Kinetis KL14/15/24/25 MCUs

Notes

3. Freescale does not assume liability, endorse, or warrant components from external manufacturers are referenced in circuit drawings or tables.
While Freescale offers component recommendations in this configuration, it is the customer’s responsibility to validate their application.
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‘ \ References

10 References

Following are URLs where you can obtain information on related Freescale products and application solutions:

Freescale.com Support Description URL
Pages
FRDM-33931-EVB Tool Summary Page http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=FRDM-33931-EVB
MC33931 Product Summary Page http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=MC33931
FRDM-KL25Z Tool Summary Page http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=FRDM-KL25Z
ARM®mbed™ mbed FRDM-KL252 https://mbed.org/handbook/mbed-FRDM-KL25z-Upgrade
Upgrade Page

10.1 Support

Visit www.freescale.com/support for a list of phone numbers within your region.

10.2 Warranty

Visit www.freescale.com/warranty to submit a request for tool warranty.

KTFRDM33931UG Rev. 1.0
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http://www.freescale.com/webapp/sps/site/homepage.jsp?code=SUPPORTHOME
http://www.freescale.com/warranty
http://www.freescale.com/support
http://www.freescale.com/support
http://www.freescale.com/warranty
www.freescale.com/webapp/sps/site/prod_summary.jsp?code=MC33931
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=FRDM-KL25Z
https://mbed.org/handbook/mbed-FRDM-KL25z-Upgrade
www.freescale.com/webapp/sps/site/prod_summary.jsp?code=FRDM-34931-EVB
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{ History

1 Revision History

Revision

Date

Description of Changes

1.0

7/2015

Initial Release
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How to Reach Us:

Home Page:
freescale.com

Web Support:
freescale.com/support

VRoHS

Information in this document is provided solely to enable system and software implementers to use Freescale products.
There are no express or implied copyright licenses granted hereunder to design or fabricate any integrated circuits based

on the information in this document.

Freescale reserves the right to make changes without further notice to any products herein. Freescale makes no
warranty, representation, or guarantee regarding the suitability of its products for any particular purpose, nor does
Freescale assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any
and all liability, including without limitation consequential or incidental damages. “Typical” parameters that may be
provided in Freescale data sheets and/or specifications can and do vary in different applications, and actual performance
may vary over time. All operating parameters, including “typicals,” must be validated for each customer application by
customer’s technical experts. Freescale does not convey any license under its patent rights nor the rights of others.
Freescale sells products pursuant to standard terms and conditions of sale, which can be found at the following address:

freescale.com/SalesTermsandConditions.

Freescale, the Freescale logo and Kinetis are trademarks of Freescale Semiconductor, Inc., Reg. U.S. Pat. & Tm. Off.
SMARTMOS is a trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of
their respective owners. ARM is a registered trademark of ARM Limited (or its subsidiaries) in the EU and/or elsewhere.

mbed is a trademark of ARM Limited (or its subsidiaries) in the EU and/or elsewhere. All rights reserved.
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Document Number: KTFRDM33931UG
Rev. 1.0
7/2015

<@,

>~ freescale


http://www.freescale.com/SalesTermsandConditions
http://www.freescale.com/
http://www.freescale.com/support
www.freescale.com/SalesTermsandConditions

	FRDM-33931-EVB Evaluation Board
	1 Important Notice
	2 Getting Started
	2.1 Kit Contents/Packing List
	2.2 Jump Start
	2.3 Required Equipment and Software
	2.4 System Requirements

	3 Getting to Know the Hardware
	3.1 Board Overview
	3.2 Board Features
	3.3 Block Diagram
	3.4 Device Features
	3.5 Operation Modes
	3.6 Architecture
	3.7 Thermal Management
	3.8 Board Description
	3.9 LED Display
	3.10 Jumper Definitions
	3.11 Input Signal Definition
	3.12 Output Signal Definition
	3.13 Test Point Definition
	3.14 Screw Terminal Connections

	4 FRDM-KL25Z Freedom Development Platform
	4.1 Connecting the FRDM-KL25Z to the Evaluation Board

	5 Setting up the Hardware and the Graphical User Interface (GUI)
	5.1 Setting up the FRDM-33931-EVB as a Stand-alone Component
	5.2 Setting up the FRDM-33931-EVB for Use with the FRDM-KL25Z
	5.2.1 Connecting the Hardware
	5.2.2 Downloading mbed® Firmware to the FRDM-KL25Z Board
	5.2.3 Downloading the MC33931 Microcode to the FRDM-KL25Z Board
	5.2.4 Installing the Graphical User Interface
	5.2.5 Using the Graphical User Interface
	5.2.6 Forward with High-side Recirculation
	5.2.7 Forward with Low-side Recirculation
	5.2.8 Reverse with High-side Recirculation
	5.2.9 Reverse with Low-side Recirculation
	5.2.10 Direction Control with High-side vs. Low-side Recirculation


	6 Schematic
	7 Board Layout
	7.1 Silkscreen

	8 Board Bill of Materials
	9 Accessory Item Bill of Materials
	10 References
	10.1 Support
	10.2 Warranty

	11 Revision History


