DESCRIPTION

The EV6631-L-00A is an evaluation board
designed for the MP6631, a 3-phase brushless
DC (BLDC) motor driver with integrated power
MOSFETs. The MP6631 drives a 3-phase
BLDC motor with 1 external Hall sensor or 3
external Hall sensors. The peak phase current
is up to 3A across the 3.6V to 24V input voltage
(Vin) range.

The MP6631 controls the motor speed through
the PWM signal, or it controls the DC signal on
the PWM/DC pin. The device provides closed-/
open-loop control and a built-in, configurable
speed curve function. The device also features
sinusoid control methods for maximum torque
while minimizing the low-speed ripple and noise
across the entire speed range.

EV6631-L-00A

24V, 3A Peak Phase Current
3-Phase BLDC Motor Driver
Evaluation Board

The MP6631 has a rotational speed detector
feature. The rotational speed detector (the
FG/RD pin) is an open-drain output. FG/RD
outputs a high or low voltage relative to the Hall
sensor comparator's output. In addition to
rotational speed detection, the direction is
controlled via the DIR pin’s input.

Protections  includes input over-voltage
protection (OVP), under-voltage lockout (UVLO),
locked-rotor protection, over-current protection
(OCP), and thermal shutdown.

The MP6631 is available in a QFN-26
(3mmx4mm) package.

PERFORMANCE SUMMARY
Specifications are at Ta = 25°C, unless otherwise noted.
Parameters Conditions Value
Input voltage (Vin) range 5V to 24V
Maximum output phase current (lout) | Vin = 5V to 24V 3A
Input PWM frequency 1kHz to 100kHz
Switching frequency (fsw) 25kHz
EVALUATION BOARD
LxWxH (7cmx7cmx2.2cm)
Board Number MPS IC Number
EV6631-L-00A MP6631GL-0000
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mP EV6631-L-00A — 24V, 3A PEAK, 3-PHASE BLDC MOTOR DRIVER EVAL BOARD

QUICK START GUIDE
Quick Start using the Communication Kit (MPS Fan Driver Communication Kit)
1. Preset the DC power supply, then turn the power supply off.

2. Connect the power supply outputs to VIN_PSU and GND (see Figure 1).
3. Connect the communication kit to the EV6631-L-00A via CN2.
4. Connect the motor phase terminals to:

a. Motor phase A: OUTA

b. Motor phase B: OUTB

c. Motor phase C: OUTC

Connect the motor’s Hall sensor outputs to the corresponding connectors.
Connect the communication kit to the computer.

Turn the power supply on.

© N o o

Run the Windows application “MP6631.exe”.
Figure 1 shows the equipment set-up with the communication kit.
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Figure 1: EVB Connection with Communication Kit

Quick Start without the Communication Kit
1. Connect the power supply’s output terminals to VIN_FAN and GND.

2. Connect the motor phase terminals to:
a. Motor phase A: OUTA
b. Motor phase B: OUTB
c. Motor phase C: OUTC

3. Connect the motor’s Hall sensor outputs to the corresponding connector. See The Hall Connection
section on page 3 for more details.

Turn the power supply on. The motor should begin working.

Set the function generator to pulse mode, such that the high level is 3.3V and the low level is 0V.
Adjust the pulse duty cycle to adjust the motor’s speed.
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Figure 2 shows the equipment set-up without the communication kit.
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Figure 2: EVB Connection without Communication Kit

The Hall Connection

The EV6631-L-00A supports either a Hall IC (logic polarity input) or a Hall element (differential input) as
the Hall input signal. Figure 3 shows the hall element that outputs the differential signal.

*

Figure 3: Hall Element (Outputs Differential Signal)

o

Figure 4 shows the hall IC that outputs logic polarity signal.

Figure 4: Hall IC (Output Logic Polarity Signal)
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mP EV6631-L-00A — 24V, 3A PEAK, 3-PHASE BLDC MOTOR DRIVER EVAL BOARD

Hall Element Connection
1. Connect 5V to the Hall element’s supply terminal.

2. Connect GND to the Hall element’s ground.
3. Connect the CN3 terminals to:
a. The Hall element’s positive (+) output: HA+, HB+, and HC+
b. The Hall element’s negative (-) output: HA-, HB-, and HC-
Use SW1 and SW2 to switch to the correct terminal (see Figure 5).

SWA1 SW2
HA+ "o HA+ HA- o JHA-
| oo HA+ | oo HA-
HB+ 5o /HB+ HB- 5o /HB-
| oo HB+ | oo HB-
HC+ 5o JHC+ HC- 5o JHC-
| oo HC+ | oo HC-

Figure 5: SW1 and SW2 with the Hall Element Connection

Hall IC Connection
1. Connect 5V to the Hall IC’s supply terminal.

2. Connect GND to the Hall IC’s ground.

3. Connect the CN3 terminals (HA+, HB+, and HC+) to their corresponding terminals in the Hall IC’s
output. Do not make a connection for HA-, HB-, and HC-/

Use SW1 and SW2 to switch to the correct terminal (see Figure 6).

SWA1 SW2
HA+ oo HA+ HA- oo JHA-
| o HA+ | o HA-
HB+ oo /HB+ HB- oo /HB-
| o HB+ | o HB-
HC+ oo /HC+ HC- oo /HC-
| s o HC+ | o HC-

Figure 6: SW1 and SW2 with the Hall IC Connection
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mP EV6631-L-00A — 24V, 3A PEAK, 3-PHASE BLDC MOTOR DRIVER EVAL BOARD

GUI Operation Guide

1. Double click “MP6631.exe” to start the GUI. The first page of GUI should show the features and
typical application circuit (see Figure 7).

mP5® Fan Driver Virtual Test Bench L |

Simple & Easy Solution! Help>>
Select PN: MPg631 v Typical Circuit
e ouTA

1. Up to 3A phase peak current o = outs
2. 150mohm Rdson(H+L) D ouTe
3. Auto leading angle sine-wave control h sv
4. Support 0-1.2V DC input or 1k = 100kHz PWM ————— SPDREF <
input e HA+

f S HA-
5. Support 3 hall or 1 hall element differential input =
6. Close/Open mode speed control R ::‘
7. Direction/Brake input BRAKE He-

8. Power saving mode
9. 500ms/5s lock protection

Pole Pairs: 2

USB Connected! Back Next REV_1.10.03

Figure 7: Fan Driver Virtual Test Bench

2. Insert the motor’s pole pairs, then click “Next”.

General Settings
There are a few general settings in the GUI, listed below.

1. Test Mode: Use test mode to begin a new design. When test mode is selected, all internal register
can be accessed.

Bench Verification: tests the RPM curve.

Reset Fan: Resets the hardware and the motor.

4. Programming: Use the programming feature to load code files and make configurations via the one-
time programmable (OTP) memory.
Figure 8 on page 6 shows the general settings page.
EV6631-L-00A Rev. 1.0 MonolithicPower.com 5
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mP ® Fan Driver Virtual Test Bench

P ™
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Figure 8: General Settings Page

Help>>

If test mode is selected, the GUI software should read back the MP6631’s register data and display the
information (see Figure 9).

mP © Fan Driver Virtual Test Bench

P ™

Simple & Easy Solution!

Bench Test>>

Close Loop Ki
Close Loop Kp

Write/Read(byte)
Addr: 00 Data: Q0

e om $ o t0_ o 0

Figure 9: The MP6631’s Register Settings

The options for test mode are listed below.

Help>>

Speed Curve>> Debug Mode Yes v  Close Loop Yes v HallInput Three Halls v
Advance Setting>> Jr{ = L No v High_Freq Disable v SoftStart Time = 104s v

1. Speed Curve: Edits and simulates the motor’s speed curve.

2. Advance Setting: Configures the MP6631’s pre-start time and brake settings.

3. Bench Test: Tests the motor speed with different input PWM duty cycles.

4. Save: Reads back all registers from the MP6631 and saves the information to a .txt file.

5. Load: Loads a .txt file and writes all the configurations to the MP6631.
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mps EV6631-L-00A — 24V, 3A PEAK, 3-PHASE BLDC MOTOR DRIVER EVAL BOARD

OTP: Configures the MP6631, do 1 time OTP.
Start: Starts or stops the motor.

Write: Writes values to a particular address.

© o N o

Read: Reads register values from a particular address.

Note that if the mouse cursor hovers over a menu item, the related design notes pop up. In addition, a
longer soft-start time helps the PWM output change smoothly to avoid a reverse current charge back.

Speed Curve Settings
Click “Speed Curve” to edit the RPM vs. PWM Duty Cycle curve with the latest registers settings (see

Figure 10).
mP ® Fan Driver Virtual Test Bench F W

Simple & Easy Solution! Help>>
Speed Curve>> Debug Mode Yes v Close Loop Yes v HallInput Three Halls

Advance Setting>> - LA LE0 ] No v High_Freq Disable v Soft Start Time = 1045 v

Bench Test>>

Close Loop Ki 0

Close Loop Kp 0

Write/Read(byte)

Addr: 0o | Data: 00 m
= = o0 o

Figure 10: Speed Curve Settings

Figure 11 shows how to adjust the speed curve.

I Speed G Toat Ron —
Setting Design Curve
Poles Pairs Curve
Max Speed(100%) 100 0
Debug hode 5
- 0.6
14—
12—
Starting Point(0~37.5%] | 0.5 0 i e e e e
PWM Input(%)
Starf Delay Time(s): [ 10 Time Interval(s): | 1 |
b A&
\ [ ]
Figure 11: Adjusting the Speed Curve
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The options to set the speed curve are described below.
1. Display & Write Curve: Input a valid curve and click this button to write the curve to the MP6631.

2. Start Auto Test: Write a valid curve to the MP6631 then click this button to simulate an RPM vs.
PWM duty cycle curve.

3. Exit Auto Test: Exit the simulator for the RPM vs. PWM duty cycle curve.

Advanced Settings
Click “Advance Setting” to modify some advanced settings (see Figure 12).

mP ® Fan Driver Virtual TestBench =™ @

Simple & Easy Solution! Help>>

Speed Curve>> Debug Mode Yes v | Close Loop Yes v Hall Input Three Halls v
Advance Setting>> i IrL R -LED] No v High_Freq Disable v Soft Start Time  1p4s v
Bench Test>>

Close Loop Ki 0

Close Loop Kp 0

Write/Read(byte)

Addr: Qo Data: o
. = 10 o 1

Figure 12: Advanced Settings

Figure 13 shows the advanced settings that can be configured.

IM Advance Setting = B 3R
Pin Configuration
Reference Mode PWM L4 FG/RD Hc v

Startup Duty Slope

Pre Start Time
Brake
Brake Speed 500rpm ¥ Brake Mode

Figure 13: Configurable Advanced Settings

Note that for the pre-start time, a lower value results in a higher start-up torque but can cause a higher
current overshoot.
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Bench Test
Click “Bench Test” to test the motor speed with different input PWM duty cycles (see Figure 14).

mP ® Fan Driver Virtual Test Bench F .

Simple & Easy Solution! Help>>

Speed Curve>> Debug Mode Yes v Close Loop Yes v Hall Input Three Halls v
Advance Sefting>> I R LI No v High_Freq Disable v  SoftStart Time  104s v

Bench Test>>

Close Loop Ki 0

Close Loop Kp 0

Write/Read(byte)

Addr: 00 Data: 00 m
En o o (o0 oo o

Figure 14: Bench Test Settings

Figure 15 shows how to adjust the PWM duty cycle. On this page, the GUI and communication kit
provide the PWM signal and obtain the speed from the FG pin.

M Bench Test — X

PWM IN: 50 % PWM Freq: 208k Vv
Speed(rpm): 0 Pole Pairs: 2

Figure 15: Adjusting the PWM Duty Cycle

Bench Verification

Follow the steps below to run the bench verification in the general setting page (see Figure 16 on page
10). This mode can accomplish the following:

o The GUI and communication kit provide a PWM signal to the motor.

e The FG signal is obtained to calculate and plot the speed curve.
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mP © Fan Driver Virtual Test Bench L |

Simple & Easy Solution! Help==>

Test Mode Typical Circuit

vee oura
@ == ours
oure
GND
I

SPDREF

Bench Verification

HE4
DIR HE-

HC+

-—
————— F o
—

—+————— BRAKE He-

Programming

Reset Fan ‘

USB Unconnected! ‘ﬂ Nexg

Figure 16: Selecting Bench Verification

Change the PWM duty cycle, then check the speed and current (see Figure 17).

mP © Fan Driver Virtual Test Bench L |

Simple & Easy Solution! Help>>

[PWM IN(%): @] PWM Freq:
Speed(rpm): @ Input Current: mA Pole Pairs:

Speed and PWM
[— Speed_— PWMIN]
10 : ; , : 1.00
: _ _ Display Filter{(s):
I8 5o 000000003000 ........................ .............. ......................... L 0.50
g : : : =
3 o : : 000 = | Clear | [ Resume l
& z
T S L S 050
l Run Fan Test==> l
10 } } -1.00
0 2 4 6 8 10 12
Time(s)
Figure 17: Adjusting the PWM Duty Cycle
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The options to adjust the PWM duty cycle are listed below.

1.
2.

4.

Clear: The clear speed and PWM line are displayed on the left window.

Pause/Resume: Pause and resume speed curve test, The refresh speed and PWM line may be
displayed on the left window.

Run Fan Test: The GUI generates a PWM signal from 100% to 0%, calculates the motor speed,
and plots the speed curve in real time.

Display Filter: Shows the filter coefficient for the delayed motor speed on the left window.

Click “Run Fan Test”. Load a MP6631 register configuration .txt file to initiate a motor speed curve test.

mP © Fan Driver Virtual Test Bench Ll |

Simple & Easy Solution! Help>>

PWM IN(%): O @ PWM Freq:
Speed(rpm): @ Input Current: mA Pole Pairs:

Speed and PWM
[— Spesd _—— PWHIN |
1.0 , , ‘ , , : 1.00
Display Filter(s):
[)5_-_ ........... .......................... SRR . 4 050
= : : : : =
E 0o N eoesaaans D B:acaancaaaaacalcaaca sasaaaag RS Do 4 000 ; [ Cloar I [ Resume |
& =
[)5__ ............ ............ 1 as0
[ Run Fan Test== |]
1.0 ! ‘ 100
0 2 4 6 8 10 12
Time(s)
Figure 18: Fan Speed Curve Test
Figure 19 on page 12 shows how to load a .ixt file for the speed curve test.
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m_E@) Fan Driver Virtual Test Bench ~ ® ™
o h
Open =)
Simple 8 @—/Qv| |« MP663L » MPGG3LQuickStart » ~ [ 42 |[ search mpesQUickstarr 0| Help>>
PWM IN Organize * Mew folder Bz o+ I@I B
o Name : Date modified Type
Speed(r]| 5 Librari
peed( ﬁj';”es . | quickstart B 2020/3/26 16:02 File folder
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. . MP&631-CHEY et 2020/3/27 9:57 Text Document
JT Music
le=| Pictures B
10 gﬂ Subversion
E Videos
0.5 4 18 Computer =
_ £, Local Disk (C) Auto w
g = Local Disk (D:)
Z 00 dblib (10,104
3 £ mpsdblib {1 I] Resume
o .
w &
‘M Metwork Sla | I ] D
0.5
File name:  MPBE3L-CHEY. bt v [ Textfilest.on) -
(lFan Test==>
Open Cancel
N [ ) | 1
0
Time(s) |

Figure 19: Loading a .txt File for the Curve Test
Click “Start” to run a motor test (see Figure 20).

® . . v ]
mP Fan Driver Virtual Test Bench
Simple & Easy Solution! Help=>
time: 5:44
Time Interval(s): | 2 Average #: Start Delay Time(s):
RPM and Current Description Value
[— Tageirrm Tesi RPM__—— Cument Control Made  Open
12 T T T T T 12 Speedzero Yes
: Soft Start Timer  10.4s
qo Lo ATEMEEMARE casasssaasant facsaasssassacset loasascesanosaselessasessasssncal [ 10 Pre start up 20ms
: : : : FG/RD FG
og Lo A . e B aoRaRaRana0aas fooasasassaaasa L 08
= : R : :
B . . . . 3
E o4 o cncsacnanscad fozacacancaanaong “ILCELLEELLCELLL AICCLILEELLELC CLERECLIIERILEL L 08 E
-3 . . . N o
Popa o Rosaasasesasaasd I BP0 01 106 0 060 06 G BABAREAG S 0200 §an s o 0006 s 0800 ac] [ 04
o2l o, ] [ 02
0.0 i i i i : 0o
0o 0.2 0.4 08 0.8 10 1.2
Duty(%) ] 101 b

@RPM (O ARPM

[ Start l [ Cancel ] Max RPM:]

Figure 20: Starting a Motor Speed Test

The options to adjust this test are listed below.

1. Start: Start the test, change the PWM duty from 100% to 0%, then the information should be
displayed on the speed and current window.

Pause/Resume: Pauses or resumes the test.

Cancel: Cancels the test and sends the user to the last window.
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Save: Saves the speed and current data from 100% to 0% duty cycle after the test is complete.

5. Time Interval: Sets the interval time between each data point. Additional time intervals can achieve
a more stable speed. The default value 2 seconds.

6. Average #: Each data point is the average of three data points. A higher average number provides
speed data stability. The default average number is 3.

7. Start Delay Times #: Sets the motor speed-up time to reach the maximum speed. The default value
is 10 seconds.
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EVALUATION BOARD SCHEMATIC

N 8 FG/RD 5V oUTC
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10pF/50V | 10uF/50V | 100nF/50V 2R B £ I 2
1SMAJ36V/| 1nF/50V VIN FAN
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HB VIN_FAN
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LHAy T nessov [ FaRD
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R4S R5< R6 R7
HA- HA
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| HA+ _ HA- HC- HC+
HB+ JHB+ HB- /HB- co
T HB+ T HB- sV |__/HA+
HC+ JHC+ HC- IHC- 100nF/S0V" A Gnp JHB+
1 HC+ 1 He- JRe cio
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1uF/6V —
/HA+ = Hall Input with On-Board Pull-Up /HA- = Hall Input with 2.5V Bias I
Figure 21: Evaluation Board Schematic
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EV6631-L-00A BILL OF MATERIALS

EV6631-L-00A — 24V, 3A PEAK, 3-PHASE BLDC MOTOR DRIVER EVAL BOARD

Qty Ref Value Description Package | Manufacturer Manufacturer PN
1 c1  |470uF, 50V E;%CJ?'V“C capacitor, S0V | pp Wurth 860020675022
3 C267C6' 1nF, 50V )C(:%;am'c capacitor, 50V, 0402 Murata | GCM155R71H102KA37D
2 | C3,C9 |100nF, 50V )C(:%;amic capacitor, 50V, 0402 Murata | GRM155R71H104KE14D
2 | c4,c5 | 104F, 50V )C(:%;am'c capacitor, 50V, 1210 Murata | GRM32ER71H106KA12L
2 | c8,c10 | 1uF, 16V gggam'c capacitor, 16V, 0402 Murata | GRM155C81C105KE11D
2 | RILR2 | 10kQ |Film resistor, 1% 0402 Yageo RC0402FR-0710KL
1 R3 10kQ Film resistor, 1% 0603 Yageo RC0603FR-0710KL
3 R4é§5' 47kQ | Film resistor, 1% 0402 Yageo RC0402FR-074K7L
2 | R7.R8 1KQ | Film resistor, 1% 0402 Yageo RCO402FR-071KL
1 R9 100kQ | Film resistor, 1% 0402 Yageo RCO402FR-07100KL
D1, D2,
6 | D3 D4, NS
D5, D6
1 D7 Red |Red LED 0603 | Bright LED | BL-HUE36A-AV-TRB
1 D8 | 36V, 6.9A |TVS diode SMA Semtech 1SMA36A
GND1,
GND2,
VIN_FAN,
7 |VIN_PSU, 2mm 2mm connector DIP Any
OUTA,
OUTB,
ouTC
. Connector, header, 1x8-
1 CN1 8-pin pin. 2.54mm DIP Any
. Header, 5-pin, dual-row,
1 CN2 5-pin with frame DIP Any
. Connector, 2x6-pin,
1 CN3 6-pin 2 5AmMmM DIP Any
. Connector, jumper, 2x2-
2 J1,J2 2-pin pin, 2.54mm DIP Any
2 | SWI | 4 o7mm |8 Ppositions, 1.27mm pitch | o) Wurth 416131160806
SwW2 switch
| aFN26
1 U1 MPe631 | SPhase motor driver with | 5 MPS MP6631GL
Hall input 4mm)

EV6631-L-00A Rev. 1.0
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mP EV6631-L-00A — 24V, 3A PEAK, 3-PHASE BLDC MOTOR DRIVER EVAL BOARD

EVB TEST RESULTS

Performance curves and waveforms are tested on the evaluation board, Vi = 12V, PWM
frequency = 20kHz, with one external Hall sensor or 3 external Hall sensors, unless otherwise
noted.

Steady State Steady State
PWM duty cycle = 100%, DIR = low, PWM duty cycle = 50%, DIR = low,

counterclockwise counterclockwise

CH1: Va r “““““““““““““““““ CH1: Va
2

CH2: Vs CH2: Vs

A AANNAAA L.
(RVAVAVAVAVAV.

W A4
I L hn o o Do O |G R R T
Steady State Steady State
PWM duty cycle = 100%, DIR = high, clockwise PWM duty cycle = 50%, DIR = high, clockwise
r-.-.—.—.—.- ... .h_-_-.j
chz: v, [ N SRS NG ] CH2: Ve _
. . . L
CH3: V¢ 1@ CH3: Vc | Y
CH4:la L CH4:1a |up 1
B v 8 o Jom e S | D0 IR T T Y
PWM On PWM On
PWM duty cycle =0% to 100%, 3 Hall sensors, PWM duty cycle = 0% to 100%, 3 Hall sensors,
DIR = low, counterclockwise DIR = high, clockwise
C CH1:Va r ............. e e ‘ CH1:Va
CHZ:VB N CHZVB ; .......
CH3:Vc o CH3: Ve
. i :
CH4:la | il ! CH4: Ia
Lt
[1] ‘ : s . s o/
E’ 183& :: 2004 QR ][l . :Oﬁ:\%ﬂs 4.0mA 100V : 2004 Q% 10M points &,W/A
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mP EV6631-L-00A — 24V, 3A PEAK, 3-PHASE BLDC MOTOR DRIVER EVAL BOARD

EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board, Vi = 12V, PWM
frequency = 20kHz, with one external Hall sensor or 3 external Hall sensors, unless otherwise

noted.
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PWM On
PWM duty cycle = 0% to 100%, 1 Hall sensor,
DIR = low, counterclockwise
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PWM duty cycle = 0% to 100%, 1 Hall sensor,
DIR = low, counterclockwise
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mP EV6631-L-00A — 24V, 3A PEAK, 3-PHASE BLDC MOTOR DRIVER EVAL BOARD

EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board, Vi = 12V, PWM
frequency = 20kHz, with one external Hall sensor or 3 external Hall sensors, unless otherwise

noted.
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Figure 24: Bottom Layer

Figure 23: Top Layer

Figure 25: Bottom Silk
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