®

MP6551
14V, 5A, H-Bridge
Motor Driver

DESCRIPTION

The MP6551 is an H-bridge motor driver. Its
2.5V to 14V input voltage (Vin) range allows the
device to operate from a variety of battery
power sources, including single-cell lithium-ion
batteries, dual-cell lithium-ion batteries, and 3-
cell to 6-cell alkaline batteries. Its low on
resistance enables it to achieve up to 5A of
output current (lout) across its entire Viy range.

The MP6551 can drive a brushed DC motor in
bidirectional applications or two DC motors in
unidirectional, speed-controlled applications.

Full protection features include over-current
protection (OCP), under-voltage lockout
(UVLO) protection, and thermal shutdown.

The MP6551 is available in a QFN-14
(2.5mmx3mm) package.

FEATURES

2.5V to 14V Operating Input Range

Up to 5A Output Current (lout)

Full H-Bridge or Dual Half H-Bridge Driver
15mQ Low On Resistance per MOSFET
Current Measurement

Over-Current Protection (OCP)
Under-Voltage Lockout (UVLO) Protection
Thermal Shutdown

Sleep Mode during Low-Power

Fault Indication Output

Available in a QFN-14 (2.5mmx3mm)
Package

APPLICATIONS

e Mini Drones
e Battery-Powered Toys

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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mps MP6551 - 14V, 5A, H-BRIDGE MOTOR DRIVER

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
MP6551GQB QFN-14 (2.5mmx3mm) See Below 1

* For Tape & Reel, add suffix -Z (e.g. MP6551GQB-2).

TOP MARKING

BCR
YWW
LLL

BCR: Product code of MP6551GQB
Y: Year code

WW: Week code

LLL: Lot number

PACKAGE REFERENCE

TOP VIEW
OUT1 GND OuUT2
cm1 [ 11) H H H (7 |cm2
nFAULT | 12) (6 |SR
INL [ 13 (5| N2
EN1] 14) H QH (4 1EN2
OUT1 VIN OUT2
QFN-14 (2.5mmx3mm)
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meSs

PIN FUNCTIONS

MP6551 - 14V, 5A, H-BRIDGE MOTOR DRIVER

Pin # Name Description
1,10 OUT1 ® |Qutput terminal 1.
> VIN © Input supply voltage. Decouple the VIN pin to GND using a 2100nF ceramic capacitor.
Additional bulk capacitance may be required.
3,8 OUT2 @ | Output terminal 2.
4 EN2 OUT2 enable input. Pull the EN2 pin high to enable OUTZ2; pull EN2 low to force OUT2
into a high-impedance (Hi-Z) state. EN2 is pulled down internally.
5 IN2 OUT2 control input. Pull the IN2 pin high to make OUT2 go high; pull IN2 low to make
OUT2 go low. IN2 is pulled down internally.
6 SR Slew rate control. Connect a resistor from SR to GND.
7 CM2 OUT2 current measurement output.
9 GND @ | System ground.
11 CM1 OUT1 current measurement output.
12 AEAULT Fault indication. The nFAULT pin is an opgn—drain output. If an over-current (OC) or
over-temperature (OT) fault occurs, nFAULT is pulled low.
13 IN1 OUT1 control input. Pull the IN1 pin high make OUT1 go high; pull IN1 low to make
OUT1 go low. IN1 is pulled down internally.
14 ENL O_UT_l enable inpqt. Pull EN1 high to enable O_UTl; pull EN1 low force OUT1 into a
high-impedance (Hi-Z) state. EN1 is pulled down internally.
Note:

1) These pins should have as much PCB copper attached to them as possible. The copper removes the dissipated heat in the device.

Supply voltage (Vin)

OUTX voltage (Voutx)

ABSOLUTE MAXIMUM RATINGS @ Thermal Resistance ®  68;a  6ic
___________________ -0.3V to +16V QFN-14 (2.5mmx3mm)...........65......13.....°C/W
................... -0.7V to +16V
.................. -0.3V to +6.5V Notes:

All other pins to GND
Continuous power dissipation (Ta = 25°C) @, ...

2) Exceeding these ratings may damage the device.
3) The maximum allowable power dissipation is a function of the

...................................................... 1.92w maximum junction temperature T; (MAX), the junction-to-
Storage temperature................ -55°C to +150°C imbTit;nt thermal resiﬁtancgl 814, and the ambien:j temperature
H o A e maximum allowable continuous power dissipation at
Junction temperature .........cccoeeeeveeiieeeenn. 150°C any ambient temperature is calculated by Po (MAX) = (T,
Lead temperature (solder) .......ccccceeeeeen. 260°C (MAX) - Ta) / 8:a. Exceeding the maximum allowable power
. . dissipation can cause excessive die temperature, and the
Recommended Operating Conditions @ device may go into thermal shutdown. Internal thermal
shutdown circuitry protects the device from permanent
Supply voltage (Vin) «oooveeveeveeiiinnnnnn. 2.5V to 14V damage.

Peak output current (Iout) «.oovevvvvveiinieeeeneennnns +5A 4) The device is not guaranteed to function outside of its

Operating junction temp (T5) ....-40°C to +125°C operating conditions.

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

MP6551 Rev. 1.0
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mps MP6551 - 14V, 5A, H-BRIDGE MOTOR DRIVER

ELECTRICAL CHARACTERISTICS

Vin =4V, Ta = 25°C, unless otherwise noted.

Parameter | Symbol |[Condition | Min | Typ | Max | Units
Power Supply
Input supply voltage ViN 2.5 14 \%
Quiescent current lo No load current 2.5 4 mA
lsieep Sleep mode 10.5 14.5 HA
Internal MOSFETSs
High-side MOSFET (HS-FET) R L. =1A T.= 25°
output on resistance DS(ON)_HS | ouT  T,=25°C 15 19 mQ
Low-side MOSFET (LS-FET) R L. =1A T.= 25°
output on resistance DS(ON)_LS | ouT  T,=25°C 12 16 mQ
Body diode forward voltage VE lour = 2A 0.8 \Y;
Control Logic
Input logic low threshold VIN_Low 0.8 \
Input logic high threshold VIN_HIGH 1.5 \
. IN_HIGH | VIH =5V -20 +20 A
Logic input current I tow | ViL= 0.8V -20 120 UA
Internal pull-down resistance Rep 500 kQ
nFault Output (Open-Drain Output)
Low output voltage Vout_tow |loutr = 5SmA 0.5 \%
High output leakage current lout_nien | Vour = 3.3V 1 A
Protection Circuits
Under-voltage lockout (UVLO) v
rising threshold UVLO_RISING 2.5 2.7 v
UVLO hysteresis Vivio wys 500 mV
. locp1 Sink 10 14 A
Peak current limit locr2 | Source 85 | 115 A
Thermal shutdown © Tsp 150 °C
Thermal shutdown hysteresis © Tsp_Hys 15 °C
Current Sense (CS)
. 1/
CS ratio 10,000 A/A
LS-FET current = 1A 120 HA
CS output current LS-FET current = -1A o1 UA
CS output voltage swing 3.57 \
Sleep mode entry time tsLeep From EN1 =EN2 =0 1 ms
Sleep mode exit time twake FromEN1=10rEN2=1 36 us
Pulse-width modulation (PWM) _
frequency fewm Rsr = 0Q 500 kHz
Output rise time © triSING Rsr = 3MQ, 10Q load to 3 S
Output fall time ® traiung | GND s
IN1/IN2 rising to
. IPDRISNG | 5yT1/OUT? rising 500 ns
Propagation delay ® -
t IN1/IN2 falling to 400 ns
PP-FALLING | oUT1/0UT2 falling
. EN1/EN2 to OUT1/0UT2
(6) ,
Output enable time touT_En active 95 ns
Output disable time ©) touT_pis E!\_I%IENZ to OUTL/OUTZ, 170 ns
Note:
6) Not tested in production.
MP6551 Rev. 1.0 MonolithicPower.com 4
717/2021 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2021 MPS. All Rights Reserved.



mps MP6551 - 14V, 5A, H-BRIDGE MOTOR DRIVER

TYPICAL CHARACTERISTICS
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Temperature Temperature
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mps MP6551 - 14V, 5A, H-BRIDGE MOTOR DRIVER

TYPICAL CHARACTERISTICS (continued)

Current Sense Output Current Current Sense Output Current
vs. Temperature vs. Temperature
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MP6551 - 14V, 5A, H-BRIDGE MOTOR DRIVER

TYPICAL PERFORMANCE CHARACTERISTICS

Vin = 14V, lout = 2A, OUT1 fsw = 20kHz, OUT2 LS-FET on, Vger = 3.3V, current-sense resistor

divider = 5kQ, Ta = 25°C, resistor + inductor load = 1.4Q + 0.19mH between OUT1 and OUT2.

CH1: V|N1

CH2: Vour1

CH3: CM2

CH4: IOUT

CH1: Vin

CH2: Vour1

CH3: CM2
CH4: IOUT

CH1: EN1

CH2: Vourt1

CH3: CM2
CH4: lour

Steady State
50% duty cycle

. -
I e O g WS T e O e I
B
. . = :
" ] [y Y
e
Ex ; ; - ; ;
Ch1| 5.00V EinCh2| 10.0V M‘ZU.UMS A| Chl & 1.80V
OiE 2.00V %Chd] 2.00 A
[ E

Power Ramping Down

50% duty cycle

T~

| 24
|

Chil 10,0V &Ch2[ 5.00V

M[10.0ms A Ch1 . 7.00 V|

BEE 2.00V wCh4] 5.00A
_—

EN Ramping Down

50% duty cycle

v

| 340
B

Chi[ 5.00V &Ch2[ 10.0V

M{100ps| A Ch1 v 1.60 V|

2.00V_®%Ch4] 5.00 A

CH1: Vin

CH2: Vour1

CH3: CM2
CH4: |OUT

CH1: EN1

CH2: Vout1

CH3: CM2
CH4: |OUT

CH1: EN1/2

CH2: Vout:

CH3: CM2

CH4: |OUT

Power Ramping Up
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mps MP6551 - 14V, 5A, H-BRIDGE MOTOR DRIVER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 14V, lout = 2A, OUT1 fsw = 20kHz, OUT2 LS-FET on, Vgrer = 3.3V, current-sense resistor
divider = 5kQ, Ta = 25°C, resistor + inductor load = 1.4Q + 0.19mH between OUT1 and OUT2.

Sleep Mode Recovery
50% duty cycle

¥

CH1: VEN1/ N .
VEenz :

CH2: Vouri PR

CH3: CM2 WNWW
CH4: lour @Wi : ;
Chi| .00 V. BwCh.Z\ 10.0 V M| 10‘0}15 A\ Chl & 1.60 V]
[®EE 2.00V &Chd] 5.00 A
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mps MP6551 - 14V, 5A, H-BRIDGE MOTOR DRIVER

FUNCTIONAL BLOCK DIAGRAM
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Figure 1: Functional Block Diagram
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MP6551 - 14V, 5A, H-BRIDGE MOTOR DRIVER

OPERATION

The MP6551 is an H-bridge motor driver that
integrates four N-channel power MOSFETS. It
can achieve 5A of peak output current (lour)
across a 2.5V to 14V input voltage (Vin) range,
and is designed to drive brushed DC motors,
solenoids, and other loads.

Input Logic
Each of the MP6551’s half H-bridges is
controlled independently via the IN1, IN2, EN1,

and EN2 input pins. Table 1 shows the control
logic for each input pin.

Table 1: Input Pin Control Logic

INX ENx OUTx
X 0 Z
0 1 L
1 1 H
Sleep Mode

Pull the EN1 and EN2 pins low to enable sleep
mode. In sleep mode, all internal circuitry
(including the gate driver charge pump) is
disabled, and the outputs are turned off. If
either EN1 or EN2 is enabled again, then the
device resumes normal operation. There is a
short delay time (twaxe) before the output(s) are
enabled again.

Slew Rate (SR) Control

The MP6551 has a slew rate (SR) control pin.
Use a resistor to connect the SR pin to GND to
adjust the slew rate (output rise/fall time). This
feature can reduce electromagnetic interference
(EMI) caused by output transitions.

The riseffall time is proportional to the
resistance used. Short SR to GND to generate
a fast riseffall time (about 100ns). A 3MQ
resistor generates a rise/fall time of about 3ps.

Fault Indication

The MP6551’s fault indication (nNFAULT) pin is
an open-drain output that requires an external
pull-up resistor. The nFAULT pin indicates if a
fault has occurred. If an over-current (OC) or
over-temperature (OT) fault occurs, nFAULT is
pulled low. Once the fault condition is removed,
NFAULT is pulled high via the pull-up resistor.

Current Measurement Outputs

The internal current-sensing circuitry senses
the current flowing into each output. The CM1
and CM2 pins source or sink a current
proportional to the current flowing into each of
the half H-bridges’ low-side MOSFETs (LS-
FETs). The current flowing through the LS-FET
is sensed in both the forward and reverse
directions.

To convert this current into a voltage (e.g. to
input to an analog-to-digital converter [ADC]), a
termination resistor (Rgreg) is required to create
a reference voltage (Vrer). If no current is
flowing, then the resultant output is equal to
Vrer. If the current is flowing, then the voltage is
above or below Vger. (VOUT_SENSE) can be
calculated with Equation (1):

Vour_sense = Vrer + (Rrer X lLoap) / 10,000 (1)

To terminate the outputs while using an ADC
with inputs that are ratiometric to its supply
voltage, connect two equal-value resistors to
the ADC supply and GND. The resulting ADC
code is half-scale at zero current.

Figure 2 shows the current measurement circuit.

ouTx[d !
louT_sense
x10,000
j CMx Vout_sense
lLoap
Rrer
GND [

V
Matched REF

lout_sense = lLoao / 10,000

Vout sense = Vrer + (lout sense X Rrer)
Vout_sense = Vrer + (lLoap X Rrer) / 10,000

Figure 2: Current Measurement Circuit

If only the total current needs to be measured
(e.g. the current of a full H-bridge driver), then
the CM1 and CM2 pins can be connected to
measure the sum of the two half H-bridge
currents.

Over-Current Protection (OCP)

Over-current protection (OCP) protects the
device from damage due to excessive current
at the outputs. If the current through a MOSFET
exceeds the current limit threshold, then the
foldback current limit function limits loyr to a
safe level and nFAULT goes low.

MP6551 Rev. 1.0
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meS

MP6551 - 14V, 5A, H-BRIDGE MOTOR DRIVER

Over-current (OC) conditions are sensed on
both the high-side MOSFET (HS-FET) and LS-
FET, protecting the device from damage during
a short to GND, short to supply, or a short
across the motor winding.

Note that a sustained short circuit or OC fault
can result in excessive die temperature, which
may cause the device to go into thermal
shutdown.

Under-Voltage Lockout (UVLO) Protection

If the Viv drops below the under-voltage lockout
(UVLO) threshold, all circuitry is disabled and
the device’s internal logic is reset. Once Vi
rises above the UVLO threshold again, the
MP6551 resumes normal operation.

Thermal Shutdown

If the die temperature exceeds about 150°C, all
MOSFETs are disabled and nFAULT goes low.
Once the die temperature drops below about
135°C, the MP6551 resumes normal operation.

MP6551 Rev. 1.0
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MP6551 - 14V, 5A, H-BRIDGE MOTOR DRIVER

APPLICATION INFORMATION

External Component Selection

Bypass the VIN pin to GND using a 100nF
ceramic X7R capacitor located as close to the
IC as possible. Place an additional 1uF to 10uF
ceramic capacitor nearby the 100nF capacitor.
Depending on the supply impedance and
distance to other large capacitors, an
electrolytic bulk capacitor may also be required
to stabilize Vin. The CM1 and CM2 pins are
current measurement outputs. CM1 and CM2
are typically converted to a voltage via a
termination resistor (Rrer) that creates a
reference voltage (Vrer). A resistor divider
connected between the ADC supply and GND
can provide a ratiometric voltage for an AC/DC
converter.

PCB Layout Guidelines

Efficient PCB layout is critical for stable
operation. For the best results, refer to Figure 3
and follow the guidelines below:

1. Bypass VIN to GND using a 100nF ceramic
X7R capacitor located as close to the IC as
possible.

2. Place an additional 1puF to 10uF ceramic
capacitor nearby the 100nF capacitor. An
electrolytic bulk capacitor may be required
to stabilize V.

3. The VIN, OUT1, and OUT2 pins dissipate
heat from the motor driver. To reduce heat
on the device, add as many copper planes
to these pins as possible.

4. Solid planes on the inner layers of the
device can also dissipate heat. Place
multiple thermal vias on the VIN, OUTx, and
GND copper planes to dissipate heat from
the outer layers to the copper plane(s).

O, @Wm 0000 O

NFAULT 393

ono "
JP3

Monolithic Power Systems
MP8551 Demo Board
www.monolithicpower.com

CM2 Ur e{ GND

T-EVB551-00A

MPS Confidential

For Customer use only
Made in China

Figure 3: Recommended PCB Layout

MP6551 Rev. 1.0
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MP6551 - 14V, 5A, H-BRIDGE MOTOR DRIVER

TYPICAL APPLICATION CIRCUIT

IN1
EN1
IN2

exv2 MP6551

nFAULT

o CM1
M CM2

nC
NFAULT

<

Vin
c3 l czg 1«

VIN L}
100nF—|_ lOuFI /I\ 470pF
ouT1—21

ouT2 [—12__

] SR
Rsr
0Q to 500kQ
GND

VREF

nFAULT

Figure 4: Typical Application Circuit
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PACKAGE INFORMATION

MP6551 - 14V, 5A, H-BRIDGE MOTOR DRIVER

QFN-14 (2.5mmx3mm)

- 240 ,
PIN 11D | 280 |
MARKING \25/
PIN11ID 4% 1 %?8
INDEX AREA | -
| _1
|
TOP VIEW
0.80
1.00
020 REF—
0.00
0.05
SIDE VIEW
1.80
|
0.15X45° ] H|EL[
120y <] | 1.30
0.20— | SN
—EF = 2.80

0.50—]

RECOMMENDED LAND PATTERN
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| I
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-
|

.50
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R 095
T einao
020 10 ‘ e 0.15X45? TYP
.20 ‘ = 1
0.50 — —(— 7+
BSC;ﬁ‘T; ]‘ ( 3
| |
LI 52
0.20 J7L ‘ V 0.50
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BOTTOM VIEW
NOTE:

1) LAND PATTERN OF PIN2~PIN3 AND PIN8~PIN10
HAVE THE SAME WIDTH.

2) ALL DIMENSIONS ARE IN MILLIMETERS.
3) LEAD COPLANARITY SHALL BE 0.08
MILLIMETERS MAX,
4) JEDEC REFERENCE IS MO-220.
5) DRAWING IS NOT TO SCALE.

MP6551 Rev. 1.0

7/7/2021

MonolithicPower.com
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2021 MPS. All Rights Reserved.

14



mps MP6551 - 14V, 5A, H-BRIDGE MOTOR DRIVER

CARRIER INFORMATION

/OOOOOOOO

Pinl —» 1| 1 1{[ 1 e
Reel ABCD ABCD ABCD ABCD
Diameter

—

Feed Direction

Part Number Package Quantity/ | Quantity/ | Quantity/ Reel Carrier Carrier
Description Reel Tube Tray Diameter | Tape Width | Tape Pitch
i QFN-14 .
MP6551GQB-Z (2.5mmx3mm) 5000 N/A N/A 13in 12mm 8mm

MP6551 Rev. 1.0 MonolithicPower.com 15
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REVISION HISTORY
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Initial Release

Notice: The information in this document is subject to change without notice. Please contact MPS for current specifications.
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