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2 Important notice

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

This evaluation kit is intended for use of ENGINEERING DEVELOPMENT OR
EVALUATION PURPOSES ONLY. It is 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/0 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 1/0O
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 NXP 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 Kkit.

NXP reserves the right to make changes without further notice to any products herein.
NXP makes no warranty, representation or guarantee regarding the suitability of its
products for any particular purpose, nor does NXP 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.

NXP does not convey any license under its patent rights nor the rights of others. NXP
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 NXP product could
create a situation where personal injury or death may occur.

Should the Buyer purchase or use NXP products for any such unintended or
unauthorized application, the Buyer shall indemnify and hold NXP 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 NXP was negligent regarding the design or
manufacture of the part.

NXP and the NXP logo are trademarks of NXP B.V. All other product or service names
are the property of their respective owners. © NXP B.V. 2017.
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3 Getting started

KTFRDM33926PNBEVMUG

3.1

3.2

3.3

Kit contents/packing list
The FRDM-33926PNBEVM contents include:

¢ Assembled and tested evaluation board/module in anti-static bag
* Warranty card

Jump start

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

1. Go to http://www.nxp.com/FRDM-33926PNBEVM
2. Review your tool summary page.
3. Locate and click:

Jump Start Your Design

4. Download the documents, software and other information.

Once the files are downloaded, review the user guide in the bundle. The user guide
includes setup instructions, BOM and schematics. Jump start bundles are available on
each tool summary page with the most relevant and current information. The information
includes everything needed for design.

Required equipment
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 http://www.mbed.org)

* MC33926 microcode loaded on FRDM-KL25Z
¢ Graphical user interface required for use with FRDM-KL25Z

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2017. All rights reserved.
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3.4 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
MCU board is used)

4 Getting to know the hardware

KTFRDM33926PNBEVMUG

4.1

4.2

43

Board overview

The FRDM-33926PNBEVM evaluation board (EVB) provides a development platform
that exercises all the functions of the MC33926 H-bridge IC. The EVB is designed for use
in conjunction with the FRDM-KL25Z board (not included with the evaluation board). See
Section 6 "Installing the software and setting up the hardware" for the FRDM-KL25Z and
the hardware configuration.

To control the MCU outputs, use the graphical user interface “GUI Brushed DC
FRDM-33926PNBEVM” available on NXP website. Alternatively, the EVB can be

used without the FRDM-KL25Z. In this 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.

Board features

The board allows evaluation of NXP part MC33926PNB and all its functions. The board
features the following:

* Compatibility with NXP'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

Block diagram
The hardware block diagram is shown in Figure 1.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2017. All rights reserved.
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Figure 1. Block diagram

4.3.1 Device features

This evaluation board features the following NXP product:

Table 1. Device features

Device Description

Features

MC33926PNB

package

Monolithic H-bridge power
IC in a robust thermally
enhanced 32-pin PQFN-EP

* 5.0 Vto 28 V continuous operation (transient operation
from 5.0 Vto 40 V)

3.0 Vand 5.0 V TTL/CMOS logic compatible inputs

225 mQ maximum Rpson) at Ty = 150 °C (each H-bridge
MOSFET)

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

4.3.2 Operation modes

Forward

VPwR VPWR VPWR

load

current

PGND

PGND PGND

Figure 2. Operation modes

Free-wheel low
(forward)

Free-wheel high Reverse

(forward)

VPWR VPwr VPwR VPWR VPWR
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4.3.3 Architecture
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Figure 3. General architecture diagram
4.3.4 Thermal management
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Figure 4. Thermal management (thermal foldback)

Thermal management
PWM switching to 6.5 A at < 165 °C

* Below 165 °C, the device PWMs the outputs, averaging under 6.5 A to reduce thermals
while continuing the operation

Thermal foldback to 4.2 A at 165 °C < T <185 °C

* Above 165 °C, the device goes into thermal foldback, averaging under 4.2 A to reduce
thermals while continuing the operation

Thermal shutdown at 175 °C < T <200 °C
¢ The device shuts down
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4.4 Board description

4.5

FRDM-33926PNBEVM evaluation board

Figure 5 and Table 2 describe the main blocks of the evaluation board.

Jumpers

Reverse battery
protection diode

5V Regulator Test points

Power and ground Test points aaa-028531

Figure 5. Board description

MC33926PNB

Output
terminal

Table 2. Board description

Name

Description

MC33926PNB

Monolithic H-bridge power IC in a robust thermally enhanced 32-pin
PQFN-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 MC33926PNB 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 MC33926PNB outputs

LED display

The following LEDs are provided as visual output devices for the evaluation board.
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Figure 6. LED display
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D3
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Table 3. LED display

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

4.6 Jumper definitions

Figure 7 shows the jumper locations on the board.

Figure 7. Jumpers

JP1 JP7 JP6 JP4

@

2 WA3ENI926EEWAY 4

N

JP2 JP5

JP8

aaa-028535

JP3 JP9 JP10
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Table 4 defines the evaluation board jumper positions and explains their functions. The
default settings are shown in bold.

Table 4. Jumper definitions

Jumper Description Setting Connection
JP1 5.0 V regulator 1-2 5.0 V regulator connected/external or USB
output 50V
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/EXT signal to disable/tri-state
JP4 D1 outputs OUT1 and OUT2 (active high)
2-3 GND
1-2 MCU GPIO/EXT signal to EN Enable
outputs (active high). Sleep mode (active
JP5 EN low).
2-3 VDD
JP6 IN1 1-2 MCU GPIO/EXT signal to IN1
JP7 IN2 1-2 MCU GPIO/EXT signal to IN2
1-2 MCU GPIO/EXT signal to D2B tri-state
JP8 D2B outputs OUT1 and OUT2 (active low)
2-3 VDD
1-2 MCU GPIO/EXT signal to IPINV
JP10 IPINV
2-3 GND
1-2 MCU GPIO/EXT signal to SLEW
JP9 SLEW
2-3 VDD

4.7 Input signal definitions

The board has 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 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
SLEW Fast or slow slew rate selection for PWM frequencies
IPINV Input invert reverse direction of current through load attached to OUT1
and OUT2 (active high)
D2B Active low tri-states outputs OUT1 and OUT2
KTFRDM33926PNBEVMUG All information provided in this document is subject to legal disclaimers. © NXP B.V. 2017. All rights reserved.
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4.8 Output signal definitions

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

OuUT1 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 a fault
FB Current mirror output for real time load current monitoring

4.9 Test points
Figure 8 shows the location of the test points on the board.

T NXP™NES
e

1 g dubzas

s outt I} EN

3V 5V IPINV GND1
VPWR VDD aaa-028538

Figure 8. Test points

The following test points provide access to various signals to and from the board.
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4.10

KTFRDM33926PNBEVMUG

Table 7. Test point definitions

FRDM-33926PNBEVM evaluation board

Test point name Signal name Description

TP_D1 D1 Disable signal to tri-state the outputs (active high)

EN EN Put the part in sleep mode (active high)

D2B D2B Disable signal to tri-state the outputs (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 a
fault

GND1 GND Common ground

GND2 GND Common ground

VPWR VBAT Battery or power supply input voltage

3V 3V3 3.3V supply from the FRDM board

VvDD VDD VDD supply for the FS_B pull-up resistor

IPINV IPINV Input inverted (active high), input non-inverted (active
low)

SLEW SLEW Logic 1 = fast slew rate, Logic 0 = slow slew rate

Screw terminal connections

The board has following screw terminal connections to connect the power supply and the
load. Figure 9 shows the location of the screw terminal connectors.

J5

Figure 9. Screw terminal connectors

=
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2
-
g
B
z
@
m
<

J6

aaa-028539

Table 8. Screw terminal connections

Screw terminal name

Description

J5

Power supply connector for the MC33926PNB

J6

Output connector for connecting to a load
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5 FRDM-KL25Z Freedom Development Platform

The NXP Freedom development platform is a set of software and hardware tools
facilitating rapid prototyping of designs based on the Kinetis family of microcontrollers.
The NXP 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 NXP FRDM-33926PNBEVM may be mounted to the FRDM-KL25Z as a shield
board. When used in conjunction with the FRDM-33926PNBEVM,the FRDM-KL25Z
provides basic functions, such as PC communication, that support the application-
specific features of the evaluation board.

For use with the FRDM-33926PNBEVM, the FRDM-KL25Z must have ARM®mbed™
firmware installed (see Section 6.2.2 "Downloading mbed® firmware to the FRDM-
KL25Z board"), MC33926 microcode installed (see Section 6.2.3 "Downloading the
MC33926 microcode to the FRDM-KL25Z board"), and must use the NXP “GUI Brushed
DC FRDM-33926PNBEVM” as the software interface (see Section 6.2.4 "Installing the
graphical user interface").

For complete information on the FRDM-KL25Z, see documentation available on the
http://www.nxp.com/FRDM-KL25Z page.

5.1 Connecting the FRDM-KL25Z to the board

The FRDM-KL25Z development board provides an ideal support platform for the
FRDM-33926PNBEVM kit. In this configuration, the FRDM-KL25Z connects to a PC and
allows the user via the GUI to set parameters that control the operation of the motor. The
FRDM-33926PNBEVM connects to the FRDM-KL25Z using the four dual row Arduino™
R3 connectors on the bottom of the board.

KTFRDM33926PNBEVMUG All information provided in this document is subject to legal disclaimers. © NXP B.V. 2017. All rights reserved.
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Figure 10. FRDM-KL25Z to FRDM-33926PNBEVM connections

Table 9. FRDM-33926PNBEVM to FRDM-KL25Z connections

FRDM-33926PNBEVM FRDM-KL25Z Pin hardware name Description

Header Pin Header Pin FRDM-33926PNBEVM | 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

J1 4 J1 4 1013 (D1) PTA2 Disable signal to tri-state the outputs
(active high)

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

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) PTAS5 Not connected

J1 13 J1 13 N/C PTC10 Not connected

J1 14 J1 14 PWM1 (IN2) PTC8 Not connected

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 1015 (SLEW) PTA13 Slew rate control

J2 3 J2 3 N/C PTC13 Not connected

J2 4 J2 4 1016 (D2B) PTD5 Disable signal to tri-state the outputs
(active high)

J2 5 J2 5 N/C PTC16 Not connected

KTFRDM33926PNBEVMUG All information provided in this document is subject to legal disclaimers. © NXP B.V. 2017. All rights reserved.

User guide Rev. 2 — 8 December 2017

13/28



NXP Semiconductors KTFRDM33926PNBEVMUG

FRDM-33926PNBEVM evaluation board

FRDM-33926PNBEVM FRDM-KL25Z Pin hardware name Description

Header Pin Header Pin FRDM-33926PNBEVM | FRDM-KL25Z

J2 6 J2 6 1017 (IPINV) PTDO Input invert control

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

J2 18 J2 18 108 (EN) PTEO Disable signal to tri-state the output and
put the part in Sleep mode (active low)

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

J3 2 J10 2 FB PTBO Current mirror output for real time load
current monitoring

J3 3 J10 3 N/C PTE21 Not connected

J3 4 J10 4 N/C PTB1 Not connected

J3 5 J10 5 N/C PTE22 Not connected

J3 6 J10 6 N/C PTB2 Not connected

J3 7 J10 7 N/C PTE23 Not connected

J3 8 J10 8 SF_B PTB3 Open drain active low status flag output to
indicate a fault

J3 9 J10 9 N/C PTE29 Not connected

J3 10 J10 10 N/C PTC2 Not connected

J3 11 J10 1 N/C PTE30 Not connected

J3 12 J10 12 N/C PTC1 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 J9 4 N/C P3V3 Not connected

J4 5 J9 5 N/C PTB10 Not connected

J4 6 Jo 6 N/C RESET/PTA20 | Not connected

J4 7 J9 7 N/C PTB11 Not connected

J4 8 J9 8 FSD 3v3 OUT P3V3 3.3 V logic output from FRDM-KL25Z
board to FRDM-33926PNBEVM

J4 9 Jo 9 N/C PTE2 Not connected

J4 10 J9 10 N/C P5V_USB Not connected

J4 11 J9 1 N/C PTE3 Not connected

J4 12 Jo 12 GND GND GND

J4 13 J9 13 N/C PTE4 Not connected

J4 14 J9 14 GND GND GND

J4 15 Jo 15 N/C PTE5S Not connected

KTFRDM33926PNBEVMUG Al information provided in this document is subject to legal disclaimers. © NXP B.V. 2017. Al rights reserved.

User guide Rev. 2 — 8 December 2017

14/28



NXP Semiconductors

KTFRDM33926PNBEVMUG

FRDM-33926PNBEVM evaluation board

FRDM-33926PNBEVM FRDM-KL25Z Pin hardware name Description

Header Pin Header Pin FRDM-33926PNBEVM | FRDM-KL25Z

J4 16 J9 16 FSD 5V IN P5-9V_VIN 5.0 V logic input to FRDM-KL25Z board
from FRDM-33926PNBEVM

6 Installing the software and setting up the hardware

KTFRDM33926PNBEVMUG

6.1

The evaluation board is designed to work in conjunction with NXP’s FRDM-KL25Z board
with the PC-based GUI providing direct access to the MC33926PNB MCU for testing
and analysis. Alternatively, the board may be used as a stand-alone component. The 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 VDD 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 (Vpwr) must be at least 5.0 V, but must not exceed 28 V.
e The peak operating current of the load must not exceed 5.0 A.

Setting up the FRDM-33926PNBEVM as a stand-alone component

This section describes how to configure the FRDM-33926PNBEVM for use as a stand-
alone component. The procedure assumes that you are using a four-channel function
generator to perform testing and analysis. The same connections apply if the board is
connected to a microcontroller instead of a function generator. See Section 4.4 "Board
description”, and the MC33926 data sheet to determine the best way to configure the
board.

1. Connect the function generator to the board. There are two options:
* Use the function generator to control the enabling and disabling of the
MC33926PNB H-bridge outputs.
¢ Set the H-bridge outputs to be continuously enabled while the board is connected to
the function generator.
Figure 11 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 (J5 in Figure 9).
3. Attach one set of coils of the brushed motor to the OUT1 and OUT2 screw connector
terminals on the evaluation board (J6 in Figure 9).

Figure 11 illustrates the hardware configuration.
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Function Generator (or MCU) Brushed DC Motor Brushed DC Motor Function Generator (or MCU)

Set Jumpers
as indicate

Set Jumpers
as indicated

5 to 40 V DC Power Supply, 10A 5 to 40 V DC Power Supply, 10A

Option 1 - Controlled Enabling of Outputs Option 2 - Continuous Enabling of Outputs

aaa-028541

Figure 11. Hardware configuration - stand-alone

6.2 Setting up the FRDM-33926PNBEVM for use with the FRDM-KL25Z

6.2.1

To configure the evaluation board for use with the FRDM-KL25Z and the graphical user
interface (GUI), consider the following steps:

1. Connect the hardware.

2. Download the mbed firmware to the FRDM-KL25Z board.

3. Download the MC33931 microcode to the FRDM-KL25Z board.

4. Install the graphical user Interface “GUI Brushed DC FRDM-3x931-EVB”.

Connecting the hardware

The FRDM-33926PNBEVM consists of an H-bridge, a parallel interface, power
conditioning circuitry, and a set of two input select jumpers. All +5.0 V VDD 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 (Vpyr) must be at least 5.0 V, but must not exceed 28 V.
» The peak operating current of the load must not exceed 5.0 A.

1. Connect the FRDM-33926PNBEVM to the FRDM-KL25Z.
2. With the power is switched off, attach the DC power supply to the VPWR and GND
screw connector terminals on the evaluation board (J5 in Figure 9).

3. Attach one set of coils of the brushed motor to the OUT1 and OUT2 screw connector
terminals on the evaluation board (J6 in Figure 9).

Figure 12 illustrates the hardware configuration.
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6.2.2

6.2.3

FRDM-33926PNBEVM evaluation board

Brushed DC Motor

FRDM-33926PNBEVM

Standard A to Mini-B
USB Cable

®
NS FRDM-KL25Z Board

™
099‘\%0

Workstation
5-40 V Power Supply, 10 A

e a1
|00 @ §

aaa-028542

Figure 12. FRDM-33926PNBEVM with FRDM-KL25Z hardware configuration

Downloading mbed® firmware to the FRDM-KL25Z board

Firmware for FRDM-KL25Z is pre-installed from factory. In the event firmware reinstall is
required, follow this procedure. To enable downloading of the MC33926 microcode install
mbed® firmware on the FRDM-KL25Z board. 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
and then reconnecting the USB cable to the OpenSDA port) to initiate the firmware
update. When this process completes, a USB drive named “mbed” appears on the
PC.

Downloading the MC33926 microcode to the FRDM-KL25Z board

The microcode provides the firmware interface between the MC33926 device, the
Freedom platform, and the GUI. Firmware for the KTFRDM33926PNBEVM is pre-
installed from the factory. If modifications are needed, the code can be imported,
modified (if desired) and compiled from the developer.mbed.org site below. The
procedure is as follows:

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

2. Go to https://developer.mbed.org/teams/NXP/code/
Brushed_DC_Motor_Control_MC34931_MC33931, and then click Import this
Program.
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1.Go to:
developer.mbed.org/teams/Freescale/code/
Brushed_DC_Motor_Control_MC34931_MC33931/

- — s )
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3. Log into your mbed account (if you do not have an mbed account, you must create
one).

1. Enter your Username and Password 2. Click Login

= ‘_)_. et el mbad g ¢

A Pltioms  Components  Handbook Cookbook Code  Cuestions  Fomum Dashboard  Compiler
ARMmbed =mwwres - e
Lesgn o S

kogin Signup
Username:
louk247

Tt torgomen my vitreary

Password:

Tt forpomen my pasawsd

/7

Remember me

Lovn =3

blog | we're hiringl | suppont | service stalus | piivacy policy | terms and conditions | Language en ja s de

aaa-027941

4. The mbed compiler opens with the Import Program window displayed. Click Import .
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1. Click Import

Program
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 Program () Liseary.

G _pcea1 poImny

L Upddate al ibriries 15 the latest reviion

aaa-027942

5. When the import completes, the mbed compiler screen should look like the following

screen. Click main.cpp item.

Tinew v Flompon | e Wlswest | (5 compe v | @ commt v 3 Revaons “ S | (v Fromais b
Program Worksoace 4 Progras Breshed_DC_Motor_Control_MCI4931_MCI931 ‘Program Details.
S wy oo 5 Sae | Tipe Moded | |-**‘
=13 e pe o o | (3 ysmowecr Puiskshed Lrary  moments ago | L
n%m 0 e e Brushed DC Mot _Coneel
man.cp Crested oty
Q) mbed ) ol L — Lotiobied o
= S relomarid LastBut  Newer
# (3 med pirwy W
= {3 Mc1931 Deme Ravison preo—
(3 Moy ety stans Bl
| o vpdite 3 Commit O Revenns
| Bpoot Flntkh € nmese
| esrenen.
1. Click on main.cpp
T swe ] bk came [ e hers |
[ Compta evtputfor programs brmbed B poter Cmreleomor oo, CTwten (e [ wemioons [ itons |
Oescrpton | o tber | Aesource I Poder Location
< 3> || compiecupa | rngnes | nostcass v
il = aaa-027943

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

the main.cpp source code.
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1. Click on Compile
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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.

@E}-I! » Computer »

Organize »  Systempropesties  Uninstall or change aprogram  Map network drve  Open Control Panel =+ 0 @
45k Favorites = 4 Hard Disk Drives (1)
B Desktop. Primary (C2)
&8 Downloads =
1 Recent Places Tl .
4 Devices with Removable Storage (2)
1. Drag and Dro
« M Desiop £4 MEED (E) > ‘ 9 P
4 4 Libe DVD RW Drive (D) — *
P £ (»:9 QO 125 K5 Free o T B
3 Documents
& Music 4 Network Location (1)
) Pietures _ AMPO_WIP (\aBA6ked0) (Z) i 1o
B videos oy g’“.‘L'—"——“-—L..:_._::...__‘ B s 2
< 150 GB free of 199 GB
B Kummerer Louis-B5406: = —r
4 % Computer -
& Primary (C)
o OVORW Drive (D)
e MBED (E)
& AMPD_WIP (\asB4file
S Network
9 Control Panel
& Recycle Bin
' B54064-01 Domain: fslfreescale.net Memory: 600 G8
E Processor: Intel(R) Xeon(R) CPU ... 027945
- — aaa-

8. Remove the USB connector from the FRDM-KL25Z OpenSDA USB port and insert it
in the FRDM-KL25Z USB port.

The FRDM-KL25Z board is now ready for use with the FRDM-33926PNBEVM and the

GUI.
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6.2.4

6.2.5

FRDM-33926PNBEVM evaluation board

Installing the graphical user interface

The graphical user interface provides a PC-based interface allowing you to easily
exercise FRDM-33926PNBEVM 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 http://www.nxp.com/
FRDM-33926PNBEVM.

2. Under Jump Start Your Design, click Get Started with the FRDM-33926PNBEVM.

3. From the list of files that appear, click the link for the “GUI Brushed DC
FRDM-33926PNBEVM” software.

The software automatically downloads to your PC and initiates the installation process.
An installation wizard guides you through the rest of the process.

Using the graphical user interface
To start the GUI, do the following:

1. Connect the hardware (Section 6.2.1 "Connecting the hardware") and plug the USB
cable into the USB port on the FRDM-KL25Z.

2. Click the NXP GUI Brushed DC FRDM-33926PNBEVM icon to launch the GUI.

3. Make sure the GUI recognizes the FRDM-KL25Z. Check the USB connection in the
upper left corner of the GUI.

* The hex vendor ID value should display as 0x15A2 and the part ID value should
display as 0x138.

* If these values 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 FRDM-KL25Z USB port. If the connection still fails, press the reset button
on the FRDM-KL25Z board.

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

5. Set the DI, EN/D2_B, Direction and Braking as desired (see Section 6.2.5.1 "Forward
with high-side recirculation", Section 6.2.5.2 "Forward with low-side recirculation",
Section 6.2.5.3 "Reverse with high-side recirculation", and Section 6.2.5.4 "Reverse
with low-side recirculation"). Adjust the PWM Frequency and Duty Cycle to meet your
requirements.

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

7. When finished, clear Enable Target checkbox on the GUI screen, and then click Quit.
Turn off DC power supply and remove the USB cable.

The GUI is shown in Figure 13. The hex address numbers at the top are loaded with the
vendor ID for NXP (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.
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USB Connection
Vendor ID: 0x15A2 Target: ENABLED

Part ID: 0x0138
Enabls Taraat & D1 Slew Select
Shiabias ! Disable ©® @ Enable Low @ © High
EN Input Invert
Disable (©) (@ Enabl @ (
Feedback Current ——— 0 mA R S ke No @ ) Yes
(FB pin out) D2B Direction
Disable () (@ Enable @ ®
Status Fault > - Status Reverse Forward

(SF_B pin out)

Braking (Recirculation)
High Side (_) @) Low Side
PWM Frequency 10500 Hz

Duty Cycle 51 %
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Figure 13. GUI screen

Forward with high-side recirculation

To test the FRDM-33926PNBEVM in the forward with high-side recirculation mode,
configure the GUI as follows:

e D1: Enable

EN/D2_B: Enable
Direction: Forward
* Braking: High-side

Figure 14 shows this configuration with the motor running.

USB Connecion Forward High-Side Recirculation
\;::d‘:r\n z:ajj Target: ENABLED (FOI’Ward)
Eroie T ] By s e CHE VPWR VPwR
o .
. Do © @Ewbe No®  ©ves c[llo::m
o =0 O JK j\_
Braking (Recirculation) [e] N '_‘ ._' Ol N
OUTH ouT2
PWM Frequency 10500 Hz H —
IS il
OFF — +—| - OFF
Duty Cycle 51 %
PGND PGND PGND PGND
Stop [ mn [
! l li' l = aaa-027947
Figure 14. Forward with high-side recirculation
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6.2.5.2 Forward with low-side recirculation
To test the FRDM-33926PNBEVM 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 15 shows this configuration with the motor running.
TEe Forward Low-Side Recirculation
e (Forward)
e e O BT Ci VPWR VPWR VPwR VPwr
240 A e Ormy B D
Wowns o0 O t L
| | ~|
R T — t—— OFF OFF - OFF
ouT2 OUT1 @ ouT2
PWM Frequency 10500 Hz — —
~ ~
'—|LON ONJ %HLON
Duty Cycle 51 % load
current
PGND PGND PGND PGND
LT === e oss
Figure 15. Forward with low-side recirculation
6.2.5.3 Reverse with high-side recirculation
To test the FRDM-33926PNBEVM 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 16 shows this configuration with the motor running.
'
Reverse High-Side Recirculation
(Reverse)
el e ® @ VPwR VPWR VPWR VPWR
S o ole s Reoh eve |oaci Ioadt
D28 curren’ curren
B st Disable ©  © Enable JE jL Jt jL
:f;:‘“::j’”“,"“:;m OFF -} +—{-ON  ON-}— +— - ON
OUT1 @ ouT2 OUTH —‘— ouT2
PWM Frequency 10500 Hz | — — | —
e ~ e ~
ON JH} %,_'L OFF OFF JH} %»—lL OFF
Duty Cycle 51 %
P(—;KID P(_;;D P(T;KID PC_-‘:ED
Sto uit
e = e orors
Figure 16. Reverse with high-side recirculation
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6.2.5.4 Reverse with low-side recirculation

To test the FRDM-33926PNBEVM 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 17 shows this configuration with the motor running.

Reverse Low-Side Recirculation
(Reverse)
o1 Slew Select VpwR VpwR VpwRr VpwRr
201 mA
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OUTH @ ouT2 OUTH ouT2
load %
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Target: ENABLED

EN Input Invert
Disable O Enable  No @ Yes

load

- Ly - Ly
PWM Fi 10500 H;
requency z Jl*— —HL Jl—‘— —HL
—————— e il ore onH] il on
Duty Cycle 51 %
_————

PGND PGND PGND PGND
] s I

Figure 17. Reverse with low-side recirculation

6.2.5.5 Direction control with high-side versus 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 IN1 =1
IN2 = PWM signal with selected duty cycle and frequency

Reverse - high-side recirculation

2 IN1=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

7 Schematics, board layout and bill of materials

KTFRDM33926PNBEVMUG

Board schematics, board layout and bill of materials are available in the download tab of
the tool summary page: http://www.nxp.com/FRDM-33926PNBEVM.
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8 References

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

NXP.com support pages Description URL

FRDM-33926PNBEVM Tool summary page http://www.nxp.com/FRDM-33926 PNBEVM
MC33926 Product summary page http://www.nxp.com/MC33926
FRDM-KL25Z Tool summary page http://www.nxp.com/FRDM-KL25Z
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10 Contact information
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11.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences
of use of such information.

11.2 Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not

give any representations or warranties, expressed or implied, as to the
accuracy or completeness of such information and shall have no liability
for the consequences of use of such information. NXP Semiconductors
takes no responsibility for the content in this document if provided by an
information source outside of NXP Semiconductors. In no event shall NXP
Semiconductors be liable for any indirect, incidental, punitive, special or
consequential damages (including - without limitation - lost profits, lost
savings, business interruption, costs related to the removal or replacement
of any products or rework charges) whether or not such damages are based
on tort (including negligence), warranty, breach of contract or any other
legal theory. Notwithstanding any damages that customer might incur for
any reason whatsoever, NXP Semiconductors’ aggregate and cumulative
liability towards customer for the products described herein shall be limited
in accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes
no representation or warranty that such applications will be suitable

for the specified use without further testing or modification. Customers

are responsible for the design and operation of their applications and
products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications
and products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with
their applications and products. NXP Semiconductors does not accept any
liability related to any default, damage, costs or problem which is based
on any weakness or default in the customer’s applications or products, or
the application or use by customer’s third party customer(s). Customer is
responsible for doing all necessary testing for the customer’s applications
and products using NXP Semiconductors products in order to avoid a

KTFRDM33926PNBEVMUG

All information provided in this document is subject to legal disclaimers.

default of the applications and the products or of the application or use by
customer’s third party customer(s). NXP does not accept any liability in this
respect.

Suitability for use in automotive applications — This NXP
Semiconductors product has been qualified for use in automotive
applications. Unless otherwise agreed in writing, the product is not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer's own
risk.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express,
implied or statutory, including but not limited to the implied warranties of
non-infringement, merchantability and fitness for a particular purpose. The
entire risk as to the quality, or arising out of the use or performance, of this
product remains with customer. In no event shall NXP Semiconductors, its
affiliates or their suppliers be liable to customer for any special, indirect,
consequential, punitive or incidental damages (including without limitation
damages for loss of business, business interruption, loss of use, loss of
data or information, and the like) arising out the use of or inability to use
the product, whether or not based on tort (including negligence), strict
liability, breach of contract, breach of warranty or any other theory, even if
advised of the possibility of such damages. Notwithstanding any damages
that customer might incur for any reason whatsoever (including without
limitation, all damages referenced above and all direct or general damages),
the entire liability of NXP Semiconductors, its affiliates and their suppliers
and customer’s exclusive remedy for all of the foregoing shall be limited to
actual damages incurred by customer based on reasonable reliance up to
the greater of the amount actually paid by customer for the product or five
dollars (US$5.00). The foregoing limitations, exclusions and disclaimers
shall apply to the maximum extent permitted by applicable law, even if any
remedy fails of its essential purpose.

Translations — A non-English (translated) version of a document is for

reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

11.3 Trademarks

Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.

Kinetis — is a trademark of NXP B.V.
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