User’s Guide

MCT8316AEVM Evaluation Module

Wi} TEXAS INSTRUMENTS

ABSTRACT

This document is provided with the MCT8316A customer evaluation module (EVM) as a supplement to the
MCT8316A data sheet (MCT8316A Three-Phase Sensorless Trapezoidal Control BLDC Motor Driver). This
User's Guide details the hardware implementation of the EVM and how to setup and power the board.
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1 Cautions and Warnings
Observe the following cautions and warnings as printed on the EVM board.
HOT SURFACE:
—
Caution Hot Surface! Contact may cause burns. Do not touch. Please take the proper
precautions when operating.
2 MCT8316AEVM Evaluation Module SLLU340 — AUGUST 2021

Submit Document Feedback
Copyright © 2021 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SLLU340
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLLU340&partnum=

13 TEXAS
INSTRUMENTS
www.ti.com Introduction

2 Introduction

The MCT8316A is a 4.5-V to 35-V, 8-A peak integrated three-phase gate driver IC with high speed

sensorless trapezoidal control for motor drive applications. It provides three accurately trimmed and temperature
compensated half-bridge MOSFETS, gate drivers, charge pump, current sense amplifier, linear regulator for the

external load and adjustable buck regulator. The 12C interface variant (MCT8316A) also provides a standard 12C
interface for configuring the various device settings and reading fault diagnostic information through an external

controller.

The MCT8316AEVM includes an onboard FTDI chip to convert USB communication from the micro-USB
connector into UART and an onboard MSP430FR2355 MCU to interface with the MCT8316A. It can also provide
SPI communication for the SPI variant of the MCT8316A device. There are many user-selectable jumpers,
resistors, connectors, and test points to evaluate many features of the device and configure device-specific
settings.

This document serves as a startup guide to supplement the MCT8316AEVM. It is intended for engineers to
design, implement, and validate reference hardware for the MCT8316A device.
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Figure 2-1. MCT8316AEVM Printed Circuit Board (PCB - Top View)
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3 Quick Start Guide

The MCT8316AEVM requires a power supply source, which has a recommended operating range from a 4.5-V
to 35-V. To setup and power the EVM, follow the sequence below:

1. Connect motor phases to A, B, C on connector J8.
2. Do not turn on the power supply yet. Connect motor supply to VBAT/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.

3. Select J3 to 5V_USB and J5 to 3V3COM to power MSP430 from USB power supply.

4. Connect the micro-USB cable into the computer.

5. Turn the potentiometer fully clockwise to set the motor to zero speed upon powerup.

6. Flip the switch S1 to the right to configure BRAKE = RUN, switch S2 to the left to configure DIR = ABC, and
switch S3 to the right to configure DRVOFF = ON

7. Turn on the motor power supply.

8. Use the potentiometer R4 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 MCT8316A 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 — MCT8316AEVM

Figure 4-1 shows the major blocks of MCT8316AEVM evaluation module. The MCT8316AEVM is designed
for an input supply from 4.5-V to 35-V. The MCT8316A includes three integrated half-bridges and implements
a sensorless trapezoidal control algorithm to spin a motor with up to 8-A peak current. It also integrates an
adjustable buck regulator.
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Figure 4-1. MCT8316AEVM Major Hardware Blocks

4.2 Connection Details

Figure 4-2 shows the connections made to the MCT8316AEVM in order to spin a 3-phase sensorless Brushless-
DC motor.

An 4.5-V to 35-V power supply or battery is connected to the VBAT or VM and PGND terminals on connector
J7. There is a reverse polarity protection and Pi filter implemented on the VBAT and PGND terminals. To bypass
the reverse polarity protection and Pi filter, connect the power supply 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 J8 provided on the MCT8316AEVM.
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Figure 4-2. Connections from Motor to MCT8316AEVM

Figure 4-3 shows where the micro-USB cable is plugged into the MCT8316AEVM 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
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.

6 MCT8316AEVM Evaluation Module

SLLU340 — AUGUST 2021
Submit Document Feedback

Copyright © 2021 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SLLU340
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLLU340&partnum=

13 TEXAS

INSTRUMENTS
www.ti.com Hardware and Software Overview
I HSP_CLK
NSTRUMENTS e
AU pa HSPA3 |
SEMTCK = I = [ ibe =
SBHTDIO : = .4 pRe3  FRAM
i = i ED7 MSPLALARH
33V THAITT R L
HSP_nFAULT
6ND o
MSP_FBOUT |
sy_use A
@AITITITE
: o
Micro-USB =
Connector T - J
U3 AL LELiat Ly @
Ci28 E0 RC13 ::]
: 05
%
L)
g
(o]
USB-to-UART =
FTDI Interface
5V _SEL 3V3 SEL
Jumper Jumper

Figure 4-3. Micro-USB Connector and UART for MCT8316AEVM

4.3 MSP430FR2355 Microcontroller & User Interface

The MCT8316AEVM includes the MSP430FR2355 low-power MCU (as shown in Figure 4-4) to communicates
via 12C with the MCT8316A.

In order to program the MSP430FR2355, an external MSP430 FET programmer must be connected to the Spy-
Bi-Wire (SBW) interface connector J4. Many MSP430 LaunchPad™ provide an onboard eZ-FET Debug Probe
that can be jumper-wired to the MCT8316AEVM to flash the firmware into the MSP430FR2355 microcontroller.

The user can use the Reset (RST) button at any time to reset and restart the MCU program. Two active-low
LEDs, D6 and D7, can be used for debug purposes as well.

Finally, a shunt jumper bridge on the 32-pin connector J6 ties all signals between the microcontroller and
MCT8316A. These jumpers can be inserted or removed as needed in order to isolate the microcontroller from
the gate driver. This allows for microcontroller signal debugging or using the MCT8316AEVM as a standalone
gate driver with an external microcontroller.
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Figure 4-4. MSP430FR2355 MCU and User Interface on MCT8316AEVM

4.4 LED Lights

The MCT8316AEVM has 5 status LEDs implemented 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 MCT8316AEVM LEDs (default in bold after powerup)

Designator Name Color Description
D1 Buck Regulator Green Internal buck regulator is voltage output
D2 nFAULT Red Lights up when fault condition has occurred on MCT8316A
D3 ALARM Red Lights up when alarm condition has occurred on MCT8316A
D4 VM Green Motor power is supplied to the board
D5 MSP_LED1 Red Used for UART or debugging
D6 MSP_LED2 Red Used for UART or debugging
8 MCT8316AEVM Evaluation Module SLLU340 — AUGUST 2021
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Figure 4-5. MCT8316AEVM LEDs

4.5 User-Configurable Settings
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The MCT8316AEVM 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 MCT8316AEVM (Default in Bold)

Designator Setting Name Description Layer Position Function
L1/L2/R9 Buck Regulator User populates L1, L2, or R9 to Top L1 =47uH Inductor |Inductor Mode
choose switching component for Bottom L2 =22 uH Inductor Mode
buck regulator
Bottom R1=22Q 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)
SLLU340 — AUGUST 2021 MCT8316AEVM Evaluation Module 9
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Table 4-2. Description of User-Selectable Settings on MCT8316AEVM (Default in Bold) (continued)

Designator Setting Name Description Layer Position Function
J1 SPEED_SEL Selects SPEED input source Top J1=EXT External
EXT_SPEED test
point
J1=POT From
Potentiometer R4
J1is removed Floating
J6 MSP to MCx Shunt |Connects signals from MCU and Top DRVOFF_SW DRVOFF
jumper bridge user switches to MCx8316A when DIR SW DIR
jumpers are inserted
BRAKE_SW BRAKE
SPEED_IN SPEED
MSP_SOMI/SCL MCx_SCL
MSP_SIMO/SDA MCx_SDA
MSP_CLK NC
MSP_STE NC
MSP_A3 DACOUT2/SOX
MSP_A2 MCX_DACOUT2/X2
MSP_A1 MCX_DACOUT1/X1
MSP_ALARM ALARM
MSP_nFAULT nFAULT
MSP_FGOUT FGOUT
NC VBK
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 ABC
Right ACB
S3 DRVOFF Disables gate drivers Top Left MCT8316A disabled
Right MCT8316A enabled

10 MCT8316AEVM Evaluation Module
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5 Hardware Setup

The hardware required to run the motor is the MCT8316AEVM, a Micro-USB cable, and a power supply with a
DC output from 4.5-V to 35-V. Follow these steps to start up the MCT8316AEVM:

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.

Apply user configurable jumper settings. See Section 4.5 section for more information.

Launch the GUI in GUI Composer.

Connect a Micro-USB cable to the MCT8316AEVM and computer.

Turn on the power supply and power up the PCB.

arLON

If using the MCT8316AEVM 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 MCT8316A GUI Application

The MCT8316AEVM includes a USB-UART interface, using a MSP430FR2355 microcontroller, that serves as
a communication bridge between a host PC and the MCT8316A device for configuring various device settings
and reading fault diagnostic information. A MCT8316A GUI is available to interface with and configure the
MCT8316A using this communication interface.

Access the MCT8316A GUI through the Tl Cloud Gallery.
6.1 Running the GUI
The MCT8316A GUI can be run directly inside a web browser (supported in Google Chrome and Firefox).
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i . Th i res the MCTAZGACYIM
o Device connection status s HemaTeaEs by 1 !
To start, please plug the BV board into your computer's LS8 part and
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L . . The GUI should automatically connect with your EVIM
= You can click the hutton in the status bar at the hattom of the
GU! ta connect 1o the EVIM
= QUICK ACTIONS + Once connected, clicking on the buttan in the status bar will
disconnect from the EVIM
SHORT-CUT KEY MAP
Shift + 'O => Cpen Mes

e | Start Guided Tuning 2 Shift + ' == Open b ogramming
. To see this readme again once it has been closed, please select Help [ View
rd README md
|
% | View All Tuning Settings =
T
s | View Register Map 3
= ﬂ
age E2E Suppar
Q | View Virtual Oscilloscope =

[ pan't show again! CLOSE

& C2 = Hordwarenol Connecled.  Please plug your Targel Device into your computer's USB porl, and click the Connect icon al lefL

Figure 6-1. MCT8316A GUI

Once the GUI is loaded, follow the step-by-step Guided Tuning section of the GUI to configure the device.
6.2 Offline Installer

Alternatively, the MCT8316A GUI can be downloaded and installed offline using the download feature in the Tl
Cloud Gallery.
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Figure 6-2. MCT8316A GUI Offline Installer
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7 MSP430FR2355 Interface Firmware

The MSP430FR2355 on the MCT8316AEVM comes pre-programmed with the firmware necessary for
communicating with the PC GUI and the MCT8316A. In order to reprogram or flash custom code on the
MSP430FR2355, you will need an external MSP430 LaunchPad™that includes the eZ-FET Debug Probe. In this
example, we use the MSP-EXP430FR2355 LaunchPad Development Kit to provide the debug probe. Follow the
steps below to download the code for the MCT8316AEVM to use with the GUI.

7.1 Downloading Code Composer Studio and Importing MSP430FR2355 Interface Firmware
Code

1. Extract the “MCT8316AEVM_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 hit “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 “MCT8316AEVM_MSP430FR2355_Firmware_GUI” folder installed from step 1.
6. Import the project “MCT8316AEVM_MSP430FR2355_Firmware_GUI” into your workspace as shown in

Figure 7-1.

ble zdt Ges  fpwgete  Propect Boen tonpts Mndowr Helo

Eitrr i Rr DR = ldwcebooe 1 | %
— ER T2 0 ldmmen a
IRALYM_ M PN 2055 Fimmere [Scive- |

F | Wireahle featineet 0233

Figure 7-1. MSP430FR2355 Interface Firmware Code in Code Composer Studio

7.2 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 MCT8316AEVM. Consult the MSP430 LaunchPad Development Kits for
MSP430 LaunchPads that include an onboard eZ-FET Debug Probe.

1. Remove the GND, 3V3, SBWTDIO, and SBWTCK jumpers from the MSP430 LaunchPad.
2. 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 MCT8316AEVM as shown in Table 7-1 and Figure 7-2.
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3. Connect a micro-USB cable to the MSP430 LaunchPad and the PC.
4. Click on the Build Project icon or “Ctrl” + B to ensure the project builds successfully. Accept any updates if

needed from the Console.

oo

micro-USB cable from the MSP430 LaunchPad.

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

Table 7-1. SPY-BI-Wire Connections Needed to Program MSP430FR2355

MSP430 LaunchPad™ (eZ-FET Debug Probe Side) (J101) MCT8316AEVM 4-pin SPI-by-Wire Header (J4)
GND GND
3V3 3.3V
SBWTDIO SBWTDIO
SBWTCK SBWTCK

2. S

k3 f.c.:T"'jc'- 2

ol (faiot
.3 -

I-‘I;"J a
eZ-FET Debug Prob

&% JET rai
94V.9 213 £I278%y

SPECD
nsp_sani -
nsP_S1n0~

Hap _

nse

"l RI2 nso
jr 18
e N k]

_hcu

g ) VD

Tt

a3
CI200: ma1C1 3

Figure 7-2. MSP430 LaunchPad™ eZ-FET Probe Connected to MCT8316AEVM
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8 Schematics

8.1 Main Supply and Pi Filter

! MAIN SUPPLY :

bl bbb bbbl bbbttt bbbl

1 ‘ Reverse Polarity Protection I
i 4.5-V to 35-V Operation D8 y 1
40V ABS MAX 2 @1 3 R34 VCP |
| 10K
I CDSU101A _ {
: R35 :
10k e
Pi Filter N
! Connect to VM to VBAT ”
| bypass RPP YBAT = _ 14 ym VM |
PGND
| vm o ot 14 I
- | - I
3
l e 2 7 Cc18 C19 C. —C21 c22 C23 ——=C24 l
] o1 . 100v | O1uF | 0.01uF | 1000pF 1000pF| 0.01wF[ 0.1uF | 100v |
o BUK9D23-40EX uF TuF 1
1 MOTOR_OUT =
| PGND !
| I
I @ o ? ? 3 73 ? S A |
| |
1 |
| PCND PGND :

Figure 8-1. Main Supply and Pi Filter Schematic

8.2 Connectors and Interface

1

CONNECTORS & INTERFACE

N PR

Motor Output Grounding
fl AGND AGND PGND PGND
3 outc — —
915 oume
S Ty  — I—  —
o —L_ouTa
MOTOR_OUT
AGND AGND  AGND AGND PGND PGND PGND PGND
AGND AGND AGND  AGND PGND
R36 NT2
AGND PGND  AGND PGND

P s e o e o e e - o e e e e
e o e - - S S S S S S S S S —

Figure 8-2. Connectors and Interface Schematic
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8.3 USB to UART

o = = = = -

- FTDI -

. |

| |
. FTDI REGULATOR
| Micro USB Connector 1
i 3vacoM D5 av3 mcu ]
1 - ETC,,T N 3V3COM 1
o o v s 5v_USB 5V_USB vICOM U2
) v Iuss "'“”geg‘o 9200 12 _ SV_SEL . L Iveoo 3viouT :
] = 1| ygus  [105184p001 o] : 5 CL 2| yoo
120 onm ° ™ |-
: —T—cm M2 o = v ExT 19 | rEsET :
100nF P 3 = 5v_EXT c12 ——c13_ _9 |
1 1ov D+ anr B iiad DTR |- )
1 = D4 1p 10v VAT e sk "
] AGND _|_—5 GND 2 Josal 0sco ]
! =S MSP RX P43 5| o causo | ]
CBUSH |22
| LD|:ln-nl—¢- DP_ 18- useop CBUS2 |2 !
] DM 16 fyseom CBUS3 |l )
== 3.3V_SELTor MSP430 | W CBUSA 12
! AGND T r =2 1nc |
3V3COM 24
1 ) T =—neC [}
1 USB ESD Protection =l 20505 AonD |25 I
| CE r—:— Solm GND :8 !
i 5v_UsB 1 1101 03|41 2 | TEST G [21 !
] P2 lioz 104 |2 DM ¢ ]
" . , FT232RL )
vee GND L =

1 TPDAEOO4DRYR AGND AGND |
1 P !
1 1

Figure 8-3. USB to UART Schematic

8.4 MCU Programming and Debug

: MCU PROGRAMMING :

atedetebedde bbb bt bbbl

MSP430 Reset / Pushbutton
TX/RX LEDs Remove jumpers from eZ-FET to MSP430 on Launchpad.
3va_mcu 3v3 McU Use jumpers to connect J4 to GND, 3V3,
SBWTDIO, and SBWTCK of MSP430 Launchpad.

R31
A7k IR32 R33

MSP SBWTDIO/RST 3470 470 4

- 3Va MCU AcND |1 [
T 2 o

MSP_SBWTDIOMRST _ 3 [ o

MSP_SBWTCK I

S4 C14 D6 v D7
InF LTST-C190KRKT 3 _\\ LTST-C190KRKT
o 16V Red o Red

MSP LEDQ P2.2 MSP _LED1 P2.2

AGND

Figure 8-4. MCU Programming and Debug Schematic
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8.5 MSP430FR2355 MCU

e o o o ety e, e e e

Signal Bank for connecting MSP430 + MCx83164

[l Dol Leed Cend Lol e [l Lo
L] [etl Lee] L] [ Cend (] Lo

ToMEEgt

AnD
G

FROLT

AT

AR

BACE DAETATTE

MSP430FR2355

MSP420FR2355

e L B B e e i sl el il i el

gl P OALCRNS TR SN K COMP0.D AL Varaf
S A B

ial
TBOTRS/QAD- A2 Varat-
i3

[

T E
o

e e i e e o s

Figure 8-5. MSP430FR2355 MCU Schematic
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8.6 MCT8316A 3-Phase Sensorless Trapezoidal Control Integrated Driver

[ e e e ]
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Gl \— |
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l 1.1LF J_ L VDD l
63V 6 CPH 7 ouTe
l = 1pF il ouT B I I
i AGND Ts.)\ go?v CPL_ 6 |cp ouT B £ ouTB ]
[ AGND 0.047uF s 1
i ouTe I
20
- out_C
i I EXTWD  SPEED 28 | oo ot ¢ |2 ouTc I
] C EXT WD 32 |
EXT_WD
l EXT CLK 33 EXT_CLK l
| DAoUIOR ST 5 dsacoury . !
i DACOUTZ/SOX 36 | DACOUTZ/X2 NCT5 |
l DACOUTZ/S0Ox NC 04 l
NC
l BRAKE 35 BRAKE NG |25 '
i AVDD DR 34 pp AGND 22— @ I
i FaouT ALARM 35 |- DGND 2 ]
/ R10 3
l VDD VDD (T Sk FGOUT 29 = T R 4 l
' R13 NFAULT 40 FAULT PGND 1: £ :
| R14 310k PGND g AGND
i 10k MCXSCL Rif, 0 scl s ) CNE I
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Figure 8-6. MCT8316A 3-Phase Sensorless Trapezoidal Control Integrated Driver Schematic
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8.7 Buck Regulator

i Buck Regulator 1

l--------------J

!
' SW_BUCK VBK l
' VBK
| SW_BUCK I_' DNP o : ° 3 |
" !
——C2 l
l 10V
22uF
) DNP ’ !
' 9 : J l
!
' RS l
' Wy —
22 =
" AGND !
l Only populate one of these options: '
L1 - Inductor mode 47uH '
' L2 - Inductor mode 22 uH (bottom)
' R1 - Resistor mode l
!
: FB BUCK NTL |
l Net-Tie l
|
' - T D D S S S T T T T T S S

Figure 8-7. Buck Regulator Schematic
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8.8 Status LEDs

' Status LEDs

Buck LED nFAULT LED ALARM LED VM LED
VEK VBK VBK VM

!\\ggeen !\‘Eéd !\\Egd !\\gfeen

>R 17 <R18 <R19

$1.00k $1.00k $1.00k 2470k
= nFAULT ALARM =
AGND PGND

-------J-

------------------------‘

Figure 8-8. Status LEDs Schematic

8.9 Switches and Speed Input

AVDD A¥DD AYDD ADC from Pot (A1)

for Analog Speed Control
R1 R2 R3

10.0k 10.0k 10.0k

EXT_SPEED
BRAKE_SW 3 DRVOFF_SW AVDD

B
\0. 22 BRAKE SW \O 2i DIR_SW \0_2 i DRVOFF_SW : 2 SPEED IN
B |
7

| |
| |
| |
| |
I |
| |
' 1 1 1 R5 0 l
| |
| |
| |
| |
] |
I |
| |

3

o o o J
s1 s2 S3
R6 R7 R8 =
10.0k 10.0k 10.0k AGND

Add arrows on silk screens - -

AGND AGND AGND

Figure 8-9. Switches and Speed Input Schematic

9 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
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