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MP6605D

4-Channel, Parallel-Interface
Low-Side MOSFET Driver IC

DESCRIPTION

The MP6605D is a 4-channel low-side MOSFET
(LS-FET) driver IC that integrates four LS-FETs
and high-side (HS) clamp diodes to drive
inductive loads. It is well-suited for unipolar
stepper motor and solenoid driver applications.

The device can achieve up to 1.5A of output
current (lout) across a wide 4.5V to 60V input
voltage (Vin) range. The maximum voltage of the
motor driver output pins is 60V.

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

The MP6605D is available in a QFN-24
(4mmx4mm) package.

FEATURES

Wide 4.5V to 60V Input Voltage (Vin) Range
e 60V Maximum Winding Clamp Voltage
(VcLamp)
e Four Low-Side MOSFETSs (LS-FETs) and
Four High-Side (HS) Clamp Diodes
e 350mQ MOSFET On Resistance
e 1.5A Maximum Output Current (lout) while
One LS-FET Is On or 700mA Maximum lout
while Four LS-FETs Are On
Over-Current Protection (OCP)
Under-Voltage Lockout (UVLO) Protection
Thermal Shutdown
Fault Indication Output
Control Power Supply Not Required
Simple Logic Interface
3.3V and 5V Compatible Logic Supply
Available in a QFN-24 (4Ammx4mm)
Package

APPLICATIONS

e Unipolar Stepper Motors
e Solenoid Drivers

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.
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mps MP6605D — 4-CHANNEL, PARALLEL-INTERFACE LS-FET DRIVER IC

TYPICAL APPLICATION

Vin
nENBL =
nFAULT
SLEEP Vin
Cc
: n MP6605D |
IN2 VCLAMP
IN3
IN4 OuUT1 E
ouT2 [} Vin
Vi
OUT3 [}
Stepper
ouT4 [i Motor
GND
MP6605D Rev. 1.0 MonolithicPower.com 2
8/26/2022 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2022 MPS. All Rights Reserved.



mP5 MP6605D — 4-CHANNEL, PARALLEL-INTERFACE LS-FET DRIVER IC

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
MP6605DGR* QFN-24 (4Ammx4mm) See Below 1

* For Tape & Reel, add suffix -Z (e.g. MP6605DGR-2)

TOP MARKING
MPSYWW
M6605D
LLLLLL

MPS: MPS prefix

Y: Year code

WW: Week code
M6605D: Part number
LLLLLL: Lot number

PACKAGE REFERENCE

TOP VIEW
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MP6605D — 4-CHANNEL, PARALLEL-INTERFACE LS-FET DRIVER IC

PIN FUNCTIONS

Pin # Name |Description
Input supply voltage. Decouple the VIN pin using a 100nF ceramic decoupling capacitor
6 VIN " . :
connected to ground. Additional bulk capacitance may be required.
7, EP GND |Power ground.
High-side MOSFET clamp. Connect the VCLAMP and VIN pins via a TVS or Zener diode
4 VCLAMP [to clamp the leakage inductance spike. See the Leakage Inductance Clamp (VCLAMP)
section on page 9.
1 INL Control input 1. Pull the IN1 pin high to drive the corresponding output (OUT1) low. If IN1
is low, then OUT1 is in a high-impedance (Hi-Z) state. IN1 has an internal pull-down resistor.
> IN2 Control input 2. Pull the IN2 pin high to drive the corresponding output (OUT2) low. If IN2
is low, then OUT2 is in a high-impedance (Hi-Z) state. IN2 has an internal pull-down resistor.
8 IN3 Control input 3. Pull the IN3 pin high to drive the corresponding output (OUT3) low. If IN3
is low, then OUT3 is in a high-impedance (Hi-Z) state. IN3 has an internal pull-down resistor.
9 IN4 Control input 4. Pull the IN4 pin high to drive the corresponding output (OUT4) low. If IN4
is low, then OUT4 is in a high-impedance (Hi-Z) state. IN4 has an internal pull-down resistor.
Enable input. Pull the nENBL pin high to disable the outputs. Pull nENBL low to enable the
22 nENBL : .
outputs. nENBL has an internal pull-down resistor.
21 SLEEP Sleep mode input. Pull the SLEEP pin high to enter low-power sleep mode. Pull SLEEP low
or connect SLEEP to ground for normal operation. SLEEP has an internal pull-down resistor.
23 AEAULT Fault indication. The nFAULT pin is an open-drain output. nNFAULT requires an external
pull-up resistor if used. If a fault occurs, nFAULT is pulled low.
17 OUT1 |Output terminal 1.
16 OUT2 |Output terminal 2.
15 OUT3 |Output terminal 3.
14 OUT4 |Output terminal 4.
ABSOLUTE MAXIMUM RATINGS @ Thermal Resistance @  0@3a  Oic
Input voltage (Vin) ....coeveveveeeerene. -0.3V to +65V QFN-24 (Ammx4mm)............ 42....... 9...°C/wW
OUTXx voltage (VouTx) «..coevevvreeeeeenn -0.7V to +65V
VCLAMP voltage (Vciamp)............. -0.7V to +65V Notes:
All other pins to GND -0.3V to +6.5V 1) Exceeding these ratings may damage the device.

. Co e meo o : 2) The maximum allowable power dissipation is a function of the
Continuous power dissipation (Ta = 25°C) @ maximum junction temperature T; (MAX), the junction-to-
................................................................... 2.9W ambient thermal resistance 8,1, and the ambient temperature

° ° Ta. The maximum allowable continuous power dissipation at
Storage temperature................ -55°C to +150°C aﬁy ambient temperature is calculated by Po (MAX) = (T, (MAX)
Junction temperature ............cccceeeveeeennnnn. +150°C - Ta) / 6;a. Exceeding the maximum allowable power dissipation
Lead temperature (solder) ............c.c...... +260°C can produce an excessive die temperature, which may cause
the device to go into thermal shutdown. Internal thermal
ESD Ratings shutdown circuitry protects the device from permanent
damage.
Human body model (HBM) ____________________ +2kV 3) The device is not guaranteed to function outside of its operating
: conditions.
Charged device model (CDM) ............... +2kV 4) Measured on JESD51-7, 4-layer PCB.
Recommended Operating Conditions @
Input voltage (VIN) «oevvvveeeeeeeenniiiiinne 4.5V to 60V
Output voltage (VouTx).....coovrrerreeeeennnnnnns 0 to 60V
Maximum LS-FET current (ILsx) «ooooeeeeeveennnns 1.5A
Maximum HS-FET diode current (lusx) at <20%
duty CyCle....oeeii 1.5A

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

MP6605D Rev. 1.0
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mP5 MP6605D — 4-CHANNEL, PARALLEL-INTERFACE LS-FET DRIVER IC

ELECTRICAL CHARACTERISTICS
Vin =12V, Veame = 36V, Ta = 25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ | Max | Units
Power Supply
Input supply voltage Vin 4.5 1§fr 60
Clamp voltage Vciavp VIN 60
Quiescent current lo ViN = 24V, VreneL = OV, Vsieer = 0V, 12 5 mA
no load

SLEEP current Isteer  |VIN=24V, Vsieer =1 2 5 MA
Internal MOSFETs

) Vin = 24V, lout = 700mA, Ts = 25°C 350 500 mQ
On resistance Rbs(on)

Vin = 24V, lout = 700mA, Ts = 85°C 800 mQ

High-side (HS) diode forward _
voltage Vewp_rs | lout = 700mA 1.1 \
Low-side MOSFET (LS-FET) _
body diode forward voltage Vrwn_Ls | lout = 700mA 11 v
Control Logic
Input logic low threshold VIN_Low 0.7 Vv
Input logic high threshold VIN_HIGH 2.3 Y
Input logic hysteresis V'NF—':"SGH— 560 mv
Input logic high current IIN_HigH | VIN_HIGH = 5V 20 A
Input logic low current In_Low | Vin_Low = 0.8V 5 MA
NFAULT Output (Open-Drain Outputs)
Output low voltage Vout_tow |lout = 5mA 0.5 \%
Output high leakage current ILke_HiGH | Vout = 3.3V 1 HA
Protections
VN under-voltage lockout VIN_uvio_
(UVLO) rising threshold RISING 3.4 45 v
Over-current protection (OCP)
threshold locp 15 4 A
OCP deglitch time tocp 3.5 us
OCP retry time tocr 2.5 ms
Thermal shutdown ®) Tsp 155 °C
Thermal shutdown hysteresis ® | Tsp nys 25 °C
Output enable (EN) time ® ten 3.3 s
Note:
5) Guaranteed by design.
MP6605D Rev. 1.0 MonolithicPower.com 5
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mP5 MP6605D — 4-CHANNEL, PARALLEL-INTERFACE LS-FET DRIVER IC

TYPICAL CHARACTERISTICS
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mps MP6605D — 4-CHANNEL, PARALLEL-INTERFACE LS-FET DRIVER IC

TYPICAL PERFORMANCE CHARACTERISTICS

Vin = 12V, VCLAMP connected to VIN with 24V TVS diode, lour = 700mA, Ta = 25°C,
output load = resistance (33Q) + inductance (1.5mH), unless otherwise noted.

Normal Operation
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mps MP6605D — 4-CHANNEL, PARALLEL-INTERFACE LS-FET DRIVER IC

FUNCTIONAL BLOCK DIAGRAM
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Figure 1: Functional Block Diagram
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MP6605D — 4-CHANNEL, PARALLEL-INTERFACE LS-FET DRIVER IC

OPERATION

The MP6605D is a 4-channel low-side MOSFET
driver that integrates four N-channel power
MOSFETs (LS-FETs) and four clamp diodes
with 1.5A of current capability per channel. It
operates across a wide 4.5V to 60V input voltage
(Vin) range.

The MP6605D is designed to drive inductive
loads, such as unipolar stepper motors and
solenoids.

Unipolar Stepper Motor Operation

Unipolar stepper motors have two windings that
are driven by 90° out-of-phase currents. Each
winding has a center tap, which is connected to
the power source. Current flows through the
winding in a push-pull fashion, alternately pulling
one side of the winding to ground, and then the
other. This reverses the current, as well as the
magnetic field.

If a MOSFET is turned off via the winding’s
inductance, then the current continues to flow
through the opposite side of the winding. This
current flows from ground via the opposite
MOSFET’s body diode to the power supply.

Leakage Inductance Clamp (VCLAMP)

A unipolar stepper motor has a leakage
inductance due the two halves of the winding not
being coupled perfectly. If a MOSFET turns off,
then the voltage exceeds 2 x Vv for a short
period of time. This leakage inductance spike
should be clamped to prevent damage to the IC
from an over-voltage (OV) condition on the
MOSFETSs.

If a MOSFET turns off while driving a solenoid
connected to VIN, the current should continue to
flow until the magnetic field decays. This current
flows to the VCLAMP pin.

These currents flow through the internal diodes
of each output to a common VCLAMP pin. This
pin is typically connected to a transient voltage
suppressor to limit the voltage on the output pins
to 60V max, regardless of V.

Connect the VCLAMP and VIN pins if VCLAMP
is not used (if the outputs should not exceed V).

SLEEP and nENBL Operation

Pull SLEEP high to have the device enter low-
power sleep mode. In sleep mode, the gate
driver charge pump turns off, and all of the
internal circuits and outputs are disabled. All of
the inputs are ignored while SLEEP is pulled
high.

There is a delay time (1ms) between when the
part exits sleep mode and when a serial interface
command can be issued to allow the internal
circuitry to stabilize. SLEEP has an internal pull-
down resistor.

The nENBL pin controls the output drivers. Pull
NENBL low to enable the outputs. Pull nENBL
high to diable the outputs. nENBL has an internal
pull-down resistor.

Fault Reporting

The MP6605D’s nFAULT pin reports whether an
over-current (OC), over-temperature (OT) , or
QV fault occurs. nFAULT is an open-drain output
that is pulled low if a fault occurs. Once the fault
condition is removed, nFAULT is pulled high via
an external pull-up resistor.

Over-Current Protection (OCP)

Over-current protection (OCP) circuitry disabled
the gate driver to limit the current flowing through
the MOSFETs. If the current exceeds OCP
threshold for longer than the OCP deglitch time
(toce), then the MOSFET with the OC condition
is disabled, and nFAULT is pulled low. All other
outputs remain active. The driver turns on again
after about 1.2ms.

Vin Under-Voltage Lockout (UVLO) Protection

If Vin drops below the under-voltage lockout
(UVLO) threshold, then all of the IC’s circuitry is
disabled, and the internal logic is reset.
Operation resumes once V\y exceeds the UVLO
threshold.

Thermal Shutdown

If the die temperature exceeds safe limits, the
outputs are disabled, and nFAULT is driven low.
Once the die temperature has fallen to a safe
level, operation resumes automatically.

MP6605D Rev. 1.0

MonolithicPower.com 9

8/26/2022 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2022 MPS. All Rights Reserved.



mes
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APPLICATION INFORMATION

External Component Selection

The MP6605D requires a 100nF ceramic bypass
capacitor with X7R dielectrics connected at the
VIN pin. It also requires a 24.7uF connected near
VIN. An additional electrolytic capacitor is
recommended if the IC is located away from
other power supply capacitances.

The VCLAMP pin dissipates the energy in an
inductive load while there is no current flowing
through the device. Depending on the
application, VCLAMP can be connected to VIN
directly or via a TVS diode.

Connecting the VCLAMP and VIN pins is
equivalent to connecting a diode between each
output and VIN. Using a TVS diode allows the
voltage on the output pins to exceed V) until the
TVS diode breaks down. This increased voltage
allows the current flowing through the load to
decay faster. This is typically required for
unipolar stepper motor high-speed operation.

The TVS diode’s breakdown voltage should be
chosen such that the VCLAMP voltage (Vciawpe)
remains below its maximum ratings.

Choose a 24V TVS diode for input voltages <24V
to ensure that Ve ave remains within its operating
limits.

PCB Layout Guidelines

Efficient PCB layout is critical for stable
operation. For the best results, refer to Figure 4
and follow the guidelines below:

1. Place the bypass capacitors near the IC.

2. Place the VCLAMP TVS diode near the IC if
used.

3. Place multiple thermal vias under the
exposed pad to improve thermal dissipation.
This allows heat to move between the IC and
a plane located on a middle-layer or on the
back side of the PCB.

Figure 2: Recommended PCB Layout

MP6605D Rev. 1.0
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mP5 MP6605D — 4-CHANNEL, PARALLEL-INTERFACE LS-FET DRIVER IC

TYPICAL APPLICATION CIRCUIT
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Figure 3: Typical Application Circuit
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mP5 MP6605D — 4-CHANNEL, PARALLEL-INTERFACE LS-FET DRIVER IC

PACKAGE INFORMATION

QFN-24 (Ammx4mm)
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RECOMMENDED LAND PATTERN
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mP5 MP6605D — 4-CHANNEL, PARALLEL-INTERFACE LS-FET DRIVER IC

CARRIER INFORMATION

/OOOOOOOO

Pinl —» 1| s 1|13 ey
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
MP6605DGR-z | ,, QFN-24 5000 N/A N/A 13in 12mm 8mm
(4mmx4mm)
MP6605D Rev. 1.0 MonolithicPower.com 13
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REVISION HISTORY

Revision # | Revision Date | Description Pages Updated
1.0 8/26/2022 Initial Release -

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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