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1 Introduction
This document describes how to implement 120° conduction hall sensor BLDC (Brushless DC) motor control by
MB95200 series 8-bit microcontroller.
2 System Principle and Theory
This section describes multi-pulse generator (MPG) and 120° hall sensor driver BLDC motor.
2.1 Description of Multi-pulse Generator

The multi-pulse generator consists of a 16-bit PPG timer, a 16-bit reload timer and a waveform sequencer. By using
the waveform sequencer, 16-bit PPG timer output signal can be directed to multi-pulse generator output (OPT5 to
OPTO0) according to the input signal of multi-pulse generator (SNI2 to SNIO). Meanwhile, the OPT5 to OPTO output
signal can be terminated by DTTI input in case of emergency. The OPT5 to OPTO output signals are synchronized
with the PPG signal in order to eliminate the unwanted glitch.
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2.1.1 Block Diagram of Multi-pulse Generator

Figure 1. Block Diagram of Multi-pulse Generator
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*! The dotted line represents the TI1 path in the MB95330H Series.
The 16-bit reload timer can be used independently in the MB25330H Series.

Figure 1 shows the block diagram of multi-pulse generator.
B 16-bit PPG Timer

The 16-bit PPG timer is used to provide the PPG signal for waveform sequencer. Details of 16-bit PPG timer are
described in Hardware Manual of MB95330H Series.

B 16-bit Reload Timer

The 16-bit reload timer is used to act as interval timer for waveform sequencer. Details of 16-bit reload timer are
described in Hardware Manual of MB95330H Series.
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Waveform Sequencer

The waveform sequencer is the core of multi-pulse generator, which can generate various waveforms.

2.1.2 Registers of Multi-pulse Generator

Figure 2. Registers of Multi-pulse Generator

Output control register (upper)
Address bit7  bit  bit5  bit4  bit3  bit2  bitl  bit0 Initial value
OPCUR 0086y ‘ DTIE | DTIF ‘ NRSL | OPS2 | OPS1 ‘ OPS0 | WTIF ‘ WTIE | 00000000
RW RW RW RW RW RW RW RW

Output control register (lower)
Address bit7  bit6  bits  bitd  bit3  bit2  bit!  bitd Initial value
OPCLR 0067y ‘ PDIF | PDIE ‘ OPES | OPE4 | OPE3 ‘ OPE2 | OPET1 ‘ OPEO | 00000000
AW RW RW RW RW RW RW RW

Output data register (upper)

Address bit7  bit6  bit5  bit4  bitd  bit2  bitl  bitd Initial value
OPDUR  OFDCy \ BNKF [ RDA2 \ RDA1 | RDAO | OP51 ‘ OP50 | OP41 ‘ OP40 | 0000XXXXg
R R R R R R R R
Output data register (lower)
Address bit7  bit6  bit5  bit4  bitd  bit2  bitl  bitd Initial value
OPDLR  OFDDy | OP31 | OP30 | OP21 [ 0P20 [ OP11 | OP10 [ OPOT | OPOD | Xx00XXXXg
R R R R R R R R

Output data buffer registers (upper)
Address bit7? bité bits bitd bit3 bit2 bit1 bit0 Initial value
OPDBURB  OFC4y

- BNKF | RDA2 | RDA1 | RDAO | OP51 | OP50 | OP41 | OP40 | 00000000
OPDBURO  OFDAy

(Even addresses) RW RAW RAW RAW RW RwW RAW RAW
Qutput data buffer registers (lower)
Address bit7? bité bits bit4 bit3 bit2 bit1 bit0 Initial value

OPDBLRB  OFCs5y

. . OP31 | OP30 | OP21 | OP20 | OP11 | OP10 | OPO1 | OPOO | Q00000005
OPDBLRO  OFDBy

(Odd addresses) R/wW RW R RW R R/W R R/W
RW : Readable/writable (The read value is the same as the write value.)
R : Read only (The read value is indeterminate.)
b3 . Indeterminate

(Continued)
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Input control register (upper)
Address bit7  bit6  bits  bit4  bit3  bit2  bitl  bitd  Initial value
IPCUR 0068, |wr51 | wrso| CPIF | CPIE | CPD2 | CPD1 | CPDO | CI'I."IF‘E| 00000000
RW RW RW RW RW RW RW RW
Input control register (lower)
Address bit7  bit6  bits  bit4  bit3  bit2  bitl  bitd  Initial value
IPCLR 0069 | CPE1 | CPEO | SNC2 | SNC1 [ SNCO | SEE2 | SEE1 [ SEEO | 00000000
RW RW RW RW RW RW RW RW
Compare clear register (upper)
Address bit7  bité  bits  bit4  bit3  bit2  bitt  bitd  Initial value
CPCUR  OFDEy | CL15 [ CL14 ‘ CL13 | cLi2 [ CL11 ‘ cL10 | cLo9 [ CLO8 ‘xxxxxxxxa
RW RW RW RW RW RW RW RW
Compare clear register {lower)
Address bit7  bité  bits  bit4  bitd3 btz bitl b0 Initial value
CPCLR  OFDFy | CLO7 | CLOG | CLOS | CLO4 | CLO3 | CLO2 | CLOT | CLOD | XXXXXXXXg
RW RW RW RW RW RW RW RW
Timer buffer register (upper)
Address bit7  bité  bits  bit4  bitd  bit2  bitt  bitd  Initial value
TMBUR  OFE2y | T15 [ T4 [ T1a | T2 [ Ti1 [ T1o | Too | Tos [xx0000tK
I R R I R R R R
Timer buffer register (lower)
Address bit7  bité  bits  bitd  bitd3  bit2  bitl  bitd  Initial value
TMBLR  OFE3y | To7 | Tos [ Tos | To4 | Tos [ To2 | To1 | Too o000
R R R R R R R R
Timer contral status register
Address bit7  bit6  bits  bitd  bit3  bit2  bitl bt Initial value
TCSR 0068y | TCLR |MDDE| ICLR | ICRE |TMEN | CLK2 | CLK1 | CLKO | 00000000
RW RW RW RW RW RW RW RW
Moise cancellation control register
Address bit7  bit6  bits  bitd  bit3  bit2  bitl bt  Initial value
NCCR 0064, | s21 | 520 | S11 | S10 | 501 | S00 | D1 | DO |nnmumuE
RW RW RW RW RW RW RW RW
RN . Readable/writable (The read value is the same as the write value.)
R : Read only (The read value is indeterminate.)
x : Indeterminate

Figure 2 shows registers of multi-pulse generator. For more detailed information, please refer to Chapter 24 in
Hardware Manual of MB95330H Series.
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2.2 Description of Hall Sensor 120° Driver

2.2.1 Block Diagram of Hall Sensor 120° Driver
Below is the brief operating principle for MCU to drive motor with Hall sensor.

B The multi-pulse generator outputs six switch signals to drive IGBT inverter.
B The three-channel Hall sensor signals are detected by MCU input capture to achieve motor position.

B The one-channel over-current signal is output to MCU by IGBT inverter to protect the whole system.

Figure 3. Block Diagram of Hall Sensor 120° Driver

Multi-pulse Generator

PPG1

IGBT Driver

v

Overcurrent
detected circui

Figure 3 shows the system block diagram of Hall sensor 120° driver BLDC motor.
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One electrical cycle is divided into 6 states. The relationship between three-channel Hall sensor signals (H1, H2, H3)
and six-channel inverter switch signals (Up, Un, Vp, Vn, Wp, Wn) is shown as below:

Figure 4. Relationship between Hall Sensor Signals and Inverter Switch Signals

State: 1 2 3 4 5 6 1 2 3 4

Figure 4 shows the relationship between three-channel Hall sensor signals and six-channel inverter switch signals.
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2.2.2 MPG Macro Setting for 120° Motor Driver
1. Trigger signal setting for MPG macro

The OPS2 to OPSO0 are used to select the OPDR register write timing control operation mode. For example:
B OPCR_OPS=0;

/I Data transfer from OPDBRO to OPDR after OPDBRO is written by software.
B  OPCR_OPS =1,

// Data transfer from OPDBR to OPDR is triggered by the 16-bit reload timer underflow.

B OPCR_OPS =2;
// Data transfer from OPDBR to OPDR is triggered by the position detection input.

In this system, data transferred from OPDBR to OPDR should be triggered by the position detection input for Hall
sensor 120° motor driver. For detailed information, please refer to Chapter 24 in Hardware Manual of MB95330H
Series.

n

OPTx output waveform selection
The OPTx pin outputs “L” level, “H” level or “PPG” waveform by setting OPDBR. For example:
m  OPDBLR_OPO1 = 0;

B OPDBLR_OPOQO = 0;
/I Data Setting for OPTO pin to output “L” level.

OPDBLR_OPO01 = 0;

OPDBLR_OPOO = 1;
/I Setting for OPTO pin to output the output of the PPG timer.

OPDBLR_OPO1 = 1;

OPDBLR_OPO0O0 = 0;
/I Setting for OPTO pin to output the inverted output of the PPG timer.

OPDBLR_OPO0O1 =1;

OPDBLR_OPO00 = 1;
/I Setting for OPTO pin to output “H” level.

For detailed information, please refer to Chapter 24 in Hardware Manual of MB95330H Series.
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w

PPG synchronization setting for output waveform

In order to avoid short pulse (or glitch) during sequencer state changes, the write timing (WTO) needs to be
delayed and synchronized with the next coming edge of PPG output waveform. For example:

B IPCUR WTS1=1;
B |PCUR_WTSO =1,
/I both edges synchronization. 1 & |

For detailed information, please refer to Chapter 24 in Hardware Manual of MB95330H Series.

»

Noise cancellation control setting

When the noise cancellation function is selected, the time for fixing an output pin at the inactive level is delayed
for about 4, 8, 16 or 32 machine clocks by the noise cancellation circuit. For example:

B NCCR = OxFF;
/I Cancel 32-cycle noise.

For detailed information, please refer to Chapter 24 in Hardware Manual of MB95330H Series.
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3 Usage of BLDC Motor

This section describes usage memory for BLDC motor.

3.1 Start Motor

2 * /
/* Name : void MPG Initial (void)

/* Input 3 NO

/* Output g NO

/* Description: MPG control and motor start

2 * /

void MPG Control Start (void)
{

IPCUR = 0xCO; // disable comparison operation,enalbe PPG synch
IPCLR = OxFF; // enalbe SINO~SIN2 edge detection

NCCR = OxFF; // select 32 cycle noise

OPCUR = 0xA4; // 16 bit reload time trigger and enable DTTI

OPCLR = 0x3F;

To start BLDC motor, use 16-bit reload timer underflow trigger for multi-pulse generator (MPG).

3.2 Stop Motor
To stop BLDC motor, MPG is switched to software trigger and the OPT5 to OPTO output low level when motor is

rotating.
2 o E——————— * /
/* Name : void Motor Stop (void)
/* Input g NO
/* Output g NO
/* Description: motor stop work main function
2 o E——————— * /

void Motor Stop(void)

{
OPCUR = 0xA0; // software trigger driver motor and enable DTTI
OPDBRHO = 0x00; // stop motor work
OPDBRLO = 0x00;
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3.3

Speed UP and Speed Down

The motor speeds up by increasing PPG duty value while keeping PPG cycle value. The motor speeds down by
decreasing PPG duty value while keeping PPG cycle value.

{

if (Work Status Flag != Motor Work Status) return;
if (Current Duty == Duty Min| |Current Duty == Duty Max) return;
if (Setting Freg > Current Freq) { // speed up

}

else if (Setting Freq < Current Freq) { // speed down

else(

PDUTH
PDUTL

/* ____________________________________________________________________ */
/* Name void Speed Setting(void)

/* Input NO

/* Output NO

/* Description: speed duty check and setting

/* ____________________________________________________________________ */

void Speed Setting(void)

if (Current Duty < (Duty Max-1)) {

}

else(

if (Current Duty > (Duty Min+1l)) {

}

else(

Current Duty = Current Duty;

Current Duty = Current Duty+1;

Current Duty = Duty Max;

Current Duty = Current Duty-1;

Current Duty = Duty Min;

// setting ok

Current Duty>>8; // set ppg duty 200 (16%)
Current Duty;

Notes:

Current_Duty: current PPG duty value;

Setting_Freq: set motor rotate frequency;

Current_Freq: current motor rotating frequency;
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3.4 Clockwise and Count Clockwise
The motor rotates clockwise or counts clockwise by setting different OPDBURO to OPDBURS switch sequence.

/* ____________________________________________________________________ */
/* Name g void MPG Clockwise Initial (void)

/* Input : NO

/* Output : NO

/* Description: Motor rotate clockwise or count clockwise setting

/* ____________________________________________________________________ */

void MPG Clockwise Initial (void)
{

if (Motor Reverse Flag == 0) { // clockwise
OPDBRHO = 0x10; // 1 step
OPDBRLO = 0x34;
OPDBRH1 = 0x21; // 2 step
OPDBRL1 = 0x0C;
OPDBRH2 = 0x33; // 3 step
OPDBRL2 = 0x40;
OPDBRH3 = 0x40; // 4 step
OPDBRL3 = 0xC1;
OPDBRH4 = 0x54; // 5 step
OPDBRL4 = 0x03;
OPDBRH5 = 0x0C; // 6 step

OPDBRLS5 = 0x10;

else( //count clockwise
OPDBRHO = 0x50; // 1 step
OPDBRLO = 0x34;
OPDBRH1 = 0x01; // 2 step
OPDBRL1 = 0x0C;
OPDBRH2 = 0x13; // 3 step
OPDBRL2 = 0x40;
OPDBRH3 = 0x20; // 4 step
OPDBRL3 = 0xC1;
OPDBRH4 = 0x34; // 5 step
OPDBRL4 = 0x03;
OPDBRH5 = 0x4C; // 6 step

OPDBRL5 = 0x10;
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4 Notes on Using BLDC Motor Hall Sensor 120° Driver
The section describes notes on using BLDC motor Hall sensor 120° driver.

4.1 Notes on Relation of Feedback Signal with OPTx Waveform
The relation of feedback signal with OPTx output waveform varies depending on BLDC motor, so user should first
check the relation of them, and then set registers in code.

4.2 Notes on Starting Motor
To use Hall sensor 120° drive BLDC maotor, first, set 16-bit reload timer trigger to start BLDC motor and then switch to
position detection trigger to drive motor when the BLDC motor is rotated normally.

4.3 Notes on Operation of DTTI Input Control
In system, DTTI over-current protection should be enabled. The OPT5 to OPTO are fixed at inactive level when the
low input level is placed at the DTTI pin.
Even while the output is fixed at the inactive level by the input of the DTTI pin, the timer keeps running, the position
detection function does not stop and the data transfer from the output data buffer register (OPDBR) to the output data
register (OPDR) is continued for waveform generation, but no waveform is output to the OPT5 to OPTO pins.

5 Performance Investigation

The section describes performance investigation for motor driver by MB95200 series.

The system operation includes motor speed setting, motor rotating speed measurement, PPG duty adjusting (speed
adjusting), key process and feedback single detection, and the system performance is shown as below:

B Running period time: 51.8 us (518 cycles).
B ROM size: 2157hit.
B RAM size: 112bit.

Notes:
The system MCLK (machine clock) = 10 MHZ.
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6 Additional Information

For more information on Cypress MB95200 products, please visit following website:

http://www.cypress.com/MB95200

WWW.Cypress.com Document No. 002-05559 Rev. *B 13


http://www.cypress.com/
http://www.cypress.com/MB95200

A
s

CYPRESS

EMBEDDED IN TOMORROW™

F2MC-8FX Family MB95200 Series 8-Bit Microcontroller BLDC Motor Hall Sensor 120° Driver Method

Document History
Document Title: AN205559 — F2MC-8FX Family MB95200 Series 8-Bit Microcontroller BLDC Motor Hall Sensor 120° Driver

Method

Document Number: 002-05559

Description of Change

Revision ECN Orig. of Submission
Change Date
i - CBZzH 04/23/2009 Initial release
05/06/2009 Modify according Document Feedback
*A 5265921 CBzZH 05/10/2016 Migrated Spansion Application Note MCU-AN-500041-E-11 to Cypress
format.
*B 5842086 | AESATMP9 08/02/2017 Updated logo and copyright.

WWW.CYpress.com

Document No. 002-05559 Rev. *B

14


http://www.cypress.com/

o CYPRESS

> EMBEDDED IN TOMORROW™ F2MC-8FX Family MB95200 Series 8-Bit Microcontroller BLDC Motor Hall Sensor 120° Driver Method

Worldwide Sales and Design Support

Cypress maintains a worldwide network of offices, solution centers, manufacturer’s representatives, and distributors. To find
the office closest to you, visit us at Cypress Locations.

Products PSoC® Solutions

ARM® Cortex® Microcontrollers  cypress.com/arm PSoC 1 | PSoC 3 | PSoC 4 | PSoC 5LP | PSoC 6
Automotive cypress.com/automotive Cyp ress Develo per Commun ity
Clocks & Buffers cypress.com/clocks

Interface cypress.com/interface -Fr?;;::m]sg || Vé/(l)?nlignleon'lt'sForums | Projects | Videos | Blogs |
Internet of Things cypress.com/iot .

Memory cypress.com/memory Technical Squort

Microcontrollers cypress.com/mcu cypress.com/support

PSoC cypress.com/psoc

Power Management ICs cypress.com/pmic

Touch Sensing cypress.com/touch

USB Controllers cypress.com/ush

Wireless Connectivity cypress.com/wireless

All other trademarks or registered trademarks referenced herein are the property of their respective owners.

A

Cypress Semiconductor
__ CY P R E s S 198 Champion Court
‘ San Jose, CA 95134-1709

~agp” EMBEDDED IN TOMORROW™

© Cypress Semiconductor Corporation, 2009-2017. This document is the property of Cypress Semiconductor Corporation and its subsidiaries, including
Spansion LLC (“Cypress”). This document, including any software or firmware included or referenced in this document (“Software”), is owned by
Cypress under the intellectual property laws and treaties of the United States and other countries worldwide. Cypress reserves all rights under such
laws and treaties and does not, except as specifically stated in this paragraph, grant any license under its patents, copyrights, trademarks, or other
intellectual property rights. If the Software is not accompanied by a license agreement and you do not otherwise have a written agreement with
Cypress governing the use of the Software, then Cypress hereby grants you a personal, non-exclusive, nontransferable license (without the right to
sublicense) (1) under its copyright rights in the Software (a) for Software provided in source code form, to modify and reproduce the Software solely for
use with Cypress hardware products, only internally within your organization, and (b) to distribute the Software in binary code form externally to end
users (either directly or indirectly through resellers and distributors), solely for use on Cypress hardware product units, and (2) under those claims of
Cypress’s patents that are infringed by the Software (as provided by Cypress, unmodified) to make, use, distribute, and import the Software solely for
use with Cypress hardware products. Any other use, reproduction, modification, translation, or compilation of the Software is prohibited.

TO THE EXTENT PERMITTED BY APPLICABLE LAW, CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARD
TO THIS DOCUMENT OR ANY SOFTWARE OR ACCOMPANYING HARDWARE, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. To the extent permitted by applicable law, Cypress reserves the right to
make changes to this document without further notice. Cypress does not assume any liability arising out of the application or use of any product or
circuit described in this document. Any information provided in this document, including any sample design information or programming code, is
provided only for reference purposes. It is the responsibility of the user of this document to properly design, program, and test the functionality and
safety of any application made of this information and any resulting product. Cypress products are not designed, intended, or authorized for use as
critical components in systems designed or intended for the operation of weapons, weapons systems, nuclear installations, life-support devices or
systems, other medical devices or systems (including resuscitation equipment and surgical implants), pollution control or hazardous substances
management, or other uses where the failure of the device or system could cause personal injury, death, or property damage (“Unintended Uses”). A
critical component is any component of a device or system whose failure to perform can be reasonably expected to cause the failure of the device or
system, or to affect its safety or effectiveness. Cypress is not liable, in whole or in part, and you shall and hereby do release Cypress from any claim,
damage, or other liability arising from or related to all Unintended Uses of Cypress products. You shall indemnify and hold Cypress harmless from and
against all claims, costs, damages, and other liabilities, including claims for personal injury or death, arising from or related to any Unintended Uses of
Cypress products.

Cypress, the Cypress logo, Spansion, the Spansion logo, and combinations thereof, WICED, PSoC, CapSense, EZ-USB, F-RAM, and Traveo are
trademarks or registered trademarks of Cypress in the United States and other countries. For a more complete list of Cypress trademarks, visit
cypress.com. Other names and brands may be claimed as property of their respective owners.

WWW.CYpress.com Document No. 002-05559 Rev. *B 15


http://www.cypress.com/
http://www.cypress.com/?id=1062
http://www.cypress.com/products/32-bit-arm-cortex-mcus
http://www.cypress.com/applications/automotive-solutions
http://www.cypress.com/products/clocks-buffers
http://www.cypress.com/products/interface
http://www.cypress.com/internet-things-iot
http://www.cypress.com/products/memory-products
http://www.cypress.com/mcu
http://www.cypress.com/psoc/
http://www.cypress.com/products/power-management
http://www.cypress.com/products/touch-sensing
http://www.cypress.com/products/usb-controllers
http://www.cypress.com/products/wirelessrf
http://www.cypress.com/products/psoc-1
http://www.cypress.com/products/psoc-3
http://www.cypress.com/products/psoc-4
http://www.cypress.com/products/psoc-5lp
http://www.cypress.com/psoc6
http://www.cypress.com/?id=2203&source=home_support
http://www.cypress.com/forum
https://community.cypress.com/welcome
http://www.cypress.com/projects
http://www.cypress.com/video-library
http://www.cypress.com/blog
http://www.cypress.com/training
http://www.cypress.com/cdc/community-components
http://www.cypress.com/support

	1 Introduction
	2 System Principle and Theory
	2.1 Description of Multi-pulse Generator
	2.1.1 Block Diagram of Multi-pulse Generator
	2.1.2 Registers of Multi-pulse Generator

	2.2 Description of Hall Sensor 120  Driver
	2.2.1 Block Diagram of Hall Sensor 120  Driver
	2.2.2 MPG Macro Setting for 120  Motor Driver


	3 Usage of BLDC Motor
	3.1  Start Motor
	3.2 Stop Motor
	3.3 Speed UP and Speed Down
	3.4 Clockwise and Count Clockwise

	4 Notes on Using BLDC Motor Hall Sensor 120  Driver
	4.1 Notes on Relation of Feedback Signal with OPTx Waveform
	4.2 Notes on Starting Motor
	4.3 Notes on Operation of DTTI Input Control

	5 Performance Investigation
	6 Additional Information
	Document History
	Worldwide Sales and Design Support
	Products
	PSoC® Solutions
	Cypress Developer Community
	Technical Support

