MPQ6517B

16V, Single-Phase, BLDC Motor Driver
with Integrated Hall Sensor, AEC-Q100

DESCRIPTION

The MPQ6517B is a single-phase, brushless
DC (BLDC) motor driver with integrated power
MOSFETs and a Hall-effect sensor. The device
drives single-phase BLDC motors and fans with
an output current (lout) limit up to 2A. The 3.3V
to 16V input voltage (Vin) range and input line
reverse-voltage protection (RVP) mean that an
external diode is not required on the supply line.

The MPQ6517B controls the rotational speed
through the pulse-width modulation (PWM)
signal on the PWM pin. The MPQ6517B has a
rotational speed detection feature and rotor lock
fault indication on the FG/RD pin, with an open-
drain output. The output speed vs. input duty
cycle curve can be configured for flexibility. To
reduce the fan driver’s audible noise and power
loss, the MPQ6517B features a soft on/off
phase commutation and an automatic phase-
lock function for the motor winding back
electromotive force (BEMF) and current.

Full protection features include input over-
voltage protection (OVP), under-voltage lockout
(UVLO), rotor deadlock protection, thermal
shutdown, and input RVP.

The MPQ6517B requires a minimal number of
external components to reduce solution cost,
and it is AEC-Q100 grade 1 qualified. The
MPQ6517B is available in TSOT23-6-SL and
TSOT23-6 packages.

FEATURES

e Embedded Hall Sensor with High Sensitivity
o Wide 3.3V to 16V Operating Input Range

o Up to 2A Configurable Current Limit

e Integrated High-Side (HS) and Low-Side

(LS) Power MOSFETSs: Total 850mQ

Configurable Speed Curve

e Built-In, Adjustable Speed Curve Corner
Duty

e Automatic Phase Lock Detection for
Winding Back Electromotive Force (BEMF)
and Current Zero-Crossing

e Soft On/Off Phase Commutation
Rotational Speed Indicator (FG) Signal
12kHz to 48kHz PWM Input Frequency
(fpwm) Range

o Fixed 26kHz Output Switching Frequency
(fsw)

e Input Line Reverse-Voltage Protection (RVP)

e Rotor Deadlock (RD) Protection with
Automatic Recovery

o Thermal Protection and Automatic Recovery

e Built-In Input Over-Voltage Protection (OVP),
and Under-Voltage Lockout (UVLO) with
Automatic Recovery

e Available in TSOT23-6-SL and TSOT23-6
Packages

e Available in AEC-Q100 Grade 1

APPLICATIONS

e Brushless DC Motors
e [ans

All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive.
For MPS green status, please visit the MPS website under Quality
Assurance. “MPS”, the MPS logo, and “Simple, Easy Solutions” are
trademarks of Monolithic Power Systems, Inc. or its subsidiaries.

TYPICAL APPLICATION
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mP5 MPQ6517B - 16V, 1-PHASE, BLDC MOTOR DRIVER WITH HALL SENSOR, AEC-Q100

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
MPQ6517BGJS-xxxx**-AEC1 | TSOT23-6-SL See Below 1
MPQ6517BGJ-xxxx**-AEC1 TSOT23-6 See Below 1

* For Tape & Reel, add suffix -Z (e.g. MPQ6517BGJS-xxxx-AEC1-Z).

** “xxxx” is the configuration code identifier. The first four digits of the suffix (xxxx) can be a hexadecimal value
between 0 and F. Work with an MPS FAE to create this unique number for the non-default function option. “0000”
is the default value.

TOP MARKING TOP MARKING
(MPQ6517BGJS-XXXX-AEC1) (MPQ6517BGJ-XXXX-AEC1)
BDBY | BDBY
LLL
BDB: Product code BDB: Product code
Y: Year code Y: Year code

LLL: Lot number

PACKAGE REFERENCE

TOP VIEW

18GND OuT1 6

2fVvCC OUT2 5

+
3l rerD PWML_4

TSOT23-6-SL, TSOT23-6
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mP5 MPQ6517B - 16V, 1-PHASE, BLDC MOTOR DRIVER WITH HALL SENSOR, AEC-Q100

PIN FUNCTIONS

Pin # Name |Description

1 GND Ground.

2 VCC Input voltage supply.

3 FG/RD |Speed indication or rotor lock fault indication output.
Rotational speed control pulse-width modulation (PWM) input. A PWM frequency

4 PWM |between 12kHz and 48kHz is recommended during normal operation. PWM is internally
pulled up to the internal LDO with 100kQ of resistance.

5 OUT?2 Motor driver output 2. The OUT2 pin is connected to the middle point of the internal N-
channel MOSFET half-bridge.

6 OUT1 Motor driver output 1. The OUT1 pin is connected to the middle point of the internal N-
channel MOSFET half-bridge.

ABSOLUTE MAXIMUM RATINGS @

N ettt s +19V
FG/RD, VOUTL/2 venrnrnrnrnenannnnnns -0.3V to Vcc + 0.3V
All other pins ..o -0.3V to +6.5V
Continuous power dissipation (Ta = 25°C) @
................................................................. 1.25W
Junction temperature ........ccccccevevvveevveenenn. 150°C
Lead temperature .........ccccceeeevviiivivneeeeenn. 260°C
Storage temperature................ -60°C to +150°C
ESD Ratings

Human body model (HBM) ...................... 2000V
Charged device model (CDM).................... 750V
Recommended Operating Conditions ©®
Supply voltage (Vin) «ooooeevvvvveeeeeeennnnns 3.3V to 16V

Operating junction temp (Ty).... -40°C to +125°C

Thermal Resistance @ 6:;n @ic
TSOT23-6.ceeeeeeeiiieiieens 100..... 55...°C/W

Notes:

1) Exceeding these ratings may damage the device.

2) The maximum allowable power dissipation is a function of the
maximum junction temperature, T; (MAX), the junction-to-
ambient thermal resistance, 6;, and the ambient
temperature, Ta. The maximum allowable continuous power
dissipation at any ambient temperature is calculated by Pp
(MAX) = (T; (MAX) - Ta) / 6;a. Exceeding the maximum
allowable power dissipation can produce an excessive die
temperature, and the regulator may go into thermal shutdown.
Internal thermal shutdown circuitry protects the device from
permanent damage.

3) The device is not guaranteed to function outside of its
operating conditions.

4) Measured on JESD51-7, 4-layer PCB.

MPQ6517B Rev. 1.1
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mP5 MPQ6517B - 16V, 1-PHASE, BLDC MOTOR DRIVER WITH HALL SENSOR, AEC-Q100

ELECTRICAL CHARACTERISTICS
Vin =12V, Ta = -40°C to +125°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units
Input under-voltage lockout
(UVLO) rising threshold Vuvio 3 325 v

, Stop switching 0.15 \%
Input UVLO hysteresis

Shut down 1.1 \%
Operating supply current lcc 6.5 7.8 mA
Reverse supply current lccrev | Vcc = -18V 1 mA
PWM input high voltage VPwMH 15 \%
PWM input low voltage VewMmL 0.4 \%
PWM input frequency frwm 12 48 kHz
i\_/lm I?S\)NM input low-level 200 ns
ime

PWM input internal pull-up 100 KQ
resistance
High-side (HS) MOSFET loutr = 100mA, including reversed
on resistance RusoN | MOSFET 520 mQ
Low-side (LS) MOSFET on _
resistance Rison lour = 100mMA 330 mQ
Over-current (OC) limit
protection threshold loce 3 A
Output current limit ILmT SUCL =100 1.36 A
PWM output frequency fsw Ta=25°C 23 26 29 kHz
FG output low-level voltage VEG_L IFG/RD = 3mA, VpuLL = 5V 0.35 V
FG leakage current 1 A
Soft turn-on angle Bson_100 | SON_100 = 10000 23.9 °
Soft turn-off angle OsorF 100 |SOFF_100 = 11111 45 °
Adjustable delay angle Oe THETA_E =0000 0 °
Rotor-lock detection time trD 0.6 s
Minimum recommended
magnetic field ® *1 mT
Thermal shutdown o
threshold ® 150 ¢
Thermal _sh(;tdown o5 oC
hysteresis
Note:
5) Guaranteed by design.
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mP5 MPQ6517B - 16V, 1-PHASE, BLDC MOTOR DRIVER WITH HALL SENSOR, AEC-Q100

TYPICAL CHARACTERISTICS

Supply Current vs. Input Voltage Supply Current vs. T,
Vee =2V to 16V, no load, T; = 25°C Ve = 12V, no load
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mps MPQ6517B - 16V, 1-PHASE, BLDC MOTOR DRIVER WITH HALL SENSOR, AEC-Q100

TYPICAL CHARACTERISTICS (continued)

High-Side MOSFET On Low-Side MOSFET On
Resistance vs. T, Resistance vs. T,
Vee =12V Ve = 12V
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mps MPQ6517B - 16V, 1-PHASE, BLDC MOTOR DRIVER WITH HALL SENSOR, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS
Vece =12V, Ta = 25°C, tested with fan unit, unless otherwise noted.
Typical Waveform,

Typical Waveform, 100% Typical Waveform, 50% Switching Soft On and
Duty Output Duty Output Soft Off
Vee = 12V, ., PWM = 25kHz, Vee = 12V, ., PWM = 25kHz, Vee = 12V, PWM =5V,
100% Duty 50% Duty with soft on/off phase transition
—— _- IR [ N [T Vout1 ‘
Vi | 1 - Vi L b b 5V/div.

5V/div. : 5Vidiv. ! -

| [ : Vour2

1,&%\'2 i 500m/LA?<fi\'2 v..fm‘v/ A.\’ 5V/div. ]

. . . . loap||.. ... L. o
Vour1 Vour1 1A/div.
10v/div.[] 1ovrdiv. [T TRy ] B ZVX:IF'GH } . }
1 . V.
vourall vours IR .. . o et . N
10V/div. . 10V/div. . 1 :
2ms/div. 4Ams/div. 800us/div.
Typical Waveform, Enable Typical Waveform, Disable Typical Waveform,
Soft On and Soft Off Soft On and Soft Off Start-Up through PWM
Vee = 12V, PWM =5V, Vee = 12V, PWM =5V, Vee = 12V, PWM = 0V, to 5V,
with soft on/off phase transition without soft on/off phase transition
5 5 v | T
Vouro| jp= " . VouTs| [y e \—' ' \_\- Vewm
5V/div. 5V/div. : 1 . 5V/div.
Vi Vour, : i : VEG
svid. ! 5V/div. : . = ovav
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f-Jl ‘ ‘ 10V/div.
I I : [ : \
YN 1&\%\?34 N E A S SR L ILoap
: 1 : 1A/div.
2ms/div. 2ms/div. 400ms/div.
Typical Waveform, Typical Waveform, Typical Waveform,
Shutdown through PWM Start-Up through VCC Shutdown through VCC
Vee = 12V, ., PWM =5V, to OV, PWM =5V, Ve = 0V, to 12V, PWM =5V, Ve = 12V, to 0V,
Vyeel||
10V/div.

__ . S SRR Vi
10V/div. ! 10V/div.

VouTt1
10V/div.

10V/div.

lLoaD
1A/div.

lLoaD
1A/div.

N

1s/div. 400ms/div. 1s/div.
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mps MPQ6517B - 16V, 1-PHASE, BLDC MOTOR DRIVER WITH HALL SENSOR, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VCC =12V, Ta = 25°C, tested with fan unit, unless otherwise noted.

Typical Waveform, Rotor Typical Waveform, Rotor Typical Waveform,
Lock and Release Lock and Release Over-Voltage Protection
Vce =12V, PWM =5V, Vee =12V, PWM =5V, PWM = 25kHz, 100% Duty, Ve = 12V,
lock rotor and releaset lock rotor and release to 16.5V to 14.5V, test with fan unit
T 4 - .
Vewm Fer— ‘
5V/div. Vee
10v/div. [

VEG
10V/div.

VEG||
10V/div. =

VouTik
10V/div.

lLoaD R
1A/div.
1A/div.

2s/div. 1s/div. 4s/div.
Typical Waveform, VCC Typical Curve, RPM Output Typical Curve, RPM Output
Reverse Protection vs. PWM Input Duty vs. PWM Input Duty
VIN = 0V, t0 -18V,_ to OV, to +18V,, Ve = 12V, PWM = 25kHz, test with Vec = 12V, PWM = 25kHz, test
fan unit, default register setting with fan unit, optimized rpm curve
and configured via MPS’s GUI software
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| " g 2500 S 2500
VeG 1 [ o &
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PWM Duty (%) PWM Duty (%)
RPM Output Error vs. Typical Curve, RPM Output
RPM Target vs. PWM Input Duty
Vee = 12V, PWM = 25kHz, test Vee = 12V, PWM = 25kHz,
with fan unit, optimized rpm curve optimized rpm curve and configured via
and configured via MPS’s GUI software MPS’s GUI software, speed corner
duty cycle= 20%
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mP5 MPQ6517B - 16V, 1-PHASE, BLDC MOTOR DRIVER WITH HALL SENSOR, AEC-Q100

VCC |i|
T Reverse

Hall Protection _l

<

FUNCTIONAL BLOCK DIAGRAM
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PWM
Control
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g
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Figure 1: Functional Block Diagram
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mP5 MPQ6517B - 16V, 1-PHASE, BLDC MOTOR DRIVER WITH HALL SENSOR, AEC-Q100

OPERATION

The MPQ6517B is a single-phase, brushless
DC (BLDC) motor driver with integrated power
MOSFETs and a Hall-effect sensor.

Speed Control

The MPQ6517B is controlled using a pulse-
width modulation (PWM) input interface, which
is compatible with industry-standard devices.
The MPQ6517B detects the PWM input signal
duty cycle and linearly controls the H-bridge
output duty cycle, so the fan speed increases
as the input duty cycle increases.

The PWM input accepts a wide input frequency
(frwm) range (12kHz to 48kHz), while the output
switching frequency (fsw) stays constant at
26kHz above the audible frequency range.

Pulse-Width Modulation (PWM) Output Drive

The MPQ6517B controls the H-bridge
MOSFET’s switching to reduce speed variation
and increase system efficiency (see Figure 2).

Figure 2: Timing Diagram

When the rotor magnet pole S approaches the
top side of MPQ6517B, the internal Hall sensor
outputs high. When the rotor magnet pole N
approaches the top side of MPQ6517B, the
internal Hall sensor outputs low. With this Ha in
signal, the Ha_our signal is generated with a lag
phase (Bg, which can be configured between 0°
and 15° via the THETA_E bits). During the
Ha our high interval, the OUT2 and OUT1
switching statuses can be divided to different
timing sections, described below.

Soft Turn-On

During soft turn-on, OUT1 continues switching,
and the duty cycle increases gradually from 0 to
the set target duty cycle in a maximum of 16
steps. OUT2 remains low. See ‘Oson’ in figure 2.
Determine the linear interpolation duration
using the SON_100 and SON_12P5 bits. The

duration ranges between 1.45° and 45° in 32
steps.

Normal PWM Switching

During normal PWM switching, OUT1 continues
switching, and the duty cycle is fixed at the set
target duty cycle. OUT2 remains low.

Soft Turn-Off

During soft turn-off, OUT1 continues switching,
and the duty cycle decreases gradually from the
set target duty cycle to 0 in a maximum of 16
steps. OUT2 remains low. See ‘Osore’ in figure 2.
Determine the linear interpolation direction
between the SOFF_100 and SOFF_12P5 bits,
which can be between 1.45° and 45° in 32
steps.

Off

During the off time, OUT1 remains at high
impedance, and OUT2 remains low. The time
duration adaptively changes from 0° to 45°. In
steady state, this functional block maintains the
phase lock for the Hall output’s falling edge and
winding current zero-crossing edge.

During the interval at which the Hall output is
low, the conducting phase changes, but the
switching sequence remains the same.

Minimum Speed and Corner Speed Point

The minimum PWM output duty cycle is
determined by the 00h register's value when
the input PWM duty cycle is below the corner
duty cycle set by register 14h. By setting
register 00h to 0, the fan stops rotating when
the PWM input duty cycle is below the corner
duty cycle. By setting register 00h to a non-zero
value, the fan maintains a minimum speed
rotation when the PWM input duty cycle is
below the corner duty cycle (see Figure 3).

Speed “
(rpm)

Duty_Corner
A
Min. Speed :

\/

0 PWM INDUty 10006

Figure 3: Configurable Speed Curve
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mP5 MPQ6517B - 16V, 1-PHASE, BLDC MOTOR DRIVER WITH HALL SENSOR, AEC-Q100

Protection Circuits

The MPQ6517B is fully protected against over-
voltage (OV), under-voltage (UV), over-current
(OC), and over-temperature (OT) events, and
also provides input reverse protection.

Over-Current Protection (OCP)

The MPQ6517B protects against internal
overloads and short circuits by detecting the
current flowing through each MOSFET. If the
current flowing through any MOSFET exceeds
the over-current protection (OCP) threshold
after a 1.5us of blanking time, that MOSFET
turns off immediately. It needs a power recycle
to reset the protection.

Overload Current Limit

If the current flowing through the high-side
MOSFET (HS-FET) of the H-bridge exceeds
the threshold set by the SUCL bits after a 1.5us
blanking time during normal switching, then the
HS-FET turns off immediately. The HS-FET
resumes switching in the next switching cycle.
The overload current limit is fixed to about
1360mA by default.

To softly spin up the fan driver during start-up,
the current limit increases from 0 to the
configured current limit in 16 steps (see Figure
4). Each step limit value lasts for 16 internal
Hall cycles. If there is a rotor lock fault, the
current limit increases with 16 steps within a
600ms detection time.

PWM

Current Limit

S

Figure 4: Start-Up Waveforms

Thermal Shutdown

Thermal monitoring is also integrated into the
MPQ6517B. If the die temperature exceeds
150°C, the MOSFETs of the switching half-
bridge turn off. Once the die temperature drops

Under-Voltage Lockout (UVLO)

If Vcc falls below the under-voltage lockout
(UVLO) threshold, all circuitry in the device is
disabled, and the internal logic is reset.
Operation resumes once Vcc exceeds the
UVLO threshold.

Rotor Deadlock (RD) Protection

If the FGRD bit is set to 11, the MPQ6517B
detects the internal Hall signal and outputs a
deadlock indication signal to FG/RD.

If the MPQ6517B cannot detect the Hall signal
edge during the 0.6s detection time, both low-
side MOSFETs (LS-FETs) of the H-bridge turn
on. FG/RD is an open-drain output. After 1.8s,
2.4s, 3s, or 3.6s of lock-turn-off time (set by the
RLOCK_SEL bits), the device attempts to start
up again automatically. FG/RD output pulse
again if three Hall signal edges are detected
after the rotor lock condition is released (see
Figure 5).

I
|
| o.6s 3s 0.6s 3s
FG |
Toer Tuowo Toer Tuowo
|

I
I
|

Ul

|
|
|
|
\
|
|
|
|
' |
|
Rotor Lock | Lock Release,
Figure 5: Rotor Deadlock Protection

Rotor Speed Indication (FG)

The MPQ6517B outputs a Hall detection signal
to FG/RD for speed indication. The output
signal frequency can be optional set to be 1x,
0.5x, or 2x the internal Hall sensor output
frequency. FG/RD is an open-drain, so it
requires a pull-up resistor in the application.

Over-Voltage Protection (OVP)

If Vcc exceeds the OV threshold (16.2V), the
MPQ6517B turns off the two HS-FETs and
turns on the two LS-FETs until Vcc drops below
15V. Then the device resumes normal
operation.

Input Reverse-Voltage Protection (RVP)

to a safe level, operation resumes

automatically. If the input line is reverse-connected to VCC
and GND, the MPQ6517B detects the fault
condition automatically and shuts down to avoid
damage.

MPQ6517B Rev. 1.1 MonolithicPower.com 11
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mP5 MPQ6517B - 16V, 1-PHASE, BLDC MOTOR DRIVER WITH HALL SENSOR, AEC-Q100

Test Mode and Factory Mode

If VCC is powered, the MPQ6517B can enter
test mode by sourcing 5mA to 10mA of current
with an external resistor and a negative voltage
for around 5ms. In test mode, all functional
blocks are active, and the PWM and FG/RD
pins can be used as the I1°C interface to read or
write the internal register bits (see Figure 6).

1lenD  OUTY 6

_,I_'z vcc out] 5
To negative

RpuLe voltage

—— 3] FoRD  PWM 4 —W\—-O0

5mA to 10mA

Figure 6: Test Mode Configuration

In test mode, first write the data 28h to the 11h
register, and then write the data 04h to the 10h

register. In factory mode, all writeable register
values can be configured by the user. The
MPQ6517B exits test mode or factory mode
when power is cycled on VCC.

I2C Chip Address

After the start condition, the [2C-compatible
master sends a 7-bit address followed by an
eighth read (1) or write (0) bit. The following bit
indicates the register address to which the data
is written, or from which the data is read (see
Figure 7).

l1]lol 1010/ 1 ]|rRwW|

Figure 7: 1>)C-Compatible Device Address

MPQ6517B Rev. 1.1
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mP5 MPQ6517B - 16V, 1-PHASE, BLDC MOTOR DRIVER WITH HALL SENSOR, AEC-Q100

REGISTER MAP

Addr. Type D7 D6 | b4 | b3 | b2 | b1 | Do
00h OTP/REG PWMOJ[7:0]

01h~08h | OTP/REG PWMO[7:0]

09h OTP/REG PROG[1:0] PCODE[5:0]

0Ah OTP/REG FGRD[L:0] RPMS[2:0] | SUCL[2:0]
0Bh OTP/REG FG ™ HLL_CALI SON_12P5[4:0]

och | OTPIREG | RESERVED | RESERVED | RESERVED SON_100[4:0]

0Dh | OTP/REG | RESERVED | SOFTEN | RESERVED SOFF_12P5[4:0]

OEh OTP/REG | RESERVED | RESERVED | RESERVED SOFF_100[4:0]

OFh OTP/REG | RESERVED PLLEN RLOCK_SEL[1:0] THETA_E[3:0]

10h REG RESERVED FM_ | RESERVED
11h~13h REG RESERVED

14h OTP/REG DUTY_CORNER[7:0]

All reserved bits must remain at their default values, unless otherwise noted.

SPEED_CURVE (0x00~0x08)
The SPEED_CURVE command sets the PWM output duty cycle for speed curve programming

Bits Access Bit Name Addr Default Description
0x00 00000000 Output duty cycle lookup table for speed curve. The
0x01 00011111 default is linear mode.
0x02 00111111 Sets the minimum output duty cycle when the input
duty cycle is below the corner duty cycle set by
0x03 01011111 DUTY_CORNER (14h). When Reg 00h = 0, stop
. when the input PWM duty cycle is below the corner
70 OTP/REG PWMO 0x04 01111111 duty cycle. When Reg 00h is not equal to 0, keep the
0x05 10011111 minimum output duty when the input PWM duty cycle
is below corner duty cycle.
0x06 10111111 ) ]
Registers 01h~08h set the output duty cycle in every
0x07 11011111 12.5% input PWM duty cycle. It is the linear
0x08 11111111 interpolation between adjacent point.

PROJECT (0x09)
The PROJECT command indicates the one-time programmable (OTP) memory flash and the project

code
Bits Access Bit Name Default Description
Indicates the OTP memory flash.
76 REG PROG 00 00: Not configured
01: Configured once
10: Configured twice
5:0 OTP/REG PCODE 000000 The design’s project code.
MPQ6517B Rev. 1.1 MonolithicPower.com 13
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mP5 MPQ6517B - 16V, 1-PHASE, BLDC MOTOR DRIVER WITH HALL SENSOR, AEC-Q100

CFR_1 (0x0A)
The CFR_1 command configures the FG/RD pin, speed range, and start-up current limit.

Bits

Access

Bit Name

Default

Description

7:6

OTP/REG

FGRD

00

Selects the FG or RD output.

00: FG
01:1/2 x FG
10: 2x FG
11: RD

5:3

OTP/REG

RPMS

011

Selects the rotor’s rpm operating range.

000: 50rpm to 800rpm

001: 100rpm to 1600rpm
010: 200rpm to 3200rpm
011: 400rpm to 6400rpm
100: 800rpm to 12800rpm
101: 1600rpm to 25600rpm
110: 3200rpm to 51200rpm

2:0

OTP/REG

SUCL

100

Sets the start-up current limit. The default value is 1360mA.
210mA/step.

000: 510mA
111: 2000mA

CFR_2 (0x0B)

The CFR_2 command indicates the FG signal and test mode, calibrates the Hall period, and sets the
soft-on angle at a 12.5% PWM output duty cycle.

Bits Access Bit Name Default Description
7 REG FG 0 Indicates the FG signal (read-only).
Indicates whether the device is in test mode (read-only). In test
mode, turn on all functions except for the OTP flash block. If PWM
is negative in power-on reset (POR), enter test mode. The TM bit
6 REG ™ 0 is set to 1. Recycle the power to clear test mode and the TM bit.
0: Normal operation
1: Test mode
Enables Hall period calibration.
5 OTP/REG HLL_CALI 0 1 Enabled
0: Disabled
Sets the electrical angle to softly turn on the phase transition at a
12.5% PWM output duty cycle. The default value is 45°.
4.0 OTP/REG SON_12P5 11111

00000: 1.4°
11111: 45°

SOFT_ON/OFF_1 (0x0C)
The SOFT_ON/OFF_1 command sets the soft-on angle at a 100% PWM output duty cycle.

Bits Access Bit Name Default Description

75 N/A RESERVED N/A Reserved.
Sets the electrical angle to softly turn on the phase transition at a
100% PWM output duty cycle. The default value is 23.9°.

4:0 OTP/REG SON_100 10000
00000: 1.4°
11111: 45°

MPQ6517B Rev. 1.1 MonolithicPower.com 14
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mP5 MPQ6517B - 16V, 1-PHASE, BLDC MOTOR DRIVER WITH HALL SENSOR, AEC-Q100

SOFT_ON/OFF_2 (0x0D)

The SOFT_ON/OFF_2 command enables the soft-on/off function and sets the soft-off angle at a 12.5%
PWM output duty cycle.

Bits Access Bit Name Default Description
7 N/A RESERVED N/A Reserved.
Enables the soft switching function.
6 OTP/REG SOFTEN 1 1: Enabled
0: Disabled
5 N/A RESERVED N/A Reserved.

Sets the electrical angle to softly turn off the phase transition at
a 12.5% PWM output duty cycle. The default value is 23.9°.

00000: 1.4°
11111: 45°

4:0 OTP/REG SOFF_12P5 10000

SOFT_ON/OFF_3 (OxO0E)
The SOFT_OFF_3 command sets the soft-off angle at a 100% PWM output duty cycle.

Bits Access Bit Name Default Description
75 N/A RESERVED N/A Reserved.

Sets the electrical angle to softly turn off the phase transition at a
100% PWM output duty cycle.

00000: 1.4°
11111: 45°

4:0 OTP/REG SOFF_100 11111

CFR_3 (0XOF)

The CFR_3 command enables the load current zero-crossing phase lock, and also sets the lock turn-off
time and Hall offset angle.

Bits Access Bit Name Default Description
7 N/A RESERVED N/A Reserved.

Enables the load current zero-crossing phase lock function. Note
that in low-current applications, this bit may impact fan operation

due to the accuracy. Verify the results in application when this
6 OTP/REG | PLLEN 1 function is enabled.

1: Enabled
0: Disabled

Sets the rotor lock turn-off time to the detection time ratio.
00: 1:3 (0.6s/1.8s)
5:4 OTP/REG | RLOCK_SEL 11 01: 1:4 (0.65/2.4s)

10: 1:5 (0.6s/3.0s)
11: 1:6 (0.6s/3.65s)

Sets the electrical angle delay between the original Hall signal
positive edge and the output current zero-crossing positive edge.

3:0 OTP/REG | THETA_E 0000 1° per step.
0000: 0°
1111:15°
MPQ6517B Rev. 1.1 MonolithicPower.com 15
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FM_MODE (0x10)

The FM_MODE command enables factory mode.

Bits Access Bit Name Default Description

7:3 N/A RESERVED N/A Write this bit to 00000 when doing OTP configurations.
2 REG FM 0 Factory mode enable.

1:0 REG RESERVED 00 Write this bit to 00 when not in use.

OTP_CONFIGURATION (0x11)
The OTP_CONFIGURATION command is used for OTP configurations.

Bits

Access

Bit Name

Default

Description

7:0

N/A

RESERVED

N/A

Write 28h to this register first before doing OTP configurations.

RESERVED (0x12~0x13)
The RESERVED command is reserved

Bits

Access

Bit Name

Default

Description

7:0

N/A

RESERVED

N/A

Reserved.

CORNER_DUTY (0x14)
The CORNER_DUTY command sets the input PWM corner duty cycle.

Bits

Access

Bit Name

Default

Description

7.0

OTP/REG

DUTY_CORNER

00000000

Sets the speed corner duty cycle point. The output duty cycle
stays at the value set by register 00h when the input duty cycle is
below the duty cycle set by DUTY_CORNER.

FFh: 100%

6bh: 0%

MPQ6517B Rev. 1.1
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mP5 MPQ6517B - 16V, 1-PHASE, BLDC MOTOR DRIVER WITH HALL SENSOR, AEC-Q100

APPLICATION INFORMATION

Selecting the Input Capacitor

Place an input capacitor (C1) near VCC to keep
Vin stable and reduce input switching voltage
noise and ripple.

C1’s impedance must be low at fsw. Ceramic
capacitors  with  X7R  dielectrics  are
recommended for their low-ESR characteristics.

Ensure that the ceramic capacitance depends
on the voltage rating. The DC biased voltage
and value can drop by much as 50% at the
rated voltage rating. Leave a sufficient voltage
rating margin when selecting C1. For most
applications (<500mA), a 2.2uF to 10uF
ceramic capacitor is sufficient. In some
applications, it may be required to add an
additional, high  capacitance, electrolytic
capacitor that can absorb inductor energy.

Selecting the PWM Input Resistor

When the input PWM signal rating is >6.5V
(which exceeds the PWM voltage rating), a
resistor (R2) is required. The recommended
value for R2 is 5.1kQ.

Hall Sensor Position

The Hall sensor cell is located in the lower left
corner of the package (see Figure 8).

Top View Side View
] [ 6]
S DU S
=] . [ 5] [ J
=] 4]
©.0 > X Y z

(X,Y, Z) = (540um, 508um, 80um)
Figure 8: Hall Sensor Position
Selecting the Input-Clamping TVS Diode

To avoid high-voltage spikes caused by the
energy stored in the motor inductor when the

inductor charges back to the input capacitor
side, add a voltage-clamping transient voltage
suppressor (TVS) diode. For a 12V application,
a 18V TVS diode in a SOD-323 package is
sufficient. If input reverse connection protection
is required, it is recommended to use a
unidirectional zero voltage switching (ZVS)
diode (see Figure 11 on page 18). For small
power fans that are shorter than 80cm
(<500mA), the additional ZVS diode is not
required.

Selecting the Input Snubber

Due to the input capacitor's charge/discharge
energy during soft-switching phase transitions,
the input current has switching cycle ringing. If
required, add a 2Q) resistor in series with a 1uF
capacitor (which act together as an RC snubber)
in parallel to the input capacitor. This effectively
prevents switching cycle ringing (see Figure 10
on page 18).

PCB Layout Guidelines

Efficient PCB layout is critical for stable
operation. For the best results, refer to Figure 9
and follow the guidelines below:

1. Place the input capacitor (C1) close to the
VCC and GND pins.

2. Add an additional, small-package ceramic
capacitor (C2) as close to the VCC and
GND pins as possible to absorb high-
frequency noise. The recommended
package size is 0402.

Figure 9: Recommended PCB Layout

MPQ6517B Rev. 1.1
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mP5 MPQG6517B - 16V, 1-PHASE, BLDC MOTOR DRIVER WITH HALL SENSOR, AEC-Q100

TYPICAL APPLICATION CIRCUITS

(Optional)

1

1

|

T |

! |

Vin :_ )

enp  ouTi) 6

MPQ6517B

— ¢ 2jvCC ouT2 )

R2

(=== _l_ 5.1kQ

« | V*ngl T FG/RD PWM|E—'—’WV—'—
_____ |
(Optional) —Kt
Figure 10: Typical Application Circuit with RC Snubber
) Section 2
Sectiond optional) =

OuTL

I
i1

MPQ6517B
Vin [ N
2jvcC ouT2
R2
ffffffffff _|_ 5.1kQ
W FG/RD PWM —\W—p—
(Optional) ' ) —K—
Figure 11: Typical Application Circuit with ZVS Diode
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PACKAGE INFORMATION
TSOT23-6-SL

0.60 . 0.95 |
TYPﬂ ‘ BSC
2.80

Tl A it

PINTID—_ I 3.70 ‘ . 3.30

1.50 |
\@ ‘ 1.70 3.90 TYP

gl e

TOP VIEW RECOMMENDED LAND PATTERN
0.70 7/ — — !—\\ H \ﬁi‘%
otV | J *
0.30 ,J | 0.95 |
0.50 BSC
FRONT VIEW SIDE VIEW
NOTE:

1) ALL DIMENSIONS ARE IN MILLIMETERS.

2) PACKAGE LENGTH DOES NOT INCLUDE MOLD FLASH, PROTRUSION, OR GATE
BURR.

3) PACKAGE WIDTH DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION.

4) LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING) SHALL BE 0.10
MILLIMETERS MAX.

5) DRAWING REFERENCE IS JEDEC MO-193,

6) DRAWING IS NOT TO SCALE.
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PACKAGE INFORMATION (continued)

See note 7
EXAMPLE |
TOP MARK

PIN1ID —

0.70
0.90

0.30 ‘
0.50

 GAUGE PLANE
0.25 BSC

R

s
0\fArial Black|b1]i0]¢O[p.549;

alinily

IAAAA

T

TOP VIEW

95 BSC

FRONT VIEW

8}

DETAIL "A"

OOO
0.10

2 -
3.00 ‘ TYP

—1.00 MAX

7 SEATING PLANE

TSOT23-6

0.60 095 |
TYP ‘ BSC

1.20
TYP

2.60

~ -

SEE DETAIL "A"

SIDE VIEW

NOTE:

1) ALL DIMENSIONS ARE IN MILLIMETERS.

2) PACKAGE LENGTH DOES NOT INCLUDE MOLD FLASH,
PROTRUSION OR GATE BURR.

3) PACKAGE WIDTH DOES NOT INCLUDE INTERLEAD FLASH
OR PROTRUSION.

4) LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING)
SHALL BE 0.10 MILLIMETERS MAX.

5) DRAWING CONFORMS TO JEDEC MO-193, VARIATION AB.
6) DRAWING IS NOT TO SCALE.

7) PIN 1 1S LOWER LEFT PIN WHEN READING TOP MARK
FROM LEFT TO RIGHT, (SEE EXAMPLE TOP MARK)
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mP5 MPQG6517B - 16V, 1-PHASE, BLDC MOTOR DRIVER WITH HALL SENSOR, AEC-Q100

CARRIER INFORMATION

/OOOOOOOO

Reel
Diameter

Pinl — 1 1 1
_
Feed Direction
. . . Carrier Carrier
Package Quantity/ Quantity/ | Quantity/ Reel
Part Number Description Reel Tube Tra Diameter Tape Tape
P y Width Pitch
MPQES17BGIS- | r55723.6.5L | 5000 N/A N/A 13in 12mm | 8mm
XxXxX-AEC1
MPQESL7BGI- | 1557036 3000 N/A N/A 7in 8mm Amm
XxXxX-AEC1
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REVISION HISTORY

Revision # | Revision Date | Description Pages Updated
1.0 2/14/2023 Initial Release -
Added the TSOT23-6 package option (MPQ6517BGJ) to 1
the Description and Features sections
Added the TSOT23-6 package option (MPQ6517BGJ) to 2
11 9/18/2023 the Ordering Information and Top Marking sections
Added the TSOT23-6 package to the Package 20
Information section
Added the TSOT23-6 package option (MPQ6517BGJ) to 21
the Carrier Information section

Notice: The information in this document is subject to change without notice. Please contact MPS for current specifications.
Users should warrant and guarantee that third-party Intellectual Property rights are not infringed upon when integrating MPS
products into any application. MPS will not assume any legal responsibility for any said applications.
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