User’s Guide

MCT8316ZTEVM Evaluation Module

Wi} TEXAS INSTRUMENTS

ABSTRACT

This document is provided with the MCT8316ZT customer evaluation module (EVM) as a supplement to the
MCT8316Zx data sheet (MCT8316Z Three-Phase Sensored-Trapezoidal BLDC Motor Driver Data Sheet). This
User's Guide details the hardware implementation of the EVM and how to setup and power the board.

Note

The MCT8316ZTEVM comes automatically populated with and configured for the MCT8316Z0T. It is
also compatible for the MCT8316Z0R variant (see MCT8316Z0R Compatibility), but the user will need
to replace the MCT8316Z0T with the MCT8316Z0R for compatibility.

Table of Contents

1 CaULiIONS @NA WAININGS.......ooiiiiiiiiiii et e ettt e e e e ettt e e e e e et beeeeeeaasseeeeeeaassstseeeeeaansbeeeaeesanssaeeaesasssaeeeeeannsseeeenssansnnes 3
b2 £ e 18T o o TSR 4
BQUICK STArt GUITE.........ceeiei ettt b et e s b e e e e b e e sh b e e bt e s e et et e e s aa e e sb e e ean e e b e e reenaeeeane 5
4 Hardware and SOFtWArE OVEIVIEW. ..............uuiiiiiiiiiiiie ettt e e e et e e e e e ettt e e e e saateaeeeesasssaeeeeeassbeeeeeesanssaeeaeseansseeeenans 6
4.1 Hardware Connections Overview — MCT8316ZTEVM.........cooo ittt ettt e e e s et e e e e e e snnba e e e e s ensaaeeeeas 6
o 7o) 1 =Ter i[o ) D= = PSPPSR PPPP 6
4.3 MSPA4A30FR2355 MICIOCONIIOIET......coieiiiieiiiee e ettt e ettt e e e ettt e e e e sasbeeeeeesantsaeeaeeaasseaeeaeeassbeeeeeesstsnaeessansseneeesannns 8
T B T o USSP 9
4.5 User-Configurable SEHINGS. ... ..cooiuiiiiiiiiii ettt ettt e b bt e e et et s bt e e e sab e e e e be e e snb e e e nnne e e e raeenaee 10
4.6 Hardware Variant SettiNgsS. .. ... .ueiiiiiiiiiiiii ettt e e e ettt e e e s et e e e e e e s ebe e e e e e sstaeeee e e e abeaeeaeeaannreeeeeeaantaaeeaeeann 12
4.7 MCTB316Z0R COMPAIDIIILY.......eeetieiieieie ittt e et st et e beeste e e teesaee e beeemeeenbeesnseeneesnbeenneeennes 13
B HANAWAIE S@EUP..... ..ottt et e e oo a bt e e ottt e o sttt oo R a e e e ook bt e e n b et e em bt e e e bt e e e amb et e nabe e e e abbe e e enbeeenaneeas 15
6 Firmware and GUI APPIICAtION..............oooi et e e e et e e e e e sttt e e e e e s ataeeeeesensssaeeaesannnsaeaeeeaas 16
6.1 Downloading Code Composer Studio and Importing GUI COde..........cuuiiiiiiiiiiieiiiee e 16
6.2 Using the eZ-FET to Program the MSPA30FR2355.........co ittt e e eeee e e e e et e e e e e snsbeeeaeeenes 17
6.3 IMpOrting GUI iNTO GUI COMPOSET........ciuiiiiiiiiee ittt ettt et e bt e st e st e e ek e e e s bt e s be e e et bt e e ambe e e saneeeeanbeeeanteeenneeas 18
6.4 MCTB3TBZTEVIM GUL...c..eiieiiieiiee ittt ettt sttt e et e s bt e s et e e skt e eat e e saeeeateesaee e beeemeeenteeameeenneesmbeeaneesnbeesneeanseees 19
A= 1o U= 4 = o= USRS 20
FA Y= T S0 o] o LY A=Ta o o 11 Y RS ERRRRT 20
FAY A 0o a1 a1 (o] 3= o Lo Il 1] (=1 o = Uo7 YRR OURPPRPTRINt 20
S TLY S 2 (o TN 0 7 USSP 21
7.4 MCU Programming @nd DEDUG...........uiiiiiiiiiiiie ettt e e e e ettt e e e e st e e e e s asbeeeeaeeasasbeeeeessassaaeeaesaasnsaeeeeeannnes 21
7.5 MSPA30FR2355 IMCU......cotiiiiietiietie ettt ettt ettt ettt e bt e aaee e teeeaee e beesmeeeseesebeeaseeeabeeaseeamseesseeanseeanseenteeaneeeseeanseenneenn 22
7.6 MCT8316ZT 3-Phase Sensored Trapezoidal Integrated DIiVEr..........c..ooiuiiiiiiiiiiiie e 22
FA A B VA = 10 o] [ 3 =T [N = (o RO PRR ST 23
S c= LU LS I T R ERRRST 23
7.9 HardWare Variant SEtlNGS. ... ...uiiiiiiiiiiiei et e et e et e e e ettt e e e et a et e e e e aasntaeeeeeaansbaeeeeesanssseeeeeeasnsseeaeeaansbaeeeeesansnees 24
7.10 SWItChes @and PWWIM INPUL. ... eeieiiieiiiiiee ettt ettt e e e e sttt e e e e e e s e et eeeaansbaeeeeeeasssaeeeeeesssaeeaeesassnseaeeaannssnnaenens 24
B REVISION HISTONY ... .ot e e e e ettt e e e e et aeeeeeeeasstaeeee e e e sbaeeeeeaanssseeaeeesnsseeeeesassaneeeeeasnsnneens 24

List of Figures

Figure 2-1. MCT8316ZTEVM Printed Circuit Board (PCB - TOP VIEW)......cocuiiiiiiiiiiiiie ettt 4
Figure 3-1. Reference for QUICK STart GUITE.........coouiiiiiii et e et e nnee e nanee s 5
Figure 4-1. MCT8316ZTEVM Major Hardware BIOCKS............coiiiiiiiiii ettt nee s 6
Figure 4-2. Connections from Motor to MCT8316ZTEVM..........uiiiiiiiiiiit ittt ettt e e e baeeen 7
Figure 4-3. Micro-USB Connector and UART for MCT8316ZTEVM.......coouiiiiiiiiiiiie ettt 8
Figure 4-4. MSP430FR2355 MCU 0N MCTB31BZTEVM........iiiiiiiieitieeiieitie ettt sttt st stee st e st ateesbeeenteesneeesbeesnneenneeanee 9
SNLU291B — MARCH 2021 — REVISED AUGUST 2022 MCT8316ZTEVM Evaluation Module 1

Submit Document Feedback
Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com/lit/pdf/SLVSF18
https://www.ti.com
https://www.ti.com/lit/pdf/SNLU291
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLU291B&partnum=MCT8316ZTEVM,

I3 TEXAS

INSTRUMENTS
Trademarks www.ti.com
Figure 4-5. MCTB3TO6ZTEVIM LEDS........ccccuiiiieiieeiee st esiee st e stee et e st e teestee e teeaseeasteeaneeeaseeanteesseeanseessseanseesnseenseesnseesseeenseensnean 10
Figure 4-6. Resistor Divider Settings for MCT8316ZT (Hardware Variant)............cccooiiiiiiiriniie e 12
Figure 4-7. Resistors for MCT8316Z0R (SPI VAITANT).......ccoiuiiiiiiiieiiie ettt et se e st e e e e e ene e e eneeas 14
Figure 6-1. MCT8316ZTEVM GUI Code in Code CompPoSer StUAIO.........ccciiiiuiiiiieeieiiiiiee et e et e e e e e e e e e e e e e enneeas 16
Figure 6-2. MSP430 LaunchPad™ eZ-FET Probe Connected to MCT8316ZTEVM ......c.ccooviieeeeeiee e ee e en et 18
Figure 6-3. MCTB3T6ZTEVIM GUI .....cuoiiiieiiiieie ettt ettt e st e et e e st e e tee sttt e seesste e s teeenseesaeeenseesaseenseeanseeseeanseenseennneens 19
Figure 7-1. Main Supply and Pi Filter SChemMAtiC...........eeiiiiiiie e e e e s e e e e e e snreeeaeeeas 20
Figure 7-2. Connectors and Interface SChEMALIC..........ccuuiiiiii e e e e e e e et e e e s e nanees 20
Figure 7-3. USB 10 UART SCREMALIC. .....ccuiiiiiiiiiieiiie ettt e e e et e e e e e et e e e e e e esbaeeeeeseaasseeeeeeanasbenaeessnsneeas 21
Figure 7-4. MCU Programming and Debug SCheMALIC..........ccccuuiiiiiiiiiiie ettt e e e e e e e entae e e e e e eanees 21
Figure 7-5. MSP430FR2355 MCU SChEMALIC.........ueiiiiiiiiiiiii ettt e et e e e et e e e e s ana e e e e e e snteaeeaeeesssneeeaeeannnees 22
Figure 7-6. MCT8316ZT 3-Phase Sensored Trapezoidal Integrated Driver Schematic............cccccoecviiiiiiiiiiiie e, 22
Figure 7-7. 3.3V Buck Regulator SChEMALIC...........cciiiiiiiie et e e e e e e e e et e e e s e enaraeeaeeesnraeeaeeaas 23
Figure 7-8. Status LED SCREMALICS. .........ooiiiiiiiiiie ettt e e et e e e e e et e e e e e st e e e e e setaaeeaeeeasssaeeeeeasnnseneaeeans 23
Figure 7-9. Hardware Variant Settings SChemMatiC.............oiiiiiiiiiie e e e et e e e s s 24
Figure 7-10. Switches and PWM INPULS SChEMALIC...........cciiiiiiiiii it e e e e e et e e e e e e nnaeeaeeeas 24

List of Tables

TabIe 2-1. MCTB3TBZ VAIANTS. ... ..ueiiieeiiiiiiitieeiiitee e e e e ettt e e e e ettt e e e e seataeeeee e s sasaeeeeaaassseeeeeaassseeeeesasssaeeeesassseeeeeesnsbaeeaessnnsnneaaean 4
Table 4-1. Description of MCT8316ZTEVM LEDs (default in bold after POWEIUP).........ccoiiiiiiiiiiiiieeeiie e 9
Table 4-2. Description of User-Selectable Settings on MCT8316ZTEVM (Default in Bold).........cooviiiiiiiiiniiinecieece 10
Table 4-3. User-Adjustable Resistor Divider Settings for MCT8316ZT Variant (Defaults in Bold)...........ccccovieiiiiiiniieieee 13
Table 4-4. Status of resistors for MCT8316Z0T/R variants (defaults in bold)............coooeiiiiiiiiiii e 14
Table 6-1. SPI-by-Wire Connections Needed to Program MSP430FR2355.........cccoiiiiiiiiiie e 17
Trademarks
LaunchPad™ is a trademark of Texas Instruments.
All trademarks are the property of their respective owners.
2 MCT8316ZTEVM Evaluation Module SNLU291B — MARCH 2021 — REVISED AUGUST 2022

Submit Document Feedback
Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SNLU291
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLU291B&partnum=MCT8316ZTEVM,

I} TEXAS
INSTRUMENTS
www.ti.com Cautions and Warnings

1 Cautions and Warnings
Observe the following cautions and warnings as printed on the EVM board.

CAUTION:

Read the User's Guide before use.

HOT SURFACE:

Caution Hot Surface! Contact may cause burns. Do not touch. Please take the proper
precautions when operating.
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2 Introduction

The MCT8316Z is a 4.5-V to 35-V, 8-A peak integrated three-phase gate driver IC with sensored

trapezoidal control for motor drive applications. It provides three integrated half-bridges and a sensored
trapezoidal algorithm capable of directly driving a 3-phase brushless-DC motor. The hardware interface variant
(MCT8316ZT) integrates an adjustable buck regulator, protection features, and flexible parameter settings such
as slew rate control and buck output voltage. See Table 3-1.

Table 2-1. MCT8316Z variants

Device Name Variant
MCT8316Z0T Buck regulator and Hardware
MCT8316Z0R Buck regulator and SPI

The MCT8316ZTEVM includes an onboard FTDI chip to convert USB communication from the micro-USB
connector into UART. An onboard MSP430FR2355 MCU translates the UART communication and onboard
potentiometer into control signals and a variable duty cycle for the PWM input of the MCT8316Z. It can also
provide SPI communication for the SPI variant of the MCT8316Z device. There are many user-selectable
jumpers, resistors, connectors, and test points to evaluate the features of the device and configure device-
specific settings.

This document serves as a startup guide to supplement the MCT8316ZTEVM. It is intended for engineers to
design, implement, and validate reference hardware for the MCT8316ZT (H/W variant) along with the device
data sheet.
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Figure 2-1. MCT8316ZTEVM Printed Circuit Board (PCB - Top View)
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3 Quick Start Guide

The MCT8316ZTEVM requires a power supply source, which has a recommended operating range from a 4.5V
to 35 V. To setup and power the EVM, use the following the sequence:

1. Connect motor phases to A, B, and C on connector J13.
2. Connect Hall sensors to J11 and select Hall power supply as 3.3 V from buck or an external Hall supply
on J12. Ensure the MODE resistors are set correctly to use the appropriate Hall sensor configuration as
described in Section 4.6.
a. If using digital Hall inputs, populate J8—J10 with shunt jumpers to enable pullups. Connect the single-
ended inputs to only the HPx pins on connector J11. This is the default of the MCT8316ZTEVM.
b. If using analog Hall inputs, remove J8-J10 and connect differential Hall inputs to HPx and HNx on
connector J11.
3. Ensure resistors are populated in H/W variant resistors for desired hardware settings.
4. Do not turn on the power supply yet. Connect the motor supply to VBAT or VM and PGND on connector J7.
a. To enable reverse polarity protection and Pi filter, connect to VBAT. Note that when connecting to VBAT,
VM will be VM — 0.7 V less, due to a diode drop in the reverse-polarity protection circuit.
b. To disable reverse-polarity protection and the Pi filter, connect to VM.
Select J3 to 5V_USB and J5 to 3V3COM to power MSP430 from USB power supply.
Connect the micro-USB cable into the computer.
Turn the potentiometer fully clockwise to set the motor to zero speed upon powerup.
Turn on the motor power supply.
Use the potentiometer to control the speed of the motor and the switches to disable the motor driver, change
the direction, or apply a brake to the motor. Optionally, use the GUI (as shown in Section 6) to monitor
real-time speed of the motor, put the MCT8316ZT into a low-power sleep mode, and read status of the
LEDs.
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Figure 3-1. Reference for Quick Start Guide
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4 Hardware and Software Overview

4.1 Hardware Connections Overview — MCT8316ZTEVM

Figure 4-1 shows the major blocks of the MCT8316ZTEVM evaluation module. The MCT8316ZTEVM is
designed for an input supply VBAT from 4.5V to 36 V. The MCT8316Z includes three integrated half-bridges and
implements a sensored trapezoidal algorithm to spin a motor with up to 8-A peak current. It also integrates an
adjustable buck regulator and can support many types of Hall sensor configurations or be used to power external
circuits.
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Figure 4-1. MCT8316ZTEVM Major Hardware Blocks

4.2 Connection Details

Figure 4-2 shows the connections made to the MCT8316ZTEVM to spin a 3-phase sensored brushless-DC
motor.

A 4.5-V to 36-V power supply or battery is connected to the supply voltage (VBAT) or motor voltage (VM)

and PGND terminals on connector J7. There is a reverse-polarity protection and Pi filter implemented on the
VBAT and PGND terminals, resulting in a 0.7-V diode voltage supply drop to VM. To bypass the reverse-polarity
protection and Pi filter, connect the power supply directly to the VM terminal or VM test point on the board and
PGND.

The three phases of the BLDC motor connect directly to the A, B, and C terminals of the screw terminal
connector J13 provided on the MCT8316ZTEVM.

Use connector J11 on the MCT8316ZTEVM to connect single-ended digital or analog differential Hall inputs. Use
HALL_PWR for Hall power and AGND for Hall ground. If connecting analog inputs from a Hall element, connect
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to the HPx and HNXx pins for each respective phase and remove jumpers J8-10. Otherwise, if using single-ended
input from a Hall sensor, connect to only the HPx pins for each phase and populate jumpers R8-R10.
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Figure 4-2. Connections from Motor to MCT8316ZTEVM

i

Figure 4-3 shows where the micro-USB cable is plugged into the MCT8316ZTEVM to provide communication
between evaluation module and GUI. The USB data and 5-V power from the USB is converted into UART data
and 3.3-V power to power the MSP430FR2355 microcontroller. The 5 V from the USB power is limited to 500
mA by the PC and the 3.3 V from the FTDI chip is limit to 30 mA. If the user wishes to supply more current to
these rails, they may use the 5V_SEL jumper J3 and 3V3_SEL jumper J5 to connect external power rails.
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Figure 4-3. Micro-USB Connector and UART for MCT8316ZTEVM

4.3 MSP430FR2355 Microcontroller

The MCT8316ZTEVM includes the MSP430FR2355 low-power MCU (as shown in Figure 4-4) to provide the
pulse-width modulation (PWM) signal required to commutate the motor. The MCU outputs a 20-kHz PWM signal
(PWM_MSP), and the duty cycle (ranging from 0—100%) is controlled by the potentiometer R4. The motor speed
will increase the more the potentiometer is turned counterclockwise, and will decrease when turned clockwise.
To select whether the PWM signal from the MSP or an external PWM is sourced to the MCT8316Z, use the
PWM_SEL jumper J1.

To program the MSP430FR2355, an external MSP430 LaunchPad™ must be connected to the four-pin
connector J4. Many MSP430 LaunchPads provide an onboard eZ-FET Debug Probe to flash the program into
the microcontroller and support debug using a 2-pin Spy-by-Wire (SBW).

The user can use the Reset (RST) button at any time to restart the MCU program. Two active-low LEDs, D5 and
D6, can be used for debug purposes as well.

Finally, a shunt jumper bridge on 18-pin connector J6 ties all signals between the microcontroller and the
MCT8316Z device. These jumpers can be inserted or removed as needed to isolate the microcontroller from the
gate driver. This allows for microcontroller signal debugging or using the MCT8316ZTEVM as a standalone gate
driver with an external microcontroller.
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Figure 4-4. MSP430FR2355 MCU on MCT8316ZTEVM

4.4 LED Lights

The MCT8316ZTEVM has 5 status LEDs that provide the status of power supplies and functionalities of the
evaluation module. By default, the VM LED and 3.3-V buck LEDs will light up when the board is powered and the

program has been flashed onto the microcontroller. Table 4-1 shows LED descriptions including those that are

on during power up in bold and Figure 4-5 shows the locations of the LEDs.

Table 4-1. Description of MCT8316ZTEVM LEDs (default in bold after powerup)

Designator Name Color Description

D1 33V Green Internal buck regulator is outputting 3.3 V

D2 nFAULT Red Lights up when fault condition has occurred on MCT8316Z
D3 VM Green Motor power is supplied to the board

D5 MSP_LEDO Red Used for UART or debugging

D6 MSP_LED1 Red Used for UART or debugging
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Figure 4-5. MCT8316ZTEVM LEDs
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4.5 User-Configurable Settings

The MCT8316ZTEVM includes a variety of user-selectable jumpers, switches, and resistors on the entirety of the
evaluation board to configure settings. Table 4-2 summarizes all of these configurable settings.

Table 4-2. Description of User-Selectable Settings on MCT8316ZTEVM (Default in Bold)

Designator Setting Name Description Layer Position Function
L1,L2, R1 3.3-V Buck Inductor |User populates L1, L2, or R1 to Top L1 = 47 pH Inductor |Inductor Mode
choose switching component for Bottom L2 =22 uH Inductor Mode
buck regulator
Bottom R1=220Q Resistor Mode
J5 3V3_SEL Select 3.3 V for MCU power Top J5 = 3V3EXT External
J5=3V3COM From FTDI (30 mA)
J3 5V_SEL Select 5 V for FTDI power Top J3 =5V_EXT External
J3=5V_USB From USB power
(500 mA)
J1 PWM_SEL Selects PWM source Top J1=PWM_EXT External PWM
J1=PWM_MSP PWM from MSP430
J12 HALL_PWR_SEL |Selects Hall power source Top J12 = HALL_EXT External Hall power
J12=33V Hall power from
VBK=3.3V
J8 HPA pullup Enables pullup on Hall positive A Top J8 is inserted Pullup, use for
(HPA) Digital Hall inputs
J8 is removed Floating, use for
Analog Hall inputs
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Table 4-2. Description of User-Selectable Settings on MCT8316ZTEVM (Default in Bold) (continued)

Designator Setting Name Description Layer Position Function
J9 HPB pullup Enables pullup on Hall positive B Top J9 is inserted Pullup, use for
(HPA) Digital Hall inputs
J9 is removed Floating, use for
Analog Hall inputs
J10 HPC pullup Enables pullup on Hall positive C Top J10 is inserted Pullup, use for
(HPC) Digital Hall inputs
J10 is removed Floating, use for
Analog Hall inputs
J6 MSP to MCT Shunt | Connects signals from MCU to Top FGOUT MSP_FGOUT
jumper bridge MCT8316Z when jumpers are PWM MSP PWM
inserted =
STE MSP_STE
SCK MSP_SCK
SIMO MSP_SIMO
SOMI MSP_SOMI
nFAULT MSP_nFAULT
nSLEEP MSP_nSLEEP
AGND AGND
S1 BRAKE Turns on all low-side MOSFETs Top Left Brake enabled
Right Brake disabled
S2 DIR Controls direction of motor Top Left Clockwise
Right Counterclockwise
S3 DRVOFF Disables gate drivers Top Left MCT8316Z enabled
Right MCT8316Z disabled
R10 and R11 ILIM Resistor divider that sets the cycle- Top 16.2 kQ (R10) ILIM=1.25V =8-A
by-cycle current limit (ILIM voltage limit
of AVDD to AVDD - 0.4 sets limit 10kQ (R11)
proportionally from 0 to 8 A)
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4.6 Hardware Variant Settings

The MCT8316ZT device uses the configurable resistors to control the MODE, SLEW, ADVANCE, and
VSEL_BUCK settings.

When using the MCT8316ZT, the SPI enable resistors in the “Depop. if H/W Variant” silk screen box are to be
depopulated (R13—R16) and the resistor dividers in the “H/W Variant Resistors” silk screen box are populated
with the desired settings (R19-R22 and R26—R29). This setup is shown in Figure 4-6.

H/W Variant Depop. 1if
Resistors H/W variant

124
624 224

Z¢d 02y
A8-713snn b

S
[y
w
X
N
A

824

JONUNAYA B

Figure 4-6. Resistor Divider Settings for MCT8316ZT (Hardware Variant)

Table 4-3 shows the user-adjustable resistor divider settings when using the MCT8316ZT. R19-R22 resistors
connect to AVDD and R26—R29 resistors connect to AGND. The defaults of the two tables are in bold.
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Table 4-3. User-Adjustable Resistor Divider Settings for MCT8316ZT Variant (Defaults in Bold)

Setting |Name Description Resistors Configuration Setting
(AVDD and
AGND)
VSEL_BK |Vgk Buck regulator average |R21 and R28 R28=0Q 33V
voltage R21 = R28 = DNP 50V
(Lgk = 47 or 22 pH,
Cax = 22 uF) R21 =47 kQ 40V
R21=00Q 57V
MODE PWM Control Mode |Selects the R22 and R29 R29=00Q Analog Hall Input, Asynchronous
Hall configuration, modulation, ASR and AAR
modulation, Disabled
Asynchronous —
o R29 = 22 kQ Digital Hall Input, Asynchronous
Rectification (ASR), modulation, ASR and AAR
and Automatic .
Disabled
Asynchronous
Rectification (AAR) R29 =100 kQ Analog Hall Input, Synchronous
settings modulation, ASR and AAR
Disabled
R22 = R29 = DNP Digital Hall Input, Synchronous
modulation, ASR and AAR
Disabled
R22 =100 kQ Analog Hall Input, Synchronous
modulation, ASR and AAR
Enabled
R22 =22 kQ Digital Hall Input, Synchronous
modulation, ASR and AAR
Enabled
R22=0Q Digital Hall Input, Asynchronous
modulation, ASR and AAR
Enabled
SLEW Slew Rate Phase pin slew rate R19 and R26 R26=0Q 25 Vlus
switching low to high - -
(10-90%) and high to R19 = R26 = DNP 50 V/us
low (90-10%) R19 =47 kQ 125 V/us
R19=00Q 200 Vl/ps
ADV Advance Advances the lead R20 and R27 R27=0Q 0°
angle py a sele_ctable R27 = 22 kKQ 2°
value (in electrical
degrees) R27 =100 kQ 11°
R20 = R27 = DNP 15°
R20 =100 kQ 20°
R20 =22 kQ 25°
R20=00Q 30°

4.7 MCT8316Z0R Compatibility

The MCT8316ZTEVM is also compatible with the MCT8316Z0R (SPI variant) as the featured motor driver IC
to spin a three-phase Brushless-DC motor. The MCT8316Z0R replaces the MODE, ADVANCE, SLEW, and
VSEL_BK pins with four SPI pins (SDI, SDO, SCLK, nSCS) to configure control registers and read status
registers. When using the MCT8316Z0R:

* SPI enable resistors in the “Depop. if H/W” silk screen box are to be populated (R13-R16)
* "Pop. If H/W" resistor (R17) is to be depopulated
* Resistor dividers in the “Hardware Variant Resistors” silk screen box are to be depopulated (R19-R22,

R26-R29).

Table 4-4 and Figure 4-7 show the status of populated and DNP resistors for the two compatible MCT83162Zx

variants.
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Table 4-4. Status of resistors for MCT8316Z0T/R variants (defaults in bold)

Device Variant R13-R16 status R17 status H/W variant resistors
status

MCT8316Z0T Hardware DNP Populated User Adjustable

MCT8316Z0R SPI Populated DNP DNP

H/W Variant Depop. if
Resistors H/W variant

R16|4 B nSCS

12y
ZZd 024

6Zd ¢ZZd

X
—
w
.
N
A

824

Pop. if

Figure 4-7. Resistors for MCT8316Z0R (SPI variant)
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5 Hardware Setup

The hardware required to run the motor is the MCT8316ZTEVM, a micro-USB cable, and a power supply with a
DC output from 8 V to 32 V. Follow these steps to start up the MCT8316ZTEVM:

1. Connect the DC power supply to header J7. Connect to VBAT and PGND to apply reverse polarity protection
and the Pi filter to the EVM. Otherwise, connect to VM and PGND to bypass the reverse polarity protection
and Pi filter.

2. Populate the desired resistor settings to the “H/W Variant Resistors” box, see Table 4-3.

3. Apply user-configurable jumper settings. See the User-Configurable Settings section for more information.

4. Flash the program into the MCU as described in Section 6. Launch the GUI in GUI Composer and
disconnect the 4-pin JTAG connections.

5. Connect a micro-USB cable to the MCT8316ZTEVM and computer.

6. Turn on the power supply and power up the PCB.

If using the MCT8316ZTEVM with an external microcontroller, remove all shunt jumpers from jumper bridge J6.
Connect with external jumpers to the left side of the jumper bridge from the external MCU.
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6 Firmware and GUI Application

The MCT8316ZTEVM implements an internal sensored trapezoidal control algorithm that requires a PWM signal
with variable duty cycle to control the speed of the motor. It also outputs an FGOUT signal to monitor the speed
of the motor. Finally, the evaluation module includes a backchannel USB-UART interface that communicates to a
host PC to monitor the motor real time and configure settings via SPI for the SPI variant of the device.

The MCT8316ZTEVM GUI is available on the Gallery. This GUI monitors the duty cycle of the 20-kHz PWM
waveform to control motor speed, the motor speed in revolutions per minute (RPM) based on the motor poles,
and controls the nSLEEP signal.

By default, the MSP430 should already contain the user code to run the GUI. If there is a FW update or the GUI
does not connect to the EVM, then the user must flash the code onto the MSP430.

To flash user code, you need an external MSP430 LaunchPad that includes the eZ-FET Debug Probe and Code
Composer Studio (CCS). This example uses the MSP-EXP430FR2355 LaunchPad Development Kit to provide
the debug probe. Use the following steps to download the code for the MCT8316ZTEVM to use with the GUI.

6.1 Downloading Code Composer Studio and Importing GUI Code

1. Extract the “MCT8316ZTEVM_MSP430FR2355_Firmware_GUI.zip” to a location on the computer.
2. Download the latest version of Code Composer Studio. This will set up a ti folder in the directory C:\ti.

a. Accept all agreements, default install locations, and select “Next” to proceed through menus.
b. In the “Select Components” window, ensure to check “MSP430 Low-Power MCUs” to install the required
packages for the MSP430 LaunchPad Evaluation Kits.

3. After installing, run CCS and select a folder or the default to use as the Workspace to store any new
projects. The location and naming convention can be changed based on the user's preference. Click the OK
button to accept.

4. In CCS, click on the Project tab and select “Import CCS Projects”. Click on Browse.

5. Select the “MCT8316ZTEVM_MSP430FR2355 Firmware_GUI” folder installed from step 1.

6. Import the project “MCT8316ZTEVM_MSP430FR2355_Firmware_GUI” into your workspace as shown in
Figure 6-1.

Project Explorer MCTB316ZTEVM_MS

ezoidal_Sensored BLD(

kup_memory_gui_msp430r2433

& MSP430_Academy_I2C_Master

& M adem ave

S#include <mspa3e.h>

5 18 #include <stdbool.h>

continousModeOperationWithCCROInterrupt~ #1 #include <stdint.h>
#include <HAL.h»

i3#include <GUI.h>

da#include <math.h>

{5 #include <Include/GUIComm.h>

Figure 6-1. MCT8316ZTEVM GUI Code in Code Composer Studio
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6.2 Using the eZ-FET to Program the MSP430FR2355

The eZ-FET Debug Probe on the MSP430FR2355 LaunchPad uses a SPI-by-Wire JTAG interface to program
the MSP430FR2355 MCU on the MCT8316ZTEVM. Consult the MSP430 LaunchPad Development Kits for
MSP430 LaunchPads that include an onboard eZ-FET Debug Probe.

Remove the GND, 3V3, SBWTDIO, and SBWTCK jumpers from the MSP430 LaunchPad.

Connect the top pins on the eZ-FET side of the LaunchPad of the GND, 3V3, SBWTCK, and SBWTDIO
signals to their respective pins on J4 of the MCT8316ZTEVM as shown in Table 6-1 and Figure 6-2.
Connect a micro-USB cable to the MSP430 LaunchPad and the PC.

Click on the Build Project icon or “Ctrl” + B to ensure the project builds successfully. Accept any updates if

1.
2.

oo

needed from the Console.

Click on Debug Project to set up a debug session and press the Play button to run the code.
Stop the debug session, close Code Composer Studio, disconnect the SPI-by-Wire jumpers, and unplug the

micro-USB cable from the MSP430 LaunchPad.

Table 6-1. SPI-by-Wire Connections Needed to Program MSP430FR2355

MSP430 LaunchPad™ (eZ-FET Debug Probe Side) (J101) MCT8316ZTEVM 4-pin SPI-by-Wire Header (J4)
GND GND
3Vv3 3.3V
SBWTDIO SBWTDIO
SBWTCK SBWTCK
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Figure 6-2. MSP430 LaunchPad™ eZ-FET Probe Connected to MCT8316ZTEVM

6.3 Importing GUI into GUI Composer

1. Connect the MCT8316ZTEVM as described in Section 5.
. Access the MCT8316ZEVM GUI through the Gallery.
3. Once the project is loaded, click on the Play button () to launch the MCT8316ZTEVM GUI as shown in

Figure 6-3.
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¥ MCT8316ZTEVM GUI

PWM / Duty Cycle Settings
PWM Signal Duty Cycle (%) 4-Level Input Settings (MCT8316ZT Only)
PWM Freq. (kHz)
H/W SLEWpin | VSEL_BK pin
Duty Cycle Control 0.0 Configuration | (R19/R26) (R21/R28)
{ 1 1 + d o o0 Tied to AGND 25 V/us 3.3v
0 25 50 75 100 )
Hi-Z 50 V/us 5.0V
. . 47k0 to AVDD 125 V/us 4.0V
Motor Settings and Calculations
Tied to AVDD 200 V/us 5.7V
2 b Motor Pole Pairs
|o | FGOUT Freq. (Hz)
. 7-Level Input Settings (MCT8316ZT Only)
|o Moator Speed (RPM)
MODE pin
Configuration (R20/R27)
Status LEDs Mode  Hall Configuration Modulation ASR and AAR Mode
Tied to AGND 0* Mode 1 Analog Hall Asynchronous ASR and AAR Disabled
LED1 LED2 nFAULT
22k to AGND 4° Mode 2 Digital Hall Asynchronous ASR and AAR Disabled
é.N O.FF O:F 100k to AGND 11° Mode 3 Analog Hall Synchronous ASR and AAR Disabled
Hi-Z 15* Mode 4 Digital Hall Synchronous ASR and AAR Disabled
nSLEEP Control (Active Low) 100k to AVDD 20° Mode 5 Analog Hall Synchronous ASR and AAR Enabled
y 22k to AVDD 25* Mode 6 Digital Hall Synchronous ASR and AAR Enabled
I nSLEEP
" Tied to AVDD 30° Mode 7 Digital Hall Synchronous ASR and AAR Enabled

Figure 6-3. MCT8316ZTEVM GUI

6.4 MCT8316ZTEVM GUI
The following features are enabled in the MCT8316ZTEVM GUI:
PWM or Duty Cycle Settings

» Use the potentiometer on the MCT8316ZTEVM to control the duty cycle of the 20-kHz PWM waveform from
the MSP430FR2355. The slider and gauge will update real-time with the duty cycle from 0-100%.

Motor Settings and Calculations

» Update the number of motor poles in the motor using the “Motor Pole Pairs (#)” drop-down box.

* The FGOUT frequency is measured and updated real time in the FGOUT Freq (Hz) box.

* The FGOUT frequency and number of motor poles are used to calculate and update the Motor Speed (RPM)
box. The speed is calculated by the Motor Speed Calculation from FGOUT and Pole Pairs formula below.
Note that the FGOUT frequency is multiplied by 3 to achieve the frequency of one electrical cycle, in Hz.

60 X FGOUT x 3

Motor Speed (RPM) = ¥ Motor Pole Pairs (1)

Status LEDs and nSLEEP Control

* The statuses of the programmable MCU LEDs are shown by LED1 and LED2.
» To place the MCT8316Z into a low-power sleep mode, click the nSLEEP button into the right position. The
MSP430 sends an active-low signal to nSLEEP on the device.
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7 Schematics

Figure 7-1 through Figure 7-10 illustrate the EVM schematics.

7.1 Main Supply and Pi Filter

P TS Sm an Sn Sn SR SR SR SR AR AR D SR AP AP AP SR D AP AP SR AR TE S W W WS S S an S s a

MAIN SUPPLY

4. 5-V to 35-V Operation o7

i-—-———————————-—-----—-----------—-I

Reverse Polarity Protection

b 00 ags max 2@ 4 RS o
10k
| CDOG02-50180
l R34
10k . .
| Pi Filter
ConnecttoVMto  VE&T L
| bypass RPP I VBAT oo L L4
L LS o
8 2
I ‘ 1uH
I [ =)
o2 C15 c18 C17 ——C18
l o 1 o 100V 0L1uF 0.0MuF DD0pF
TETOR OUT BUKID23-40EX 1uF
! PGND

i

PGND

Figure 7-1. Main Supply and Pi Filter Schematic

7.2 Connectors and Interface

Motor Output

1A

WCTOR_OUT

Hall Power Select

Cpsonl fitenng cans

or

Conne
Hali szrsor

HALL PR _SEL

AT e FOMD PEND POND
AGND  AGHD e =]
A PoND  AGH PN

Figure 7-2. Connectors and Interface Schematic
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7.3 USB to UART
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| E] 1 | gus  [105154001 Fi Ve Sl |

| 2o oy, . 0 bt MSP_TX P42 |

8 ? 19 f RESET -

| o o [ oo —*{ DR oRpZ o |

I = D 4 D L = e AED l

I AGHD s | enn = 27 | osc osco 22 |
= MSP RX P43 5 23
@Ik - amid
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. DM 18] yseom CBUS3 x,%
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o o3 42 26 ol tEsT Ghp |21

I DE 2 loo loa |2 DM T ® I
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Figure 7-3. USB to UART Schematic

7.4 MCU Programming and Debug

MCU PROGRAMMING

e "

MSP430 Reset / Fushbution

by
]
=
=]

' TH/RX LEDs Remaove jumpers from eZ-FET to M3P430 on Launchpad.
3
l ey VI MCU Use jumpers to connect J4 to GND, 23,
= = SBWTDIO, and SBWTCK of M5P430 Launchpad
' +R30
4Tk R31 +R32
' & MSP SBWTDIOINRST 470 3470 —= 14
= V3 MCU AGND | 1 | m
' : s
MSP_SBWTDIOINRST 3 | o
W54 C12 D5 !\ DG W MS2_SBWTCK 1 le
l IoF  LTST-C180CKT b LTST-C180CKT
o 16w Red ~ Red TSW-104-07-G-8
l E
MSP_LEDO P22 MSP LED1 P22

Figure 7-4. MCU Programming and Debug Schematic
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7.5 MSP430FR2355 MCU
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Figure 7-5. MSP430FR2355 MCU Schematic

7.6 MCT8316ZT 3-Phase Sensored Trapezoidal Integrated Driver
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Figure 7-6. MCT8316ZT 3-Phase Sensored Trapezoidal Integrated Driver Schematic
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7.7 3.3V Buck Regulator

7.8 Status LEDs

XL

DNP

DNP

Only populate one of these options:
L1 - Inductor mode 47uH

L2 - Inductor mode 22 uH (bottorn)
R1 - Resistor mode

FB_BUCK NT1

.EV-Buck Regulator

- S A S S S S -
SW_BUCK IV3BK
L1
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47uH

|
LI
Net-Tie

L—————————J

Figure 7-7. 3.3V Buck Regulator Schematic
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Figure 7-8. Status LED Schematics
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7.9 Hardware Variant Settings

e e e - - - —————————— - -

MCT8316ZT Hardware Variant Settings |
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1 Hardware Variant Resistors (use with MCT8316ZT only) |
I SLEW [Pin 34) ADVANCE (Pin 35) VSEL_BK {Fin 24) MODE (Fin 33) |
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i T 7 P 7 ee ] | s
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' Default: 25 Vius DNP Defavit 0° DNF Default 2.2V DNP. Defauit: Mode £ DNF- Y 2 Digitai Hall 2 - ASR and AAR Disabled l
' *"—“mew“: Mcde3 | AnalogHall| Synchronous | ASR and AAR Disabled
_éERW Mode4 | DigtalHall | Synchronous | ASR and AAR Disabled l
l Mode 5 Anzlog Hall | Synchronous: ASR and AAR Enabled |
l = Mcde & | Digitsl Hall | Synchronous | ASR and AAR Enabled
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Figure 7-9. Hardware Variant Settings Schematic

7.10 Switches and PWM Input
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Figure 7-10. Switches and PWM Inputs Schematic
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